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AHOTALIA

ABSTRACT

PopmyniosaHHsA npobaemu. Y daHili pobomi po3enadaromeca MUMAHHA,
wo cmocylomsca MemoOUKU BUBYEHHA 2e0MempuyHuUX esnacmusocmel
Mempuy4HUX npocmopis. Lji numaHHA 3 HeobxioHicmo 8UHUKAOMb nid Yac
30CB0EHHA CMYOeHMAMU OCHOBHUX MOHAMb Meopii Mempu4HUX npocmopie.
CknadHicme y po3yMiHHI 4uX MOHAMb BUHUKAE 8HACMIOOK 8i0cymHocmi, y
binbwocmi sunadkis, ix 2eomempuyHoi iHmeprpemayii, abo » 8ionosioHol
si3yanisayii. [na nobyoosu eeomempuy4HOi iHmMepnpemayii MoHAMb
MPAMONIHIIHO20 Ma NAO0CKO20 PO3MIUJEHHA MOYOK MEMPUYHO20 IPOCMOopy
nponoHyemeca 6ydysamu 8i0nogidHi aHasno02u y 0808UMIpHOMY mad
mpusumipHomy apugmemuyHux esknidosux npocmopax. Aaa eizyanizayii
Yux MOHAMb MPONOHYEMbCA BUKOpUCMAMU OUHAMIYHE 2eoMempuyHe
cepedosuuje GeoGebra 3D. Takuli nioxio do38onsae npodemoHcmpysamu AK
CXOMCMb OKpeMux 2eoMempu4yHUX MOHAMbL Mempu4yHO20 MPOCMopy 3
8i0rnosioHUMU noHAMmamu 2eomempii Esknida, mak i npodemoHcmpysamu
8UNAOKU ix «HeesKn1ido8ocmi».

M pi i 0 Ana BUKOHAHHA 00CnioOneHHa
8UKOpUCMo8y8asnocb OUHAMiYHe 2zeomempuyHe cepedosuwe GeoGebra 3D,
npozpamuull 3acib6 obyucneHHs 06’emy mempaedpa 3a 0oswuHamu (io2o
pebep, a makox epaghivHi 3acobu Nobyodosu 306paxeHs.

Pe3ynemamu. HasedeHi y OaHili pobomi npuknadu eeomempuyHoi
iHmepnpemayjii ma eizyaniszayii 830eMHO20 pO3MiUjeHHA MOYOK MeMPUYHO20
npocmopy cripusome Ginbw 2AuboKoMy ma yceidomMaeHoMy cripuliHammio i
PO3YMIHHIO CMyOeHMamu 0CHO8 meopii Mempu4HUX Npocmopis.

BucHosKu. MempuyHa eeomempis Oae Moxcaugicme po3enadamu
2eomempito Esknida ma Heeeknidosi zeomempii 3 00HiEi moyKu 30py.
AHas102i51 OKpeMuUX CcriegiOHOWEHb MiX( MOYKAMU MempUYHO20 NPocmopy 3
8idnosioHUMuU cniggidHoweHHAMU y 2eomempii E8knida dae moxcausicme
npocnidkyeamu  3MiHy XapakmepHux 2eoMempuyHux enacmusocmeli
npocmopy npu 3miHi (io2o mMempuKu. 3acmocy8aHHsA crneyianbHUX 2pagiyHuxX
Mmoxcaueocmeli 8i0M0BIOHUX MpPo2pamHux 3acobie 003807A€ He auwe
8i3yanisyeamu 830eMHe pO3MilyeHHA MOYOK MempuyHO20 Npocmopy, ane i
npocnidkysamu (io2o 3MiHY Mpu 3MiHIi MOYKU CrOCMepemeHHA Ubo2o
po3miujeHHA. Bisyanizayia eeomempuyHux eaacmusocmeli Mempu4yHUX
npocmopis cnpuse Ginow 2nuboKoMy ma ycgidomaeHomy cripuliHaAmmio i
PO3yMiHHIO CmyOeHmamu OCHO8 meopii Mempu4YHUX npocmopie.

Formulation of the problem. This paper considers issues related to the
method of studying the geometric properties of metric spaces. These
questions necessarily arise when students learn the basic concepts of the
theory of metric spaces. Difficulty in understanding these concepts arises
due to the lack, in most cases, of their geometric interpretation, or
appropriate visualization. To build a geometric interpretation of the
concepts of rectilinear and flat placement of points of metric space, it is
proposed to build appropriate analogs in two-dimensional and three-
dimensional arithmetic Euclidean spaces. To visualize these concepts, it is
proposed to use a dynamic geometric environment GeoGebra 3D. This
approach allows us to demonstrate both the similarity of individual
geometric concepts of metric space with the corresponding concepts of
Euclidean geometry and to demonstrate cases of their "non-Euclidean".

Materials and methods. The study used the dynamic geometric
environment GeoGebra 3D, a software tool for calculating the volume of a
tetrahedron along the lengths of its edges, as well as graphical tools for
constructing images.

Results. The examples of geometric interpretation and visualization of
mutual placement of points of metric space given in this work promote
deeper and more conscious perception and understanding by students of
the basics of the theory of metric spaces.

Conclusions. Metric geometry makes it possible to consider Euclidean
geometry and non-Euclidean geometries from one point of view. The
analogy of individual relations between the points of metric space with the
corresponding relations in Euclidean geometry makes it possible to trace
the change in the characteristic geometric properties of space when its
metric changes. The use of special graphical capabilities of the
corresponding software allows not only to visualize the mutual location of
the points of the metric space but also to track its change when changing
the observation point of this location. Visualization of geometric properties
of metric spaces contributes to a deeper and more conscious perception and
understanding by students of the basics of the theory of metric spaces.

Banbko K., Kyabmuu B., Kyabmuy J1., CaB4yeHko O. IHTepnpeTaLlif B3aEMHOro po3MmilLleHHs TOYOK METPUYHOrO MPOCTOPY 33 A0NOMOroto rpadiyHux 3acobis. Pi3uko-
MamemamuyHa ocgima, 2022. Tom 34. Ne 2. C. 7-11. DOI: 10.31110/2413-1571-2022-034-2-001

ANA uUTYyBaHHA:

Banbko, K., Kyabmuy, B., Kyabmny, /1., & CasueHko, O. (2022). IHTepnpeTaLis B3aEMHOr0 PO3MiLLLeHHA TOYOK METPUYHOrO NPOCTOPY 3a AOMNOMOrO rpadiyHmX

3acobis. Pizuko-mamemamuyHa oceima, 34(2), 7-11. https://doi.org/10.31110/2413-1571-2022-034-2-001

Valko, K., Kuzmich, V., Kuzmich, L., & Savchenko, O. (2022). Interpretation of mutual location of points of metric space by help of graphic means. Physical and
Mathematical Education, 34(2), 7-11. https://doi.org/10.31110/2413-1571-2022-034-2-001

For citation:

Valko, K., Kuzmich, V., Kuzmich, L., & Savchenko, O. (2022). Interpretatsiia vzaiemnoho rozmishchennia tochok metrychnoho prostoru za dopomohoiu hrafichnykh

zasobiv [Interpretation of mutual location of points of metric space by help of graphic means]. Fizyko-matematychna osvita — Physical and Mathematical Education,

34(2), 7-11. https://doi.org/10.31110/2413-1571-2022-034-2-001

B Corresponding author

© K. Valko, V. Kuzmich, L. Kuzmich, O. Savchenko, 2022


https://doi.org/10.31110/2413-1571
https://fmo-journal.org/
mailto:katerynavalko@gmail.com
https://orcid.org/0000-0002-9746-018X
mailto:vikuzmichksu@gmail.com
https://orcid.org/0000-0002-8150-3456
mailto:lvkuzmichksu@gmail.com
https://orcid.org/0000-0002-6727-9064
mailto:savchenko.o.g@ukr.net
https://orcid.org/0000-0003-4687-5542
mailto:katerynavalko@gmail.com
https://orcid.org/0000-0002-9746-018X
mailto:vikuzmichksu@gmail.com
https://orcid.org/0000-0002-8150-3456
mailto:lvkuzmichksu@gmail.com
https://orcid.org/0000-0002-6727-9064
mailto:savchenko.o.g@ukr.net
https://orcid.org/0000-0003-4687-5542

Tom 34, Ne 2 / Vol. 34, Ne 2 (2022) ®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

K/IKOHYOBI CJ/IOBA: 8idcmaHb MiX moykamu; mempuyHul npocmip; KEYWORDS: distance between points; metric space; metric geometry;
mMempu4Ha 2eomempisi; OuHamiyHe eeomempuyHe cepedosuuje GeoGebra dynamic geometric environment GeoGebra 3D; rectilinear placement of
3D; npsmoniHiliHe po3miujeHHs MOYOK. points.

BCTYN

MocTtaHoBKa Npobaemu. 3 METPUYHUMM NPOCTOPaMM CTYAEHTM 3aKNaiB BULLOT OCBITM BrepLue 3HaMOMAATLCA Y KypCi
MaTeMaTUYHOro aHanisy Mpu BMBYEHHI N-BUMIPHOTO €BKANIJOBOro npocTtopy. MMisHiwe, y Kypci dyHKUioHanbHOro aHanisy,
METPUYHI NPOCTOPU BUBYAOTLCA GislbLL AETaNbHO, Y TICHOMY 3B8’A3KY 3 HOPMOBaHUMM Ta TOMO/IOTIYHUMM NpocTopamu. OfHieto i3
NnepenoH y po3ymiHHi HOBMX QaKTiB TeOPii METPUYHMX MPOCTOPIB € CKAAAHICTb iX reOMeTpPUYHOI iHTepnpeTauii. Hanpuknaga, ayxe
BaXKKO yABUTM cobi oanHMYHY cdepy, Ha AKil be3niy TOYOoK BiadaneHi ogHa Big oAHOI Ha cTany BigcTaHb. MoaibHMX NpuKnagis y
NpocTopax 3 Pi3HOK METPUKOI JOCUTL HBaraTo. BOHW 3HAYHOK MiPOIO MepPEeLIKOAKAOTb aieKBaTHOMY 3aCBOEHHIO BiAMoBiAHMX
BNACTMBOCTEN METPUYHUX NpocTopiB. Bifiblwe Toro, 3i 3MiHOKO METPUKM MPOCTOPY, AKUA CKNAAAETLCA 3 OAHUX i TUX CaMMX
eNleMeHTiB (TOYOK), CNiBBIAHOLWEHHA MiXK UMMM e/leMeHTaMM MOXYTb iCTOTHO 3MiHUTUCb. Hanpuknag, 4oTMpWM TOYKM, WO €
BEPLUMHAMM KBagpaTy Y ABOBUMIPHOMY apudMeTUYHOMY €BKNiZ0BOMY MPOCTOPI, MPU 3MiHIi METPUMKM NPOCTOPY MOXKYTb CTaTU
NPAMONIHIMHO PO3MILLEHUMM | HE BYTU NNOCKO PO3MiLLEHMMWU. HaBeAeHI NPUKNAAM € MLLE HEBEIMKOK YaCTUHOW $aKTiB, AKi
MOXKYTb BUK/IMKATU HEOAHO3HAYHEe CNPUIHATTA CTYAEHTamMM BNACTUBOCTEN METPUYHMX MPOCTOPIB, Ta CTaTU Ha NepeLlukoai ix
33aCBOEHHSA.

AHani3 aKkTyanbHUX AocChigXKeHb. MaTepian poboTM 3HAYHOKO MIPOKD MOXKHA BIAHECTM A0 NpeaMeTy MEeTPUYHOI
reometpii (Berger, 2009; Burago et al.,, 2001), 6ypxnuBMiA PO3BMTOK AKOI OCTAaHHIM 4YacoOM 3YMOBIEHWA UYUCNEHHUMMU
3aCTOCYBaHHAMM Y chepi BUCOKUX TEXHOOTIN, iHXKEHEPIT Ta iHLIMX rany3ax HayKuM | TEXHIKKU. XapaKTepHOH 0cobaMBICTIO METPUYHOT
reomeTpii € Te, LLLO BOHA CNMPAETHCA /IMLLIE HA NOHATTA BiACTAHI MiXK TOUKAMM | BAACTUBOCTI MHOXMHW AjiicHMX uncen. Le 3HauHo
obMeXKye YHaOUHeHHsn ii pe3ynbTaTiB, ane 3 iHWOoro 60Ky, e PO3LMPIOE | y3araNbHIOE KAACUYHi NOHATTA reomeTpii EBKAiga.
MeTpuryHa reomeTpia Aa€ MOXK/IMBICTb PO3rNaaaTH reometpito EBKniga Ta HeeBKNiAOBI reomeTpii 3 04HIEl TOYKN 30py. MeToauKy
BMBYEHHSI €/IEMEHTIB METPUYHOI reomeTpii CTyAeHTaMM 3aKMafiB BWULLOI OCBITW, BMKOPUCTAHHA MNPUKAAAHUX TrpadidyHnX
KOMM'IOTEPHMX 3acob6iB ANA YHAOUYHEHHA pPe3y/abTaTiB MaTeMATUYHUX [OCAiAKeHb, PO3rNA4anM pAf aBToOpPiB, 30Kpema,
YHAOUYHEHHA OCHOBHMX MOHATb CHepuyHOi reomeTpii BMBYanoOCb y poborax Lénart |. Ta Rybak A. (2017), Lénart 1. (2020).
YHaoYHeHHs po3B’A3KiB HePiBHOCTEW 33 AOMNOMOro CUCTEMM KOMN loTEPHOT MaTemaTKm Maple posrasganock y poboti @inep 3.
Ta YyikoB A. (2021), MeToAMYHi acNeKTU BMPOBAAXKEHHA E€NEMEHTIB METPUYHOI FreomeTpil Y LWKIAbHUIA Kypc MaTeMaTuKK
BMBYaMCb y poboTax CneasunHckmia M. (1973), Kuz’mich V. Ta Kuzmich L. (2021).

Merta craTTi. MeTolo CTaTTi € BUCBIT/IEHHA CNOCO6iB reoMmeTpu3aLlii A4eAKUX BNACTUBOCTEN METPUUYHMX NPOCTOPIB, Ta iX
Bisyanisauii. Ha Haw nornsag, ue cnpuatume Ginbl rMMOOKOMY 3aCBOEHHIO CTYAEHTAMM OCHOBHMX MOHATH TEOPii METPUYHMX
NpPOCTOPiB, 30KPEMa, BIACTUBOCTEN Ta CNiBBiAHOLWEHb, WO MalOTb FTEOMETPUYHUI 3MICT.

METOAU AOCNIAXKEHHA

Martepian gocnigykeHHa byB OTpMMaHWUI 3a pe3yabTaTaMu YNTAHHA BiANOBIAHOMO CNELKYPCYy CTyAeHTam cnewianbHOCTi
«014.04 CepepHs ocsiTa. MaTemaTnKa», MmarictepcbKoro piBHsA ocBiTu. [1aa AMHaMiYHOro reomeTpuyHoro cepegosuw,a GeoGebra
3D BMKOPMCTOBYBA/IMCb creLianbHi GopMyan po3paxyHKy KOOPAMHAT BEPLUMH TETPaeapa 3a A0BXKMHaAMKU 10ro pebep.

PE3Y/IbTATU AOCNIAKEHHA

Ha nouaTtky HaBeAeMoO AesiKi OCHOBHi NMOHATTA Ta GaKTH, WO BigHOCATLCA A0 Teopii METPUYHMX NPOCTOPIB. 30Kpema,
BIACTaHHIO 0 MiXK BOMa €leMEeHTaMM X; Ta X; MHOXMHM X Ha3MBaloTb AiicHy HeBig emHy dyHKuilo p(X;, X;), AKa 3340BONbHAE
YMOBY KOMYTaTUBHOCTI: p(xl-,x]-) = p(xj,X;), Ta yMOBY HEPIBHOCTi TPMKYTHMKa: p(xi,x]-) < p(x;, %) + p(xk,xj) ANA AOBINBHUX
TOMOK X;, Xj, X LpOro npocropy (KaHToposud Ta AknoB, 1977). Taky MHOMKMHY Ha31BaKOTb METPUYHIM NPOCTOPOM 3 METPUKOIO
p, i nosHavatotb (X, p).

Cnocobu BBeAeHHA BiACTaHI MiX TOYKamu npoctopy (cnocobu meTpmsalii) MoxKyTb 6yTM pisHomaHiTHUMK ([e3a Ta
[e3a, 2008). Big cnocoby meTpu3aLLii NpoCTopy 3HAYHO MipOto 3an1exKaTb MOro reoMeTpUYHI BAACTMBOCTI (reomeTpin npocTtopy).
Y noganbwomy byaemo pos3rnagati KisibKa KAacMuHWX NPOCTOPIB, MeTpM3aLia AKMX 6a3yeTbca Ha NPOCTUX MOHATTAX, i AKi nerko
NPOINOCTPYBATM HABITb HA MaTepiai WKiNbHOro Kypcy matematukm (Kuz’mich & Kuzmich, 2021).

— MHOM1Ha ynopAAKOBaHUX rpyn 31 AiNCHUX uncen (x4, X,, ..., X, ), A€ BiACTaHb MiXK ByAb-AKMMU ABOMA CYKYMHOCTAMMU
xX(x1, %2, o, %) 1 V(V1, V2, -+ » Vi) 3HAXOANTBCA 33 GOPMYIOHO:

p(x,y) = Xko1 (ke — V)%

€ METPUYHMM MPOCTOPOM, AKWIA HA3UBAKOTL N-BUMIPHUM apubMETUYHMM eBKAIZOBMM NPOCTOpOM, i nosHavatotb R™
(Konmoropos Ta ®omiH, 1974; Oasnpgos, 1979).

— PO3r1fHEMO MHOXUMHY HenepepBHUX Ha Biapi3ky [a,b] dyHKUii. LA MHOMMHA CTAaE METPUYHMM MPOCTOPOM
(Konmoropos Ta ®omiH, 1974; Nasnpaos, 1979), AKLWO 3a BiACTaHb MixK ABOMa dyHKUiaMU f(t) i g(t) MHOXKMHM B3ATU YMCNIO:

p(f,9) = trg[lgg]lf(t) —g@®l

Takuit npocTip nosHa4aoTb Cig pi-

— FIKLLO Ha MHOXMHI HenepepBHUX Ha BiAPI3KY [a, b] dyHKLIN 3a BigcTaHb mixk aBoma dyHKuismu f(t) i g(t) B3atm
yncno:

b
p(f,9) = [, If(®) — g(®)ldt,
TO LA MHOXMHA CTa€ METPUYHUM NPOCTOPOM, AKMI NosHavatoTb C; (Jasnpos, 1979).
Tenep po3rAAHEMO MOHATTA NPAMOANIHIMHOIO PO3MILLEHHA TOYOK METPUYHOro NpocTopy. Ana 3py4HOCTi NoAanbLlumx
3anucis by4emo BUKOPUCTOBYBATU NO3HAYEHHA: p(xi,x]-) = p;j i BBAXATK, WO YCi PO3MAAYBaHI TOYKM METPUYHOTO NPOCTOPY
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pi3Hi, TOBTO 3HaUYeHHsA BiACTaHI MixK HUMM 3aBan goaaTtHe. KaxyTb (KaraH, 1963), Lo Tpu TOYKM X;, Xj,
PO3MiLLEHI MPAMONIHIAHO Y LbOMY MPOCTOPI, AKLWLO BUKOHYETbCA piBHicTb: p(x;, X)) = p(xi,x]-) + p(x]-,xk), abo KopoTuwe:
Pik = Pij + Pji- LeAKY MHOXWUHY TOUOK METPUUHOro NpocTopy 6yAemo HasuBaTh NPAMOAIHIAHO PO3MILLEHOIO, AKLLO KOXHI TpU
TOUKM LLiEl MHOXKWHM NPAMOAIHIMHO PO3MILLEHI Y LIbOMY NPOCTOPi.

Mig KyTOM, LLO YTBOPEHMI TPbOMA TOMKAMU X, X}, X METPUUHOTO NPOCTOPY, BYAEMO PO3YMITH YNOPsAAKOBaHY TPiliKy
LMX TOYOK: (X, Xj, X ) | nO3HauaTh £(x;, Xj, Xi ), IpU LIbOMY, TOUKY X; ByAemMo Ha3nBaTh BEPLUIMHOIO KyTa, a Napy TOHOK (X, X;) i
(xj,x;) — #oro ctopoHamu (Kuz'mich, 2019). 3a 4nCNOBY XapaKTEPUCTUKY @ KyTa (KYTOBY XapaKTepPUCTMKY) NPUPOAHO B3ATH
BE/IMYMHY KOCMHYCA KyTa TPUKYTHUMKA, L0 3HAXOAUTLCA 3 OPMY/IM KOCUHYCiB y reomeTpii EBkAiaa (AnekcaHapos, 1948; Kuz'mich,
2019):

X}, METPUYHOTO NPoCTopy

2(xpx))+p2 (2 jxx) —p? (x4, k)
2p(xix)p(xjxi)

‘p(xi:xj:xk) =t )
abo KoporTLe:

_ pizj+p]2‘k_pizk

Pijk = T (1)

TakKMM 4YMHOM O3HAYeHa KYTOBA XapPaKTEPUCTMKA [AE MOXKAMBICTL He JMLWIE OTPUMATU YMOBY MPAMOJIHIMHOMO
PO3MiLLLEHHA TPbOX TOYOK METPUYHOIO NPOCTOPY: (pizjk = 1, ane i ymoBy «exkatn mMixx» ans umx Touok (Dovgoshei & Dordovskii,
2009). 30Kpema, TOUKa X; KNEKUTb MIXK» TOUKaMK X; | X), (a6O € BHYTPILIHBOKO ANA TOHOK X;, Xj, X ), AKLLO BUKOHYETbCA PIBHICTb:
@ijr = —1, SIKLLO 3 BUKOHYETbCA PIBHICTb @7, = 1, TO MOMHa Ka3aTy, LLO TOYKA X; «EXWTb NO3a» TOYKamm X; i x; (abo e
30BHILUHBOIO, UM KPaiHBOIO, ANA TOUOK X;, Xj, Xi).

3a 4,0MNOMOrOot0 KYyTOBOT XapaKTEPUCTUKN MOXKHA 03HAYMTU NIOCKE PO3MILLEHHA TOYOK MeTpryHoro npoctopy (Kuz'mich,
2019). YoTUpK TOUKM X1, X5, X3, X4 METPUYHOTO NpocTopy (X, p) byaemo HasMBaTM NAOCKO PO3MILLEHUMM Y LibOMY NPOCTOPI,
AKLLO BUKOHYETLCA PiBHICTb:

1+ 921302149314 — @%13 — Q14— (P§14 =0. (2)

PiBHicTb (2) y reomeTpii EBKNiga, GakTMUYHO, O3HAYaE PiBHICTb HY/MO 06’emy TeTpaeapa, BEPLUMHMU AKOrO PO3MIlLEHI B
TOUKAX X1, Xp, X3, X4. AKLWLO KOXHI HOTUPW TOYKM AEAKOT MHOXMHN METPUYHOTO NPOCTOPY NJI0CKO PO3MILLLEHI Y LibOMY MPOCTOPI,
TO LLO MHOXMHY Ha3nBaTMMEMO MI0CKO PO3MILLEHOIO Y aHOMY NPOCTOPI.

He AMBAAYMCb Ha CXOXiCTb MOHATb MPAMOAIHIMHOIO Ta MNJIOCKOrO PO3MILLEHHA TOYOK METPUYHOrO MpPOCTopy 3
BiZAMNOBIAHMMM NOHATTAMM reomeTpii EBKNiga BOHM He 3aBXAM CMiBMagatoTb. 30Kpema, 3 NPAMOJIIHIMHOTO PO3MiLLEHHA YOTUPbLOX
TOYOK METPUYHOIO NPOCTOPY HE 3aBXAM CAIAYE iX NN0CKE PO3MILLEHHA Y LLbOMY NPOCTOPI.

Ha BigmiHy Big reomeTpii EBKniga, reomeTpmnyHa iHTepnpeTaL,ifs OCHOBHUX MOHATb METPUYHOI reOMETPIT BUKIMKAE NEBHI
TPYAHOLW,i, OCKiNIbKM O0BOAMTBLCA OKpeMi GaKTW, Lo He MatoTb Micua y reometpii EBKniga, 306paxkaTt y ABOBUMIpHOMY uum
TPMBMMIPHOMY €BKNIAOBMX NPOCTOpax. HaBeaemo AeKinbKa NPUKAALIB TaKoi iHTepnpeTau,ii.

Mpuknag 1. Ha sigpisky [0; 1] posrnaHemo yotmpmn dyHKuii: y; =0, vy, =1, y3 = x, y, = 1 — x. AKwo posrnsgamm
OYHKUIT V4, V2, V3, Y4 Y AKOCTI TOHOK NPOCTOPY C[o,1]: TO 33 METPMKOIO LIbOrO MPOCTOPY BiACTaHi MiX HUMK ByayTb:

P12 = P13 = P14 = P23 = P2a = P34 = L.

Y reomeTpii EBKNiAa TaKi TOYKM YTBOPIOKOTb MPaBU/bHUIA TeTpaeap 3 OAMHWYHOK A0BXMHOW pebep. OTxe, w06
iHTEepnpeTyBaTh B3aEMHE PO3MILLEHHA UMX YOTMPbOX TOHOK Y MPOCTOPI C[O,l] noTpi6HO Bif ix iHTepnpeTaL;i y npoctopi R? nepeittn
1o npoctopy R3. [1na 3pyyHOCTi NO3HAUUMO TOUKN V4, Vs, V3, Va, BiANOBIAHO, Byksamu A, B, C, S. Bubepemo nesHy opieHTaLLio
TeTpaeapa y npoctopi R3. na 1boro npu 306paskeHHi TPUKYTHUKA ABC TOUKY A MOMICTUMO Y NOYaTOK KOOPAMHAT, TOUKY B — Ha
[oAaTtHin nonosuHi oci 0X, Touky C — Ha JoAaTHIM nosoBuHiI naowmHn X0Y, Touky S — Ha goAaTHi nonosuHiI npoctopy XYZ
(puc. 1).

TaKe po3TalyBaHHA TOUYOK V1, Vo, V3, Y4 MOXKHA NiATBEPANTH, TAKOXK, BUKOPUCTABLUM O3HAYEHHA NIOCKOTO PO3MILLLEHHSA
TOYOK METPUYHOTO NPoCcTopy. [ LLboro 064ncIMMo 3a Gopmynoto (1) KyTOBi XapaKTEPUCTMKM ON1A KyTiB, AKi YTBOPIOKOTb TOYKM
Y1, Y2, Y3, Ya ¥ npocTOpi Co 41

_ Phtpls—p3s 1241717

= = = = 0,5.
P213 = P214 = P314 2p12Prs 211 ’

MiacrtaBuBLLUK Lj 3HAYeHHA y dopmyay (2) oTpUMaemo:
14 021302140314 — P313 — P14 — P314 =1+ 0,5-0,5-0,5—(0,5)* = (0,5)* — (0,5)* # 0.
OTe, TOUKN Y1, V5, V3, Va HE € NIOCKO pO3MiLlLeHnmu y npoctopi Cpg q]-

-

Puc. 1. Po3mileHHsl TOUOK Y1, V2, V3, ¥4 NpocTOPY Cg 1]y CUCTEMI Puc. 2. Po3MmilLleHHA TOYOK Y1, Y2, V3, Y4 NPU NOBOPOTi CMCTEMM
KoopAuHat npoctopy R3 KoopauHat
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306parkeHHsA Ha PUCYHKY 1 OTpMMaHO 3a AONOMOro AMHAMIYHOIO reomeTpuyHoro cepegosmiLta GeoGebra 3D. LLo6
306pa3nTV TOUKM Y LLbOMY cepeaoBULL HeObXiAHO 3adaTh ix KoopanHaTth. [ins uboro, 3a gonomoroto dopmynu KOHriyca 06’emy
TeTpaeapa Yepes JOBXKMHY Moro pebep, byam po3paxoBaHi koopamMHatv BeplwunH A, B, C, S TeTpaegpa (BanbKo Ta iH., 2021). Y
LbOMY CEPEeSOBULLI MOXKHA NOBOPOTOM CUCTEMU KOOPAMHAT BisyasibHO BMEBHUTUCH Y TOMY, LLO TOUKU V1, V2, V3, V4 LINCHO HE €
NIOCKO PO3MileHNMU. CUCTEMY KOOPAMHAT MOBEPHEMO TaKUM YMHOM, Wob Toukn A, B, C, S morKHa 6yno cnocTepirati 3 TOUKM,
LLLO 3HaXoaMTbCA Ha naowwmHi XOY (puc. 2).
AKWwo posrnagatm OYHKUIT Y4, Vo, V3, Y4 Y AKOCTI To4oK npocTtopy C;, TO 3a
METPUKOIO LLbOro MPOCTOPY BiZACTaHi MiXK HUMU ByayTb:
P12 = 1; P13 = P14 = P23 = P24 = P34 = 0,5.
Mpy TakMX BIACTAHAX MiXK LMMW TOYKAMM, iX B3aEMHE PO3MILLEHHA He MOMKHa
306pasnTn y reometpii EBKAiAa. BOHU He MOXKYTb /ieXKaTu Ha OAHIN NPAMIN (TOYRK V4, V3, Vs
YTBOPIOIOTb PiBHOCTOPOHHIN TPUKYTHUK). Lli TOUKM HE MOMKYTb NieXKaTu Y OAHIN MAOWMHI,
1 Y2 OCKINbKU TOYKU V1, Vo, V3 PO3MILLEHI NPAMOAIHINHO (013 + P23 = P12), @ TAKOXK TOUKM Yy,
Y2, V4 PO3MILLLEHI NPAMONIHIAHO (P14 + P24 = P12), TOMY TOUKM V3 | Y, NOBUHHI cniBnagaty,
X0Y4a BiACTaHb MiX HUMM AoAaTHA. Kpim TOTo, 3 TOUOK Y4, Vo, V3, Y4 HE MOXHA NObYAYBaTU
TeTpaeap, OCKiNbKM Npu 6yap AKil OpieHTauil TpM Moro BepwmrHU ByayTb NPAMOAIHIMHO
pO3MiLLeHi.
MorKkHa nobyayBaTH iHTepNpeTaLLilo TAKOro PO3MILLLEHHA, BUKOpUCTaBwWwK cdepy y

¥3
Puc. 3. InTepnperauia
PO3MILLLEHHA TOUOK V1, ¥2, ¥3, Y4 1
npocropy C; y npocropi R3 npoctopi R3. Po3amicTMo Touku Y1, V2, V3, Ya Ha Niscdepi pagiyca p 3a BiACTaHb MiX Napoto
TOYOK Ha niBcdepi BisbMeMO A0BXKMHY Ayrv BEIMKOTrO MiBKONA, AKa 3’ €QHYE Li Toukm (Puc. 3).

Mpu Takii iHTepnpeTaLii, TOUkM y; i y, ByAyTb KiHUAMM fiameTpa BE/IMKOrO KoMa, LOBMWHA SKOro AOPIBHIOE ABi
OAMHWLL, @ TOUKK Y3 i Y, ByAyTb nexatn Ha cepefmHax ABOX NiBKiA, WO 3 €4HYIOTb TOUKK Y, | V. [IPUUHOMY, TOUKM Y4, V3, Vs, @
TaKOX TOUKMN Yy, V3, Vs, OYAYTb YTBOPIOBATM PIBHOCTOPOHHI CHEPUUHI TPUKYTHUKM.

Mpuknag 2. Ha sigpisky [0; 1] posrasHemo HacTymHi dyHKUii: y; =X, ¥V, = —x, Y3 = —x + 1, y, = x — 1. Y pobori
Kuz'mich V. 1a Kuzmich L. (2021) nokasaHo, wo GyHKUT Yy, V2, V3, Va, AK TOURM NPOCTOPY C|g 1], TPAMONIHIAHO PO3MiLLeHi y Lbomy
npocropi. OcobAMBICTIO TAaKOTO PO3MILLEHHA € TE, WO KOXHA 3 LMX TOUYOK «IEXKUTb MiXK» AeSKMMM ABOMA 3 HUX. Y reometpii
EBKNiZa cepes, YOTMPbOX NPAMONIHIMHO PO3MILLEHUX TOYOK ABi 3 HUX 060B’A3KOBO BYAYTb «KpalHIMMY, @ ABi — «BHYTPILLHIMU»
(KaraH, 1956). binblue Toro, Ha BigmiHy Big, reomeTpii EBKNiAQ, TOUKU V4, V2, V3, Y4 HE BYAyTb NJIOCKO PO3MILLEHVMU Y LIbOMY
npocropi. [liicHo, 3HaNAEMO BIfCTaHi MiXK UMM TOUKaMuM 3a MeTpuKoto npoctopy Cg 1)

P12 = 2;p13 = 1, p14 = 1, P23 = 1,0 = 15 p34 = 2.
3a popmynoto (1) 3HaXo0AMMO YNCNOBI XapPaKTEPUCTUKM KYTiB, AKi MatOTb CBOEIO BEPLUMHO, HAaMPUKAA, TOUKY V;:
@ — Pi+pis P33 — 22+12-1% =1 ® — Pi2+Pia—pP3s — 2241217 =1 @ — Pi3+Pia—p3s — 1°+1%-22 =_1.
213 2p12P13 221 124 2p12P14 221 1 Fa14 2p13P14 211
Lli 3HaYeHHA NiACTaBUMO Y NiBY YacTUHY popmynu (2):
1+ 021302140314 — P313 = Pr14a — P14 =1+ 11 (1) = 1> =1 = (=1)* # 0.
OTXKe, TOUKN Y1, Y5, Y3, Ya HE € NIOCKO pO3MiLLeHnmu y npoctopi Clg q]-

AKLLO 3aMpPOMOHYBaTU CTYAEHTaM HaBeCTU reoMeTpUYHy iHTepnpeTauito Mpuknagy 2 y npoctopi R?, To ue mosKe
BUKJ/IMKATWN Y HNX CKIQLHOLLi, OCKIJIbKM Y LibOMY NPOCTOPRI MPAMA JiHIA 3aBXAWN HAaNeXUTb NaowmHi. OgHaK, Taka iHTepnpeTtauis
MOM/IMBA, AKLLO 33 BiACTaHb MiXX TOUKAMM Yy MPOCTOpI C[o,1] B3ATU LOBXKMHY AEAKOI Ay MNiHil, wo 3'€gHye 06pasmn LMX TOUOK Y
npoctopi R?. Hanpvknag, Wwob npoAeMOoHCTpYBaTH y NpocTopi R? B3aEMHe PO3MiLLEHH:A TOYOK V1, Y2, V3, Ya, PO3MICTUMO iX Ha KO

paajyca —, a 3a BIACTaHb MiX 1aPOIO LMX TOYOK MOMHA B3ATU ZLOBXMHY MEHLLOI 3 ABOX AT KOAA, AKi 3'eAHYHOTb Lji TOYKM (Puc. 4).
Toii GaKT, WO TOYKM Y1, Y2, V3, Y4 HE € NNOCKO PO3MiLLeHMI y npocTopi C(o 1] 3pYHHO NPOINtocTpyBaTy, K iy NMpuknagi

1, Ha niBcdepi pagjyca % y npocTopi R® (Puc. 5).
M

Va
» ¥z
¥z ¥3
Puc. 4. IHTepnpeTaLia NPAMONiHIHHOro PpO3MilLLeHHA TOYOK Y4, Puc. 5. IHTepnpeTauia po3milLeHHA TOUOK Y1, V2, V3, Y4 NPOCTOPY
Y2, ¥3, Ya npoctopy Cio, 1)y NpocTopi R? Cl0,1) Y npocTopi R?

Mpu Takiit iHTepnpeTauii, TOYKM Y; i Y,, @ TAKOXK TOYKM Y3 i V,, 6yayTb, BiANOBIAHO, KiHLUAMW [ABOX B33aEMHO
nepneHAMKyNAPHUX JiamMeTpiB BEMKOTO KO/1a, JOBXKUHA AKOTO OPIBHIOE YHOTUPU OAUHULL.

BMCHOBKM TA NEPCMEKTUBU NOAANbLUOIO AOCNIAXKEHHA

PesynbTaTn pob0TH BKa3ytoTb Ha Te, LLLO BidyanisaLlia reoMeTpUYHMUX BAaCTUBOCTEN METPUYHMX NPOCTOPIB CNPUAE BinbLu
rMMH6OKOMY Ta YCBILOMNEHOMY CIPUMHATTIO | PO3YMIHHIO CTYAEHTaMW OCHOB TeOpii METPUYHMX NPOCTOPiB. AHANOTIA OKPEMUX
CNiBBiAHOLWEHb MK TOYKaMM METPUYHOTO MPOCTOPY 3 BiAMNOBIAHNMM CMiBBIAHOWEHHAMM Yy reomeTpii EBKNiga AaE MOXKAUBICTb
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NPOCAiAKYBATH 3MiHY XapaKTepPHUX FreOMETPUYHUX BNACTUBOCTEN NPOCTOPY NPU 3MiHI MOro MeTPUKK. 3acToCyBaHHA cneLiafbHNX
rpadiyHMX MOXKIMBOCTEW BigNOBIAHWMX NPOrpaMHUX 3acobiB A03BOMAE He /MLLE BidyanizyBaTM B3aEMHE PO3MILLEHHA TOYOK
METPUYHOTO NPOCTOPY, ane i IPOCAiAKYBaTM MOro 3MiHY NMPU 3MiHi TOYKM CNOCTEPEIKEHHS LbOro po3mileHHA. MoganbLui po3Biakm
cnig, cnpAmyBaTM Ha BCTAaHOBNEHHA CRiBBiIAHOLWEHb MNApaNefNbHOCTI i NepPneHAMKYNAPHOCTI MHOMMH TOUOK Y METPUYHMX
npocropax Ta ix Bisyanizauii.
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AHOTALIA

ABSTRACT

6, u.

dopmy p 3saxaoyu  HA BUKAUKU, 3 AKUMU
CMUKAEMbCA CyydcHe Cycninbcmeo, 30Kpema, naHoemii, 8iliHu mowjo, ma
oceimHi meHOeHyil, Moe’A3aHi 3 MepcoHani308aHO0 Ma BiOKPUMOIO
0ceimoro,  8aMIUBUM CMAE NMUMAHHA 306e3ne4eHHA IHOUBIOyanbHUX
ocsimHix nompeb cmyodeHmis, AKi MOXIUBO 3a0080/b6HUMU WAAXOM
CMBOpPEeHHA  MepCoHiiKosaHO20  HABYANLHO20 ~ KOHMEHmMy  ma
8i0Kkpumozo docmyny 00 Hbozo. [lpobnema nonseae y momy, wo y
3aknadax euwoi oceimu ei0cymHili 8i0nosioHuli piseHb e2omosHocmi
nepexody Ha NpuHYUNuU eidKkpumocmi ma 3abesneyeHHA 00CMABKU
HOBYANLHO20  KOHMeHmy  3006ysayam 68  ymosax  8i0kpumoi
yHisepcumemcbKoi ocgimu.

Mamepianu i memodu. 3 Memoto 8upiuieHHA nocmaesneHoi npobaemu
6ys10 3acmocosaHo Memodu aHani3y, kaacugikayii ma cucmemamusayii
HayKosux Oxcepen 3 npobaemu 00cnidnceHHs, Memoou MoOento8aHHA 0417
po3pobku Mmoleni 0OCMABKU HABYANLHO20 KOHMeHmy & ymMoeax
8i0Kkpumoi oceimu. [JocnioxieHHA BUKOHAHO 8 MeX(ax HayKoeo-00ciOHol
pobomu «CmeopeHHAa moOlesni 2ibpudHozo eebopieHMoB8aHO20
cepedosuwya A0CMABKU HABYANLHO20 KOHMEHMy 8 ymMosax ei0kpumoi
yHigepcumemcbKoi oceimu» 3a dozogopom Ne110/11-np-2020.

Pesynbmamu. Y OocnidxeHHi nposedeHo aHAni3  eapiaHmMis
docmasKu pi3HOMUMNHO20 HABYA/IbHO20 KOHMEHMYy 8 yMo8ax 8i0Kpumoi
yHisepcumemcbKoi ocgimu. ObrpyHmosaHo ma po3pobsneHo modesns
docmaeku  HABYANILHO20 ~ KOHMeHmy 8  ymosax  ei0kpumoi
yHigepcumemcbKoi  oceimu, wo BK/IIOYQE: KoHyenmyanosHud,
¢yHKyioHanbHUl, mexHonoziyHull, opeaHizayiliHul, memodu4yHuli ma
diaeHocmuyHuli 6a0Ku. Ha ocHosi 3anponoHosaHux 6s10ki8 8u3Ha4eHO
nedazoziyHi ymosu 01 echekmusHoi docmasKu HABYAbHO20 KOHMeEHMY.

Given the challenges facing modern society, such as pandemics, wars,
etc., and educational trends related to personalized and open education, it
is important to meet the individual educational needs of students that can
be met by creating personalized learning content and open access to him.
The problem is that in higher education institutions there is no appropriate
level of readiness to move to the principles of openness and ensure the
delivery of educational content to applicants in open university education.

Formulation of the problem. In the current conditions of educational
development and in the midst of COVID-19, the issue of providing individual
educational needs of students, which can be met through open education,
is becoming important. The problem is that in higher education institutions
there is no appropriate level of readiness to move to the principles of
openness and ensure the delivery of educational content to applicants in
open university education.

Materials and methods. In order to solve this problem, methods of
analysis, classification and systematization were used to work with
scientific sources on the research problem, as well as modelling methods to
develop a model of delivery of educational content in open education. The
research was performed within the research work "Creating a model of a
hybrid web-oriented environment for the delivery of educational content in
an open university education” under the contract Ne110 /11-pr-2020.

Results. The study analyzes the options for delivery of various types of
educational content in the conditions of open university education. A model
of delivery of educational content in the conditions of open university
education is proposed, which includes: conceptual, functional,
technological, organizational, methodical and diagnostic blocks. On the
basis of the offered blocks pedagogical conditions for effective delivery of
educational content are defined.
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BucHoeKu. Bpaxosyro4u meHOeHyii iHhopmamu3ayii ocsimHbo20
npocmopy ma gidkpumocmi yHigepcumemcoKoi oceimu, ompumy4ucsL
npuHyunie 8i0kpumoi, AucmaHyiliHoi ma HegopmansbHOi ocsimu,
pesynemamom  peasnizayii  3anpornoHoeaHoi modesni nepedbavyaemo
egekmueHe 3a6e3neyeHHs 00CMABKU HABYA/IbHO20 KOHMeEHMY 0115 Pi3HUX
¢opm ma sudie HagyasbHOI disnbHOCMI.

Conclusions. Given the trends of informatization of educational space
and openness of university education, adhering to the principles of open,
distance and non-formal education, the implementation of the proposed
model provides for the delivery of educational content in various forms and
types of educational activities.

K/ItOYOBI C/IOBA: npuHyunu oceimu; siokpuma ocgima; 8idkpuma
yHigepcumemcbKa ocsima; yugpposuli Has4yanbHUl KoHMeHm, docmaska

KEYWORDS: principles of education; open education; open university
education; digital educational content; content delivery.

KOHMeHmy.

BCTYN

MNoctaHoBKa npo6nemu. Y 3B’A3Ky 3i CTPIMKMM PO3BMTKOM Cy4acHOro iHGOPMALLIMHOrO CycninbCcTBa, SIKe 3MyllueHe
WBWAKO pearyBaTh Ha Pi3Hi BUK/AMKM, NOB’A3aHI 3 NaHAEMIAMM, BitHAMM Ta iHLWKMMKM CUTYaLiAMM, OCBITHIM npouec cTae Ginblu
BipTYya/lbHMM, @ CUCTEMA YHIBEPCUTETCHKOT OCBITU BiAKPUTOI, aKTUBHO BMPOBAAMKYIOTLCA B OCBITHIV Npouec HOBi iHpopmaLiiHi
TexHoorii. BiacyTHICTb BiANOBIAHOroO piBHA rOTOBHOCTI 3aKN1aAiB BULLLOI OCBITM 40 Nepexoay Ha NPUHLMNKM BiAKPUTOCTI 3yMOBIOE
HeobXiAHICTb BUBYEHHSA MUTAHHA LWOAO CTBOPEHHA AKICHOTO LMbPOBOro HaB4a/IbHOrO KOHTEHTY Ta BiAMOBIAHO Oro AOCTaBKM B
YMOBaX BigKPUTOI YHIBEPCUTETCHKOI OCBITU.

AHani3 akTyanbHUX AoChiAXKeHb. Y BiAKPUTIN YHIBEPCUTETCbKIA OCBITIi € 3BUYHMM BWMKOPWUCTAHHA Pi3HOTUMHOIO
HaBYa/NIbHOrO KOHTEHTY 3a/NeXHO Big: GopmM HaBYaHHA (TpaamuiiHa, 3MillaHa, AUCTaHLiAHA), NAaHYBaHHA BUAIB HaBYa/bHOI
AianbHOCTI (NigrotoBya poboTa, NoAaHHA TEOPETUYHOTO MaTepiany (NeKuii), TpeHyBaHHSA, BUKOHAHHA 1abopaTopHOT (NPaKkTUYHOI)
pob0oTn), camocTiiHa poboTa, KONEKTMBHa PobOTa, OLiHIOBAHHA, pedieKcia, 3BOPOTHUIA 3B'A30K), 30Kpema Le aKTyalbHO B
nepios, KapaHTUHy, nos’asaHoro 3 COVID-19. baraTo 3aknafiB OCBITM pyxaloTbCA A0 3MillaHOT GOPMM HaBYAHHSA i 3milaHOT
[,0CTaBKM HaBYaNbHUX MaTepianie B Mexax AUCLMNAIH, TOBTO A0CTaBKa KOHTEHTY Byna po3noaineHa mixk pexkumamu «face-to-
face» Ta oHnaiin (White, et al., 2018). €. /lonr (E. Long), C. Bigaikymap (S. Vijaykumar), C. Ti (S. Gyi), ®. Xamiai (F. Hamidi)
3a3HayaloTb, Wo cnanax COVID-19 Ta BMMYyLWEHA i301AUiA YCiX Y4AaCHUKIB HABYaNbHOrO NpoLEecy CNpUYMHUAN npobiemn B
[0CTaBLi HaBYa/IbHOrO KOHTEHTY Ta AOCTYNy A0 HbOTO, OCKiNIbKW LUBMAKWI Nepexig, A0 OHMaWH Ta AWUCTAHLIMHOrO HaBYaHHA
BMABMB HEZOJKM iCHYOUMX HaBYa/IbHUX CUCTEM Ta iHPPACTPYKTYPU, a TaKOXK HaZaB MOMK/IMBOCTI A5 CTBOPEHHS HOBUX Ta
[OCTYNHMX piweHb (Long, et al., 2021). Y cratTi (Kuge & Zhanikeev, 2022) posrnsgatoTbca npobnemu, nos’AsaHi 3 nogayeto
OCBITHbOIO KOHTEHTY, fIKi BUHWKAM 4yepe3 naHaemito COVID-19. Ha aymky fA. Kysinek (J. Kuzilek), f. Baynasek (J. Vaclavek),
3.3aparanb (Z. Zdrahal), B. ®yrnik (V. Fuglik) aoctaBka HaB4YaNbHOrO KOHTEHTY 33 AOMOMOFOK BipTyaNbHWUX HaBYa/lbHUX
cepenoBuLL, JA€ 3MOTY He nLLe OTPMMAaTU JOCTYN A0 iHPopMaLLi PO BUKOPUCTAHHSA CTYAEeHTaMM OCBITHbOTO KOHTEHTY, a TAKOX
NPOBECTN aHaNI3 OTPUMAHUX AaHMX A1 MOAENOBAHHA Ta NPOrHO3yBaHHSA Pe3ybTaTiB HaBYaHHA cTyaeHTis (Kuzilek, et al., 2019).

Mpobnemy CTBOPEHHA Ta AOCTaBKM HaB4Ya/NbHOIO KOHTEHTY aocniasKysanu: C. bepeseHcbka (3acobu e-learning ana
NnoAaHHA TEOPETUYHOro KOHTeHTy), B. KyxapeHko Ta B. boHAapeHKOo (AMCTaHUiiHMIA Kypc Ha 6asi naatdopmu Moodle ans
OO0CTaBKM HaB4YaNbHOrO MaTepiany Ta PO3MilleHHA BUKOHaHWX 3aBaaHb), H. bacapaba (HaBYasbHMI Kypc Ha naatdopmi
OUCTaHUiMHOro HaByaHHA Moodle ana 36epiraHHA, 4OCTaBKM HaB4anbHUX maTepianis), T. oTbe (T. Gauthier), . bpatbepr
(J. Bratberg), K. lo# (K. Loi), M. AiBan (M. DiVall) (goctaBKa HaB4anbHOTO KOHTEHTY Yepes Instagram).

P. CabxapBan (R. Sabharwal), M. XocceitH (M. Hossain), P.4yr (R. Chugh), M. Yennc (M. Wells) pgocnigsxyotb
MOKNMBOCTI CTBOPEHHS, KEPYBaHHSA Ta A0CTaBKM HaBYa/IbHOrO KOHTEHTY 3 BUKOPUCTaHHAM CUCTEM YNPaBAiHHA HaBYaHHAM (LMS),
333HAYalouM, WO BOHM € BANKAMBOK MPOrpaMHON NAATPOPMOI0 A1 NPOBEAEHHA OCBITHIX | HaBYaZIbHWUX KypCiB OHNaMH.
Kntoyosnm ¢akTopom edpeKTUBHOCTI TaKMX CUMCTEM aBTOPWU BM3HAYAKOTb 3PYYHICTb BMKOPWUCTAHHA, OLHIOYM HACKiNbKK
KOPWUCTYBayi MOXYTb BUKOPUCTOBYBATH ii AN ePEKTUBHOIO AOCATHEHHA CBOIX HaBYabHMX Linel (Sabharwal, et al., 2019).

B. KyxapeHKo Ta B. BOHAapeHKO CTBEPAKYIOTb “He3BaXKatoum Ha BE/IMKY Ki/IbKiCTb eNeKTPOHHMX OCBITHIX pecypcis, LWo
(&ns 3pyyHoOro 3BiTyBaHHA NPO METOAMYHY POBOTY) i HE MANO CMCTEMHOrO XapaKTepy, a TOMY, KOAM nocTtana HeobXxigHicTb
3abe3neyeHHsA JOCTAaBKM OCBITHbOTO KOHTEHTY «AKOMOra LWBKALE» W Y «Byab-AKMI cnocib», TO CKOPUCTATUCA MOXKANBOCTAMM
HasiBHUX €NeKTPOHHUX OCBITHIX pecypciB 3morao He 6araTto 3aknagis. 3aknaay BuLLoil ocBiTk (3BO) noYann BMKOPUCTOBYBATU
OOCTYNHi TexHonorii, Taki AK ayaio3s’'a3ok (Tob6To TenedoHu), Biseomatepiann Ta TenebayeHHs, Wo6 NPOBECTU AUCTAHLLNHY
ocgiTy. Lli meToam pgocraBku Ta 3acobu macoBoi iHbopmaLii NpoJoBKYBaM BUKOPUCTOBYBATUCA, OCKIZIbKM OUCTaHLiMHA OCBiTa
noyana pocTu Ak popma HaByaHHa" (KyxapeHko Ta boHaapeHko, 2020).

XapaKTepHi pucy pisHux TMNiB UMGPOBOrO HABYANIbHOFO KOHTEHTY, AKUA BUKOPUCTOBYETLCA Yy CMCTEMAX BigKpUTOI
YHiBEPCMTETCbKOI OCBITW: Npe3eHTaLil, iIHCTPYKL,ii, eNeKTPOHHI NOCIBHWKN, MeToaNYHI peKomeHAaL,l, TeCTU M ONUTYBasIbHUKM,
HaBYasbHi irpn, rpadiyHi 306parkeHHs, agiarpamu Ta rpadikn, iHdorpadika, BigeoypoKH, BigeoneKLii, CKpiHKacT1 Ta NOAKACTH,
pecypcy BipTyanbHOI Ta AONOBHEHO! peasibHOCTi — onucaHo y cTatTi (Mypskii, Ta iH., 2020).

Ha gymky C. Bepe3seHCbKOi “cMCTemMM ynpaBAiHHA HaBYaHHAM, fAKi € naatdopmoto Ans po3pobku Ta NpoBeseHHA
€N1eKTPOHHMX HABYaNbHUX KYypCiB, BOMOAIOTb AOCUTb MOTYKHUM iHCTPYMEHTApPiEM ANsA OpraHisauii poboTn 3 TeopeTUyHo
CK/1a40BOIO HABYa/IbHOI ANCLMMIIHN — BOHM BUCTYMAlOTb | AK LLEHTP CTBOPEHHA Ta aKyMYy ALl HAaBYa/IbHOTO KOHTEHTY, i K LeHTp
3abe3neyeHHn iHTePaKTMBHOI B3aEMOAI MiXK y4acHMKaMM HaByanbHoro npouecy” (bepeseHcbka, 2016). K. Kaxes (K. Kanev) Ta
iHWi y cBOIM Npaui (2019) po3rnagatoTb Niaxig 40 6e3neyHol 4OCTaBKM OCBITHLOIO KOHTEHTY Yepe3 MobiNbHI MapLipyTU3aTopu 3
bYHKLiOHaIbHO MNOKPALLEHO NPOLLMBKOLO.

Meta crarti. O6rpyHTYBaTM Ta pPO3pobUTM MOLENb [OCTaBKM HABYA/NbHOMO KOHTEHTY B YMOBax BigKpWUTOI
YHiBEpCUTETCbKOI OCBITH.

METOAM AOCMIAMEHHA

[na po3B’a3aHHA 3aBAaHb AOCNIAKEHHA 3aCTOCOBAHO METOAM aHanNi3y Ta MOLENOBAHHSA, 30KPeMa, 34iiCHEHO aHani3
CTaHY [OCNIAMKEHHA Yy HayKoBMX MNybnikauiax BITYM3HAHMX Ta 3apybiKHMX AOCNIAHWMKIB, MOAENIOBAHHA CMCTEMM A0CTaBKU
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HaBYa/IbHOTrO KOHTEHTY. [loCniAKeHHA MoB’A3aHe i3 BMKOHaHHAM 3aBAaHb HayKOBO-AOCAIAHOI pobotn «CTBOpPEHHA mogeni
ribpuaHoro BebopieHTOBAHOrO cepeoBMLLA JOCTaBKM HAaBYAIbHOTO KOHTEHTY B YMOBAX BiAKPUTOI YHIBEPCUTETCHKOT OCBITUY 33
porosopom N2110/11-np-2020. ABTOPM CTaTTi € BUKOHABLAMM AAHOIO MPOEKTY.

PE3Y/ZIbTATU AOCNIAKEHHA

Po3pobieHa mogenb A0CTaBKM HaBYa/IbHOrO KOHTEHTY B YMOBAX BiAKPUTOI YHIBEPCUTETCHKOT OCBITH, L0 HaBeAEeHa Ha
puc. 1, BK/OYaE: KoHUenTyabHWUM, GYHKLiOHANbHUI, TEXHONOTYHUIM, OpraHi3aLiiHW, MeTOAUYHWUIA Ta AiarHOCTUYHUI BIOKM.
OCHOBHOI METO0 AaHOT MoAeni € 3abe3MneyeHHA 4OCTaBKM HaBYaIbHOrO KOHTEHTY B YMOBAX BiAKPUTOI YHIBEPCUTETCHKOI OCBITH.

[0 KoHLenTyanbHoro 610Ky My BiZLHOCMMO OCHOBHI MCMXON0rO-NeAaroriyHi NPUHUMNM Ta TEXHIYHI CTaHAAPTK, AKi BapTo
BpaxoByBaTW NpW AOCTaBLLi e/1eKTPOHHOIO HaBYa/IbHOrO KOHTEHTY B YMOBAX BiAKPUTOI OCBITU.

0. Bukosum Ta M. LUWWKIHO OBGrPYHTOBAHO KaTeropii NPUMHUMMIB, AKI BapTO BPaxoByBaTM Mpu GOPMYBaHHI
HaBYaNbHOrO CcepefioBULLA: MPUHUMNKU BIAKPUTOI OCBITM Ta cneuudiuHi NPUHUMMAM (XapaKTepHi BUK/IOYHO A1 XMapo
opieHToBaHMX cepegosuLy) (Bukos Ta LUnwkiHa, 2016). MpuHLMNK BIgKPUTOI OCBITU B3ATI 32 OCHOBY NpPWU BUAINEHI NPUHUMNIB
LOCTaBKM HAaBYa/IbHOTO KOHTEHTY. OCKiNbKM B yMOBAX BiAKPUTOI YHIBEPCUTETCbKOI OCBITU AOCTYN A0 HAaBYa/IbHOrO KOHTEHTY
CTYAEHTU OTPUMYIOTb BiAAaNEHO, Ta OTPUMAHI pPe3yNbTaT HaBYaHHA iKCyOTbCA 3a AONOMOrOH BiANOBIAHMX NPOTOKONIB, KPiM
NPUHLMNIB BiAKPUTOI OCBiTM, BApPTO BPAax0OBYBAaTU NPUHLMMNM ANCTAHLLINHOI Ta HepopManbHOI OCBITU.

MeTa: 3abe3aneyn™ OOCTAaBKY HaBYANBHOTD KOHTEHTY B yMOBaX
BIAKPHTOl YHIBEPCMTETCBKOT OCBITH

v

| KOHLIENTYAN bHWIA BNOK

: MpUHLK MK OCBITH: TexHiuHi cTaHga pTH: |
1 - BiAKpWTGI - LTI {Learning Tools Interoperability) I
| - AMCTaHUIAHOT - XAPI (Experience API) |
: - Hed opMansHol - CMI5 (Computer Managed Instruction) :
[

@OYHKLUIOHAN BHWIA BNOK

- CTBOPEHHA KypCiB - N KMOYEHHA 30BHILWHIX cepeicis | pecypcie
- peECTpaUiA CTYAEeHTIB - piKcalia pe3ynbTaTie HABYAHHA
- PEKOMEHAUIA Ky pCiB - HaJaHHA JOCTyNy 40 KypCis

v

TEXHONOMYHWIA BNOK

LudpoBe oCBITHE cepenoBHLLe:
- CLM5 - XMapHI pecypcu
- BazM paHnx - XMapHI cepeicK

OPrAHIZALIIAHWIA BNOK —

Npoueaypw:

- 3abe3aneyeHHA QOCTYNY 40 XMapHMX pecypcie i cepeicie;
- YyNpaeAiHHA HaBYaNbHWUM NOPTANOM;

- OpraHizauii AMcTaHUIAHOro Ta 3MIWAaHOro HaBYaHHA;

- 3apaxXyBaHHA PE3YNbTATIE HEQOPMAaNbHOT OCBITH

METOZJM4H U BNOK

- METOAMKE CTEOPEHHA ENEKTROHHWK HABYANBHUX KYpCIB
- METOOMKA CTBOPEHHA PI3HOTUNHKMX pecypcis ANA AUCTaHUIRHOr o HaBYaHHA
- MeToAMKa iHTerpauii pecypcie - METOAMHKE A0CTa BHM PISHOTUNHKY pecypcis

v

OIATHOCTHYHHIA BNOK

- 3afe3ned eHHA iHTerpauii 30BHIWHIX | BHYTRIWHIX pecypcie UMb POBOro OCBITHLOrO CEpedoBMLLE ANA

nepcoHiGiKoBaHOro Hae4 aHHA ¥ AWMCTaHUIMHO MY Ta 3miwaHo my dopmarti;
-HaABHICTL MeTodM4Horo 3abesneqeHHA 3i cTeopeHHA EHK, iHTerpayji pecypcie B mermax EHK, pospobum

Ta AOCTABKKA Pi3HOTMNHONO UMGPOBOro HaB4anHOro KOHTeHTY;

- po3pobneHi MeTodMKK TECTYBAHHA dyHHUIOHANY cUCTemiK

MeparorMHi yMOBM:

Liard oCTyBaHHA: TECTYBaHHA GYHHKLIOHA MY CUCTEMM

v

Pezynbrat: 3abeaneyeHHA 40CTABKM HABYANbHOMO KOHTEHTY B yMOBaX
BIAKPHTOl YHIBEPCMTETCBKOT OCBITH

Puc. 1. Mogenb f0CTaBKM HaBYa/IbHOTO KOHTEHTY B YMOBAX BifAKPUTOI YHiBEPCUTETCbKOI OCBITH

BignoBigHO HamK BUAINEHO TaKi NCMX0N0ro-NeAarorivHi NPUHUMNK, 3riAHO AKUX 34IMCHIOETLCA CTBOPEHHA Ta A4OCTaBKa
€1eKTPOHHOI0 HaB4a/IbHOrO KOHTEHTY B YMOBAX BiAKPUTOI OCBITU:
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— BiZIKPUTOI OCBITM: MOBINLHOCTI BUK/aAauiB Ta CTyAeHTIB (3abe3neyeHHs MOBINbHOCTI BUKNaAauiB Ta CTYAEHTIB AK Ha
PWHKY OCBITHIX MOCAYr TaK i Ha PUHKY Npauj), PiBHOro AOCTYNy A0 HAaBYa/NbHOTO KOHTEHTY (3abe3neyeHHs piBHWUX YMOB ANs
OTPUMaAHHA AOCTYNY A0 HaBY4a/NIbHOTO KOHTEHTY A/1A BCiX YYaCHUKIB OCBITHLOTO NPOLLECY B CMCTEMAX BiAKPUTOI OCBITU), HaAAHHA
AKICHOTO KOHTEHTY (BMKOPUCTAHHA BIAKPUTUX YHIBEPCUTETCHKUX CUCTEM AN1A 3abe3nedyeHHA A0CTYNY A0 TaKOro KOHTEHTY, AKUA
BignosigatMme iHAMBIAYanbHMM OCBITHIM noTpebam cTygeHTiB), GOpmyBaHHA CTPYKTYpW Ta peanisauii OCBiTHIX nocayr
(3abe3neyeHHs PUHKOBUX MeXaHi3mis GOpPMyBaHHA AKICHOI i KisIbKiCHOI CTPYKTYPWU MiAroTOBKM, NepeniaroToBKM i NiaBULLEHHSA
KBanidikaLii TUX, XTO HaBYaAETbCA, Ta peanisaLii CNekTPy OCBITHIX NOCAYr, WO NPONOHYIOTLCA i 3AIMCHIOTLCA Yepes cucTeMu
BiAKPUTOI OCBITH);

— AWUCTaHUiMHOI OCBITW: MOBINbHOCTI HaBYaHHA (CTBOPEHHI KaHanW [LOCTAaBKU KOHTEHTY, A4,03BONATUMYTb CTYAEHTaM
KopurysaTM abo [0MOBHIOBAaTU BNACHY OCBITHIO TPAEKTOPiO B HarKaHOMY HanpAMKY), Bi4NOBIAHOCTI TEXHOAMOMA MeToAam
HaBYaHHA (TeXHONOTii, WO 3aCTOCOBYIOTLCA Nif, Yac CTBOPEHHA Ta AOCTaBKM KOHTEHTY B YMOBAaXxX BiAKPWTOI OCBITU afeKBaTHI
MeToAaM, fIKi CMPAMOBYIOTbCA Ha 3aCBOEHHA CTYAEHTaMM HeobXigHWX 3HaHb, YMiHb Ta HAaBMYOK), NYMaHICTUMHOCTI HaBYaHHA
(cTBOPEHHA MaKCMManbHO CNPUATAMBUX YMOB A/1 3aCBOEHHA 3HAaHb Ta HAaKOMWYEHHA MPAKTUYHOrO AO0CBiAy), 3abesnevyeHHs
3axumcTy iHpopmaliii (3abesneyeHHA opraHisaL,iiHMX Ta TeXHIYHMX 3acobiB 6e3neyHoro Ta KoHdIAeHLiMHOro 36epiraHHA, nepegaui
i BUKOPUCTAHHSA OCBITHbOTO KOHTEHTY);

— HepopManbHOI OCBITU: OPIEHTOBAHICTb Ha CTYAEHTIB (CTBOPEHHA KOHTEHTY, BIAMOBIAHO A0 HaBYa/NbHOIO CTU/O
CTyZleHTa: BidyanbHOro, ayaianbHoro, BepbasibHOro Ta KiHeCTETUYHOIO0), OPIEHTOBAHICTb HA NPOLLEC (CTBOPEHHA KOHTEHTY, AKMUIA
[ACTb MOXAMBICTb HE Ti/IbKM 3aCBOITM HEOBXiAHI 3HAHHA, @ 1 PO3BMHYTM 34aTHICTb CTYAEHTIB A0 HAaBYAHHA), EKCNEPUMEHTANIbHOTO
HaBYaHHA (CTBOPEHHA KOHTEHTY, L0 AOMOMOXE BMPILLYBaTU peanbHi Npobnemu Ha NpakTUui), 0cobUCTOi BiANOBIAANBHOCTI
(KoXKeH y4aCHMK OCBITHLOIO NpoLecy Hece 0CcoBUCTY BiANOBIAANbHICTb 3@ Pe3y/IbTaTW HaBYaHHS).

Tako A0 KoHUenTyanbHOro 670Ky BigHECEHO TEexXHiYHi CTaHA4apTW, WO BWM3HAYalOTb BMMOMM A0 TEXHIYHMX
XapaKTEPUCTUK CUCTEM, fAKi 3abe3neyyBaTMMYTb AOCTaBKY KOHTEHTY Ta 06’€QHYBaTUMYTbCA B €AMHE cepefoBuLle, a came: LTI
(Learning Tools Interoperability), xAPI (Experience API) Ta CMI5 (Computer Managed Instruction).

LTI - ue ranysesuit ctaHaapT, po3pobaenuii IMS Global, Aknit HanpaBaeHWI Ha B3aEMOIIO Pi3HNX HAaBYAIbHMUX CUCTEM
3 METO 06MiHY MiXK HMMK HaBYanbHOW iHDOopMmaUieto. CtaHgapT LTI Bupiwye npobaemy NiaKAOYEHHA HaBYaIbHUX NPOrpam i
CUCTEM, BM3HAYaIOUM 3arasibHy CTPYKTYpY ANA A0CTYNy Ta 06miHy iHbopmauieto. CtaHaapT LTI mae Tpu KAoYOoBi Lini:

— 3abe3neunMTM npocte  posroptaHHA B ctuai mashup  y dopmari  URL-agpecu, AKMA  MOXKYTb 3
NerKicTio BUKOPMCTOBYBATM agMiHICTpaTOpPK Ta BUKIagadi LMS;

— BM3HaAYMTM NPOTOKOAN ANA 3anycKy nporpam i3 LMS 3a gonomoroto eamHoro exoay (SSO), Aakuit ycyBae HeobxiaHicTb
Y KinbKoX 061iKOBMX 3anMcax KOPMCTYBauiB A4/1A KOXHOI nporpamu. Tob6To, KopUCTyBay nig, cBoiM 061iKOBUM 3anNncom NepexoamTb
0,0 iHWOoi cuctemm 6e3 noTpebu okpemoi peecTpalii;

— poBUTb NOCMNAHHA HA 30BHILLHI TPOrpamm NOPTaTUBHUMM, BUKOPUCTOBYIOUM 3arafibHUIM dopmat AaHux. Lie no3sonse
Nerko mirpysatu mixk LMS ta nporpamamu.

Lei ctaHaapT pobutb nNprBabamBMm Te, WO BKe 3apa3 LTl niatpumyetbca 6aratbma nonynsapHumu LMS Ta Beb-
cepsicamu. Ha caiiti IMS Global Learning Consortium [IMS Certified Product Directory. IMS Global Learning Consortium. URL:
https://site.imsglobal.org/certifications ] moxHa 3HaliTV nepenik cepTMdikoBaHNX NPOAYKTIB 3 NiaTpUMKoO LTI.

TexHonorii XAPI (paHilwe Bigommuit TakoK nig Hassoto Tin Can API) (Bakharia, 2016) Ta CMI5 € n0riYHUM NPOAOBKEHHAM
TexHonorii SCORM, npeacrasneHoi we B 2001 poui. MpoTte, SCORM, fK i TEXHOOTIT Ha AKMX BOHA H6a3yeTbCA, BXKE € 3aCTapiMMu.
| Ha 3amiHy IM NPUILLAN HOBI - THYYKILWI Ta Taki, WO NiATPUMYOTb MODLiNbHI TexHonorii. TexHonoria CMI5, aka po3pobneHa y
2016 poui, € NOriYHMM NpoAOBKEHHAM TexHonorii XAPI, po3pobseHoi y 2013 poui, Ta uiTKiwe BM3HAYaE ii NOBeAiHKY i TaKOX
OPIiEHTYETHCA HAa BUKOPUCTAHHA B odNaliH Ta Ha MOBIIbHUX NPUCTPOSAX.

PyHKUioHaNbHUI BNOK BKIKOYAE OCHOBHI NpoLecu, AKi 3abe3nevyBaTMMyTb JOCTaBKY HaBY4a/IbHOrO KOHTEHTY B YMOBAX
BiAKPUTOI YHIBEPCUTETCLKOI OCBITU: CTBOPEHHSA KYypCiB, PEECTPALLA CTYAEHTIB, PEKOMEHAALIA KYpCiB, MiAKNOYEHHA 30BHILLHIX
CepBiciB i pecypciB, HagaHHA AOCTYyNy A0 KypCiB, @ TAKOX ¢iKcauia pesysbTaTiB HaBYaHHA cTygeHTamu. CTBOpEHHs Kypcy
nepeabayae naaHyBaHHA MalbyTHbOI AiA/IbHOCTI HA Kypci, CTBOPEHHA HeobXigHOro PiSHOTUMNHOIO UMGPOBOro KOHTEHTY A/A
OTPUMaAHHA CTyAeHTaMM HeobXigHWX YMiHb T3 HAaBMYOK, MOr0 PO3MILLEHHA Y AaHOMY Kypci. [ANA po3MmilleHHA maTepiany ans
[0[aTKOBOrO BMBYEHHA CTyAEHTaMM, BUKNAAA4Yy HaZaHa MOX/MBICTb MNiAK/IHOYEHHA 30BHILLHIX pPecypciB i CepBiciB, y AKMX
PO3MIiLLLEHO HABYANIbHUIM KOHTEHT, @ TAKOXK Y AKMX MOM/IMBE CTBOPEHHA KOHTEHTY 6e3nocepeHbo cTyaeHTamu. Mpu peectpau,ii
CTYOEHTIB BUKIa[a4y HAga€e CTyaeHTam A0 Kypcy Ta BignoOBiAHO A0 PO3MIlLEHOro Y AaHOMY Kypci KOHTeHTy. licna peectpauii
CTYLEHTIB Ha Kypc, BUKAAZay 34iMicHioe f06ip “30BHIWHIX” KypciB (ue MoxyTb 6yTM ak MOOC, Tak i moayAi iHWKX Kypcis),
Hanpuknag, ANA peanisalii aganTMBHOINO HaBYAHHA Ta HAAAE A0 HUX AOCTYN KOMXKHOMY CTyAeHTY. Micna NpoXoaXKeHHs Takux
KYpPCiB CTyAeHTamu, 3a 4ONOMOroto NpoToKony LTI 3aificHioeTbea dikcalia pe3yanbTaTiB HaBYaHHA CTYAEHTIB.

[Ona cTtBopeHHA UMPPOBOro HaBYa/NbHOTO KOHTEHTY po3pobneHa BeAMKA KiNbKiCTb NporpamHoro 3abesnevyeHHs,
npu3Ha4yeHoro Ana poboTn Ha BAACHOMY MPUCTPOT abo y xmapHoMy cepenosuLli. Came ToMy B TeXHOMOMYHOMY 6a0ui moaeni
HaBeAEeHO CKNafoBi LMdPOBOro oCBiTHLOrO cepenoBuLLa, a came: CLMS cuctemu, 6asm gaHux, XMapHi pecypcu Ta cepsicu, AKi
336e3nevytoTb JOCTaBKY HAaBYA/IbHOTO KOHTEHTY B YMOBAX BiZLKPUTOI YHIBEPCUTETCHKOT OCBITH.

CLMS cructemmn f03BONAKOTb MOEAHATU KOHTEHT KypCy, HaBYaibHi MaTepiann, agMiHiCTPyBaHHA Ta yNpasBAiHHA OCBITHIM
npouecom. [1o Takmx cuctem BigHocaTbea naatdopmm: Moodle, Canvas, WebTutor, iSpring Page, Collaborator Ta iHwi.

basu gaHux B OCBITHBOMY MpoLeci NpeacTaBAAoTb cOH60t0 He mLwe 6a3n faHUX KOPUCTYBaYiB, ane M 6asun 3HaHb, AKi
[,03BO/IAOTL OPraHisyBaTh 36epiraHHA HaBYa/IbHOrO KOHTEHTY Ta 3abe3nevyloTb 3pyYyHe MpeacTaBleHHs, MOLWYK Ta HaJaHHA
[,0CTYNY A0 TaKOro KOHTEHTY AN1A KOPUCTYBauiB.

XMapHi pecypcu BKAOYAlOTb aKadeMmiyHi pecypcy (osiaHunku Microsoft, Google), nnatdopmm mMacoBux BigKpUTMX
OHNaiH Kypcis (Microsoft Imagine Academy, Cisco Networking Academy, edX, Khan Academy, Udemy, Coursera, Prometheus) Ta
npodeciiHi cninbHOTM BiANOBIAHOT NpeameTHOT 061acTi.
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XMapHi cepBicy BUKOPUCTOBYHOTLCA AK A/1A CTBOPEHHA TaK i AN1A AOCTABKM HABYa/IbHOTO KOHTEHTY B YMOBAX BiAKPUTOI
HayKW. 3acTocyBaHHA XMapHWUX CEPBICiB PO3LUMPIOE MOK/IUBOCTI MO CTBOPEHHI PiI3HUX TUMIB KOHTEHTY, L0 AO3BOJ/IAE BPaxyBaTH
Npv CTBOPEHHI AIK HaBYa/IbHi CTUAI CTYAEHTIB, TaK | 3a6e3neYnTh Kpalle 3aCBOEHHS HaBYa/IbHOIO MaTepiany cTyaeHTamu.

OpraHisauiiHum 610KoM AaHoi mogeni nepenbaveHo npouenypy, SKMMU KepytoTbca A8 A0CTaBKa HaB4Ya/bHOMo
KOHTEHTY B YMOBaX BiZIKPUTOI YHIBEPCUTETCbKOI OCBITH:

— 3abe3neyeHHs JOCTYNy A0 XMapHWUX PECypCiB i CepBsiCiB, AKMMM BU3HAYAKOTLCA MpaBuaa PobOTU 3 HUMM,
pernameHTYETbCA NOPALOK OTPMMAHHA AOCTYNY A0 HAaBYA/IbHUX PECYPCiB, CEPBICiB Ta HABYA/IbHOTO KOHTEHTY, @ TaKOX BUM3HAYaEe
nopAAOK iHTerpauii Taknx pecypcis i cepsicis;

— OpraHisauis AUCTaHLiMHOrO i 3MilLaHOro HaBYaHHA, AKe BM3HAYa€ OCHOBHI 3acaAuM OpraHisauji Ta 3anpoBaAKeHHs
OUCTAHLiMHOIMO HaBYaHHSA, Npu “B3aemogii BiAAaNEHUX OAMH Bif, O4HOTO YYaCHMKIB HaBYa/IbHOrO NpoLecy y cnewianisoBaHomy
cepenosmLyj, aAke GyHKLOHYE Ha 6asi CydacHUX NCMXON0ro-NesarorivHMX Ta iHGopMaLiMHO-KOMYHIKaLiiHUX TexHonoriin” (2013),
a TAaKOXX OCHOBHI 3acaZM opraHisauii Ta BNpoBagKeHHA 3milaHoi GopmM HaBYaHHA B YMOBAX BiAKPUTOI YHIBEPCUTETCHKOI OCBITH;

— YNpaBAiHHA HaBYaIbHUM MOPTAZIOM, PETNAMEHTYE NPUHLMNY Ta NpaBuaa PoboTU HaBYa/IbHUMM NOPTaNaMMU B MeXKax
AKNX 3AiNCHIOETHCA JOCTaBKA HAaBYa/IbHOTO KOHTEHTY, NpaBu/ia CTBOPEHHA €NIEKTPOHHUX HaBYasIbHUX KYPCiB, IXHA CTPYKTypa Ta
CTaHAAPTU CTBOPEHHA KOXHOTIO TUMY pecypcy;

— 3apaxyBaHHA pe3ynbTaTiB HePOpPMasbHOT OCBITM OMNUCYE MOPALOK BMU3HAHHA PE3y/bTaTiB HaBYaHHA OTPUMaHWUX
wnaxom HebopmanbHoro abo iHGopmasbHOro HaBYaHHA B YMOBAX BiZKPUTOI OCBITH.

MeToanuHnii 610K NpefCTaBAsfE METOAMKY iHTerpauii pecypcis, CTBOPEHHA ENeKTPOHHUX HaBYa/lbHUX Kypcis,
Pi3HOTUNHMUX pecypciB A1 ANCTAHLINHOIO HaBYaHHSA, @ TAKOX AOCTaBKU PiSHOTUMHUX PECYPCiB.

MeToaunKa CTBOpeHHS eIeKTPOHHMX HaBYabHMX KypciB (EHK) BM3HaYae BUMOrK A0 TaKOro Kypcy, OnNucye npoueaypu
CTBOPEHHS OCHOBHWX CKNAZOBWMX YaCTUH Kypcy, BOYAyBaHHA A0AATKOBUX €NeMEeHTiB Ta poboT 3 enemeHTamu KepyBaHHA
Kypcom. MeToamnKa iHTerpaLii pecypciB BU3HAYa€ MeTOJ, iHTErpOBaHOro OMPaLOBaHHA AAaHUX OTPUMAHMX 3 HEOAHOPIAHMX
pecypciB 3 MeToto iX iHTerpauii Ta No4anbLOro ynpasiiHHA, AKa 6a3yeTbca Ha MoAeni NPeACcTaBNeHHA AaHUX AK Y3roAsKeHoro
NoeAHaHHA pecypcis, NpaBu ix 36epeskeHHs, iHTepnpeTauii Ta CTPYKTypu. MeToaMKa CTBOPEHHA Pi3HOTUMHUX pecypciB Ann
OMCTaHLiMHOTO HABYaHHA OMWCYE MpoLeaypy CTBOPEHHS PI3HOTUMHOMO KOHTEHTY Ta A060py TUMY HaBYa/IbHOTO KOHTEHTY
33/1€}KHO Bif, HAaBYaNbHOro CTUAO cTyaeHTa. Cnocobu A0CTaBKM KOXHOFO TUMY €/1eKTPOHHOr0 HaB4Ya/bHOIO KOHTEHTY Ta iX
MOM/IMBY iHTErpaLito B MeXXax EGUHON0 €/1eKTPOHHOIO0 HaBYa/IbHOTO KYpCy ONUCYE METOAMKA AOCTAaBKM PiSHOTUMHUX pPecypciB
ONA ANCTAHLINHOMO HaBYaHHA.

[OiarHocTMyHum 610Kkom nepenbayeHo TecTyBaHHA (yYHKLIOHaNY CUMCTEMW, AKE [AacTb 3MOrY OLHWUTM 30BHILLHIO
NoBeAiHKY CUCTeMM, BUSIBUTU HEBIANOBIAHOCTI MiXK peanbHO Ta O4YiKyBaHO NOBEAIHKOLD, 34INCHUTM TeCTYBAaHHA NOMMUJIOK Ta
YCYHYTW BMABNEHI HEBIANOBIAHOCTI AK y poboTi cucTeMy Npu AOCTaBLi €N1EeKTPOHHOTO HABYa/IbHOrO KOHTEHTY, TaK i npu il
iHTerpau,ji 3 30BHilWHIMKN pecypcamu.

Po3pobneHa moaenb GpyHKLiIOHYE NPU BUKOHAHHI TaKMX NegaroriyHnMX ymos:

—3abe3neyeHHs iHTerpauji 30BHIWHIX | BHYTPIWHIX pecypcie UMPPOBOro OCBITHBOrO cepefoBUWA ANA
nepcoHipiKoBaHOro HaBYaHHA Yy ANCTAHLIMHOMY Ta 3millaHoMy dopmari;

— HaABHICTb MeToaMYHOro 3abe3neyeHHs 3i ctBopeHHn EHK, iHTerpauii pecypcis B mexkax EHK, po3po6bku Ta AocTaBku
Pi3HOTUMHOIO LMbPOBOro HABYAIbHOTO KOHTEHTY;

— po3pobneHi MeToanKIM TeCTYBaHHA GYHKLiOHaNy cuctemu.

MNoenHaHHA npeacTaBAeHMX O/10KiB, CNpsAMOBaHe Ha MiATBEPAXKEHHS BM3HAYEHOI MeTW AaHoi Mopgesni, a came
3abe3neyeHHs JOCTaBKM Pi3HOTMMHOINO HABYa/IbHOrO KOHTEHTY B YMOBAX BiAKPWUTOI YHIBEPCUTETCbKOI OCBiTM, Ta BUKOHAHHA
3a3HaYeHnX NegaroriYyHuX ymoB.

BUCHOBKM TA NEPCNEKTUBU NOAANbLLLOIO AOCNIAMEHHA

O6rpyHTOBaHa MOZeNb A0CTaBKM HaBYa/IbHOTO KOHTEHTY B YyMOBaX BiAKPUTOI YHIBEPCUTETCHKOI OCBITU MAE TaKi OCHOBHI
CKNIagoBi 6/10KM: KOHUENTyabHUIA, QYHKLIOHANbHUI, TEXHOIOTIYHUI, OpraHi3auiiHMiA, MEeTOANYHUI Ta AiarHOCTUYHMIA BNOKM.
[locTaBka HaBYa/IbHOTO KOHTEHTY B YMOBaX BiJKPWUTOI YHiBepCUTETCbKOI OCBiTM 3a po3pobneHoto mogennto 6asyerbca Ha
BMKOPWUCTAHHI Cy4acHUX TexHiYHux cTaHaapTis LTI, XAPI, CMI5 Ta 3a6e3neunTb CTyAEHTIB AKICHUM HAaBYa/NIbHUM KOHTEHTOM Y
YMOBAxX TPAAULINHONO, 3MilLAHOTO Ta AWUCTAHLIMHOIO HAaBYaHHA i cnpuaTMMe peanisauii BigKpUTOI OCBITM Ha piBHI Ta
BCTAHOB/IEHHIO FTOPU3OHTA/IbHUX 3B'A3KIB AK Ha PiBHi KOHKPeTHOro 3BO (MiX OKpeMMMM Kypcamu pisHMX GpaKynbTeTiB), TaK i B
6iNbLU LUIMPOKOMY KOHTEKCTI (iHTerpauia 3 MOOC uM eNleKTPOHHUMM KypCamm PisHKX yHiBepcuTeTiB).

MepcnekTMBaMM NOAANBLLONO AOCNIAKEHHA € po3pobKa npoLeAyp CTBOPEHHA Ta AOCTaBKM Pi3HUX TUNIB €/1eKTPOHHOIO
HaBYa/IbHOrO KOHTEHTY, WO [03BONTb NiABULWMTM piBeHb BiAKPUTOCTI ocBiTM B 3BO, a TaKOX pPO3pObAEHHS METOAUYHUX
peKoMeHAaALIM WoA0 3acTOCYBaHHA Pi3HOTUMHUX pecypciB i cepBiciB BeOOpiEHTOBAHOro cepefoBULLLA Y4aCHUKAaMM OCBITHbOFO
npouecy Bcix piBHiB y 3BO.
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AHOTALIA

ABSTRACT

Popmy po6b. MacwmabHi  npoekmu  cy4acHoz20

cycninbcmea 8KMYalOMb B8e/UKY KifnbKicme pi3HOMaHimHux eudie pobim.
Mepescesuli 2pagh € 0CHOBHUM OOKyMeHMOM 0118 NAAHY8AHHA MA yrpassniHHA
makumu npoekmamu. Lle iHpopmayiliHo-OuHamiyHa modesne nocnidosHocmi
pobim i 83aEM0O38'A3KI8 MiXt HUMU. 3 MAMEMamMUYHOI MOYKU 30py Mepexesd
Mmodenb sease cobolo cKiHyeHHUl opieHmosaHuli epag. Mobydoea makxozo
2pagha no4yuHaembcA 3 No0iny NPOEKMY HA YiMKo 8usHa4eHi pobomu, 018 AKUX
8Kazyembca mpusasicmes. Came mamemamuyHuli nioxid moxce i nosuHeH
3amiHumu Ooci nowupeHuli mexaHi4Huli nioxid 0o naaHysaHHA pobomu
HayKo80 06I'PYHMOBAHUM M00iNOM 8UPOBHUYOI MPo2pPaMu Mixc Nidpo3dinamu.
Binbwicme asmopis  po3KpusaromMe CymHicme ~ mamemamu4yHo20
MOOenoB8aHHA Yepe3 cucmemy CKAAOHUX MamemamuyHux ¢opmya abo
HO20/0WYOMb HA 30CMOCYBAHHI iHopmayiliHux cucmem i mexHosnoail.
lposedeHi 0ocnidxceHHA 00380aUAU 3p0BUMU BUCHOBOK, Wj0 OeAKi MUMAHHA
ynpaeniHHA OuckpemHumu npoyecamu (a came, malim-meHedrmeHm)
nompebye nodanewozo po3aaa0y ma 00cniOHeHHs.

Mamepianu i memodu. [1i0 yac docnidreHHA 3acmocosy8ascs KOMIAeKC
meopemuy4HuXx, eMmmipudHuUX ma  MmodentorHux Memodis, 30Kpema:
cucmemamuyHuli  aHani3 HAayKoso-memoOUYHUX Oxcepes, pe3ynsmamie
8im4u3HAHO20 ma 3apybinHozo 0ocsidy eupiweHHA npobaemu, o02na0
icHyr04020 npoepamHozo 3abe3nedeHHA 017 BU3HAYEHHA CMAHY BUPIWEHHA
npobnemu ma eubip 3acobie po3pobku seb-cepsicy, aHaniz memodie i
mexHosoeili nobydosu Mepexcesux epacis, y3azasnbHeHHA iHpopmayii 3
npobaemu.

Formulation the problem. Large-scale projects of the modern society
include a large number of different types of work. The network graph is
the main document for planning and managing such projects. This is an
information-dynamic model of the sequence of works and the
relationships between them. From a mathematical point of view, the
network model is a finite-oriented graph. The construction of such a
schedule begins with the division of the project into clearly defined works,
for which the duration is specified. It is the mathematical approach that
can and should replace the still widespread mechanical approach to work
planning with a scientifically sound division of the production program
between departments. Most authors reveal the essence of mathematical
modeling through a system of complex mathematical formulas or
emphasize the use of information systems and technologies. The
conducted research allowed us to draw a conclusion that some discrete
process management issues (namely time management) need further
consideration and research.

Materials and Methods. During the study, a set of theoretical,
empirical, and modeling methods were applied, in particular: systematic
analysis of scientific and methodological sources, the results of domestic
and foreign experience on the problem, review of existing software to
determine the problem solution state and select development tools of web
service, analysis of methods and technologies network graphs
construction, generalization of information on the problem.
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Pe3synbmamu. [posedeHo 025140 nonepedHix 0ocnionceHs y yil eanysi.
MpoaHanizoeaHo  meopemuKko-Mmemodono2iyHi  ocHosu  nobydosu
Mepexcesux epachie y 3adayax naaHysaHHa pobim. Ob6rpyHmosaHo
HeobxiOHicmb 8UKOPUCMAHHA anapamy meopii epagie 0na eupiweHHs
30004 OMMUMAnbLHO20 MAAHYBAHHA pobim. Ha ocHosi memoduyHoi
cmpameaii po3pobneHo 8e6-000amok, Wo 003805€ naaHysamu xio pobim
Y CKAQOHUX MPOEKMAX wisaxom nobydosu 8id0nosidHo20 Mepexresozo
epagpa. HadaHo kopomkuli onuc yHKYioHanbHUX Moxcausocmeli ma
iHmepgelicy Kopucmysaya 3anpPonoHo8aHo20 8e6-000amky.

BucHoeku. Ocobnugicmio cmeopeHo2o0 000amKa € eupiweHHs 3a0avi
MA1GHYBAHHA BUKOHAHHA KOMI/EKCHUX pobim, npu ybomy 3adisHi Mepeicesi
MmoOesni, WO Chpowye po3ymiHHA modeni 8 yinomy ma 3abe3neyye
onmumizayito po3pobneHo20 epaga Ha OCHOBI MamemamuyHux memodis.
Mpoepama eidobpaxcae pesynbmamu MAAHY8AHHA y epagiyHomy ma
meKcmogomy 8u2as0i, Wo nose2uye ma pobums 04esuoOHUM 8UBIp pitueHHs,
00380s15€ cmexcumu 3a nepebizom noodili i BHocUMU 8 Modesb Kopekmusu 3
Memoto NoKPawWeHHs onmumizayii.

JocnidnceHHsn nposedeHo 8 pamkax Hopee3bKo-yKpaiHCbKo20 npoekmy
«Po3gumok mamemamuyHux KomnemeHuyili cmydeHmie 3a A0MOMO20t0
yugposozo  mamemamu4yHo20  MolentosaHHa»  (DeDiMaMo) y
napmHepcmai TepHoninbcbKo20 HayioHanbHo20 nedazoziyHo20
yHisepcumemy imeHi Bonodumupa THamioka ma YHisepcumemy Azd0epa
(Hopesezis), Kuiscokozo yHisepcumemy imeHi bopuca lpiH4eHKa.

Results. A review of previous research in this area has been conducted.
The results of the pedagogical experiment and theoretical and
methodological bases of construction of network graphs in works planning
tasks are analyzed. The necessity of using the apparatus of graph theory to
solve the problems of optimal work planning is substantiated. Based on the
methodological strategy, a web application was developed that allows you
to plan the progress of work in complex projects by building an appropriate
network schedule. A brief description of the functionality and user interface
of the proposed web application is provided.

Conclusions. A feature of the created application is the solution to the
problem of planning the implementation of complex works, involving
network models, which simplifies the understanding of the model as a
whole and provides optimization of the developed graph-based on
mathematical methods. The program displays the results of planning in
graphical and textual representation, this facilitates and makes the choice
of solution obvious, allows you to monitor the progress of events, and
makes adjustments to the model to improve optimization.

The study was conducted within the Norwegian-Ukrainian Project CPEA-
ST-2019/10067 Development of students' mathematical competencies
through Digital Mathematical Modelling (DeDiMaMo) in partnership
between the Ternopil Volodymyr Hnatiuk National Pedagogical University
and the University of Agder (Norway), Borys Grinchenko Kyiv University.

K/TKO40BI C/IOBA: memodos102isl ynpasniHHA NpoekmMamu; mepexcesuli
pO3Kad; naaHysaHHs pobim; mepexcesuli 2pag; mepexcesa mooess; Beb-

KEYWORDS: projects management methodology; network schedule; works
planning; network graph; network model; Web service.

cepeic.

INTRODUCTION

Formulation of the problem. Large-scale projects of modern society, carried out by various departments and specialists,
include alarge number of different types of work. A network graph (or network model) is the basic planning document for network
planning and management. It is an information-dynamic model of the sequence of work and the relationships between those
works that must be fulfilled to complete a single project. From a mathematical point of view, the network model is a finite-
oriented graph. The construction of such a graph (structural planning) begins with the breakdown of the project into clearly
defined works for which the duration is specified. It is the mathematical approach that can and should replace the mechanical
approach to works planning, which is still common, with a scientifically grounded division of the production program between
units.

The purpose of the study is to evaluate the possibility of using the apparatus of mathematical modeling in management
decisions, improving the theoretical and methodological tools, developing a suitable Web-service, providing practical advice on
the possibility of planning the implementation of complex projects, monitoring the process of their implementation and making
necessary adjustments.

Analysis of previous research and publications. The network models are exuded among a large number of information
models. This is a relatively new way of presenting tasks for those subject areas that need to perform operations in a specific
sequence (Batenko et al., 2003; Malsam, 2022; Verma, 2022).

In network models, targeted human activity is divided into a sequence of subtasks, the relationships between which
are determined by the structure of the network. Each node in the network is a separate subtask that must be completed. The
network structure determines the order of subtasks fulfillment. The use of mathematical graph theory made it possible to make
a scientifically sound division of the production program between units (Aptekar et al., 2007; Siedykh & Chobanu, 2018; Kichor
et al., 2007; Phillips & Garcia-Diaz, 1981). Any project is a list of works that can be managed to optimize the process, changing
their duration, start, and end.

Aptekar et al. (2007), Batenko et al. (2003), Siedykh & Chobanu (2018), Trillenberg (2001), Fedorchak (2012) and others
devoted their papers to the problems of the management of production processes, projects, and research of network models.

Projects can be repeated or modified, so each production organization sets different goals and positions its activities as
work on specific projects (Evans, 2019; Phillips & Garcia-Diaz, 1981). The most well-known methods of network graphs are
discussed in Jungnickel (2013).

In works (Balyk et al., 2021; Drushlyak et al., 2020; Proshkin et al., 2021) time sequences of works performed in the
course of educational, scientific activity with the use of a projects method is considered.

Using network scheduling, you can optimize any process (Eddows & Stensfield, 1991; Evans, 2019; Zhang et al., 2019).
Reducing the timing of some works can be done with a timely account of resource constraints (Phillips & Garcia-Diaz, 1981;
Aptekar et al., 2007). The main stages of network planning (including justification of the execution time of each process in the
network schedule) are discussed in (Watt, 2014; Tarasiuk, 2004; Taha, 2017). It is from network models that the development of
project management methodology began (Eddows & Stensfield, 1991).

Improvement of organizational design methodology (determining the sequence of stages — phases, sections) is the
subject of research by many scientists, among them (Mintzberg, 1979; Hatch, 2018).

Modern society, with its powerful growing information and techno-logical saturation, is placing ever greater demands
on managers. The scope of the tasks requires the use of a wide range of information technologies and software packages. This
applies to both the project management methodology as a whole and its elements, including network planning.

Most authors expose the essence of mathematical modeling through a system of complex mathematical formulas or
emphasize the use of information systems and technologies. The use of the latter is only one element of management decision
modeling. The conducted research has made it possible to conclude that the modeling of management processes as a complex
process from the formulation of a management task to the implementation of the model in practice is still insufficiently studied
and is relevant. Some discrete issues of process management (namely time management) need further consideration and
research.
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THEORETICAL AND METHODOLOGICAL BASICS

Let us consider network graphs as an object of mathematical graph theory. Suppose that there is some work to be done
and that many, many employees —individual employees, groups, teams, or entire businesses — have to take part in this common,
"big" job, so that individual tasks will be assigned to different people, groups, teams, and so on. Questions arise:

® How best to distribute employees to do all the "big" work in the shortest possible time?

e How to distribute resources (labor, materials, finances, equipment) so that all the "big" work is the cheapest?

e What to do if, in the course of the work, it turns out that individual employees do not meet the deadline set by the
plan?

e Where to throw reinforcements (tools, equipment, people)?

e How to find out what is currently the most important, where is the most responsible area, on the results of which
depends on the success of the whole case (Phillips & Garcia-Diaz, 1981)?

Such issues are considered by many authors (Aptekar et al., 2007; Batenko et al., 2003; Evans, 2019).

The very process of ordering the network graph leads to the need to take into account all the links of "big" work. The
main characteristic of each work —its expected duration of execution — in graph theory is called arc length. The presence of this
numerical estimate makes it possible to perform a mathematical analysis of the network graph.

As a result of such analysis, it is possible to determine, first of all, its parameters:

o the earliest possible start time for each job or the occurrence of each event;

o the latest permissible time of completion of each job or the occurrence of each event, which will not cause a delay in
the deadline for completing all the "big" work;

e time reserves for each job (and the time of occurrence of each event) — how many units of time can be delayed for
the execution of this work without delaying the termination of "big" work (this is the so-called full-time reserve), or even without
to change the timing of other jobs of the graph (this is the so-called free time reserve);

® a so-called critical path can be found —the longest path leading from the initial event of the schedule to its final event.
It has the important property that delays in the execution of any work and the occurrence of any event lying on this path inevitably
causes a delay of the same term in the occurrence of the final event, that is, in the termination of the entire "big" work, unless
the management of the work does not take timely measures —the transfer of resources from the works, which have time reserves,
to the work that lies on the critical path;

e the most important at any given moment of work can be found — these are the works in which time reserves are
minimal. They are either already on a critical path, or maybe coming to it shortly.

If necessary, the network model can be calculated by sector method. Then the calculations are performed directly on
the graph and for this purpose, each event is divided into 4 sectors, which list all the necessary data for the calculation of the
work.

The calculation of the network model begins with the timing of events that fit directly into the vertices of the network

graph (see Fig. 1).

Fig. 1. Displaying temporary parameters of the events on a network graph

Tearty (i) — early term of event start, minimum required to complete all work preceding the event;

Tiate(8) — late term of event start, exceeding which will cause a similar delay for the start of the finishing event on
network graph;

R(i) = Teqriy (D) — Tiaee () —an event reserve, that is, a time that can delay the start of an event without violating the
deadline for the project as a whole.

Early terms of the events fulfilment T,4,,, (i) are calculated from the original (S) to the final (F) event as follows:

o for original event S Ty, (S) = 0;

o for all other events i: T, g,y (i) = \rft(ll?.)g[Teaﬂy(k) + t(k, i)], where the maximum is taken for all the works (k, i) that
WL

are part of the eventiand t(k, i) — the duration of work (k, i) (see Fig. 2).

Fig. 2. Calculation of early terms of the event fulfilment i
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Late terms of event occurrence T4z (i) are calculated from the final event to the initial event:
o for final event F: Tyqe (F) = Teqrry (F);

o for all other events i: Ty (i) = \%ixl)[Tlate (j) + t(i, j)], where the minimum is taken for all the works (i, j) coming
Lj

out of the event i and t(i, j) — the duration of work (i, j) (see Fig. 3).

Fig. 3. Calculation of late terms of the event fulfilment i

The temporal parameters of the work are determined on the basis of early and late terms of the events:

® Teariy—start (b J) = Teqriy (1) — early term of the work start;

® Tearty—finish (1)) = Teqriy (D) + t(i,j) — early term of the work finish;

® Tiate—finish (L)) = Tigee (i) — late term of the work finish;

® Tiate—start (b J) = Tiaee (©) — t(i, j) — late term of the work start;

® Reur (6, 7) = Tigre () — Tearty () — t(i, j) — the full work reserve shows the maximum time that can be increased
work fulfilment (i, j) or delayed its start in order not to change the project completion time as a whole;

® Reree (L) = Teariy () — Teariy (V) — t(i,j) — free work reserve shows the maximum amount of time that can be
extended the term of work fulfilment or delayed its start without changing the early start time of subsequent work.

STUDY RESULTS

Let us consider the problem of constructing a network model, which includes the works A, B, C, ..., G and reflects the
following ordering of works: A, B, C— the original works of the project; A precedes D; B precedes E; C precedes F; D, E preceded
G. The duration of its execution is specified for each work: A=1;B=4;C=3;D=2,E=6;F=6;G=4.

We can calculate the network model of this problem by the sector method (see Fig. 4).

Fig. 4. Sectoral method of network model calculation

Based on the above material, we created a program in the form of a Web application, which has both advantages and
disadvantages:
advantages:

® no need to install and update the application;

® access via internet;

o the data is stored remotely;

® no need for powerful computers and disk space;

o cross-platforms (possibility to work on different systems of Windows, Linux, etc.);
o disadvantages:

® needs internet access;

e the server may be attacked, which can lead to leakage of private information;

® users have more experience with Desktop applications;

® The basic idea of the web application is to enable users to plan the implementation of complex projects, follow the
process of executing long-lived projects, to make adjustments to their projects.

A brief description of the Web service. The project data entry process is broken down into several steps:

e input of individual project works (see Fig. 5);
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Type the work [Users leaming |
(Add ) (" Delete )

Computes install -
Network installation

Works list Development of software usage rules
Network setup

Software install

Users learning

(Next step )

Fig. 5. The form for input of the works of the project

e definition of the initial works of the project;

e description of the parameters of each work (the order of execution, the resources expended, the duration of
execution) (see Fig. 6);

Computes install

Network installation Selected work: Computes in stall
Development of software usage rules Isthe work start ~ Yes

Network setup Duration of work D days
Software install Duration depends on additional parameter:
Users learning ave

Dummy work

Fig. 6. List of project works (the original project works are indicated in red, the dummy ones are green).
Enter time parameters for a specific job

e description of project parameters (days off (days that will not be included in the project scheduling), project start
date) (see Fig. 7).
Select weekends
O Monday
O Tuesday
O Wednesday
0O Thursday
O Fuday

2 Saturday
Sunday

Select the project start date

05-04-2020 L+

Fig. 7. Enter project parameters (start date, weekends)

At each step, all data is subject to mandatory validation (check the uniqueness of the name of each job, check for the
original works of the project). At the step of introducing interdependencies between works, a network graph is constructed. The
network graph constructing method reflects the dependencies of all jobs and greatly simplifies the input of dependencies
between works. Building a network schedule involves: adding and deleting events, and adding and deleting jobs (see Fig. 8).

Fig. 8. Network graph modeled by program

If you move the mouse over an event (a circle), its number appears. When building a network graph, the data is also
validated. The procedure for validation of the network schedule provides creation of dummy works, the impossibility of the
formation of cycles, use of all works of the project.

After the project data entry procedure, the program allows you to view the results: total project duration, approximate
date of completion, including days off, duration of each work separately, early and late start and end terms of each work,
resources spent on each work (see Fig. 9).

To analyze time parameters of the network model, the program builds a timeline of the project that shows the
percentage of tasks completed (see Fig. 10).

You can optionally view an event calendar that displays the availability of work at a specific time.
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Project duration, days: 8
The critical path: Network setup — Software install — Users learning
Project finish date: 15-04-2020

A e . Early . Late .|Early . Late L Full  |Free
Work DuTeliwn e S|Finish — ¢loar 7|start “Ifinish  Tlfinish  7|reserve |reserve
Computes install 05-04-2020 | 06-04-2020 | 05-04-2020 | 05-04-2020 | 06-04-2020 | 06-04-2020 |0 0

1
Software install 1 11-04-2020 | 12-04-2020 | 11-04-2020 | 11-04-2020 | 12-04-2020 | 12-04-2020 | 0
Users learning 3 12-04-2020 | 15-04-2020 | 12-04-2020 | 12-04-2020 | 15-04-2020 | 15-04-2020 |0
Network setup 3 06-04-2020 | 11-04-2020 | 06-04-2020 | 06-04-2020 | 11-04-2020 | 11-04-2020 |0
Network installation |2 05-04-2020 | 07-04-2020 | 05-04-2020 | 05-04-2020 | 07-04-2020 | 05-04-2020 |-2

4

Development of 05-04-2020 | 11-04-2020 | 05-04-2020 | 06-04-2020 | 11-04-2020 | 12-04-2020 | 1
software usage rules

— |lolo]o]e

Fig. 9. The results of the program

April
wl . 100%
w2 P 100%
w3 . 100%
w5 | 45%
w4 | 29%
woé 0%

Fig. 10. Timeline of the project

After logging in to the system, each user receives additional features:
® save the projects, with the possibility of their further editing, to view the list of their projects;
® keep track of project work using an event calendar and timeline of the project;

® add to project managers (ability to manage a project by several persons at a time).
Web applications created using such tools and technologies as PHP, Perl, and MySQL. For debugging and testing, we
used the XAMPP Web server, which has most of the required programs and utility tools.

CONCLUSIONS

The use of a network planning system helps to develop the optimal variant, which is the basis for the operational
management of a complex of works during the implementation of a particular project. The main planning document in this system
is a network graph that represents an information-dynamic model that reflects all the logical relationships and results of the work
required to achieve the ultimate strategic planning goal.

Features of the program:

® submit the total number of works;

e determine input works;

e describe the parameters of each work (the order of execution, the resources consumed, their number, and cost);

® build a network schedule as a graph that allows you to see the relationship of all the links;

e describe project parameters (project start date, weekends, days not included in the scheduling);

e additional functionality: registering of the users, users’ management, and monitoring for the process of own project.

The main feature of the program is the solution of the problem of planning the implementation of complex works,
which in turn provides network models and network graphs, which simplify the understanding of the whole model, provide
optimization of the developed schedule based on mathematical methods. The program outputs scheduling results in a graphical
and textual presentation that makes it easy or obvious to decide for the manager while saving the project allows you to watch
the events and make adjustments to the model to improve optimization.

When analyzing network graphs, it is considered that the duration of each job does not depend on the moment of its
beginning, which is not always true in reality. It should be noted that further extension of the problem by introducing additional
dependencies seems appropriate and creates the basis for further research.
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AHOTALIA

ABSTRACT

PopmynioeaHHAa npobnemu. 30  HAWUMU CrIOCMeEPEeXeHHAMU,
4Yumasno cmyodeHmis, 0ONpAyboBylYU HayKosi OegpiHiyii mepmiHis,
cmuKalomeca 3 mpyoHow,amu Yy iX PpoO3yMmiHHI. 38axaroyu  Ha
HEMOXAUBICMb  HABYUMU PO3YMIHHIO, MU 3a00AUCA MUMAHHAM: AKi
MucneHHesI Makmuku 3abe3neyyroms c8idoMe 3aC80EHHA MeEPMIHi8?

M pi i o] OcHosy  MponoHO8aHOI  po3pobKu
CMQaHOB/AMb  pe3ynbmamu f102i4HO20 aHAAI3y MOBU AK 3HAKOBOI
cucmemu. I0es BUKOHAHHA HAO MOHAMMAM AHAAIMUYHUX | CUHMEMUYHUX
102iYHUX onepayili, 3aCHOBAHUX HA 060X MUMax iEpPApXiYHUX 8iOHOWEHb
MiXC MOHAMMAMU — «pi0 — 8uUd» | «yine — 4YacmuHa», nocmae i3
3020/16H020 MOPEhO02iYHO20 aHanisy F. Zwicky.

Pesyabmamu. 3’AcoeaHo, wo mepmiH AK MO8HUU 3HAGK Mae mpu
npukmemu: npedmemHe 3HAYEHHSA, cMuca i cmucaosuli 3micm. Cmuca
mepmiHa pikcye OedpiHiyis, a cmucaosuli 3micm lomy npunucye
Xapakmepucmuka — ni3HasansHuli npuliom, cxoxul i3 OegiHiyiero.
Cmucsniosuli 3micm, Ha 8iOMiHYy 8i0 cmucay mepmiHa, € CyKymHicmio
HecmpykmypoeaHoi iHghopmauii. Po32nadysaHa MucneHHEBA MAKMUKA
CrpAMOBAHA HA PO3BUMOK y cyb’ekma y4iHHA 30amHocmi po3ymimu
CMUCA 1e8Ho20 MepMiHa Yepe3 HAOQHHA Lio20 cmucaosomy 3micmy
cmpykmypHoi opaaHizayii. Cmpykmypysamu cmucaosuli 3micm mepmiHa
MPOMNOHYEMbCA  W/AXOM pO36°A30HHA 080X 3a80aHb. BusedeHHsA
mepMiHie, WO € OMOPHUMU C/08aMU WYKAHOI CmMpyKmypu, — cymb
nepwio2o 3a80aHHA. BiOMeOpeHHA cmMpyKmypu Cmuca08020 3micmy
30080/080HO020 MepPMiHA — cymb Opy2020 3a80aHHA. Po3enadysaHa
MUC/IEHHEBA MAKMUKA € 8MINEHHAM neda202iyHo20 npuliomy, onucaHo20
y n0eivHili meopii MoHAMMA: ni3HasaneHi npuliomu, cxomi 3
8U3HAYeHHAM, Marome lomy nepedysamu, adxce ix 3acmocy8aHHA 4acmo
noneawye po3ymiHHA i 3ac80EHHA OeqiHiyii mepmiHa

BucHoeKu. [IponoHoO8aHA MUCAEHHEBD MAKMUKA 30C80I0BGHHA
mepmiHa 6yde diesoro, AKWO cyb’ekm y4iHHA: 1) emie ecmaHosaoeamu i
8u3HAYAMU IEPAPXiYHi 36°A3KU MiXC MOHAMMAMU; 2) 3HA€E cymHicme,
CMpyKmypy i npasuna 8UKOHAHHA HAO MOHAMMAM 7102i4HUX onepayil
y30a20/6HEHHA MOHAMMSA, MAKCOHOMIYHO20 | mMepeosoeiyHozo nodinis;
MepeosnoeiyHoi iHmezpayii; 3) 80a100ie HopmamueHUMU npoyedypamu,
wo € ckaadHukamu yux onepayili; 4) eon0die 3acobamu KoHMPOso
npasusnbHOCMI | BUKOHYy8aHUX onepayill, i susedeHUX MepMmiHis.

Formulation of the problem. The basis of the proposed development is
the results of the logical analysis of language as a sign system as well as
the results of analysis operations with concepts as a system of thinking
procedures. According to our observations, there are many students who
face difficulties in understanding the research definitions. As it is
impossible to teach understanding, we wondered about what thinking
tactics provide conscious learning of terms?

Materials and methods. The basis of the proposed development is the
result of the logical analysis of language as a sign system. The idea of
performing over the notion of analytical and synthetic logical operations
based on both types of hierarchical relations between notions —
"genus/species" and "whole/part", arises from the general morphological
analysis of F. Zwicky

Results. It has been found that the term as a linguistic sign has three
main attributes: meaning of the object, sense, and semantic content. The
sense of the term is fixed by the definition, and the semantic content is
attributed to it by the characteristic — cognitive technique like the
definition. Semantic content, in contrast to the sense of the term, is a set
of unstructured information. The thinking tactics in question are aimed at
developing the subject's ability to learn to understand the sense of a term
by giving a structural organization to its semantic content. It is proposed
to structure the semantic content of the term by solving two specific tasks.
Inference of terms — keywords of the structure sought — is the essence of
the first task. Reproduction of the structure of the semantic content of the
learned term constitutes the second task. The mental tactics are the
embodiment of the pedagogical technique described in the logical theory
of the concept: cognitive techniques that are like the definition must
precede it because their application often facilitates the understanding
and assimilation of the definition of the term.

Conclusion. The proposed mental tactics of learning the term will be
effective if the subject of learning: 1) is able to establish and define
hierarchical connections between concepts; 2) knows the nature,
structure, and rules of execution of the concept of logical operations:
generalization, taxonomic and mereological divisions, mereological
integration; 3) has regulatory procedures that are the components of these
operations; 4) has the means to control the correctness, compliance
operations, and derived terms.
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K/IKOYOBI C/IOBA: po3yMmiHHA; CMUcCa mepmiHa; cmucaosul 3micm KEYWORDS: understanding; sense of a term; semantic content of a term;
mepMiHa; CmpyKMypye8aHHsA; MOHAMMSA,; Onepy8aHHA MOHAMMAM. structuring; a notion; operating with a notion.
BCTYN

MoctaHoBKa npobnemu. Y npoueci popmyBaHHA MNPOdeciiHO OPIEHTOBHOrO MOBJIEHHA MalbyTHix creuianicTis
LLeHTpa/ibHe MicLe Ma€E BigBOAUTMCA OpraHisauii HaB4aNbHOI AiANBHOCTI, CNPAMOBAHOI HA OMaHYBaHHA TePMiHIB paxoBOi MOBM.
AOKe npaBu/ibHe, TOYHE i BiJIbHE BXMBAHHA TEPMIHIB Y MOBNEHHEBIN AiANbHOCTI € 3aNOPyKO NPOAYKTUBHOI NpodeciliHoi
KOMyHiKaLii. 3a HawuMmM CnocTepexkeHHAMM, YMMaNo CTYAEHTIB, ONpPauUbOBYOUYM HAyKoBi AediHiuii TepmiHiB, CTUKalOTbCA
3 TPYAHOLWAMM Yy iX PO3YMiHHI. 3Ba*KalouM Ha HEMOMKAMBICTb HABYMTU PO3YMIHHIO, MU 3343a/IMCA MUTAHHAM: AKIi MUCNEHHEBI
TaKTUKK 3a6e3neyytoTb CBigOME 3aCBOEHHA TEPMIHIB?

AHani3 aKTyanbHUX AoCnigMKeHb. Y HayKOBil niTepaTypi po3yMiHHA PO3rif4atoTb AK MPOUEC, AK pe3ynbTaT, fK
30aTHICTb Ta AK 3acib 3aCBOEHHA 3HaHb. [AMAAKTUUHY NpobaemaTuky deHoMeHa po3ymiHHA gocnigxeHo I. boriHm. Ona Hawoi
PO3BiAKM KEPIBHUM CTa/I0 MOTO TBEPAMKEHHA NPO TE, WO PO3YMIHHIO HE MOXHA HAaBYUTU: KOAW Lie NpobyoTb POBUTU, BUXOAUTb
Hay4iHHA «rOTOBOMY PO3YMiHHIO», TOMY HeobXiAHO POPMYBaTM FOTOBHICTb 4O PO3YMiHHSA, a Lie NOTPebye HaydiHHA pedneKcil.
Po3ymiHHA — ogHa 3 inocTacelt pednekcii, i FOTOBHICTb PO3yMiTV AOCATaETbCA Yepes HaBYaHHA pedeKcii, HaBYeHiCTb pedneKcii,
BO/IOAHHA pedNeKTUBHUMMU TexHiKamu po3ymiHHA (BoruH, 2001). Po3ropHyTvii ornsg AOCAIAHWLBKOI NiTepaTypy 3 NWUTaHb
pedNeKCMBHOIO MUCAEHHA 3A4iiCHMAA Fpyna aBCTPaNiMCbKUX AOCNIAHMKIB Ha Yoi 3 ). Bain (2002).

Y NiHrBiCTULi BWMAB CMMUCAY, 3HAYEHHA MOBHOI OAMHWLUi Yy HABYAHHI MO3HAYAETLCA TEPMIHOM «CEeMaHTU3aLifa».
3’acyBaHHIO 0COBAMBOCTEN CEMAHTM3aLT TEPMIHIB Y HaBYa/IbHUX TEKCTAX TEXHIYHOTO CNPAMYBaHHA NPUCBAYEHE ancepTaljiliHe
[0cCNigyKeHHi B. 30ToBol. JocnigHnua BUABMAA TaKi WAAXM (TMNK) cemaHTM3aL,ii y 3a3HaYeHnx Tectax: BepbanbHuin, BepbanbHo-
HaOYHM i HAoYHUI. MpoBigHUM cnocobom BepbanbHOro TUNY CeMaHTM3aLii TepMmiHiB € aediHitoBaHHA. YCi TPU TUNK cemaHTM3aLji
LEMOHCTPYIOTb KnacudikauinHe npen’asneHHAa TepmiHie (3oTosa, 1998). MpakTuuHi acnekTn npobnemu TepmiHorpadiyHoi
CemaHTM3aL,ii B OCBITI 'PYHTOBHO po3kpuaa A. AxmeTbekosa (Akhmetbekova, 2014).

Mpobnemn aediHitoBaHHA € NpeAMETOM aHani3y NPUHaMMHI ABOX rany3ei 3HaHb — NeKcuKkorpadii Ta noriku.

dyHaaMeHTaNbHMI NigPYYHUK 3 NoriKM aBTopcTBa €. Bolwsinna Ta M. [lertapboBa cTaB 0CO6AMBO LiHHUM AXKepPesiom
iHpopmaLii 4na Haworo gocnigxeHHA. KnoyoBa igea BUKNaAeHO! Yy HbOMY KOHUEMLT MOHATTA € TAaKOK: NOHATTA CNif, po3rnaaatm
He TiNIbKK TpaguuiiHo — aK Gopmy MUCAEHHSA, ane i AK GopMy Ni3HAHHA, AK CNOCi6 iHTeNeKTyanbHOI AisnbHOCTI. Buxoasaum 3
TaKoi iHTepnpeTalii NOHATTA, AOCAIAHMKM iHaKLWe, NOPIBHAHO i3 3aralbHOMNPUIUHATHUM GOPMY/IOBAHHAM, TAyMayaTb i MOro
BM3HaYeHHA (aediHiujio): BUSHAYEHHA € NOMYHUM cnOCOBOM BCTAaHOBAEHHS abo YTOUHEHHA 3B'A3KY MOBHOIO BUC/IOBY 3 TUM, LLLO
BOHO MO3Ha4Yya€ AK 3HAK MOBU. MPUINOMM, CXOXi 3 BU3HAYEHHAM (OMWUC, XapaKTePUCTUKY, MOPIBHAHHA Towo), €. BOMWBINo i
M. [ertApboB po3rnagatoTb AK CamMOCTilHI 3acobu nisHaHHA (Borwsunno & Oerrapés, 2001).

MeToto cTaTTi € onuc Ta OOFPYHTYBAHHA MWC/IEHHEBOI TaKTMKM 3aCBOIOBAHHA TEPMiHA, YCBiLOM/IEHE BMKOHaHHSA
KOHUENTYaNbHOI Aji AKOI Aa€ 3MOory Cy6’eKTy y4iHHA HabyTW rOTOBHOCTI 0 PO3YMIHHA CMUCY TEPMIHA, WO BUBYAETHCA.

TEOPETUYHI OCHOBU AOCNIAXKEHHA
Ha puc. 1 (1SO 704:2009) sigobpakeHo cnuctemy 38°A3KiB MiXK 06’€KTOM, NOHATTAM, AediHiuieto | TepmiHOM. Po3Kkpuemo
NEKCUYHI 3HAYEHHA LMX CAiB.

IHCTPYMEHT NMI3HAHHA

TEPMIH PP e EOIHILIA
MIH AEOHIL

PO3KPHBAE
3mict

npescTaBae /70.9”3‘,&6

aoerparyrors y
NOHSATTSA
YTBOPIOIOTS
6
BAACTUBOCTI avcipanyiorey 03HAKM

PEAAbHWI CBIT CUCTEMA 3HAHb

Puc. 1. Cuctema BigHOWeEHb «06’€KT — NOHATTA — AediHiLia — TepmiH»

Yce Te, WO Ma€e camocTilHe ByTTA y NpocTopi 1 Yaci, NPUAHATO Ha3MBaTM pedamun. BnacTmsicTb — Le XapakTepucTuka,
Lo MOXKe ByTM npunucaHa okpemiit pevi. BigHoweHHA — Le 3B'A30K MiXK ABOMA abo 6inbluoto KinbkicTio peyeit. Kpim peueit,
B/JIaCTUBOCTI Ta 3B’A3KM NpUTaMaHHi TOMY, L0 HAaNEXNTb A0 chepu NCUXiKK, PpO3yMy, MOPasIbHOCTI, A0 Teopil, iael Towo. Bee Te,
LLLO MOKEe MaTu BNIACTMBOCTI Ta BCTYNaTHW Y BiHOWEHHSA, ane camo Moxe He 6yTu Hi BNacTMBicTIo, Hi BifHOWEHHAM, Ha3MBaOTb
npeametom. 06’ekm — e NnpeAMeT, BAACTUBICTb, BiJHOWEHHA Ta MHOXWHA. MHOXKWHA — Lie MUCAUMI pa3om 06’eKTn. O3HaKa —
Le npukmeTa 06'eKTa, LLO BKA3ye HA HAABHICTb ab0 BiACYTHICTb Y HbOrO BNACTUMBOCTI UM BigHOWeHHA. O3Haku ByBatoTb NPoCTi 1
cKnagHi. MpocTi 03HaKM CBiAYaTb NPO HAABHICTb abo BiACYTHICTb OAHIET BAACTMBOCTI UM OAHOTO BigHOWEHHA. CKNagHI 03HaKM €
NOEAHAHHAM NPOCTUX O3HAK 32 LONOMOTOIO CMOYYHUKIB «i», «ab0» Ta iHLIMX CXOXKMX Ha HUX ciB. O3HaKy Ha3WBalOTb BiAMITHOO
ONA NeBHOI MHOMWHM, AKLLO BOHA NPWUTamMaHHa TifbKM 06’€eKTaM MEBHOI MHOMWHMU | He BNACTMBA HIAKMM iHWKWM 06’eKTam.
lMoHAMMA — ue AyMKa, WO y3aranbHIOe 06’ EKTU NEBHOT MHOXMHM | BUOKPEMJIIOE LIKO MHOXKMHY 3a BiAMITHOIO ANA Hel 03HaKolo.
MHOWHyY 06’ €KTiB, WO iX BIAOKPEMIOIOTD | Y3arasbHIOKTb Y NOHATTI, HA3MBaOTb 06cA20M NOHATTA. O3HaKy, 338 ONOMOrOH AKOI
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BiZLOKPEM/IIOIOTb Ta Y3ara/bHIOTb NPeAMETU MEBHOI MHOXWHW, Ha3WBalOTb 3MICMOM MNOHATTA. K NpaBWIO, LA O3HaKa €
cKnagHoto. O6cAr i 3MicT € NOFYHUMMN XapaKTEPUCTUKAMM NOHATTA. MOHATTA YTBOPIOIOTb Y pe3yabTaTi 4i aHanisy, abcTparyBaHHs,
NMOPIBHAHHSA, CMHTE3y i Mi3HAaBaNbHOrO y3arasbHEHHA. 33 TUNOM efleMeHTIB 06cAry NOHATTA NOAINAITb HAa KOHKPEeTHi Ta
abCTpaKTHI. KOHKpPeTHMM Ha3MBaloTb NOHATTA, enemeHTammu obcary AKoro € npeametn. ABCTPaKTHUMKM HA3MBAKOTb MOHATTA,
eneMeHTaMum o6cAry AKUxX € BAacTMBoCTi abo BigHoweHHA (BprownHKKMH, 2001).

[ Toro, Wo6 YiTKo MUCAUTY | NepeaaBaTM NOHATTA iHWWM N0AAM, HeObXiAHO 3HATU, AK MOHATTA NOB’A3aHi 3 MOBOIO.

MoBa — ue cucTema 3HaKiB, WO cayrye ana 3bepeskeHHn, obpobneHHA i nepedaBaHHA iHPopmauil. 3HaK — ue
maTepiaibHUIM 06’EKT, BMKOPUCTOBYBAHWI Yy MpoLUeci MisHaHHA abo ChifKyBaHHA AK NpeAacTaBHUK Byab-akoro ob’ekta. Ak
NpPaBWI0, 3HAKM MAOTb NPEAMETHE | CMUCNOBE 3HAYEHHsA. MpeaMETHUM 3HAYEHHAM 3HaKa € ToW 06’€KT, Lo Moro npeacTaBnse
3HaK. CMMcnoBe 3Ha4YeHHs, abo cmucn, — ue iHbopmaLis Npo 06’ekT, NPeaCcTaBHUKOM AKOrO € 3HaK. 3arasibHe CriBBigHOWEHHSA
OYMKM | MOBM € TaKMM: AYMKA € CMMC/IOM 3HaKa (Fop6aTos, 2008).

TepmiH — Le MOBHWI 3HaK (C/N0BO, C/NIOBOCMONYYEHHS, MOEAHAHHA €/10Ba abo CNOBOCMONYYEeHHA 3 0cobAMBMMU
CMMBO/IaMM TOLLO), KU BiANOBIAAE HOPMI MOrO BXKMBaHHA Y NPodeCiiHOMY UM iHLWOMY CMiBTOBApPUCTBI 1 BUpPAXKaEe creLianbHe
NOHATTA OyAb-AKOI ranysi 3HaHHA i ToMy Mae AeodiHiuito (TaymaueHHs, noscHeHHs) (LWenos, 2018). Jeginiyia TepmiHa —
e NoriYHMiA cnocib HagaHHA MOBHUM BUCIOBaM CTporo dikcoBaHoro cmucay (FTopbatos, 2008).

€. Bonwsinno i M. Jerrtapbos, Ha BigMiHy Big, iHLUMX AOCAIAHWUKIB, NPUNMUCYIOTE MOBHUM 3HaKaM He ABi, @ TP OCHOBHI
NPUKMETU: NpeameTHe 3HaYeHHA, CMUCA | CMUCA0BUIA 3micT. CMUCA TepMiHA AK MOBHOIO 3HaKa dikcye aediHiuia, a cmmcnosuii
3MICT MOMY NMPUNUCYE XapaKTepPUCTUKa — Mi3HaBa/bHWUIA NPUINOM, CXOXKUI i3 aediHiuieto. CMUCNOBMIA 3MiCT MOBHOTO 3HaKa —
e WMPOKa CYKYMHiCTb 3HaHb Npo npeameT. Ha BiaMiHy Big cmucnis, AKi € neBHUMKU popmamm AYMKM, 3arafbHUMU 1A BCiX
Ntofen, CMUCNOBUIA 3MICT HE MAE /IOFIYHOT CTPYKTYPU i € CYTO iHAMBIAYaNbHUM N5 KOXKHOI MtoagnHU. OfHAK BiH BUKOHYE pPOb,
NMeBHOK Mipoto nofibHy fo Tiel, AKy Bigirpae cMuca. CMUCAOBUIA 3MICT MOXKe BKAOYATM i cmuca. OTXKe, CMUCA € BUAOM
CMMCNOBOr0 3MicTy. BianpaBHOK TOYKOK HALWOi PO3POBKM CTaB MeaaroriyHMit NPUMUOM, OMMUCAHUA LMMWU AOCAIAHUKaMU:
ni3HaBa/bHi NPUMNOMM, CXOXKi 3 BU3HAYEHHAM, MAlOTb MOMY MepeayBaTh, afKe iX 3aCTOCYBAHHA YacTO MOJErwye PO3yMiHHA i
3aCBOEHHA AediHiuii TepmiHa (Boriwsnano & Oertapés, 2001).

O3HaKa CMMCNOBOrO 3MICTYy TepMiHa — «ByTM HECTPYKTYPOBAHOK CYKYMHICTIO iHGOpMaLii» HaBefa Hac Ha AyMKy
CTPYKTYPYBaTV LEN 3MicT, Wwob y Takmit cnocib6 Habamautuca Ao pPo3yMiHHA CMUCAY 3aCBOIHOBAHOrO TepmiHa. Ha Te, sK came
Le 34jACHIOBATM, HAC HALUTOBXHYAW ABA NPUKAaAM ONepyBaHHA MOHATTAM, NpeacTasneHi y nybaikauii B. TitoBa. Y Hilt BiH
BMCBITIMB 0CO6IMBOCTi MeToAjB 3araibHoro mopdonoriyHoro aHanisy ®. Lsikki (F. Zwicky). 3a ®. L|Bikki, meToo MopdonoriyHoro
DOCNIAKEHHA € OrNsag, NaHopamu MOBHOTO «MOJIA 3HAaHb» CTOCOBHO AOCAILMKYBAHOrO npeameTa. BoHO mMoxke 6yt nonem
maTepianbHUX 06'eKTiB, Nosem asBuL, abo nonem 3B’A3KiB, KOHLENLiN, iaen uym Teopin (Ritchey, 2013). MosAcHIo4M Lel BUpPa3
npvknagamu, B. TiToB cepen, iHWOro po3ropHyB NaHOPamMmM MOBHMX «NOAIB 3B°A3KiBY» ANA ABOX KOHKPETHUX MOHATb — LBAXA i
Komopu. [lna uboro BiH BMKOHAB HaZ HMMM YOTMPW JIOTIYHI onepauii: y3arafbHEHHA, NOAIA, PO34YJeHYBaHHA i NPUEAHAHHA.
MOHATTA, BUBEAEHI B pe3ynbTaTi 34iACHIOBAHHA LUMX ONepalLii, BiH Bifo6pasunB y «40TUPU3BEHHUKAX» — CTPYKTYPHUX CXEMAX, LLLO
CKNaAaloTbCA 3 YOTMPbLOX NaHoK (Tutos, 2003).

Cneumndiky 3a3HaYeHUX NOTiYHMX OnepaLii po3kpuBae NnobyaosaHa Hamu mopdooriyHa Tabanua (puc. 2). 3ayBaxknMmo,
o AnA onepauii, Aki B. TiToB HasMBae po34YneHyBaHHAM i NpUEAHAHHAM, M1 06pann anbTepaTUBHI Ha3BU — MEPEONOTIYHUIA
noain i mepeonoriyHa iHTerpauis. Lli TepmiHun € ycTaneHUummn y mepeonorii — po3ajni Noriui, AKMIA JOCAiAXKYE BUCTOB/OBAHHSA, LLLO
BMPaXKaloTb BigHOLWEHHA YacTuH i winoro (KOpkesuy, 2021).

3B'A3KM
MpuiioM PIA — BHA LIAE — YACTHUHA
MUCAEHHA
AHAAI3 TaKCOHOMIUHWMI NOAIA NOHATTA Mepeonoridruit noain ﬂpe.AMETa,
MUCAMMOTO Y NOHATTI
CUHTE3 Y3aranbHEHHS NOHATTA MepeonoriuHa iHTerpauia .
npeameTa, MUCAMMOTO Y MOHSATTI

Puc. 2. Cneuundika noriuHMx onepaliiin, 3acTOCOBYBAHUX Y TAKTULi 3aCBOEHHA TEPMiHA

Onepau,ito 3 NOHATTAM PO3YMitOTb AK CUCTEMY PO3YMOBMX NpoLLeAyp, BUKOHYBaHMX Cy6’EKTOM 3 OKpeMUMM NIOTIHHUMM
XapaKTepuUCTUKaMK MOHATTA (3micTom, obcarom, BigHOWeEHHAM) abo 3 ujeto dopmoto AYMKM AK Uimm (CupoTKuHa-Mpumak,
2011). Hanpuknag, y pasi 3aCToCyBaHHA TaKCOHOMIYHOrO NoAjny cyb’eKT BUKOHYE Ajto 3 06CAroM NOHATTA, ¥ pasi BUKOHAHHA
y3ara/ibHeHHA — 3i 3MiCTOM NOHATTA. MepeonoriYHMi NoAiN | MepeosiorivHa iHTerpayia — ue cnewianbHi 4ii, AKi cy6’eKT BUKOHYE
NoAYMKM 3 MPeSMeTOM, MUCAMMMUM Y MOHATTI, PO3KNAZa0uM MOro Ha YacTUHU abo NPUEAHYIOYM KOTO AK CKNAAHUK A0 binbworo
uinoro, To6T0 HagcMcTemm. 3 NO3WLLT yHIBEPCaNbHUX NPUIAOMIB MUCNEHHA — aHANi3Y | CUHTE3Y, TAKCOHOMIYHMI | MepeonoriYHKiA
noajinn € onepawiamu aHaNiTUYHOTO WTUOY, HAaTOMICTb y3araslbHEHHA MOHATTA i MepeonoriyHa iHTerpauia — ue onepawii
CUMHTETWYHI. Po3rnaHemo Ui onepauii geTanbHiwe.

TakcoHomiyHUll | mepeosoaivyHuli nodinu

Moain NOHATTA — We NorivHa onepaliis nepexoay Bif NeBHOro NOHATTA A0 CYKYNHOCTI Nigaeramx iomy 3 nornagy sKoicb
XapaKTEPUCTMKKM, KOTPY Ha3MBaloTb niacTaBoto noginy. Moainu OyBaloTb ABOX TUMIB: TAKCOHOMIYHI Ta MepPeosoriyHi.
TaxkcoHomi4Huli Nodin — Le BUOKpemIeHHa B 06cA3i NOHATTA NiAKNACiB, AKi BUCTYNaoTb 06cAramy HOBMX (BMOOBUX CTOCOBHO
BMXiZHOr0) MOHATH 3 NMO3MLLi NeBHOI 03HAKM, L0 3BETLCA NiACTaBOW Noginy. Mepeoso2iyHuli nodin — Le YNeHyBaHHA 3HaYeHHsA
NOHATTA NPO NPeaMeT 33 TUMOM «Ljile — YaCTMHa» B aCnNeKTi byAb-AKOi XapaKTepuCTUKK YacTuH (Menes, 1996).

3ailicHeHHs onepalii nogjny nepepbavae TpyU CKAALHUKKU: 1) noaintoBaHe MOHATTA; 2) YneHn noginy; 3) niacrasa
noginy. NoaintoBaHMM Ha3MBaOTb MOHATTA, NOMYHUIA OBCAT AKOro NMOTPiBHO PO3KPUTK, abo NpeaMeTHe 3HAYEHHA AKOro CAifg,
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PO3KMACTU Ha YacTUHW. MOHATTA, WO X OTPUMYIOTb Yy pes3y/bTaTi NoAisy, HasuMBaloTb YneHamu noginy. MNiacrasoto noginy
Ha3MBaloTb 03HaKy, 32 AKOK BUPI3HAIOTb YeHM noginy. TaK, 03HaKo, 3a AKOIO BMPI3HAIOTb TAKCOHOMIYHWUIA | MepeonoriuHui
noAinu, € «BUA iepapxiyHMX BiAHOLLIEHb, LLLO NPOABAAE BUXiAHE NOHATTAY, Aiana3oH ii BUA03MIHIOBaHHA — «pig — BUAY i «Uine —
YyacTvHa». Bubip HanexHoi nigctasu nofiny 3anexuTb Bif TOro Ni3HaBasIbHOTO 3aBAaHHSA, Y 3B'A3KY 3 AKMM BMHWKAe noTpeba
y nogini noHaTTa. J1. CupoTkiHa-Mprmak BCTaHOBWAA TaKi OCHOBHI BaCTUBOCTI O3HaKM, L0 MA€E CAyrysaTu NigcTaBoto noajny:

— 03HaKa Mae NeBHWUI Aiana3oH NposBiB (4Ba abo Hinblle) Ha MHOMMHI NPEeAMETIB, LLLO X y3ara/ibHEeHO Y NOHATTI;

— O3HaKa € y3ara/ibHeHHAM YaCTKOBMX 03HaK BigMiHHOCTeN eneMeHTiB 0bcary noHaTTs (CMpoTKuHa-Mpumak, 2011).

IHTeNeKT-KapTa Ha puc. 3 NPeaCTaBAsAE CTPYKTYPOBAHMIA CMUCAOBUIA 3MICT TEPMIHA «MOAIN NOHATTAN.

Ha i seassf oia? . ) Y3arassHeRHA
T8 HIAHHA PIA: AorisHa onepawin  ———
/,,--— Y Dfmessrng
/ TaKCOHO MiYHWH o A
/ Fwi BYB10TE THIH ROSAFT i Pii— B
— P—— W MepeosnrisHWA noais
33 EMAOM 3E"ASKIE M NOEATEMH p - A
S — YECTHHS
Mo AIAKERHE NOHATTA
THEKT G )
A1 € CTRPNTHRE MO MiscTasa noaisy
\ ‘-, YseHH noaixy
\ ¥nopRAKYEEHHA
&R g . .
o CHOERS QYHAULA: | CHCTEMATHIALLIA SHAH b

Puc. 3. CTPpYKTYpOBaHMiI1 CMUCNOBUIA 3MICT TePMiHA KNOAIN NOHATTA»

Y3az2aneHeHHA noHAMmMaA

Y3aranbHeHHs MOHATTA — Le /IofiYHa onepaujia, B pe3yabTaTi AKOI 3 OAHOr0 MOHATTA LWAAXOM BUKOHAHHA Hag, Moro
3MiCTOM creLiaibHUX NpoLeayp YTBOPHOOTL iHLWe, CnopigHeHe 3 OpuriHanioM. HoBe NOHATTA XapaKTEPU3YETLCA BYXKUMM 3MICTOM,
npoTe Wupwmm ob6cArom NopiBHAHO 3 BUXiAHMM MOHATTAM. OCKiNbKM y3arasibHEHHA MOHATTA FPYHTYETLCA Ha 3B'A3KY «pig —
BMA», TO 10 OMNepaLito TAymadaTb AK nepexiz BiJ BUAOBOro NOHATTA A 40 poaoBoro B, B AKoMy 06cAr MOHATTA A BUABNAETLCA
YacTMHO 06cAry NoHATTA B.

MepeonoziyHa iHmezpayis

MepeonoriyHa iHTerpauia — e noriYHa onepaLwis, B pe3yabTaTi AKOi 3 04HOr0 NOHATTA LW/IAXOM MUC/IEHOIO nepexoay
Bi/ZL YaCTMHM [0 LLiNOro yTBOPHOKOTD iHLWE MNOHATTA, CNopiAHeHe 3 opuriHanom. Takunii nepexiz MoXKHa 34iMCHIOBATH Y pi3Hi cnocobu,
33/1€}KHO BiZ Linel po3s’a3yBaHOro 3aBaaHHs.

3ac060M YHAOUYHEHHSA CTPYKTYPU CMUCNOBOTO 3MICTY 3aCBOIOBAHOMO TepmiHa MM 06panm iHTenekT-kapty (Mind Map).
Haw BmbGip 3ymoBUAN epProHOMIYHI BNACTUBOCTI iHTEIEKT-KAPT i HAABHICTb Y BiIbHOMY A0CTYMi LWUMPOKOTO CNEKTPY NPOrpPamMHUX
3aCTOCYHKIiB Ans ix nobyaosu.

METOAU OOCNIAXKEHHA

OcHOBY NPOMOHOBAHOT PO3PO6KU CTAHOBAATL PE3Y/IbTaT NIOTIYHOIO aHani3y MOBM AK 3HaKOBOI cucTemm (Bolwemano &
Oertapés, 2001), pe3ynbTaTi aHani3y onepadii i3 NOHATTAMM AK cucTemm npoueayp mucneHHs (CupoTkuHa-MNpumak, 2011). lgea
BMKOHAHHA 3 NOHATTAM NIOFYHUX OnepaL,ii, 3aCHOBAHMX HA NOTIYHWUX i MEPEOIOFYHNX BiZLHOLWEHHAX MiX NMOHATTAMM, NOCTAE i3
3aranbHoro mopdonoriyHoro aHanisy F. Zwicky.

PE3Y/IbTATU AOCNIAKEHHA

3rigHo 3 Cambridge Dictionary, TakTMKa — ue AiAa, AKY NAAHYKOTb 3acTOCyBaTW AR AOCATHEHHA MNEBHOI MeTu
Po3rnagyBaHa MUCNEHHEBA TaKTMKa CNPAMOBAHA Ha PO3BUTOK Y Cyb’eKTa yYiHHA 34aTHOCTI PO3YMITM CMUCA NEBHOFO TEPMiHA
yepes HafaHHA MOro CMUC/I0BOMY 3MICTYy CTPYKTYPHOI opraHisauji. CTpyKTypyBaTM CMUCIOBUIA 3MICT TEPMiHA MPONOHYETLCA
LINAXOM PO3B’A3aHHA 4BOX KOHKPETHUX 3aBAaHb. BuBeaeHHA TEPMiHIB — OMOPHUX CAiB LUYKAHOI CTPYKTYpU — CyTb MepLuoro
3aBJaHHA. BiATBOpPEHHA CTPYKTYpM CMMC/IOBOrO 3MiCTy 3aCBOIOBAHOrO TepMiHa — CyTb APYroro 3aBAaHHA. fAKWO BuXigHe
MOHATTA, NO3HAYyBaHe 3aCBOOBAHNM TEPMIHOM, BUPAXKAE ABa BUAW IEPAPXIYHUX BiAHOLWEHb: «pif, — BUAY i «Ljife — 4acTuHa»,
TO Neplue 3aBAaHHsA 3ailicHeHHe. 11oro po3s’A3KOM € TePMiHM, CMiBBIAHECEH] 3 NOHATTAMM, BUBEAEHUMM Y Pe3y/bTaTi BUKOHaHHA
Hag, BUXIOHMM MOHATTAM YOTMPLOX JIOFYHWUX OMepauiii: Yy3arajbHEHHs, TAaKCOHOMIYHOIO i MepeonoriYyHoOro noAinis,
MepeonoriyHoi iHTerpauii. Po3s’A3KoM Apyroro 3aBAaHHA € iHTENEKT-KapTa, WO BiAobOpaXKae 38'A3KM 3acBOIOBAHOrO TepmiHa
3 BUBeAeHUMMU. Llei po3s’A30K 6axkaHO AOMNOBHUTM MOHATTAMM, WO KOHKPETU3YIOTb BUBEAEHE POAOBE NMOHATTA i BCTAHOB/EHY
HagcucTemy. Po3B’A3KOM Apyroro 3aBAaHHA € iHTeNIeKT-KapTa, Wo Bigobpakae 38'A3KM 3aCBOOBAHOIO TEPMiHA 3 BUBEAEHUMM.
CyTTEBMM [OMNOBHEHHAM [0 BMBEAEHUX TEPMiHIB € CTMC/AA BiANOBiAb Ha 3anNUTaHHA: AKOK € OCHOBHA OYHKLiA npegmeTa,
MWCAMMOTO Y NOHATTI? |HTeNneKT-KapTa Ha puc. 4 Bigobpakae GopmanizoBaHUn ONMC NPONOHOBAHOT TAKTUKM.

3a knacudikauieto J1. CUpoTKiHOI-MpUMak, cyb’eKT y4iHHA MA€E 3A4IMCHUTM Yy3arasibHEHHA OMUCOBOrO MOHATTA A0
HeonucoBoro. Lle o3Hayae, Wo cyb’eKTy y4iHHA Cnig NpoaHanisyBaTV CNOBHWKOBE BM3HAYEHHA 3aCBOIOBAHOro TepPMiHa, W06
BMOKPEMWUTN 3 HbOTO POAOBY O3HaKy. Jl. CupoTKiHa-Npumak po3pobuna aABa BapiaHTU CTPYKTYpw Uiei onepauii. Bubip
NiAX0AALLOro BapiaHTy 3aNeKUTb Big, cCNocoby, AKMM Y CKNagHiM 03HaLi NnoeaHaHo nNpocTi 03HakM (CupoTKkuHa-Mpumak, 2011).
Mepexig Big BUAOBOrO MOHATTA A0 POAOBOIO MaE 3AiMCHIOBATMCA 3riAHO 3 NpaBuioM 6e3nepepBHOCTI y3arasbHeHHA. BoHo
03HAYa€E BWBEAEHHA HaWbAWMIKYOrO POAOBOrO MOHATTA A0 PO3rNAA4YBAHOrO BMAO0BOrOo. HeaoTpUMMaHHA LUbOro npaBuia
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NpU3BOAMTb A0 NOMWIKM «CTPUOOK Yy3aranbHeHHA». Lle mopylweHHA MOCAifLOBHOCTI y3arasbHEHH:, KO/M MPOMYCKAETbCA
NPOMiXKHWUIA pig. Hanpuknaa: pomb — uLe YOTUMPUMKYTHUK (NponyleHnm € NPOMiXKHUIA pig, «napanenorpam»). CBoepigHoO
nepesipKo NPaBU/IbHOCTI BUBEAEHHA POAOBOrO NOHATTA € HABEAEHHA NPUK/IAAIB BUAOBUX NOHATH, LLLO BXOAATH A0 oro obcsary.

Tlosraan FHunx
K3 @ raAbH eHHT HaWbanmuuil pia | swais pogy
L =
Bual
TRRCOHOANIHES 0104 |'I Bua2
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Ochoea noailsy |
I Haiibanmua TpHRAT AN TR
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|

\ Derrosna Jywi

Puc. 4. dopmanizoBaHMii onUC NPONOHOBAHOT TAKTUKM 3aCBOIOBAHHA TEPMiHA

HETE, MECAHMOND i, HATT

CyTb TaKCOHOMIYHOTO NOAINY KOHKPETU3YE MUTAHHA: Ha AKi 8UOU, 8i0N08IOHO 00 06PAHOI MiIdCcMasu, MOXCHA pPo30inumu
MHOXCUHY rpedmemis, Wo ix Mucaame 8 06¢A3i po0o8o2o noHAMmA ? CyTb MEPEOIONYHOTO NOAJNY KOHKPETU3YE NUTAHHA: 3 AKUX
YACMUH CKAA0aemMoca mucaumuli y noHAMMI 06’ekm? AKLLO MepeoIoriYHMIA NOAIN 3aCTOCOBYIOTb A0 KOHKPETHOrO MOHATTA, TO
3’ACOBYIOTb, 3 AKUX €/1EMEHTIB, GParMmeHTIB, Y/IEHIB, LUMATKiB, KOMMNOHEHTIB TOLLLO MOro YTBOPEHO. AKLL0 MepeonoriYHoMy noainy
nifAaoTb abCTPaKTHE NOHATTA, TO 3'ACOBYIOTb MOr0 acneKTU, CTOPOHM, PUCK, eTanu TOWO. Y3araibHeHU I onuc Npasu BUKOHAHHSA
060x TMniB noainy 3ajicHms 0. IBnes (1996). Liux npasma yotupu: 1) noain mae 6ytu cnismipHUm; 2) noain mae Biabysatmcs Ha
OAHIN niacTasi; 3) yneHu NoAjiny MatoTb BUKAOYATM OOMH OA4HOrO; 4) noain mae 6yTm NocnifoBHUM. MOPYLIEHHA UMX NPaBUA
NpV3BOAMTb [0 HU3KM MOMUOK, AETA/IbHO ONUCAHUX Y 3ralaHOMY NiAPYYHUKY.

MepeonoriyHy iHTerpaLiito NPeAMETHOro 3HaYEHHA NOHATTA TEX CAiA, 34iCHIOBATM NOCNIA0BHO: Mae ByTH BCTaHOB/EHA
HalbAMKYa HagcmMcTeMa, TOBTO CMCTEMM BULLOTO PiBHSA, OO AKOI HAaNEXWUTb PO3rnafyBaHuit npeamet. HeAOTPMMAHHA LbOTo
npasuaa 3yMOB/IOE NOMUKY «CTPMBOK MepeooriyHoi iHTerpauii». Lie nopyweHHs NocniA0BHOCTI BCTAHOB/EHHA HaACUCTEMU,
KOJIM NPOMYCKAETLCA MPOMINKHUIA PiBEHb.

JonomixkHMm 3acobom ONA BUKOHAHHA MepeosIorivHOi onepalii € NMUTaHHA: AKOK € OCHOBHa dyHKLUiA 06’eKTa, Wo
MUCANUTLCA Y MOHATTI, AK CKNAAHWKA BCTAaHOB/IEHOI HAACMCTEMWU? 3HAYYLLICTb LUbOro MUTAHHA 3yMOBJIEHA TUM, LLO OCHOBHA
dYHKLiA Oyab-AKOT CUCTEMM SIK CKNAZHMKA HAaACUCTEMM BiZNOBIAAE METI il CTBOPEHHS Ta iCHYBAHHA. A L0 METY CUCTEMI HUMKYOTO
piBHA 3a4ace ii Haacuctema (TuTos, 2003).

CMMCNOBUIA 3MIiCT 3aCBOIOBAHOrO TEPMiHa, WO MOro CTPYKTYPYIOTb LWASXOM BWMKOHAHHA 3 BUXIAHUM MOHATTAM
3a3HAYeHUX JNIOMYHUX OnepaLilii, € FPYHTOBHMM i MICTKMM. ApPrymeHTOM Ha KOPWUCTb Li€i Te3n € ni3HaBajibHA LiHHICTb
3aCTOCOBYBAHMX onepaLin. Mi3HaBaNbHUI CMUCA y3arasibHEHHA NOHATTA MOAATAE B TOMY, WO Le PyX A0 3ara/bHilloro 3HaHHA
(B. BptowwmnHKKH, 2001). Y3aranbHeHHA NOHATTA 3aBXAM NOB'A3aHEe 3 MePexoA0M 3HAHHA (AK OKPEMUX AYMOK, TaK i Liinx Teopiin)
Ha BULWMIA piBeHb abcTpakuii (PEC, 2002). o onepalji noajny BAAOTbCA B YCiX BUMAAKaX, KOM BUHUKAE 3aBAaHHA Ornsay,
cucTemaTmsauii NeBHOro marepiany, BM3Ha4YeHHA MOCANIAOBHOCTI 3aniaHOBaHMX Ai (Boiwsunno & ferrapés, 2001). Mogain
NMOHATTA € HeobXigHMM eNeMeHTOM HaMBaXK/MBIWOI i LWMPOKO BMKOPWUCTOBYBAHOI Yy Hayui Ni3HaBanbHOI npouegypy —
Knacuoikauii. Nepexig, Big WiOro f,0 YaCTUH NPOACHIOE CKNa4 NpeaMeTa, YTOYHIOE Ta KOHKPETU3YE KiflbKiCTb Ta AKICTb e/1eMEHTIB.
Mepexig, Bif 4acTMHK 10 Linoro € opMoto NPUMHONKEHHA 3HAHb 33 LONOMOTOH0 YABAOBAHOIO BBEAEHHA NpeameTa, MUCIMMOTO
Y BUXiZHOMY MOHATTI, y B3AEMOZj0 3 NpeAMeTamMmu, NPUHLMMNOBO iHLWMMM NOPIBHAHO 3 HUM 33 GYHKLIOHANbHUM NPU3HAYEHHAM
(Tutos, 2003).

MpointocTpyemo 3acTocyBaHHA NPONOHOBAHOI MUCAEHHEBOI TAaKTUKM Ha NPUKAaAax.

Mpuknag, 1. CTpyKTYpyBaTU CMUCNIOBMUI 3MICT TEPMiHA KMaTEMATUKAY.

MU LinKoM 3rogHi 3 LYMKOI aBTOPIB KNACUMYHOI NONYyNApHOT KHUMM «LLlo Take maTtemaTuKka?» P. KypaHta i . Po66iHca
npo Te, Wo i gna daxisLis, i anA ntobutenis He dpinocodisa, a came akTUBHI 3aHATTA CAMOi MAaTEMATUKM 3MOXKYTb AaTW BignoBiab
Ha 3anuTaHHA: WO Take matemaTKa?» (Courant & Robbins, 1996). MpoTe y HaBYaNbHUX LiNAX MW B3AAM Ha cebe cminmBicTb
CTPYKTYPYBaTU CMUC/IOBUI 3MICT TEPMiHA « MaTeMaTUKa».

Jotenep pogoBuaoBe BU3HAYEHHA MATEMATMKM He BUPOD/eHO. byab-aki GopmyntoBaHHA avLIe MOACHIOKTb CMUC/
Lboro TepmiHa. Mu obmexmmoca HaBefeHHAM OAHOrO, WO Hanexutb ®. EHrenbcy: matemaTMKa — HayKa NpPO KinbKicHi
CNiBBIAHOLEHHSA | NPOCTOPOBI popMu AiicHOTO CBITY.

BrBenemo onopHi c10Ba CMUCAIOBOIO 3MiCTYy TEPMiHA «MaTeMaTUKa».

1. Pe3synbTaT y3arasbHEHHA: HANBAMKYMI pig, —«HayKa». MpuKnag, iHWoro BUAOBOIO NOHATTA Lboro poay — ¢ismKa.

2. Pe3ynbTaT TaKCOHOMIYHOTO MOZiNY: 33 MiACTaBOK MOAJNY «XapaKTep Ujineil AocnigsKeHHa» (gianasoH ii npossy
MICTUTb [1Ba 3HAYEHHA — LN TEOPETUYHOrO XapakTepy; LiNi MPUKNALHOTO XxapakTepy) B 06CA3i NOHATTA «MaTeMaTUKU»
BMOKPEM/IIOIOTb TEOPETUYHY MAaTEMATUKY | NPUKAAAHY MAaTEMATUKY.

3. Pe3synbTaT MmepeosioriYHOro noginy: 3a NiAcTaBok «npeamMeT AO0CNIAXKEHHA» MaTeMaTUKa AK HAayKOBa AMCUMNAIHA,
3rigHo MaTemMaTu4yHOl nNpegMeTHO Knacudikauieto, mictutb 63 posginv. Mepwi pagku y uwit Knacudikayii nocigatotb
«MaTemaTnyHa norika Ta ocHosu», «KombiHaTopuKa», «Teopis uncen» Tow,o (MSC2020).
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4. MepeonorivyHa iHTerpaLia: MaTemaTuKa HaJIeXUTb [0 CYKYNHOCTI GopmasibHUX HayK (06’€KT IXHbOro AOCNIAKEHHA —
dopmanbHi cuctemu). MpUKNaa HayKK 3 L€l CyKynHOCTI — floriKa.

5. OcHoBHa GYHKLIA MaTeMaTUKM: 3abe3neyeHHs iHWNX HayK YHIBEPCAbHOK MOBOHO.

IHTeNeKT-KapTa Ha puc. 5 306parkye LWyKaHy CTPYKTypy. BapTo 3a3HauMTi, WO Le OAMH i3 MOX/AMBUX BapiaHTIB
CTPYKTYPYBaHHA CMMCNOBOIO 3MiCTy TEPMiHa «MaTeMaTUKaY.
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\\_ CHOERS IR YHIEECAABHOH MDEOH

Puc. 5. CTpyKTypa CMMCNOBOro 3mMiCTy TepMiHa « MaTemaTuKka»

Mpuknag, 2. CTPyKTYpyBaTU CMUCIOBUI 3MICT TEPMiHA « pOBOTOTEXHIKAY.

3riAiHO 3 MidKHApoAHUM cTaHAapTom SO, poboToTexHIKA — Lie HayKa i NPaKTMKa NPOEKTYBAHHA, BUPOOHMLTBA i
3acTocyBaHHA poboris (ISO 7373-21).

BuBeemo OnopHi c1oBa CMUCIOBOTO 3MICTy TEPMiHA « POBOTOTEXHIKa».

1. Pe3synbTaT y3ara/bHEHHA: pPOAOBE MOHATTA «HAyKa». [1puMKAag iHWOro BMAOBOrO MNOHATTA LbOro0 poay —
eNeKTPOTEXHIKa.

2. Pe3ynbTaT TAaKCOHOMIYHOrO NoAiny: 3a NiACcTaBolo NoAiny «cdepa 3acTtocyBaHHA» (Ajianas3oH 1i NposBy MiCTUTL ABa
3HAYEHHA — MPOMMUCOBICTb i cepBic) B 06CA3i NOHATTA «POHOTOTEXHIKa» BUOKPEMIIIOOTL MPOMMUCIOBY POBOTOTEXHIKY i CepBicHY
poboToTexHiky (ISO 7373-21).

3. Pe3ynbTaT MepPeosoriyHoro noainy: poboToTEXHIKA € MIXKAMCUMNAIHAPHOK HAYKOIO, L0 BUHUKAA Ha CTUKY TPbOX
OUCUMNNIH — eNeKTPUYHOI iHXKeHepi, MexaHiuyHOi iHXeHepil | Komn'loTepHUx Hayk (Birk, 2011).

4. MepeonoriyHa iHTerpauia: poboToTexHika € rany3sio cepegHboro mawnHobyaysaHHA. MpuKknag, iHWoi ranysi 3 wiel
HagcucTeMy — BepCTaTobyyBaHHA.

5. OCHOBHI QYHKLT pOBOTOTEXHIKM: NPOEKTYBAHHSA, BUPOBHMUTBO i 3acTOCyBaHHA poboTis.

IHTEeNEeKT-KapTa Ha puc. 6 BigobpPaXKae LWyKaHy CTPYKTYypYy. BapTo 3a3HauMTH, WO Ue OAMH i3 MOX/IMBUX BapiaHTIB
CTPYKTYPYBaAHHA CMUC/IOBOIO 3MiCTy TePMiHa « pobOTOTEXHIKa».

HanBanmyni pia?

Hayka FAsKTpOTERHING
,/-.f H POBOTOTEXHINH? MponucaoBa
) /f:f"_ 53 ChEpoR JacToCyEaREA b, LEpEiCHA
.4:5/ MexaHiyHa iHkeHepia

A radysi noeanye podoToremina? | EASKTPUHa IHKEHEDIA

POBOTOTEXHIKA }.__ Komn'lTepHi Hayku
1

T Vo
\ o
'{\\ i st nanes ,  Gepeae
R HENOANNYS HIACHCTEMD MaWHHOBYAYEAHHR Bepcrarodyysansa

“ ) Pospobua, CTEOpeHHS,
EKCMAYATALIR poBoTiE

Puc. 6. CTpyKTypa CMUC/I0BOro 3micTy TepmiHa « po6oTOTeXHiKa»

OBrOBOPEHHA

PO3rnsHYTY TaKTUKY MMC/IEHHEBOrO 3aCBONOBAHHA TepMiHiB ¢axosoi mosu 6yno 3anponoHosaHo y 2021/22
HaB4YanbHOMY poui 19 maricTpaHTam YOTMPLOX cheuianbHocTel: 022 — [um3aiiH B Akagemii cydacHoro mucteutsa (M. Kuis);
275.02 — TpaHCNopTHi TexHoAorii (Ha 3ani3HMYHOMY TpaHcnopTi), 275.03 — TpaHCNOpTHI TexHoAorii (Ha aBTOMO6iNbHOMY
TpaHcnopTi) y CxiAHOYKpaiHCbKOMY HaLioHanbHoMy yHiBepcuTeTi (M. CeBepogoHeubk); 014 — CepepgHa ocsiTa (Tpyaose
HaBYaHHA Ta TexHosorii) y [NyxiBCbKOMY HauioHasbHOMY MeaaroriyHoMmy yHiBepcuTeTi. ABTopu cTaTTi ByaM KepiBHMKamMM
MaricTepcbKuX AncepTaLiii CTYAEHTIB, AKi B3AAM y4acTb B OLiHIOBaHHI MPUAATHOCTI NPONOHOBaHOI MUCAEHHEBOT TAKTUKM.

MarictpaHtn 6ynm 3abesneyeHi METOANYHUMM peKomeHAauisMU «TpUIMoM NOTiYHOro BNOPAAKYBAaHHSA CMUCIOBOIMO
3MiCTY TepmiHa», AKi MiCTUAN HeobXigHI TeopeTMYHi BiZOMOCTI WoA0 cneundikM BiLHOLWEHb MiXK NOHATTAMWU «pig, — BULY i
«Ljine — 4acTMHa», CyTHOCTI, CTPYKTYpY i NPaBuA BUKOHAHHA NOMYHMX OMnepaLiii 3 NOHATTAM: y3aralbHeHHA, TAaKCOHOMIYHOTO i
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MepeooriyHoro NoAinis, MmepeosoriyHoi iHTerpau;i. s noriyHMX onepau,iii y3arasbHeHHA NOHATTA | TAKCOHOMIYHOTO noAiny bys
onucaHwi ixHi npoueaypHuii cknag 3a Jl. CupotkiHoto-Mpumak (2011). MeToguuHi pekoMmeHaaLii MicTUAN aecATb 3paskis
CTPYKTYPYBaAHHA CMMC/IOBOrO 3MICTy TEPMIHIB i3 rasy3ei 3HaHb BIAMOBIAHO A0 3a3HAYeHWUX cneuianbHOCTEN. MPaKTUYHO BCi
MaricTpaHTM BUKOHa/M 3anponoHoBaHe 3aBAaHHA. MpoTe nicia nepwoi cnpobu CTPYKTYPYBaHHA CMUCIOBOTO 3MICTy BUOPaHMX
HUMM TEPMIHIB CTBOPEHI IHTENEKT-KAPTW PACHINN 3MICTOBHUMM | NOFIYHUMM MOMUAKaMKU. HaBeaeMO HaliNowWwmpeHiLli 3 HUX.

1. 3MilWaHHA BigHOWEHb MiX MOHATTAMM «pifg — BUAY | «Ljiie — YacTUHa» i, AK HACMIAOK, 3MilLAHHA TAKCOHOMIYHOTO i
MepeoNoriYHoro noajnis.

2. HenpaswnbHuii BUGIp HalbamKyoro pody y 38’A3KYy 3 BUKOPUCTAHHAM He C/NOBHMKOBOI AediHiuil, a onucy abo
XapaKTEePUCTUKM, 3HANAEHMX Yy BUNALKOBMX AXKepenax iHbopmauii, nepesBarkHo y Bikineaji.

3. «CTpnbOK» y pasi BUKOHAHHSA y3arajbHEHHA NOHATTA.

4. BiacyTHICTb BKa3iBKM Ha niacrasy noainy.

5. HenoBHMI1 nogin NoHATTA.

6. «CTPUBOK» y pasi BUKOHAHHA MepPeOoIoriYHOI iHTerpaLii.

Kepytoumcb Bigomum sucnosom ®. EHresbca «MalCTEPHICTb OMepyBaTU NOHATTAMM HE € BPOAMKEHOW | He Aa€eTbeA
pPa3oM i3 MOBCAKAEHHOI CBIAOMICTIO», MU TepnaAaYe MOACHIOBAM HAWMM NIANErIMM CYTHICTb AONYLLEHUX NOMMUAOK. | Bxe
3 ApYroro TepmMiHa pe3ynbTaTu CTPYKTYPYyBaHHA MOro CMMC/AOBOrO 3MIiCTy 3HA4yHO noninwysanuca. lMpakTtuka gosena, wo
CTPYKTYPYBaAHHA CMWUCNOBUX 3MICTiB N'ATU TEPMIHIB — Le TON HeobXiaAHMI MiHIMyM, abu «CXOMUTMY» CYTHICTb MPONOHOBAHOI
TAKTMKW. 332 HALLMMM CMOCTEPEKEHHAMM, AKLLO NPUAOMM JIOTIMHOTO MUC/IEHHA BUCTYNAtOTb 06’ EKTOM CreLiaibHOro GopmMyBaHHs,
TO y Cy6’€eKTiB y4iHHA NOCTAE YCBIAOM/IEHE NIOFIYHE MUC/IEHHSA, BOHWU B/IOB/IIOIOTb ONEepaLiiMHUiA CKNaz 3aCTOCOBYBAHWUX NOMYHUX
onepaw,ii i BUBOAATb iX HA MOBJIEHHEBU PiBEHb BONOAIHHA.

Pe3ynbTaTi aHani3y iHTENEKT-KapT, BAKOHAHUX HALWMMW MaricTpaHTamM, CBigYaTb NPO AOCATHEHHA HUMW KOTHITUBHOIO
PiBHA PO3yMiHHA 3acBOOBaHWX TepMiHiB. 3a Tunonorieto I. boriHa, KOTHITUBHWIA piBEHb PO3YMiIHHA CTBOPIOE YMOBM [ANA
onepyBaHHA He TiIbKW 3HAYEHHAMM, ane i CMUCNaMM, ONTUMI3YIOYM 3aBAAKK LibOMy npouec 3006yTTa 3HaHb (bormH, 2001). Ha
HaLWy AYMKY, e € NePeKOHAMBUM apryMeHTOM Ha KOPUCTb AOLIIbHOCTI BUKOPUCTAHHA MPOMNOHOBAHOT MUCNEHHEBOI TAaKTUKKN B
OCBITHbOMY NpoLLeci.

MepcnekTMBy NoAanbluMX AOCNIAKEHb BOHAYAEMO Yy PO3PO6LI METOAUYHUX pekomMeHAdauilh i3 GOopMyBaHHA YMiHb
iHTeNneKTyanbHoi pedaeKcii MeToL0M NOCTaBNEHHA 3anNUTaHb.
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AHOTALIA

ABSTRACT

®opmy po6; HasyaHHa malibymHix e4umenie Mamemamuxu

nompebye sucokuli pieeHb 8i3yanizauii Hag4anbHo20 mamepiany. IHMezpayis
duHamidHoz0 cepedosuuja GeoGebra y Hag4yanbHUl npoyec moxe ornomozmu
MOKPAUWUMU HABUYKU Ma 3HAHHA cmydeHmis, @ MaKox nidsuwumu piseHs
BUKAAOAHHS 018 O0CA2HEHHSA BaMaHUX yinel HaBYAHHS.

Mamepianu i memodu. Y xo00i pobomu 8uKOpUCMOBY8AAUCH HACMYIHI
memoou: meopemuyHi (aHani3 Haykogo-memoduyHoi nimepamypu  0nA
docnidnceHHA cmaHy npobaemu 3acmocye8aHHsA 3acobie eizyanizayii memodamu
Kommn’tomepHoi mMamemamuku); emnipu4Hi (cnocmepexceHHs ma
cucmemamusayis iHcmpymeHmie GeoGebra Ha naekyiliHux | mpakmuyHux
3aHAMMAx oucyunai «/liHilina anzebpa» ma «[ugeperuianeHa zeomempis i
mononoeif»). MokasaHo, Ak 3a dornomoeoto GeoGebra moxHa 6ydysamu ma
docnidxicysamu npocmoposi ma naocKi Kpusi; 8ukoHysamu Oii HA0 Mampuyamu.

Pesyabmamu. Po32naHymo 0cobausocmi 8UKOPUCMAHHA G8MOPCLKUX
ansemie ma iHwux po3pobok GeoGebra nid yac 8uKAAOAHHA OucyunaiH
dugpepeHyianeHa 2eomempia ma siHiliHa anzebpa y npoueci nMid2omosKu
malibymHix e4yumesnie MamemMamuKu, 30KPemMa OMUCAHO MOMAUBOCMI
3acmocysaHHA 0aHO20 [HcmpymeHma 074 00cniOxceHHA enacmusocmel
IpOCMOPOBUX KpUBUX | (hOPMY8AHHA MPAKMUYHUX 6MiHb ma HABUYOK
BUKOHAHHA onepayili HA0 MAMPUYAMU, 3HGXOO0HEHHA 0BepHEeHUX Mampuyb.
BuceimneHo nepeeazu ma HedosiKu 8UKOpUCMAaHHA cepedosuuja GeoGebra e
ocsimHboMy npoyeci 3 niHiliHoi anzebpu ma dugepeHyianeHoi eceomempii.

BucHo8Ku. B cy4acHomy ceimi ernposadiceHHsA iHGopmayiliHux mexHosnoeili 8
oceimHili npoyec € HeobXiOHOK KOMIOHEHMOIO YCriWHO20 30CB0EHHA HABYAbHUX
ducyunaiv 3 mamemamuku. OOHIEID 3 MOMYMHUX CUCMEeM KOMI lomepHoi
mMamemamuku 0715 OUHaMI4HOI 8i3yanizauii, po3paxyHkis nid Yac po3e’A3ys8aHHs
30004, 06pobku OaHUx ma HayKo8o-00cniOHUYbKOI pobomu € cepedosuuje
GeoGebra. B pobomi Ha npuknadi OKpemux Mamemamuy4Hux OuCYuniH
MOKA3aHO nepesaau 8UKOPUCMAHHA OAHOI cucmemu 8 0C8iMHbLOMY nPoyeci.

Formulation of the problem. The training of pre-service mathematics
teachers requires a high level of visualization of educational material.
Integrating a dynamic learning environment GeoGebra can help improve
students' skills and knowledge, as well as improve the level of teaching to
achieve desired learning goals.

Materials and methods The following methods were used in the
course of work: theoretical (analysis of scientific and methodological
literature to study the state of the problem of using visualization tools by
computer mathematics); empirical (observation and systematization of
GeoGebra tools in lectures and practical classes of the disciplines "Linear
Algebra" and "Differential Geometry and Topology"). It illustrated how
one can build and explore space and plane curves with GeoGebra as well
as manipulate matrices.

Results. This work studies peculiarity of using custom applets and
other GeoGebra activities in the process of teaching differential geometry
and linear algebra as a part of the pre-service mathematics teachers’
training curriculum. In particular, it describes the affordances of this tool
for studying the space curves and forming matrices operations, and
finding inverse matrices skills. The advantages and disadvantages of using
the GeoGebra environment in the process of teaching linear algebra and
differential geometry are highlighted.

Conclusions. In today's world, the introduction of information
technology in the educational process is a necessary component of the
successful mastering of mathematics. GeoGebra is one of the powerful
systems of computer mathematics used for dynamic visualization,
problem-solving calculations, data processing, and research. This work
uses some of the mathematical disciplines to illustrate the benefits of
using GeoGebra in the educational process.

K/ItOHOBI CJ/IOBA: iHgpopmayiliHi mexHonoeii; GeoGebra; OuHamiyHa
MamemMamuka; 8i3yanizayis; ougepeHyiansHa eeomempis; niHiliHa anzebpa.

KEYWORDS: information technologies; GeoGebra; dynamic mathematics;
visualization; differential geometry; linear algebra.

INTRODUCTION
Formulation of the problem. The constant development of information technology contributes to the expansion of

opportunities for receiving, storing, processing, and transmitting the information. Given the need to improve the system of higher
education, the use of modern information technologies (IT) is a powerful factor in improving the efficiency of education and the
training of qualified professionals. In particular, during the training of pre-service teachers of mathematics, the use of IT opens
new opportunities to not only increase the quality of learning material and the formation of practical skills but also to develop
general and professional competencies and increase motivation to learn. Technologies of visualization of educational material,
in particular, the dynamic mathematical environment GeoGebra with its wide range of functionalities and uses in education hold
a special place among modern learning technologies.
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Analysis of current research. Several findings by national and foreign scientists are devoted to the importance of
introducing digital communication technologies into the process of education. These are works by Alieksieiev O. M., Biliai Yu. P.,
Biloshapka N. M., Bykov V. Yu., CherniavskyiB.V., Drushliak M. H., Fedorenko O. H., HaletskyiS. M., Herasymenkol.V.,
Karandina S. I., Kovalchuk M. O., Kruhlyk V. S., Letsiuk I. Z., Lytvynova S. H., Mashbyts E. I., Medvedieva M. O., Mitieniev Yu. A.,
Mykytenko A. P., Myroshnichenko Yu. B., Nechypurenko P. P., Petrenko S. ., Rashevska N. V., Semenikhina O.V., ShrolT.S,,
Shylina H. A., Slovak K. I., Snihur O. M., Spirin O. M., Spivakovskyi O. V., Tkachuk H. V., Tkachuk V. V., TryusYu.V., Tsys O. O.,
Zhuk Yu. O., and others.

Various aspects of the introduction of visualization in the educational process are widely considered in their research
by domestic and foreign scientists, in particular Argul A., Bezuhlyi D., Bilousova L. I., Briantseva V. H., Brucker B., Drushlyak M. G.,
Gerjets P., Hurevych R. S., Imber V. |., Semenikhina O. V., Shaiter K., Yamet I., and others.

Bezuhlyi D. notes that the visualization of information is a very important component of the didactic process (Bezuhlyi,
2014). Cognitive-visual approaches allow to not only present a large amount of information in a concise form but also promote
more productive learning activities, enhance cognitive interest and development of associative thinking, transfer methods of
information processing to various objects and spheres of society.

Brucker B., Scheiter K., and Gerjets P. who compared the effectiveness of dynamic visualization with static visualization
note that students who were offered teaching material in the form of dynamic visualization understood it better than those who
were presented with static visualization (Brucker et al., 2014).

Argul A. and Yamet |. explain the expediency of using visualization tools in the educational process and the need to
combine the representation of dynamic visualization with static (Arguel & Jamet, 2009).

Several findings are devoted to the peculiarities of introducing GeoGebra into the process of education: research by
Drushlyak M. G., Hrybyuk O. O., Ishchenko H.V., LukashovaT.D., PolishchukT.V., Semenikhina O.V., SkaskivL.V.,
Voznosymenko D. A., Yaremenko Yu. V., Yunchyk V. L. and others. Polishchuk T. V., who studied GeoGebra’s affordances for
mathematical analysis problems, said that the use of the environment allows for optimization of the learning process, conducting
individual work, improving learning, enhancing cognitive activity, and promoting the formation of algorithmic thinking in pre-
service teachers of mathematics, creating an opportunity to demonstrate the results of their educational activities, and most
importantly, increasing students' interest in basic science by allowing visualization of the use of mathematical apparatus to solve
applied problems (Polishchuk, 2019).

Drushlyak M. G., Lukashova T. D., Skaskiv L. V. confirmed the effectiveness of solving graph theory problems using
GeoGebra, noting that the use of GeoGebra allows to not only to solve typical problems of the course but also to connect each
problem with real-life situations through visualization (Drushlyak et al., 2019).

A significant amount of research is devoted to the use of GeoGebra in the teaching of algebra and geometry in general
secondary education, as well as the teaching of certain mathematical disciplines in higher education, but the use of GeoGebra in
teaching mathematics in the training of pre-service mathematics teachers is not sufficiently covered in the scientific literature.
Therefore, it needs to be further researched.

Purpose of the article. Explore the affordances and reasons for using GeoGebra in the process of teaching about the
elements of algebra and geometry in higher education institutions.

METHODS OF THE RESEARCH

The following methods were used in the research process: theoretical (analysis of scientific and methodological
literature to investigate the problem of visualization of educational material in mathematics, comparison and synthesis of
theoretical positions), empirical (observation and implementation of tools of dynamic system GeoGebra in teaching of certain
mathematical disciplines in high school, generalization of pedagogical experience).

RESEARCH RESULTS AND DISCUSSION

During the process of training pre-service teachers of mathematics, modern teaching means are used in several ways:
to visualize educational material; to assist with self-study of educational material by students; to organize the evaluation of
students' learning outcomes; for teacher-student interaction in cases where full-time learning is impossible or difficult; as
simulators for practicing practical skills.

There is an increasing need to use modern teaching means in teaching mathematics to students of pedagogical
universities. This is due to several factors:

1. The need to motivate students to study mathematical disciplines.

2. Reduction of classroom hours for the study of the discipline, while the program learning outcomes remain

unchanged and there is a need to intensify the learning process.

3. Low level of the students’ basic knowledge.

4. The need to visualize educational material.

One of the modern and multifunctional means of visualization of educational material in the teaching of fundamental
mathematical disciplines in pedagogical universities is the free of charge dynamic mathematical environment GeoGebra.
GeoGebra can be used to understand certain mathematical concepts, to help solve problems, and check their solutions.

As noted by scientist Semenikhina O. V. there are several ways of using the cloud service GeoGebra in teaching pre-
service teachers of natural sciences and mathematics to introduce visualized mathematical content: as an environment to
organize both analytical and empirical solutions to the problems in the process of determining individual characteristics of
mathematical objects and as an environment for at-home computer experiments (Semenikhina et al., 2019).

The GeoGebra environment can be successfully used to visualize educational material in the process of studying
geometry and topology. Commonly, when studying differential geometry, students use known formulas and equations,
successfully calculate the values of its differential-geometric invariants for a given curve (plane), find the equations of related
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lines and planes, but do not make a connection to the shape of the curve (or plane). Such a formal approach to the training of
pre-service mathematics teachers may further negatively affect their professional activities. The GeoGebra environment, due to
its extensive functionality, can help solve this problem.

During the lecture on the content module "Space curves", GeoGebra can be used to set space curves and points that
belong to them. Space curves in differential geometry are often set parametrically:

x=x(t), y=y(t), z=z(t)

or as one vector equation

F(t)=(x(t). y(t), (1))

This method is best used for setting up and recognizing GeoGebra. In the application GeoGebra 3D this is done by the
command Curve (<Expression>, <Expression>, <Expression>, <Parameter Variable>, <Start Value>, <End Value>). On the example
of a regular (cylindrical) helix, consider the image of a curve, the equation of which includes the letter coefficients (a and b). To
do this, the command Curve (a*cos(t), a*sin(t), b*t, t, -10, 10) is used. After pressing the Enter key on the keyboard and in the
GeoGebra 3D system, sliders for the coefficients a and b will automatically appear (Fig. 1.). As they are changed, one gets a real-
time illustration of how changing one numerical coefficient at a fixed other affects the curve image (as changing the parameter
a changes the radius of the cylinder containing the helix, while changing the parameter b — changes its pitch). One can also
investigate some exceptional cases (for example, when one of the coefficients is zero). In addition, by clicking on the Play icon
next to each parameter and adjusting the playback speed, one can observe the dynamic movement of the formation of the helix
while changing both coefficients. Furthermore, the increase in the rate of change of the parameter t will increase the number of

turns of the helix.
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Fig. 1. Image of a helix

It is also possible to build closed space curves in the system that contain a self-intersection point, such as Viviani’s curve
(Fig. 2.). To do this, GeoGebra 3D uses the command Curve (a/2 (1+ cos (t)), a/2 sin(t), a*sin (t/2), t, -2pi, 2pi)
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Fig. 2. Image of the Viviani’s curve

The image of space curves is not the only possible cause of difficulties for students. Many lines on the plane are also of
great interest for research in applied aspects of mathematics and can be constructed using GeoGebra media (Drushliak &
Semenikhina, 2021). They are cycloid, epitrochoid, Fermat’s spiral, deltoid, etc. The study of such curves can be offered to
students as extracurricular work to be performed in the form of individual research work using the GeoGebra system. The subject
of research can be the history of their discovery, practical application, and finding further characteristics of these curves.

The GeoGebra system can be used to visualize the training material used during practical classes. Integrating innovative
teaching methods using IT can be extremely effective for teaching Linear Algebra or Analytical Geometry and Linear Algebra, as
it helps activate students’ learning. (Makhometa et al., 2018). For example, a series of applets "Actions on matrices" allows
students to practice multiplication of a matrix by a number, adding matrices, and multiplying matrices during a practical lesson
in the discipline "Linear Algebra". Methodological features of using a series of developed applets during a practical lesson on
linear algebra were studied.

At the stage of actualization of basic knowledge, with the help of, for example, a face-to-face interview, students are
reminded of the rules of operations on matrices. After that, the teacher displays the first applet with an animation video of the
rule of multiplication of matrices on the screen or multimedia projector (Fig. 3). No such animations to demonstrate other
operations have not been developed, as other operations usually do not cause difficulties for students.
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Fig. 3. The activity of GeoGebra with an animation video of the rule of multiplication

The formation of practical skills takes place with the help of applets that display actions on matrices with elements that
are randomly selected by the program (-10 to 10), the refresh button, which sets new random elements of matrices, the button
that displays the result (Fig. 4.). First, students solve the problems they see on the screen or the multimedia board, and then, by
clicking on the result button, they check their answers. If the answer is incorrect, the students look for the mistake on their own.
The teacher helps each student who has questions in the process.
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Fig. 4. The task in the GeoGebra software

Access to a series of applets is provided to students at the end of the lesson so that students can improve their skills
and abilities to perform operations on matrices at home.

In the formation of practical skills and abilities to find inverse matrices the applet "Inverse matrix Gauss-Jordan" can be
successfully used (Fig. 5.). This applet involves finding the inverse matrix to the matrix provided by employing elementary
transformations. The user can choose the size of the matrix to which they find the inverted one and then fill in the appropriate
cells of the matrix element. After clicking the arrows in the applet window, the steps of obtaining the inverse matrix to the
specified one are visualized so that the user sees both the result and the operations performed on the rows.

® Dimension
3

Fig. 5. Using the GeoGebra system to find inverse matrices
Source: https://www.geogebra.org/m/jyZZkaAw

Developing the practical skill of finding inverse matrices using this applet helps save time due to the lack of need to
perform routine calculations, which, in turn, eliminates errors and incorrect answers.

GeoGebra environment can be used successfully to visualize educational material during teaching and other
mathematical disciplines: mathematical analysis (Dereza & Ivanova, 2018), complex analysis (Polishchuk, 2021), elementary
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mathematics (Kramarenko, 2019), graph theory (Drushlyak et al., 2019), analytical geometry (Drushlyak et al., 2020),
mathematical foundations of computer science (Hrybiuk & Yunchyk, 2016), etc.

There are many benefits to using GeoGebra in teaching pre-service math teachers. In particular:

— allowing to visualize spatial models, stages of solving problems;

— promoting the individualization and differentiation of learning;

— contributing to the improvement of professional skills of pre-service teachers of mathematics by forming in pre-
service teachers of mathematics information culture and skills in the use of computer technology and mathematical software
products;

—intensifying educational and cognitive activities;

—integrating GeoGebra applets into electronic manuals and textbooks, or electronic educational and methodological
complexes.

However, using the GeoGebra system has its disadvantages:

—the need for tools to work with the Geogebra service, as well as, possibly, an Internet connection;

—insufficient level of computer literacy and methodological preparation for practical work using GeoGebra;

— misuse of the system by the students, which can lead to poor learning of educational material.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The quality of the educational process significantly increases with the use of information technologies, in particular, the
system of dynamic mathematics GeoGebra. This system becomes an effective tool in the visualization of educational material in
the study of mathematical disciplines and helps improve the quality of knowledge of pre-service teachers of mathematics,
intensification of educational and cognitive activities, and the formation of skills to acquire knowledge independently. As for the
future research directions, they are the development of custom GeoGebra applets and compiling the methodology of teaching
employing these tools in the process of training pre-service teachers of mathematics.
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ABSTRACT

PopmyntoeaHHa npobaemu. Po3eumok iH@opmayiliHux mexHonoail i
3acobie 3ymosus Mossy Cheyiani3oeaHo20 npPozpamHo20 3abesnevyeHHsA
MAmMeMamuyHo20  CrPAMYBAHHA, 8 AKOMY €  MOXIUBUM  npoyec
MamemMamuyH020 MOOEIOBAHHA Pi3HUX KNGCI8 MamemMamu4Hux 3a0ay, y m.4.
Ui mekcmosux. [l[pome aHasni3 HAyKOB0-MemoOUYHUX Po38i0OK 3aceidyue
8idcymHicmb HANPaybo8aHUXx MemooukK popMy8aHHaA y MalibymHix yyumesnis
MAmeMamuKu — HGBUYOK  KOMM'IOMepHO20  MOOEeto8AHHA Yy  npoueci
p0O38°A3y8aAHHA MeKCmMo8ux 3a0ay.

Mamepianu i memodu. Bukopucma+o meopemuyHi (meopemuyHuli aHai3,
cucmemamusayia ma y3a207bHEHHA pe3ynbmamie HayKosux po3si0oK OnA
8uAB/EHHA cmaHy po3pobseHocmi npobnemu, 06rpyHmMyeaHHa i akmyansHocmi
8 yMo8ax rpogeciliHoi Ni020mosKu 84UMenie MamemamuKu; MoOento8aHHsA 071
meopemuyHo20 O0bIrPyHMYBAHHA MemOoOUKU (OPMYBAHHA Y MalibymHix
yyumesie MamemMamuKu HABUYOK KOMI'IOMepHO20 MOOento8aHHs y npoyeci
p036’A3y8aHHA MeKcmosux 3a0a4), eMnipudHi (nedazozivyHul ekcriepumeHm 005
OMPUMAHHA eMNIPUYHUX Pe3yabmamie ynposadxeHHA asmopceKoi MemoduKu)
ma cmamucmuyHi  (cmamucmuyHul  aHaniz  (Kpumepili  3Hakie) Ons
niomeepoxeHHA edekmusHocmi po3pobseHoi mMemoOuKu opmyeaHHA y
malibymHix yyumesie MaGmemMamuKu Ha8U4OK KOMIN'tomepHO20 MOOet08AHHA Y
npoyeci po3e’a3yeaHHs mekcmogux 3aday) memodu.

Pesynemamu. Po3pobneHa memoduka hopMysaHHA y malibymHix
y4yumesnie MamemamuKu HaB8U4YOK KOMM'tomepHo20 MoOes08aHHA Y npoyeci
po3e’a3ysaHHA meKcmosux nepedbavyae mpu Kpoku: 1 Kpok — suknadayem
MPONOHYEMbCA NPUKAA0 8i3yanbHoi modeni mekcmosoi 3adayi, a cmydeHmu
npu yboMy Mailome camocmiliHo ckaacmu anzopumm rnobydosu modesni;
2 KpOK — 8UK1a0aY NPOnoHye HAOA€e 20mosuli an2opumm, 3a AKUM cmydeHmu
camocmiliHo g8idmeopioroms  8i3yanbHy Moodenb;, 3 KpOK — cmydeHmam
MPOMOHYEMbCA MU MeKcmogoi 3adayi (3a0a4Ya Ha pyx, Ha crinbHy pobomy,
Ha cymiwi ma cnaaeu mowo), 8oHu nidbupaome 6idnNoesidHy 3ada4y ma
camocmiliHo KOHCMpyrMb 8i3yasnbHy Modesb.

BucHoeKu. Po3pobneHa MemoOuKa 30pieHMo8aHA He auwe Ha
¢opmysaHHa y  malibymHe020  84YUMeENA  HABUYOK  MOOEesH08AaHHSA
iHcmpymeHmamu GeoGebra, a (i 3a80sKu ponbosili epi Ha mpembsomy emani
CBO€i  peanizayii ymowauentoe yc8idOMaeHHA AK B87ACHUX MOMUSOK Y
malibymuili npogpecilinili disneHOCMi, MaK i MuUMNOBUX MOMUAOK Y4Hie, AKi

moxcuei 'y npoueci nobydosu modeneli 0o mexkcmosux —3a0ay.
lMepcneKMusHUMU — HOYKOBUMU — pO38iOKaMU  86aYAEMbCA  MOWUPEHHSA
po3pobneHoi  mMemoOuku Ha  Ni020MOBKYy  84yumesnie  MPUPOOHUYUX

cneyianbHocmeli (6ionoeii, ximii, 2eoepacpii) ma nepesipky il epekmusHocmi Ha
6a3i iHWo20 cneyianizo8aHo20 NPozpamMHO20 3a6e3neyeHHs.

Formulation of the problem. The development of information
technologies and means has led to the emergence of specialized
mathematics software, in which the process of mathematical modeling of
various classes of math problems is possible. However, the analysis of
scientific and methodological research showed the lack of developed
methods of formation of pre-service mathematics teachers’ modeling
skills in the process of solving math problems.

Materials and methods. Theoretical (theoretical analysis,
systematization, and generalization of the results of scientific research to
identify the state of the problem, justify its relevance in the training of
mathematics teachers; modeling for theoretical justification of methods
of formation of pre-service mathematics teachers’ modeling skills in
solving math problems), empirical (pedagogical experiment to obtain
empirical results of the author's methodology) and statistical (statistical
analysis (sign test) to confirm the effectiveness of the developed
methodology of formation of pre-service mathematics teachers” modeling
skills in solving math problems).

Results. The developed methodology of formation of pre-service
mathematics teachers’ modeling skills in solving math problems involves
three steps: Step 1 — the teacher offers an example of a visual model of a
math problem, and students must independently compose an algorithm
for constructing a model; Step 2 — the teacher offers a ready-made
algorithm by which students independently reproduce the visual model;
Step 3 — students are offered a type of math task (a task for movement,
joint work, mixtures, and alloys, etc.), they select the appropriate task and
independently construct a visual model.

Conclusions. The developed methodology is focused not only on the
formation of pre-service teachers’ modeling skills by GeoGebra but also
on role-playing in the third stage of its implementation allowing
awareness of their own mistakes in future professional activities and
typical mistakes of students that are possible in constructing models.
Promising scientific research sees the spread of the developed
methodology for the training of teachers of natural specialties (biology,
chemistry, geography) and testing its effectiveness on the basis of other
specialized software.

K/IlO40BI ~ C/IOBA:  Komn'lomepHe  MOOeno8aHHA;,  MOOeso8aHHA
meKcmosux 3a0ay; MemoOuUKa (POPMYB8AHHA HABUYOK KOMIM'tomepHo20
MoOentosaHHA;  MalibymHi  eyumeni  mamemamuku;  npogeciliHa
niocomoeka; GeoGebra.

KEYWORDS: computer simulation; modeling of math problems;
methodology of formation of computer modeling skills; pre-service
mathematics teachers; professional training; GeoGebra.
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BCTYN

MNoctaHoBKa npo6nemu. CyyacHa HayKa OMepye PisHUMM MEeTodamM, cepen AKMX OAHWUM i3 HAWNOMyNAPHIWMX €
MogentoBaHHsA. Lleit meTon A03BONAE BiAINTY Bif ifeanbHOro yABAeHHA 06’ €KTa i BUKOPUCTOBYBATW MOro aHaNor, AKKI 36epirae
HaMBaXKNMBILWI XapaKTePUCTUKK, LLO A03BONAOTL FTOBOPUTM MPO BAACTMBOCTI 06’€KTA Nicns NEBHMX 3MiH abo BMNMBIB HA HLOTO.
P0O3BUTOK LUMPPOBMX TEXHONOTIN CNPUAB HE Ti/IbKM BiZPOAKEHHIO METOAY MOAENIOBAHHSA, a 1 NPU3BIB 40 NOABKU CneLiani3oBaHMX
KOMMN' IOTEPHMX CEPEeS0BULL, B AKUX CTA/IO MOMXK/IMBUM MOLENOBAHHSA PiI3HOMaHITHUX MaTeEMaTUYHUX 06’ EKTIB i NpoLLeciB Ha OCHOBI
KOHCTPYKTUBHOTO niaxoay. LLnpoke BUKOpUCTaHHA cMapTOOHIB i NnaHLWeTiB, AKi MatoTb A0CTYN A0 IHTepHeTy, 0bymoBuaM nossy
XMapHWUX CEPBICiB, AKi TaKOXK 4,03BONAIOTL MOAENOBATU 06’EKTU pi3HOI Npupoau. 3ragaHi cneujanizoBaHi 3acobu nepebysatoTb y
NoCTIKHOMY PO3BUTKY, @ TOMy npobsema GopmMyBaHHA HABUYOK KOMM HOTEPHOrO MOZE/IIOBAHHA Ha iX OCHOBI Y ManbYTHIX
YUUTENiB MAaTEMATUKM 3a/IMLLIAETLCA aKTyasIbHOLO.

AHani3 akTyanbHUX AoCNiAXKeHb. AHani3 Npobiemun GopmMmyBaHHA HaBMYOK KOMN'LOTEPHOTO MOAENOBAHHSA Y MakByTHix
yuuTenis CBiAYNUTb, WO 3 NOABOIO CheLiani3oBaHMX NPorpam MaTemaTUYHOro CNpAMYBAHHA 1i BUPILWEHHA 30cepeamioca He
CKiNIbKM Ha YCBIAOMNEHHI aNTOPUTMIB eleMeHTapPHUX NOBYA0B, CKiNbKM Ha BMiHHAX BUKOPUCTATX KOMN' FOTEPHUI IHCTPYMEeHTapii
Ta BMiHHAX Bi3ya/lbHOTO NOAaHHA pe3ynbTaTy. Ha ocTaHHbOMY, 30Kpema, HaronoweHo B poborTi /1. binoycosoi Ta H. *uteHboBOI
(2017).

Hapasi 3’aBnatoTbcA XxMapHi Bepcii BiaoMuX cepefosull, B AKUX NPeAcTaBfeHa MOM/AMBICTb MaTeMaTUYHOTO
MoAeNtoBaHHsA, 3o0kpema Sage MathCloud, Maple, Maple Net, MATLAB, MATLAB web-server, WebMathematica, Calculation
Laboratory Ta iH. (Merzlykin, Popel & Shokaliuk, 2017). [lo aaHoro nepeniky 4o4amo Takox xmapHi cepsicu CoCalc (Markova,
Semerikov & Popel, 2018) Ta GeoGebra (Botuzova, 2018; Hrybiuk, 2020).

Mpo AouiNbHICTL BUKOPUCTaHHA cnewianizoBaHoro M3 ana moaentoBaHHA MaTeMaATUYHUX O6’EKTIB HAro/OWYETLCA Y
poborTi (Sheng, 2014). BinbHe nowmMpeHHs i 4OCBIA BUKOpUCTaHHA GeoGebra (Bidyanisauia maTemaTUYHUX 06’€KTiB; opraHisauin
He nLe aHaNiTUYHOrO, ane i eMNipUYHOro NOLWYKY BiAMNOBiAj NPY BU3HAYEHHI OKPEMMUX XapPaKTEPUCTUK MAaTEMATUYHUX 06’ EKTIB;
opraHisauis AOMalHbOro KOMM IOTEPHOIO EKCNepMMEHTY) A03BOMIAITL Po3riadatm GeoGebra sk 3aci6 ans GopmyBaHHA y
MOJI04j YMiHb MOAENIOBATH.

dopmMyBaHHA HaBMYOK MOZENIOBAHHA OKPEMMMWM BYEHMMMU MOB'A3YETbCA 3 POPMYBAHHAM AOCNIAHULBKUX YMiHb
(Mikanosa & HoBakoBcbKa, 2007; binoycosa & HuteHboBa, 2017). B poboTax HayKOBL,iB HAaroNI0LWYETLCA HA BAXK/IMBOCTI HaBYaHHA
mosoai mogentosatn (Cekmez, 2020), po3BuBaTH B HEl KOHCTPYKTUBHI YMiHHA (poboTtu E. Mlakwi (2008), H. KoHoHeHKa (2010),
T IsaHiHoi (2010)).

BoaHouac aHani3 HayKoBO-METOAMYHMX Mpalp He BUSABMB YCTANEHUX LUNAXIB GOPMYBAHHA HAaBMYOK KOMMN'HOTEPHOTO
MOZE/IIOBAHHA Yy MaMlbyTHIX yuuTenis, WO W BW3HAYMIO METY HALIOro AOCANILKEHHA: TEOPETUYHO OBrpyHTYBaTHM I
€KCNeprMEHTaNbHO NEPEBIPUTU METOAMKY GOPMYBaHHA Yy MAMBYTHIX Yy4MTENiB MATEMATMKM HaBMYOK KOMM OTEPHOrO
MOZLe/IOBAHHA Y NPOLLECi PO3B’A3YBAaHHA TEKCTOBMUX 33au.

METOAU AOCNIAXKEHHA

[ BupilleHHA NocTaBieHol NPo61eMN BUKOPUCTAHO HU3KY TEOPETUYHMX | EMNIPUYHUX METO/AIB HaYKOBOTO NOLLYKY:

— TEOpPeTUYHUI aHani3, cMCTeMaTu3alif Ta y3ara/ibHeHHA pe3y/bTaTiB HayKOBMX PO3BILOK A/ BUABMEHHA CTaHy
po3pobneHocTi npobnemn, OBFPYHTYBaHHA 1i aKTyaNbHOCTI B ymoBax npodeciiHOi NiArOoTOBKM BYMTENiB MaTEeMaTUKW;
MOZLE/IIOBAHHA A/1A TEOPETUYHOrO OBOFPYHTYBaHHA METOAMKM GOPMYBAHHA Yy MaWbyTHIX yuuTenis MaTemaTMKM HaBMYOK
KOMMN’I0TEPHOTO MOZENOBAHHA Y NPOLLeCi PO3B’A3yBaHHA TEKCTOBMX 3343aY;

— neparoriyHNi ekcnepumMeHT 1A OTPUMAHHA eMNiPUYHUX Pe3y/bTaTiB yNpoBaAKeHHA aBTOPCbKOi METOAMKM;

— CTaTUCTUYHWIA aHani3 (KpUTepi 3HaKiB) Ans niaTBeparKeHHA eheKTUBHOCTI Po3pobaeHoi MeToanKn GopMyBaHHSA Y
ManbyTHIX yunTeNiB MaTeMaTUKM HaBUYOK KOMMN IOTEPHOTO MOAENIOBAHHA Y NPOLLeCi PO3B’'A3yBaHHA TEKCTOBMX 334a4.

PE3YNIbTATU AOCANIAKEHHA TA X OBFOBOPEHHA

ABTOpCbKa MeToAMKa GOpMYyBaHHA BMiHb MOZE/I0BATM TEKCTOBI 33/a4i NONATAE B HACTYMHOMY: BUKNaZay Ha XMapHOMY
cepsici https://www.geogebra.org/ 3HaiiomMWTb CTYAEHTIB i3 NPUKIAZAMM Bi3yasbHUX MOAEEN 10 TEKCTOBUX 33/au (CnpaLboBye
meToa, HeTHorpadii, puc.1). Mpy LbOMY KOPOTKO 3YyMUHAETbCA Ha TOMY, Y AKMI cnocib Taki nobyaoBu 3ailcHioBanuca
(Bupukopucrosysanuca Slider, Text, Button, Check Box). Micns uboro feMoHcTpye ogHy 3 onucaHux Nnobya0B y XMapHOMY CepBici
GeoGebra (puc. 2), a noTim NponoHye cTyaeHTam NponucaTv anropuTM HaBeAeHoi Nobyaosu (cnpauboBye NPobaeMHUIt meToa).

I ek HHH
WenakicTe | Yac pyxy Winax
Nepwnit 4 o | ?
Lpyrwi 3 ?
Bcworo 21
Nepluii Opyrdn Bewon
- - v
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(] pon v (" Hafetose
]

Puc. 1. 3apgaua Ha nponopuiitHe gineHHA
(aBsTop HaTtanis Kiwyk, https://www.geogebra.org/m/bhw6xbcp)
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MoTim BMKNAZA4y MPOMNOHYE CTyAeHTamM 3a ajropuTMOM (HAAAETbCA KOXMHOMY CTYAEHTY) BiATBOPUTM NobyaoBYy i
NPOAEMOHCTPYBATM OAEPKAHWUI pe3ynbTaT, 34INCHUTM aHaNi3 MOKINBUX MOMUIOK.

KopoTko meToauKy chif onucatu Tak:

1 KpOK — BMK/NaZayem NMPOMOHYETbCA MPUKAAL, Biya/lbHOI MOAENi TEKCTOBOI 3afayi, a CTYAEHTU MpU LLbOMY MatoTb
CaMOCTIMHO CKNaCcTM anroputm nobyaosu mogeni;

2 KPOK — BWK/IaJay NPOMOHYE HAZa€ rOTOBMI anroputm, 3a AKUM CTYAEHTU CaMOCTIMHO BiATBOPHOIOTL BisyasbHY
mogenb;

3 KpPOK — CTyZleHTaM NPONOHYETLCA TUN TEKCTOBOI 3a4aui (3a4a4a Ha pyx, Ha cnifibHYy pob0oTy, Ha CyMiLli Ta CNIaBu TOLLO),
BOHM Mig6vpatoTb BiANOBiAHY 3a4a4y Ta CAMOCTIHO KOHCTPYHOHOTL Bi3yaibHY MOAE/b.

3a3HauYMMO TaKOMX, WO B YMOBAX AMCTAHLINMHOro HaB4aHHA came cepsic GeoGebra n03BonA€ AeMOHCTpaL,ito Nobyaos y
CNiIbHOMY JOCTYNi Ta MOK/IMBICTb NPALLIOBATU 3 MOAENAMM Y ByAb-AKUIA Yac 3 ByAb-AKOro MicLA.

ABTOpCbKa MeToanKa GOpMyBaHHA Y MalbByTHIX yunTeNiB HaBUUYOK KOMM'IOTEPHOTO MOLENIOBAHHA PeanisyeTbCa B TPU
eTanu:

1) onaHyBaHHA KOMN’tOTEPHOro iHCTpyMeHTapito GeoGebra;

2) popmMmyBaHHA BMiHb MalbyTHiX yunTenis moaentoBaTv (Ha maTtepiani TEKCTOBMX 3a4a4 Kypcy maTeMaTukn 6asosoi
LKOAN);

3) dopmyBaHHA BMiHb CTyAeHTiB AobupaTtv Ta\abo popmynoBaTM aBTOPCLKI 3adadi, AKi MOXKYTb GyTM PO3B’A3aHi
MeToAoM MoaentoBaHHA y GeoGebra.

Ha nepwomy eTani OMNaHOBYETbCA KOMM'IOTEPHUIM iHCTPyMeHTapih GeoGebra: cTyaeHTM 3HallomnsaTbes 3
MONMBOCTAMM BUKOPUCTaHHA GeoGebra ans po3s’asyBaHHA Pi3HMX KAaciB maTemMaTUyHUX 3agady. OcobamBuIA aKUEHT MaE
CTaBUTUCA HA IHCTPYMEHTU FeoMeTpUYHMX NobyaoB Ta BiryHKM, 3aBAAKU AKUM € MOMKAMBICTb B iIHTEPAKTUBHOMY PEMKUMI
3MiHIOBaTU NobyaoBaHy KOHCTPYKLiIO (MpWKNag MoAentoBaHHA pPO3B’A3KIB 3afadi 3 BUKOPUCTAHHAM 4-x bBiryHKiB ana
OWHAMIYHOIo MOZE/IIOBaHHA NOAAHO Ha puc. 2).

Japaqa
[aHo 0.2 %-# | 0.3 %-# POIYHHN KWCNOTH
[inA OTpUMaHHA HOBOTO POI4MHY B3ANK 0.5 N neplioro posukHy | 1.5 n apyroro
BHIHA4MTH BMICT KMCNIOTH B YTBOPEHOMY POI4MHI
V, =05 p, =0.2
- ->
V, =1 =
2 5 p;=0.3

p=(02+05+03=+15)/(0.5+1.5)

Z............. ‘

Puc. 2. Mogenb TeKctoBoi 3agaui (https://www.geogebra.org/m/vsbhkapn)

OnaHyBaHHA moayna «MoaentoBaHHA TEKCTOBUX 3a4a4» nepefbavae HafaHHA CTyAeHTam iHCTPYKTUBHUX maTepianis 3
NpUKNagammn po3s’A3yBaHHA TEKCTOBMX 3afady y cepenosuuli GeoGebra. Ha nepliomy 3aHATTI CTYAEHTM MalOTb BUMKOHATU
3aBJaHHA Ha MOAE/IIOBAHHA TEKCTOBMX 33/4au LKINIbHOTO KYpCy MaTeMaTUKM 33 3pa3KOM i CamoCTiliHO. Ha apyre 3aHATTA CTyAeHTU
MatoTb nigrotysatn 10 TEKCTOBUX 33434, NPUYOMY A0 5-TU 3 HUX HAZATU iHCTPYKTUBHI MaTepianm gis po3s’sa3yBaHHs y GeoGebra.
CTyAeHTM MatoTb 06MiHATUCA PO3pO6AEHUMU ANAAKTUYHUMK MaTepianamm, po3B’A3aTh 3aBAaAHHA | NTOBEPHYTH iX 414 NepeBipKu.
Ha TpeTe 3aHATTA CTYAEHTU MatOTb NEePEBiPUTU BUKOHAHI iHLIMM CTYAEHTOM 3aBAaHHA | 3pobUTK aHani3 NOMWIOK, AKI NOAATH Ha
LUMPOKMIA 3aran ans obroBopeHHs.

MNepeBipKy epekTnBHOCTI po3pobaeHoi moaeni byno 3ajicHeHo npoTtarom 2019-2021 pokiB Ha OCHOBI NeAaroriyHoro
eKcnepumeHTy (KiNbKiCTb y4acHMKiB — 51 cTyAeHT), Ha NoYaTKy i HANPUKIHLI AKoro 6ya0 NpoBeAeHO ABi KOHTPO/IbHUX POBOTH:
CTYAEeHTaM A0 NeAarorivHoro eKcrnepuMMeHTy i micna Hboro noTpibHo 6yno NnobyayBaTH BisyanbHy moaenb A0 3aga4i «3 NyHKTIB A
Ta B, BigcTaHb MixK AKMMM 210 KM, Ha 3yCTpiy O4HA OAHIN PYyXa ncA NIerkoBa Ta BaHTaXKHa MalWMHK. LLIBUAKICTb NerkoBoro aBTo
80 km/rog, a BaHTaxHoro — 60 km/roa. Aka 6yae BiaCTaHb MiXK MalIMHaMK Yepes nisrognHn?» (puc. 3).

d =140 km
60 Kkm/v
80 km/y
.‘. M
A AB =210 km B
a) ¥ ta=05y 1,205 tk=0.5y
Sa = va*t: =40 km b SK = vk = 30 km

Puc. 3. BisyanbHa mogenb A0 3a4aui Ha 3yCTPiuHUIA pyx
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OuiHtoBaHHA po3B’A3KiB 3a4ayi BigbyBanoca 3a AecATbMa MNOKAa3HUKAMM A1 KOXKHOrO CTyAeHTa (6inbl AeTanbHO y
Tabauu,i 1).
Tabnuua 1
Moka3HuKM chopMOBaHOCTI HABUYOK KOMN'IOTEPHOrO MOAENIOBAHHA

=
10

MoKa3HUKK bann
BMmiHHA aHanisyBaTu TEKCT 3agavi 1
BMiHHA BCTAaHOBAIOBATM BiAHOLWEHHA MiX AaHUMU | 3aNUTAaHHAM
BMiHHS BUKOpWUCTOBYBATM iHCTpymeHT Slider
BMiHHS BUKOpWCTOBYBATM iHCTpYyMeEHT dynamic Text
BmiHHA BUKOPUCTOBYBATW iIHCTPYMeHT Button
BMiHHs BUKOpucTOBYBaTH iHCTpymeHT Check Box
BMiHHA BUKOPUCTOBYBATW IHCTPYMEHTU Image
BMiHHA ByayBaT Mmogenb Bi3yanbHO KOPEKTHO (po3TallyBaHHA, KOMiP, PO3MIp TOLLLO)
BMiHHA HanMcaTV anropuT™ Ta BiATBOPUTM KPOKM anropnutmy nobyaosu mogeni
BMiHHS iHTEpNpEeTYBaTV pe3ynbTaTM KOMN' IOTEPHOTO PO3B’ A3aHHA

V||V |WIN |-

N N N N T )

=
o

OCKinbKu A0CNiaxyBaBCcA PO3BUTOK HAaBUYOK MOAENIOBATM ANA KOXKHOI 0CO6U, TO BYN10 BUKOPUCTAHO KPUTEpIlt 3HAKIB.
Pe3ynbTaTt KOHTPONBbHUX 3pi3iB PiKCYBANMCA HA NOYATKY EKCNEPUMEHTY Ta B KiHLi eKcnepumeHTy. MNoTim BU3HayYanaca KinbKicTb
PECNOHAEHTIB, Y AKUX 3aranbHuii 6an 3HU3UBCA («—»), He 3miHMBCA («0») Ta niasuwmBeca («+») —Tabauua 2.

Tabanus 2
[AvHamika 6anis

OnHamika 6anis HeratmBHi, «—» bes 3miH, «0» JopatHi, «+» KinbKicTb 3MiH, N=«—»+«+»

KinbKicTb pecnoHaeHTiB 6 13 32 38

3a NpaBWIOM NPUINHATTA pieHHA (Fpabapb & KpacHaHckasn, 1977) maemo: 3HaYeHHSA Teken=32 (L€ KiNbKiCTb 3HaKIB «+»
y BMbipui), n=38 (ue KiNbKiCTb pecnoHAEHTIB, Y AKMX BiABYAMCA 3MiHM y pe3yabTaTax), 061acTb NPUAHATTA HYAbOBOI rinoTesu:
[11;27] Ha piBHi 3HauywocTi 0,05.

OCKiNbKN Teyen HE BXOAMUTL Yy iHTEPBAN MPUAHATTA rinoTesn Ho, TO BiAXMNAEMO HyNbOBY riNoTesy i NpUIAMaEMo
aNbTEPHATUBHY 3 BUCHOBKOM, WO MeToAMKa GOpPMyBaHHA Yy MalbBYTHIX yuyMTeNiB MaTemaTMKM HaBMYOK KOMM HOTEPHOro
MOAEN0BAHHSA Yy NPoLeci po3B’A3yBaHHA TEKCTOBUX 3a4a4 € epeKTUBHOW. OCKiNbKM 3HAYEHHA Teycn BUILLIO 32 MeXi Bigpi3ka
npaBopyd, TO NOTPIBHO 3POBUTU BUCHOBOK NPO MNO3UTUBHY AMHAMIKY Ki/IbKOCTi TAKMX CTYAEHTIB, Y AKUX B NPOLLECi PO3B’A3yBaHHA
TeKCTOBMX 3a4a4 cHOPMYBANUCA BMIHHA MOZE/NtoBaTH.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXEHHA

1. P0O3BMTOK iHPOPMALLIMHUX TEXHOOTIN aKTyani3yBaB CNPUNHATTA MOAE/IOBAHHSA AK NPOBIAHONO MeToAYy HayKOBOro
Ni3HaHHA Ta 3acoby PO3BUTKY iHTENEKTYya/IbHUX HAaBMYOK Monogi. Mpu uboMy AnA BUPIilLEHHA 6araTboX MaTemaTUYyHMX 33434
BMKOPUCTOBYETbCA METOZ, MOAE/NOBAHHA. YMIHHA MOZENOBATU Yy MaMbOYTHIX yuuTeniB mMaTeMaTMKM MOXKYTb OyTW ycnilwHO
chopMOBaHMMM 32 YMOBM BUKOPUCTAHHSA BigNOBIAHOT METOOUNKM.

2. Po3pobneHa meTtoamka GopmyBaHHA y MalibyTHIX yuMTeNiB MaTeEMaATMKN HAaBUYOK KOMM'OTEPHOIO MOAENIOBAHHA Y
npoLeci po3s’A3yBaHHA TEKCTOBMX 33434 6a3yeTbCA Ha TPbOX KPOKax (1 KPOK — BUKNaZa4emM NPONOHYETbCA NPUKAAA, BidyanbHol
MoZeni TEKCTOBOI 3aZa4i, a CTYAEHTM NPU LbOMY MakTb CAaMOCTIMHO CK/IAaCTU anroputm nobyaosm Mmoaeni; 2 KpoK — BUKNaZay
NPOMNOHYE HAJAE FOTOBUM ANrOPUTM, 33 AKMM CTYAEHTU CAMOCTIMHO BiATBOPIOIOTL Bi3yasnbHy MoOAe/Nb; 3 KPOK — CTyAeHTam
NPOMNOHYETLCA TUMN TEKCTOBOI 3a4a4i (3a4a4a Ha pyx, Ha cnifibHy pob0oTy, Ha Cymilli Ta CNaaBu TOLLO), BOHW NiabupatoTb BignosiaHy
3a/,a4y Ta CAaMOCTIIHO KOHCTPYHIOIOTb BidyanbHy Mogesb). [i epeKTUBHICTb NiATBepAKeHa eKcrepuMeHTaIbHO Ha PiBHI 3HAYYLLOCTI
0,05 3 BUKOPUCTAHHAM KpUTEpIito 3HAKIB.

3. Po3pobneHa MeToamKa 30piEHTOBaHa He amwe Ha GOpPMyBaHHA Y MaibyTHbOrO BUMTENA HABUYOK MOAENHOBAHHA
iHcTpyMmeHTamn GeoGebra, a 1 3aBAAKW PONbOBIN rpi Ha TPETbOMY eTani CBOET peanisaLii YMOXK/IMBIOE YCBILOMIEHHA AK BNACHUX
NMOMMOK Y ManbyTHIM npodeciiHii AianbHOCTI, TaK | TMNOBUX NOMMJIOK YYHIB, AKI MOXAUBI y Npoueci nobyaosn moaenen fo
TEKCTOBMX 334au.

Moganblnx HayKoBUX PO3BIJOK MOTPebytoTb MUTAHHA peanisauii MeToauKu: y MigroToBui BYMTENIB NPUPOLAHUYMX
cneuianbHocTel (6ionorii, ximii, reorpadii); B ymoBax mo6inbHOro HaB4YaHHA; Ha 6a3i iHWOro cnewjanizoBaHOro NPoOrpamHoro
3abe3neyeHHs.
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ABSTRACT

PopmynroeaHHsA npobaemu. Baxausum 3a800HHAM Cy4yacHoi oceimu €
¢opmysaHHa y 3006yeayie ymiHb camocmiliHo eucysamu idei ma
3Haxodumu cnocobu ix peasnisayii, 3acmocosysamu 3HAHHA 3 PI3HUX
2anysel, camocmiliHo 3Haxooumu 8idcymHIo iHpopmayito, BMiHHA
¢opmynoeamu  eimomesu i 8CMAHOBa08AMU  MPUYUHHO-HACAIOKOBI
38'AsKu. [lowyk egpekmusHux 3acobis ma criocobie opmysaHHA ma
pO38UMKY MAKUX YMiHb € HEOOMIHHOK CKnadosoto pobomu e4yumens.
Cmamms npucesveHa peanizayii popmysaHHA O0CAIOHUYbKUX YMiHb mi0
AKUMU PO3yMilombCsi 8KA3aHI yMIiHHA. Y AKocmi 3acoby peanisayii
po32nadaemeca npoepama OUHAMIYHOI mamemamuku GeoGebra. OdHiero
3 Moxueocmeli npoepamu € 30amHicme HaABHUX 06’ekmie peazysamu
nesHUM YUHOM Ha 3MmiHU 06’ekmie OaHoi po3pobku. Y pobomi
3aMpONOHOBAHO BUKOPUCMAHHA MAKOI Moxcaueocmi 00 CMBOpPeHHs
QuHaMiYHUX po3poboK i3 3anyyeHHAM 3006ysayie 30017 hopmMy8aHHA ma
p0O38UMKY 3200aHUX YMiHb.

M pi i du. AHani3 ma cucmemamu3ayis HAyKoeo-
nedazoziyHoi nimepamypu 3 BUKOPUCMAHHA MA BMpOBAOHEHHA 6
oceimHili npoyec crneyianizo8aHuUx nPo2PAMHUX KOMI/eKcis, 30Kpema,
npozpamu OuHamiyHoi mamemamuku GeoGebra. EmnipuyHuli aHani3z
moxcausocmeli npoepamu GeoGebra y KOHmeKcmi cmeopeHHA OUHAMIYHUX
po3poboK 051 HABYAHHA 2eomempii.

Pesyabmamu.  3anponoHo8aHO  BUKOPUCMAHHA  Moxcausocmell
npoepamu  GeoGebra nokaszyeamu/npuxogyeamu HaseHi & obaacmi
nobydosu 06’ekmu 00 cmeopeHHA OUHAMIYHUX Po3pobOoK 3 2eomempii ma
8rnposadxeHHs ix 8 oceimHili npoyec. Ha npuknadi cmeopeHHs po3pobok 3
nobydosu sucomu MpUKymHuUKd, nobydosu opmoyeHmpa MmpuKymHuKa
ma B8U3HAYEHHA muny YOMUPUKYMHUKA [OKA3GHO 8rpo8aoHeHHA
8idobpaxceHHA Ododamkosux nobydos ma 8i0nosiOHUX Hanucie e
3a0eXHOCMI 8i0 MUy MPUKYMHUKA/40MUPUKYMHUKA.

BucHoeKu. 3anponoHosaHuli nioxid i3 3any4eHHAM 3006ysa4is ocsimu
0o cmeopeHHA QuHamMiyHUX po3pobok y npozpami GeoGebra cnpuamume
AIK 30CB0EHHIO 8i0M0BIOHO20 Mamepiasny MaK i popmy8aHHIO ma po3sUMKY
0ociOHUYbKUX YMiHb. 30Kpema, AKICHa 8i3yani3ayis npoyecy po3e’a3aHHA
nocmassneHoi 3a0a4i dacme 3moay bayumu pe3yabmamu 8npoeadHeHHs
cgopmynvosaHux e2inomes, 3Haxo0UMU ma QHAAI3y8AMU MOMUSIKU,
sunpasaamu ix i 00pasy nepesipamu pe3ysnbmam eunpasseHs.

Formulation of the problem. An important task of modern education is
to develop in students the ability to independently put forward ideas and
find ways to implement them, apply knowledge from different industries,
independently find missing information, the ability to formulate
hypotheses, and establish cause-and-effect relationships. Finding effective
means and ways of forming and developing such skills is an essential part
of a teacher's work. The article is devoted to the implementation of the
formation of research skills, which means these skills. GeoGebra dynamic
mathematics program is considered a means of implementation. One of the
features of the program is the ability of existing objects to respond in some
way to changes in the objects of this applet. We suggest using this ability to
create dynamic applets with the involvement of students for the formation
and development of these skills.

Materials and methods. Analysis and systematization of scientific and
pedagogical literature on the use and implementation in the educational
process of specialized software packages, in particular the dynamic
mathematics software GeoGebra. Empirical analysis of GeoGebra's
capabilities in the context of creating dynamic applets for geometry
learning.

Results. It is proposed to use the capabilities of GeoGebra to show/hide
existing objects in the construction area to create dynamic applets in
geometry and implement them in the educational process. The application
of displaying auxiliary constructions and corresponding inscriptions
depending on the type of triangle/quadrilateral was shown in the example
of creating applets for constructing the height of a triangle, constructing the
orthocenter of a triangle, and determining the type of quadrilateral.

Conclusions. The proposed approach involving students in the creation
of dynamic applets in the GeoGebra program will promote the formation
and development of research skills. In particular, high-quality visualization
of the process of solving the problem will allow you to see the results of the
implementation of the formulated hypotheses, find and analyze errors,
correct them and immediately check the result of corrections.

K/1t0H0BI C/10BA: npozpama OouHamidHoi mamemamuku; GeoGebra;
00CniOHUYbKI yMiHHA; WKinbHUl Kypc 2eomempii.

KEYWORDS: dynamic mathematics program; GeoGebra; research skills;
school course of geometry.
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BCTYN

MoctaHoBKa npo6aemu. OQHVMU 3 HANBAKAMBILLMX XaPAKTEPUCTUK CydacHOro ¢paxisusa € BMiHHA CAMOCTIMHO BUCYBaTH
iaei Ta 3HaxoAUTM cnocobu ix peanisalii, 3aCTOCOBYBATM 3HAHHA 3 PI3HWUX rany3ei, CaMOoCTiIHO 3HAXOAUTU BiACYTHIO iHpopMmaL,ito,
BMiHHA pOpMYOBATU rinoTe3n i BCTaHOBAIOBATM NPUYMHHO-HACNIAKOBI 3B'A3KKN. BKa3aHi BMiHHA € CKNa40BUMMU AOCNI AHMLBKUX
YMiHb i ToMy POpMyBaHHA Ta PO3BUTOK BiAMNOBIAHMX BMiHb € BaK/IMBOK CKIAL0BOIK OCBITHbOrO npouecy. Takum YMHOM,
NPUPOLHO NOCTAE NUTAHHA NPO NOLUYK 3acobiB Ta cnocobis BUKNAAEHHA MaTepiany, AKi 6 cnpuanm HabyTTio AOCAIAHULBKUX BMiHb
Ta HaBMYOK 3406yBaYamu ocBiTU. OZHIED i3 3aNOPYK HANEKHOTO CMPUNHATTA BUKNAAEHOTO MaTepiany €, 32 MOX/UBICTIO, Oro
AKicHa Bi3yasi3auis. TOX NOCTa€ NMTaHHA NPO MOX/IMBOCTI 3abe3neyeHHn Takoi Bi3yanisauii. Baane BUKOPUCTaHHA B OCBITHbOMY
npoueci cydacHMX NPOrpaMHUX KOMMJEKCIB AAE MOX/MBICTb SKICHOI Bi3yanisauii matepiany, 30Kkpema W 3a [0MNOMOroHo
KOMM'toTepa, eNIEKTPOHHOT AOLWKM i T. iH. TaKa Bi3yanisaLia cnpuse po3yMiHHIO Ta 3aCBOEHHIO MaTepiany yUHAMM Ta CTyAEeHTamMu.
Hapasi, Koan y4acHMKM OCBITHLOTO NPOLLECY YACTO OMUHAIOTLCA B YMOBAX ANCTAHLLIMHOIO HaBYaHHA, 3aCTOCYBAHHSA iIHTEPAKTUBHUX
NPOrpaMHMX KOMMIEKCIB A8 BUKAAAAHHA MATEMATUKM € aKTYa/bHOW AK HiKoAW. MOXAMBICTb WBWAKOT NobyaoBU AKICHUX
MaJItOHKIB Ta rpadikiB i3 3a4aHMMM BNACTUBOCTAMM i3 NOAANBLIOID MOMKAMBICTIO AMHAMIYHOT 3MiHM NobyaoBaHUX 06’€eKTIB Le
HEOAMIHHA BMMOra A/1A AKICHOrO NMPOrpaMHOro KOMMJIEKCY AIKUMA CANif, BUKOPUCTOBYBATW Mif Yac BUKAALAHHA MATEMATUKU.
OAHMM i3 HalKpaLMX TaKMX NPOrPaMHUX NPOAYKTIB, BiNbll TOro wWe i 6e3KOWTOBHMM, € Nporpama AMHAMIYHOI MaTeMaTUKK
GeoGebra. IHTepdeic nporpaMHOro KOMNIEKCY € iHTYITMBHO 3PO3YMIIMM, LLO 3HAYHO CMPOLLYE AK NOYATOK POBOTU 3 HUM, TaK i
noAanblue BUKOPUCTAHHA. Lia nporpama mae AoBOAI WMPOKI MoXKanBocTi. OaHiEr0 3 NnepeBar Nporpam AMHaMiYHOI MaTeMaTUKK
€ MOX/MBICTb 3MiHIOBaTM NOBYA0BaHI 06'€KTM Ta 34aTHICTb NO6YA0BaHUX O6’EKTIB 3a4aHMM YMHOM pearyBaT Ha 3aCTOCOBaHi
3MiHM. Tak, 30Kpema, nporpama GeoGebra nepenbayae MOMAMBICTb BHECEHHS YMOB BiAO6PaXKeHHN/NPMXOBYBaHHS
nobynoBaHMx 06’ eKTiB. BUKOPUCTAHHA L€l MOX/IMBOCTI A03BONAE BK/IOYMTM YYHIB B MPOLEC CTBOPEHHA AMHAMIYHMX PO3POBOK,
wo 6yae cnpuaTM BUHMKHEHHIO B HUX NUTaHHA: «LLlo AKWLO?», WO B CBOIO Yepry Bxe byae cnpuatn GOpMyBaHHIO Ta PO3BUTKY
NeBHMX AOCNIAHMLBKMUX YMiHb Ta HaBUYOK. Binblu TOro, y npoueci po3pobKu NpupoaHO BUHUKHE 1 HeobXigHiCTb BignosiaaTy Ha
nocTaB/eHe MUTaHHA Ta 3HAXOAMTU LUAAXM MOro BUpiWEHHSA. Y poboTi 3anponoHOBaHO BapiaHTX 3acTOCYBaHHA 3a3HA4yeHoro
niaxo4y Npu CTBOPEHHiI AMHAMIYHMX PO3POBOK 3 reomeTpii.

AHani3 akTyanbHUX gocnigKeHb. [porpama gMHamivHOT matemMaTMkn GeoGebra mae y CBOEMY apceHani BEIUKUI
Habip iIHCTPYMEHTIB AN CTBOPEHHSA AMHAMIYHMX KOMN' IOTEPHUX Mogeneit. Ha cyyacHomy eTani po3BUTKY LUKiIbHOT maTemMaTU4HOI
OCBITM BWKOPUCTAHHA KOMM'IOTEPHMX MOAeNel Yy HaBya/bHOMY Mpoueci € OAHiel 3 nepeaymMoB NiABULLEHHA HOro
pesynbTaTMBHOCTI (PakyTa, 2012). OcobanBOCTAM BUKOPUCTAHHA NPOrpamm AMHamiyHoi matemaTuku GeoGebra npuceayveHo
HW3KY 4OCNIAXKeHb Ta po3poboK. Tak, cepes, NOCIBHUKIB, AKi oNMCcyoTb 0COBANBOCTI POBOTU B Pi3HUX KOMMEKCAX, 30Kpema i B
cepegosuLli GeoGebra, 3 NneBHMM iX MOPIBHAHHAM MOXHa 3a3HaunTh (dpywnsk, 2019; KpamapeHko Ta iH., 2019; Apywnsk, 2020).
CyTo moxamnsocTam nporpamu GeoGebra npuceayeHi nocibHnkn (Slapux, 2015; MNpusyH Ta iH., 2018; EcasH Ta iH., 2017), cepea
AKMX HaMbinbll AeTanbHUM € OCTaHHiW. € 1 6arato cTatel NPUCBAYEHUX OMUCY MOXK/AMBOCTeW nporpamm GeoGebra Ta
BNPOBAAMEHHIO IX B OCBITHI Npouec. Tak, 30kpema, y (Drushlyak et al., 2020; CemeHixiHa Ta iH., 2019) 3anponoHoBaHo cnocobu
BMKOPUCTaHHA XxMapHoro cepsicy GeoGebra B ocsiTHboMy npoueci. Y (Semenikhina et al., 2018) 06rpyHTOBaHO BUKOPUCTaHHA
GeoGebra sik epekTMBHOro 3acoby popmMmyBaHHA GYHKLIOHAIbHOIO MUC/IEHHS YYHIB Ta PO3rNALAETLCA MOMXKJ/IMBICTb BUKOPUCTAHHSA
GeoGebra npu po3s’a3yBaHHI eKCTPeMabHMX 33434 METOAOM, Lo 6a3yeTbes Ha NobyaoBi emnipnyHOro rpadika 3an1eXKHOCTIi MiX
HasiBHMMW NapameTpamm Ta BU3HaYeHHi ekctpemymy. Y (Semenikhina et al., 2019) nponoHytoTbCcA pi3Hi cCNOCOBU BUKOPUCTAHHSA
cepsiciB GeoGebra gna niarotoBKM ManbyTHIX y4uTENiB MaTeMaTUKWU Yy PO3Pi3i BUKOPUCTAHHA CydacHMX iHGOpMaLLiMHUX
(umdposux) TexHonorin y npodeciiHin aianbHocTi. B (Semenikhina&Drushlyak, 2015) onucaHi MOMAMBOCTI BUKOPMCTAHHSA
nporpamu GeoGebra 5.0 npy BMBYEHHI Teopii MMOBIpHOCTEN, 30KpemMa POo3r/IAHYTO iger AMHAMMUYHOI Bidyanisaulii pe3ysibTaTiB
BMNAAKOBMX BUNPOOYBaHb Ta 3aNpONOHOBAHO HWU3KY 3aZlay i3 BKa3iBKamMM [0 pO3B’A3aHHA, Ha 6asi AKUX MOXKHa peanizoByBaTH
iaeto Bisyanisauji pe3ynbTaTiB BUNaAKoBUX BUNpobyBaHb. B cratTi (CemeHixiHa&Apywnak, 2015) po3rnagaetbCs MOX/AMBICTb
BMKOPUCTAHHA NAapaMeTPUYHOIO KONbOPY MaTeMaTUYHMX OO’€EKTIB y nNporpamax AMHaMIYHOI MaTeMaTUKM Mpu Po3B’A3yBaHHiI
3a4a4 Ha TMT. Y (Opywnsak Ta iH., 2019) HaBegeHO ONMC METOAMYHOrO NiAX0AY Y HaBYaHHI MalBYTHIX BYMTENIB MaTEMATUKM
pO3B'A3yBaTN 3aaadi Teopii rpadis, yMOBU AKUX «NPUB'A3YIOTLCA» A0 MICLLEBOro martepiany i nepegbayatotb GopmMyBaHHA Y
MalnbyTHIX ¢axiBUiB YMiHHA 3acTocoByBaTM HabyTi 3HaHHA Ha npaktuui. Crtatra (Pakyta, 2012) npuceadYeHa aHanisy
byHKLioHaNnbHMX MoxkamBocTel GeoGebra 3 TOYKM 30py iHHOBALLIMHOCTI i NepcnekTMB iX BUKOPUCTAHHA Y NPOLLECi BUBYEHHSA
MaTEMATUKK, PO3TNAHYTO NMUTAHHA HAYKOBO-METOAMYHOTO | AMAAKTUYHOTO 3abe3neyeHHs 3acTocyBaHHA GeoGebra.

Y Hawin poboTi NPONOHYETLCA BUKOPUCTAHHA OAHIET 3 MOXKIMBOCTEN NpOrpamm guMHamivyHoi matematnkn GeoGebra
LA PO3POOKM AMHAMIYHUX MOoAeNel Ta 3aly4eHHA YYHIB [0 NPOLLeCy CTBOPEHHA TakUX mogenel 3 MeToto GopmMyBaHHSA Ta
PO3BUTKY B HUX JOCAIAHULBKMX BMiHb T2 HABUYOK.

Merta cratTi. BucBiTAeHHA ofHiei 3 moxnmBocTel nporpamm GeoGebra fo CTBOpPEHHA iHTEPAKTUBHUX AMHAMIYHMX
PO3pPO6OK 3 reoMeTpii Ta ONUC MOXK/IMBOTO 3a/ly4eHHA YYHIB A0 LpOro NPOLLeCy 3 METOK 3aCBOEHHA BiAMNOBIAHOrO MaTepiany Ta
bopmyBaHHA Ta PO3BUTKY AOCAIAHULBKUX YMiHb.

METOAU AOCNIAXKEHHA

AHani3 Ta cucTemaTm3alia HayKoBO-NeAaroriyHoi NiTepaTypy 3 BUKOPUCTAHHA Ta BNPOBAAMKEHHA B OCBITHIM npouec
crnewianizoBaHNX MNPOrpamMHUX KOMMEKCIB, 30Kpema Mporpammn AMHaMiYHOT maTemaTukm GeoGebra. EmnipuyHuin aHanis
MOKAMBOCTEN Nporpamm GeoGebra y KOHTEKCTI CTBOPEHHSA AUHAMIYHUX PO3POOOK AN HAaBYAHHA reOMeTpil.

PE3Y/IbTATU AOCNIAKEHHA

GeoGebra — ue BinbHe nNporpamHe 3abesnevyeHHsa, Nporpama AMHaAMIYHOI MAaTeMaTUKKU ANS BCiX PiBHIB OCBITW, LLO
BK/OYAE B cebe OKpiM po3pinis reometpii, anrebpu, Tabanup, rpadikis, maTemaTM4YHOro aHanily, TaKOX O/0KM Teopil
MMOBIpHOCTEMN i CTaTUCTUKM B OAHOMY 3pYHHOMY A1 BUKOPUCTAHHA NaKeTi. ToMy 3acib Moe ycnilHO BUKOPUCTOBYBATUCA AK Y
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HaBYaHHI MaTeMaTMKM Yy CepeaHii KON, TaK i MPU BMBYEHHI BULLOI MATeMaTUKM, aHANITUYHOI reomeTpii, MmaTemaTUYHOro
aHanily, efleMeHTapHOI MaTEMaTUKK, METOAMKN HaBYaHHA MaTEMATUKM Y 3aK1aZax BULLOI NeaaroriyHoi ocBiTy.

Mporpama AuMHamiYHOI maTemaTukM GeoGebra, € MOTYKHWM, Cy4aCHWM, iHTYITUBHO 3PO3YMINIMM Y BUKOPWUCTAHHI
NPOAYKTOM AIKMI BApTMIA yBarK ycCix y4acHMKIB OCBITHbOIrO MPOLLECY HaBYaHHA MAaTEMATUKKU. 3 0AHOro BOKY Y4HI MOXKYTb 6aunTh
reomeTpuyHi obpasn Ta nos’aA3yBaTM ix 3 anrebpuyHolO iHTepnpeTauieto. binblw TOro, nporpama nepeabayae MOXKAMBICTb
LMHaMIYHOT 3MiHW NapameTpiB 06’eKTiB NOBYA0BMU, L0 AAE MOXK/IUBICTb Bi3yabHOI BiANOBiAj HAa NUTaHHA: « Lo, AKW0?». 3 iHWoro
6OKYy BUMTENI MOXKYTb 3a AOMNomoroto naketa GeoGebra, sk 6yayBaTh AKIiCHI ManloHKM, Tak i pobuTM iX guHaMiYHMMM, 3
MOMK/MBICTIO He TiZIbKM MigBecTu yyHiB A0 3anuTaHHA: «LLlo, AaKWwo?», a i Aonomort1 iMm BifgnNoBICTM HA HLOTO 3 BiAMNOBIAHOW
Bi3yasnisaui€to. TakMil NpoLec 3a1y4YeHHn YYHIB 40 CTBOPEHHA AMHAMIYHMX PO3POBOK CNpUATUME GaKTUUYHO Y PEXMMI PeasibHOro
Yacy 3HaXOAMKEHHIO LWAAXIB BUPILLEHHA NOCTaBAeHOI 3a4a4i, Nepesipui BUCYHYTUX igel woao ii po3s’a3aHHSA, NOWYKY 4,043aTKOBOT
HeobxiaHol iHpopmaLii. He Ha ocTaHHbOMY MiCLi ONA YYHIB € 1 BpaXKeHHA Bif Bidya/IbHOro CNPUMHATTA MPOrpamu, SKa Mae
Cy4YacHMWI BUTAAL Ta IHTYITUBHO 3p03yMinnii iHTepdelic.

[nsa cTBOPEHHs AKICHUX PO3PO6OK A1 BUKNAAAHHA MAaTEMaTUKM BapTO, Cepes, iHWWOro, 3BepHYTHM yBary Ha Te, Lo NakeT
GeoGebra gae moxmBicTb BifobpaxkeHHs B obnacTti Nobyaosu 06’ eKTiB 38 NEBHUX 334aHUX YMOB. LIm MOXHa cKopumcTaTmchb,
HanpuKknag, ans nobyaoBM BUCOTU TPUKYTHUKA. Mobyayemo TpuKyTHUK ABC 3 BUCOTOO, MPOBEAEHOLO 3 BepLUNHU B (Tabanua 1).

Tabaunua 1
MNo6yaoBa BUCOTU TPUKYTHUKA
EnemeHTH nobyaosu iHCTPyMeHTH
TpuKyTHUK (t1=MHorokyTHuK(A,B,C)) MHOTOKYTHUK
Mpsama AC (g: Npama(A,C)) Mpsama (4epes ABi TOUKK)

MepnenavkynapHy npsmy 3 Toukn B go npamoi AC (f: | MepneHAuKynsapHa npama
MNepnexHavkynsapHallpama(B,g))
Touka nepeTnHy nepneHgmkynapa f Ta npamoi AC | MepetuH
(D=MNepeTunH(f,g))
BucoTa TpuKyTHMKa BD (h=Biapizok(B,D)) Biapi3ok

MpuxoBaemo npamy f. MokasaTtu/npuxosatut 06’ ekt

3a Takux nobyapos npama AC byae BigobparkaTMCb HaBITb TOAj, KOAM BUCOTA TPUKYTHWKA PO3TallOBaHa BCcepeauHi
TpUKyTHMKa. MpupoaHo, nobyaysatv Taky mogenb (puc. 1, https://www.geogebra.org/classic/bsc7peus), Ha Akt 6u
Bigobparkanack npama AC TinbKu y TOMy pasi, Koam BoOHa noTpibHa 418 nobyaosu BiANOBIAHOI BUCOTU. B HanawTyBaHHAX NpAMOI
AC y Bknaauj «JoaaTkoBo» € nose «YMoBM BigobparkeHHA 06’ eKTY» AKe MOXHa 3aM0BHUTH BiANOBIAHUM BUC/NOBIOBAHHAM, AKe
Ma€ NpuiMaTh 3HadeHHs “true” abo “false”. Y Tomy BMNaaKy, AKLO 3HAaYEHHSA BUCNOBAIOBAHHA AOPIBHIOE “true” — 06’ekT byae
BMAHO B 06nacTi nobyaosu, Akwo “false” —06’ekT byge npuxosaHo. LLIKoAspam MoXKHa 3anponoHyBaTh cno4vaTtky chopmynoBaTu
BignosiaHy ymoBy, a noTim, AobyaysasluM HeobxigHi ana chopmynboBaHoi ymoBu 06'€KTM, 3aHecTu 1i y BianosiaHe none.
3a3HauMMO, WO BAPTO 33 MOMKAMBOCTI BHOCMTM Ta NEPEeBipATU HaBiTb Ti YMOBM, AKi He 3abe3neyyBaTUMyTb HeobXiAHOro
pe3ynbTaTy. Y pasi, KoM 3anponoHoBaHa yMOBa He byae HanexXHUM YMHOM 3abe3neyyBaTi HeobXigHMI edeKT, To BapTo pasom
3 YYHAMM NPOaHani3yBaTh CUTYaLLilo, Ta 32 MOMKAMBOCTI BUNPaBuTK ii. Koau BignosiaHa KopekTHa ymoBsa byae chopmynboBaHa i
BHECeHa y BignoBigHe nose, BapTo 3anponoHyBaTH YYHAM CNpobyBaTH 3HANTKM 1 iHLWI YMOBM, AIKi 3a6e3neyatb ToM Ke edekT.

:_(_/A OcHosHi  Konip Ctunb  [logaTkoBo X
AnreGpa  CueHapii °

YMOBM BIAOGPaKEHHA OO KTy

cos(a) cos(y) <0

[manisi konsopu @
Uepponuit  3enewwit:  Cumin Y}
RGB v BUOANUTU
[opatkoeo
Wap: <
[oagonum
- BUAINGHHA
Po3TalLYBaHHA
C

MonotHo Monotso  MonotHo ~ AnreGy

3D

Puc. 1. BUcoTa TPUKYTHUKA 3 AMHAMiYHUMU foaaTKoBUMM nobyaoBamu

Cnif, 3a3HaumNTH, L0 3aCTOCYBaHHsA Takoro Niaxoay ocobamBo byae AOpeYHUM BUMTENAM MATEMATMKM Ta iHHOPMATUKMY,
60 34aTHiCTb GOPMYNIOBATM YMOBM, Y Pasi BUKOHAHHA AKX MAE BUKOHYBATUCh Ta UM iHLLA AiA, € B NEBHOMY CEHCi «pyHAAMEHTOMY
nporpamyBaHHs.

CKopucTaBlIMCh NonepeaHiMm [OCBIAOM MOXHA 3anponoHyBaTM moaudikyBaTM nonepeaHio po3pobky ana
dopmyBaHHA aMHamiuHol mogeni (puc. 2, https://www.geogebra.org/classic/hd2h76wn) nobyaosu opToueHTpa TPUKYTHUKA 3
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YPaxyBaHHAM TUNY TPUKYTHUKA. TOBTO, 3anponoHyBaT1 chopMy/toBaTU YMOBM, 33 AKMX MakoTb 3'ABNATUCH BiANOBIAHI 40AATKOBI
nobyaoBM Ta BHECTM iX B HanalwTyBaHHA BianoBigHMX 06’ekTiB. Kpim TOro, po3pobKy MoKHa [0MOBHUTM HanMcamw, LOAO0
pO3TallyBaHHA OPTOLEHTPA, AKI MOXKYTb TAaKOXK 3'ABNATUCH 3 YpaxyBaHHAM TUMY TPUKYTHUKA. YMOBM Y 3anponoHOBaHii po3pobu;i
HaZamo y BUrnaai Tabamui 2

Tabnunusa 2
YmoBw Biao6parkeHHA A0AaTKOBUX Nobya08

06’€eKT YMoBM Bif06paXKeHHa 06’ eKTy
Mpama AB cos(a) cos(B) <0

Mpama BC cos(p) cos(y) <0

Mpama AC cos(a) cos(y) <0

MNpama AF, (AF L BC) cos(a) cos(B) cos(y) <0
Mpama BD, (BD L AC) cos(a) cos(pB) cos(y) <0

Mpama CE, (CE L AB) cos(a) cos(B) cos(y) <0

Hanuc «FOCTPOKYTHMIA - OPTOLLEHTP BCEPeaMHI TPUKYTHUKA. » cos(a) cos(B) cos(y) >0

Hanuc «MpAMOKYTHWUIA - OPTOLLEHTP CMiBNaAaE 3 BEPLUMHOIO NMPAMOro KyTa TPUKYTHUKA.» cos(a) cos(B) cos(y) =0
Hanuc « TYNOKYTHWIA - OPTOLLEHTP 30BHI TPUKYTHUKA.» cos(a) cos(B) cos(y) <0

Tun mpuxymuuxa Tun mpurymuuxa Tun mpuxymuuxa ,’

Tocmpoxymuuii — opmoyenmp 6cepeduni mpuxymuuxa I pasoxymuuii — opmoyenmp cnienadac 3 Tynoxymuuii — opmofyenmp 306ni mpuxymuuxa.
GEPUUNOI0 NPAMO20 KYMA MPUKYMNUKG. 2

B

Puc. 2. OpTOLLEHTP TPUKYTHUKA 3 AMHAMIYHUMM J0A3TKOBUMU NobyaoBammu

LLle ogHMM NpuMKNaZoM 3aCTOCYBAHHA ONMUCAHUX MOXKJIMBOCTEN MPOrpammn AMHaMiYHOi MaTeMaTukn GeoGebra, moxe
cyrysaTm po3pobka (puc. 3-6, https://www.geogebra.org/classic/kd6uuxyn), o 6yae BU3Ha4aTh TUM YHOTUPUKYTHMKA. A came, 3
ornagy Ha Te, KM YOTMPUKYTHUK 3HAXoamuTbCcA B 06/1acTi NobyfoBM, Mae 3'ABAATUCH HanWcC 3 BiAMOBIZHMM TUMOM LLbOTO
YOTUPUKYTHMKA. MobyayBaBWM [OBINbHUIA YOTUPUKYTHUK (Tabnuua 3), MOXKHa 3anponoHyBaTW BCTAHOBWUTWM TWM LbOTO,
YOTUPUKYTHMKA. [ani 3MiHIOIUYM YOTUPUKYTHUK MOXKHa MepeniynT MOXKAMBI BapiaHTM Ta 3anponoHyBaTU YMOBM, AKi ByayTb
BM3HA4yaTV BiANOBIAHWUM TUMN YOTUPUKYTHUKA. BcTaHOBMBLUM HeobxigHi popaTtkosi 06’ekTM NobynoBM, AONOBHIEMO HUMM
PO3pO6KY. Y 3anponoHOoBaHiN po3pobuj MiCTATbLCA HACTYMHI 06" eKTH

Tabnuusa 3
MNobypoBa po3pobKu BUIHAUEHHA TUMY YOTUPUKYTHUKA
EnemeHTtV nobynosu iHCTPYMeHTU
YOTUPUKYTHUK 3i CBOIMM CTOpoHamun | MHOTOKYTHUK
(41=MHorokyTHMK(A,B,C,D), a=Biapi3oK(A,B,ul),

b=Bigpizok(B,C,41), c=Biapizok(C,D,41), d=Bigpizok(D,A,ul))
[LiaroHani yotmpuKyTHMKa (f=Bigpisok(B,D), g=Bigpisok(A,C)) | Biapizok

Touka nepeTuHy giaroHanein (E=MepetuH(f,g)) MepeTuH
BHYTPILIHI KYyTW YOTMPUKYTHUKA (BHYTPIWHIKyTK(41)) Kyt
KyT mixk giaroHanamm (e=Kyr(f,g)) Kyt

B HanawTyBaHHAX KyTa MiX AjaroHaNAMM YOTUPUKYTHMKA NOTPiOHO BUBpaTH BigobparkeHHA KyTa Big 0° o 180°.
[na BifobparkeHHA TMNY YHOTUPUKYTHMKA Y 3aNPONOHOBaHI Po3pobLji MiCTATLCA HACTYMHI YyMOBU:

Tabnuusa 4
Ymosu Bif06parkeHHA A0AaTKOBMX NO6yA0B pO3PO6KM BUSHAUYEHHA TUMY YOTUPUKYTHUKA
O6’eKkT YmoBU BifobpaKeHHs 06’ ekTy
Hanuc «OnyKAnii YOTUPUKYTHUK» E < MNepetuH(g, f)
Hanuc «YBirHyTMin YOTUPUKYTHUKY E # NepeTtuH(g, f) Aa+ B +y+ 6 = 360°
Hanuc «MepexpeLLeHnii YOTUPUKYTHUK» a+B+y+6#360°
Hanuc «Mapanenorpam» a=cAbZdAE < Mepetun(g, f)
Hanuc «MpsaMOKYTHUK» azcAbZdAa£90°
Hanuc «Pom6» azcAbZdAaZhb
Hanuc «KBagpat» azcAhazbAbZdAa£90°
Hanuc «Tpanewisa» a+B=180°ANa+6#180°Va+6=180°Aa+p=180°
Hanuc «enbtoig» €eX90°A(cEbVaxh)
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Y4YHAM MOXKHa 3anponoHyBaTh cnpobyBaTi NobyAyBaTh yCi TUNW YOTUPUKYTHUKIB Yy 3aNPONOHOBAHIN PO3p0o6LL, 3HANTK
HeZoNiKM Ta 3anpOoMNoHyBaTU LWAAXM iX YCyHeHHA. Kpim Toro BapTo 3anporoHyBaTW 3HAWUTWM BAACHi BapiaHTVM PO3B’A3aHHA
nocTaBaeHoi 3a4aui.

THil YOTUPUKY THHKA Tun GoTHPUKY THIAKA,
Onyrmuﬁ HOMUPURYTNHUK

Onyrand Lomupurymuur

Tapanenorpan

Puc. 3. Po3po6Ka BU3HAUYEHHA TUMY YOTUPUKYTHUKA (ONYKANI1 HOTUPUKYTHUK, Napanenorpam)

Tl YOTUPHKY THHKA

Twn uor MPUKY THHKA

5 Onyraud Lomupurymmur Onyraud womupurymuur
& ITapasenorpam Iapanenorpan
IIpsamokyTHIK
f Powmt
d = b

©

D ¢ c Heavmoio

]

Puc. 4. Po3po6Ka BU3HaUeHHA TUNY YOTUPUKYTHUKA (NPAMOKYTHUK, POM6)

Tuu YOTUPUKYTHHKA

Tuu 4OTUPUKY THHKA,
Onyraut womupukymuur

Onyxaui wvomupukymuur
B

TMapanenorpam

TIpsimoKyTHUK
Pomb

d E’

Ksaypar
Tpanewisn

¢ Jeavmoid

Puc. 5. Po3po6Ka BM3HaUeHHA TUNY YOTUPUKYTHUKA (Tpaneuin, KBaapar)

Tun 90THPHKYTHAKA Tun 4oTUPUKYTHUKA
Veiznymuit womupuxymuur

Hepexpewenuti Homupurymrur

Henwroin

Puc. 6. Po3po6Ka BU3HaYEHHA TUNY YOTUPUKYTHUKA (AeNbToiA, nepexpeLeHmii HoTUPUKYTHUK)
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BUCHOBKU TA NEPCNEKTUBU NOAANBbLLUOIO AOCNIAXKEHHA

Y cTaTTi 3aNponoHOBaHO NPUKAAA BUKOPUCTAHHA MOXKAUBOCTI Nporpamu GeoGebra nokasysatu/npuxoByBatt 06’eKTu
B 06/1acTi N0OYA0BWN A0 CTBOPEHHA AKICHUX ANHAMIYHWUX PO3POOOK 3 reoMeTpii. BUKOpUCTaHHSA 3aNPONOHOBAHOIO NPUIMOMY AacTb
3MOry CTBOPIOBATM PO3POOKM, AKi B MEBHOMY CeHci ByayTb 6ifbll «KMBUMMY», WO Y CBOKO 4Yepry 36inbwnTb NpnBabaneicTb
CNpUNHATTA 3006yBa4Yamu OCBiTU. 3 iHWOro HOKY, 3aNPONOHOBAHUM MiaXiA, i3 3a/1y4eHHA Y4YHIB A0 CTBOPEHHA TakKUX PO3po6OK
CNoHyKaTume 80 GopmMyBaHb Y HUX YMiHb BUCYBATU ifel Ta 3HaX0AWUTM Cnocobu ix peanisauii, camocTiiHO 3HaXOAUTHU BiACYTHIO
iHbopmaLito, BMiHHA GOpPMY/OBATK FiNOTE3N | BCTAHOB/OBATU MPUUYMHHO-HAC/IAKOBI 3B'A3KW. 3anNpomnoHOBaHWI niaxia Aae
3MOry NOEAHABIUM MaTEMaTUKy Ta iHGOPMATUKy OTPMMaTW BisyasibHy peanisauilo HabyTMX 3HaHb Ta HaBUYOK Y BUAA
OMHAMIYHOI | OCTaTHbO YHiBEpcanbHOI Po3pobKu. Modanblli AOCNiAKEHHA MOXHA MOB'A3aTU fAK i3 3aCTOCYBAHHAM OMUCaHOT
TeXHIKW [0 PO3B’A3aHHA iHWMX 33434 Ta 3a/lYYEHHAM iHLLMX MOXK/IMBOCTEN NPOrpamm, TaK i 3 NePexoAom Ha iHWi npegmeTn.
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AHOTALIA

ABSTRACT

A,

Pry
Popmy P

8CMAHOB/1EeHI
npunycKaemo,

MIHCHOPOOHUMU ~ GKMYAGpHUMU  Op2aHi3ayiamu,

mMemi  eusguUMU  830EMO3A/IEHHICMb  MIX  HAMEHHUM
aHenilicbKoi Mosu, pPO38UMKOM aKmMyapHoi oceimu 8 YKpaiHi
OMPUMAHHAM ~ MiXHAPOOHO — BU3HAHUX — GKMYAapHUX

npodpecii akmyapis 8 Hawil KpaiHi.

Mamepianu ma memodu. Y daHomy 00cnidn eHHi BUKOPUCMOBYHOMbCA
AKICHI Memodu nedazo2iyHo20 MeopemuyHo20 aHasi3y (HaeYyanbHUX
ma
criocmepexeHHs, Wo incmpyloms MNpakmuky nid2zomosku gaxisyie-
akmyapiie YKpaiHi, a makox aHani3 eHympiwHix 38imie i dokymeHmis
MIXCHAOPOOHUX aKMYyapHUX Op2aHi3ayili; Ha OCHoBi cuHmMe3y nedazoaiYHux
wodo

nnaaHie,  3aKoHoOas4yux  OOKYMeHmis,  HAyKosux  pecypcis)

3HQHb  @emopu  po3pobunu  NPAKMUYHI
800CKOHA/1eHHA aKMyapHoi oceimu 8 YKpaiHi.

pexkomeHOayii

Pesynbmamu. Cmammsa € OOHIi€l0 3 Mepwux KOMMAEKCHUX Ccrpob
npoaHanizysamu posb 80700iHHA aH2nilicbKolo Mo8oK 8 npogeciliHomy
po3sumky akmyapiig-no4amkieyie 8 YkpaiHi ma supobumu npakmuyHi
pexkomeHOauii 3 ybo2o NUMAHHA. Ha ocHosi aHani3y eidnosioHux Oxcepesn
wo B0/100iHHA GH2nilicbKOIO MOBOIO MO}e esusecmu
akmyapHy npogecito ma oceimy 8 YKpaiHi Ha AKicHo Hoseuli pieeHb. [Tpome
3HOHHA aHenilicbKoi MOBU He B88aM(AEMbLCA Mpiopumemom Ha pieHi
HAYIOHAAbHUX OC8IMHIX HOpM | cmaHOapmis. 3anpornoHO8aHO MOMAUSI
waaxu euxody 3 makoi cumyauil, HauineHi Ha NOKPAUjeHHsA BUKAAOAHHSA
aHenilicbKoi Mosu, cniepobimHUYMea 3 MIiHCHAPOOHUMU aKMYyapHUMU
opaaHi3ayiamu ma popmys8aHHA Mcuxos02iyHoi 20MosHOCMI YKPAiHCbKUX
deneaamie ma npogpecioHanie 0o nybaiYHO20 CrinKy8aHHA npogeciliHowo
aHenilicbKor Ha 3ycmpiyax ma ieeHmax, opaaHizo8aHUMU npogeciliHumu

Mu eussunu,

06°€0HaHHAMU Yux ¢haxisyie no scbomy ceimy.

BucHoBKuU. Ponb aHenoMO8HOI KomnemeHyii 1A npodgecioHasnis-

akmyapiis 8 YkpaiHi mae 6ymu npiopumemHoto, OCKinbKu cama npogecis

CmammsaA € 8HecKom y OUCKYCilo npo
8ax1usicms 80/100iHHA aHenilicbKolo Mosoto 01A npogpecii akmyapis 8
cy4yacHomy 2n106asnizo8aHomy ceimi. Bpaxosyroyu moli pakm, wjo cucmema
akmyapHoi oceimu 8 YkpaiHi 3apa3 3Haxo0umscA Ha cmaodii CMaHo8eHHs,
a ome, 3HAYHOK MIpPOK CNUPAEMbLCA HA MiXHApoOHi cmaHdapmu,
mu
wo aHenilicoka mosa Mmoxe 6ymu edeKmusHUM
iHCmpymeHmom nipogpeciliHo2zo po3sumky He sauwe O/7 K8anihikosaHux
cneyianicmis, ane i 0aa akmyapiis-noyamekisyis. JocnioweHHa mae Ha
3HAHHAMU
ma
cepmugpikamie
MalibymHimu yKpaiHceKumu creyiasicmamu, a maKoxX< rnomnynapu3ayiero

Formulation of the problem. The paper is a contribution to the
discussion of the importance of English proficiency for the actuarial
profession in the present-day globalized world. Given the fact that the
system of actuarial education in Ukraine is currently at the stage of its
formation and hence relies greatly on the international standards set by
actuarial organizations, we hypothesize that an English language is an
effective tool of professional advancement not only for qualified
professionals but also for aspiring actuaries. The study aims to investigate
interdependencies between good English skills, the development of
actuarial education in Ukraine, and attaining internationally recognized
actuarial credentials by Ukrainian actuarial candidates as well as the
promotion of the profession of an actuary in the country.

Materials and methods. The current research utilizes the qualitative
methods of the pedagogical theoretical analysis (curricula, legislative
documents, scientific resources) and observations illustrating the practice
of actuarial professionals’ training in Ukraine and as well as the analysis of
international actuarial organizations internal reports and documents; the
authors also employ the synthesis of pedagogical knowledge to draw up
some practical recommendations on the improvement of actuarial
education in Ukraine.

Results. The paper is one of the first comprehensive attempts to analyze
the role of English proficiency in aspiring actuaries® professional
development in Ukraine and to work out some recommendations on the
issue. Based on the analysis of the relevant sources we have identified that
English mastery can bring the actuarial profession and education in Ukraine
to a qualitatively new level. However, English skills are not considered to be
a priority at the level of the national educational norms and regulations. We
suggest that possible ways out are improved English instruction,
cooperation with international actuarial organizations, and forming
psychological readiness in delegates and professionals to speak
professional English publicly.

Conclusion. The role of English competence for actuarial professionals
in Ukraine should be prioritized since the profession itself is regulated by the
international standards guiding particular eligibility criteria to be
recognized by the word actuarial community as a qualified actuary
worldwide. We believe that the proposed recommendations will improve
actuarial professional education and the existing language training and will
help to bring the profession in general to a qualitatively new level.
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pezynemMoca MiHHAPOOHUMU CMAaHOAPMAMU, AKi BUBHAYAOMb, 30KpeMa,
Kpumepii Habymms cmamycy K8anigikosaHo20 akmyapis y 8ceomy cgimi.
Beamaemo, wo 3anponoHosaHi pekomeHOayii eusedymb akmyapHy
npodpeciliHy nidzomosky, pieeHo 807100iHHA aHenilicokolo ma npogecito
aKkmyapis 8 yinomy Ha AKiCHO Hosul pieeHb.

K/IOYOBI C/IOBA: akmyapii; akmyapHa oceima; 3HAHHA aHenilicoKoi KEYWORDS: actuaries; actuarial education; English  proficiency;
MO8U; MIXHAPOOHI aKMyapHi opaaHizayii; pekomeHoayii. international actuarial organizations; recommendations.
INTRODUCTION

Transformational processes in the economic system of Ukraine and other developing countries are characterized by the
transition from state control over the key areas of socio-economic life to the market mechanism. They involve reliance on free
enterprise principles, market pricing, various forms of ownership of the means of production, competition, and contractual
relations between economic entities. Despite the significant advantages of the market system involving flexibility, the ability to
respond quickly to market needs, and, most importantly, economic freedom, it has several serious shortcomings including
exposure to risks of different nature, bankruptcy threats, cyclical development, recessions, economic crises, and economic
depressions. Developed countries in Europe, the United States, and Canada prepare some sort of a countermeasure in the labor
market — actuarial professionals who can calculate reserves, insurance rates, and pension contributions providing financial
stability and even the opportunity to make a profit during economic downturns using mathematical and statistical methods. Thus,
we claim that qualified actuaries’ training is a dictate of the times.

The analysis of the actuarial training system in Ukraine has shown some contradictions between the needs of the
Ukrainian insurance market, its legal framework, and the number of actuaries which can be currently prepared by the domestic
educational system; world qualification requirements for such specialists and their insufficient consideration in the national
practice of attaining a qualified actuary status; inadequacy of the scientific-methodical, content and technological component of
these specialists™ training; availability of best practices, educational resources, educational trajectories and successful actuarial
education experience in developed countries and Ukrainian aspiring actuaries’ insufficient English competence for their
acquisition and becoming a fully qualified actuary according to international requirements. The latter controversy and the role
of English skills in actuaries’ professional development are thoroughly addressed in the paper.

The current study follows the track of the previous research discussing the importance of English for businesses and
typical problems encountered by non-native English speakers in the English-speaking environment (Harzing et. al, 2011; Fondo,
2019; Bellos, 2009; Louhiala-Salminen et. al, 2005; Poncini, 2003). However, we aim to analyze the role of English proficiency in
the actuarial education system in Ukraine and the development of the profession in the country as well as to elaborate on some
practical recommendations for addressing existing problems that are relatively uncovered issues in the scientific literature.

MATERIALS AND METHODS

The current research utilizes the qualitative methods of the pedagogical theoretical analysis (curricula, legislative
documents, scientific resources) and observations illustrating the practice of actuarial professionals® training in Ukraine and as
well as the analysis of international actuarial organizations” internal reports and documents reflecting their policy on the problem
of linguistic challenges and barriers and possible ways of their mitigation. The synthesis of pedagogical knowledge was used to
propose recommendations remedying the existing language-induced problems Ukrainian actuaries encounter now and then.

RESULTS AND DISCUSSION

The importance of a good command of the English language comes from the fact that actuarial education in Ukraine,
as well as the insurance market in general, is in its infancy, so, for the time being, there are no sufficient practices to generalize
them into powerful learning and teaching support kits — we have only ten years of experience in training such specialists at
national universities (the specialty “Actuarial and Financial Mathematics” included into the field of knowledge 0402 Physics and
Mathematics were first introduced under the Resolution of the Cabinet of Ministers of Ukraine “On the approval of the list of
specialties for higher educational institutions according to educational and qualification levels of a specialist and master” No.787
(2010). The constructive use of foreign experience and resources is currently an indispensable component of the national
actuarial education system’s functioning. Interactive learning can be considered the main means of forming necessary knowledge
and skills in actuarial science — professional forums, webinars, seminars, online courses, thematic groups on social networks, etc.
Foreign textbooks and manuals are no different. Most of these teaching aids are in English. Moreover, different English skills lead
to ambiguity in the perception of information; a lack of Ukrainian students and practitioners™ systematic and structured
educational activities exacerbates the problem of the absence of Ukrainian equivalents for many insurance and financial terms.
Therefore, the language factor at the present stage is generating many problems.

At the same time, the problem of quality Ukrainian-language content is recognized by leading experts in the field and
educational providers as one of the key ones. In this aspect, we should consider the activities of the Probability Theory, Statistics,
and Actuarial Mathematics Department of the Taras Shevchenko National University of Kyiv, based on which the first actuaries
in Ukraine were trained. This Department initiated the creation of the first video channel in Ukraine, where teachers, students,
and graduates illustrated the areas and methods of actuarial and financial mathematics application as well as the specifics of
actuarial professional activities. Besides, based on the Center for the Training of Actuaries and Financial Analysts based at the
Faculty of Mechanics and Mathematics, instructors developed training modules for Ukrainian-language courses and technical
exams of the British Institute and the Faculty of Actuaries (Zubchenko & Mishura, 2016). Moreover, the traditional Department's
activities are the organization and holding of seminars, workshops, and training sessions. These steps are aimed at removing a
language barrier by creating Ukrainian-language teaching materials, which, of course, is an achievement, but does not
qualitatively change the situation.
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In our opinion, a more productive way is to improve the quality of English language teaching to students. However, the
analysis of the master's program curriculum in actuarial and financial mathematics at Taras Shevchenko National University of
Kyiv (2016) revealed that as of 2016 no disciplines were providing English-language training for students, neither among elective
nor among compulsory subjects. In our opinion, this situation is not acceptable and needs to be changed.

However, it should be noted that the lecturers of the Probability Theory, Statistics, and Actuarial Mathematics
Department are certified according to the standards of the Institute of Actuaries of Great Britain (Zubchenko & Mishura, 2016)
indicating a proper level of English skills. It can be a contributory factor to the creation of English-taught programs. It should be
borne in mind that the most reputable professional associations that develop tasks and assess the level of actuarial candidates’
knowledge, skills, and abilities are based in the UK and the US and use their native language — English. Accordingly, the language
in which exams are taken and educational programs are drawn up in English.

According to V. Cherniakhovskyi, the chairman of the Insurance Commission of the Ukrainian Society of Financial
Analysts, many actuaries insist on the introduction in Ukraine of a national system of preparation for exams examinations in the
Ukrainian language. However, there emerge some difficulties. After all, exam questions, which are composed of actuaries
according to the British system in Ukraine, are in English. “Of course, it is possible to translate them into Ukrainian or Russian,
but in most cases, these are open-ended questions that require detailed answers, which as a result will still have to be translated
into a foreign language” (Shcheglova, 2010).

The insufficient level of English can be a factor negatively influencing the actuarial credentialing and exam process. It
results in lowering educational standards and creates obstacles for Ukrainian actuaries on their way to obtaining internationally
recognized qualifications.

A positive factor is a tendency for key professional associations to realize the influence of English-language competence
on the openness of the actuarial profession in a wider range of countries. In this regard, it is worth noting that experiments
related to the translation of English test systems into other languages are being intensively implemented. The Institute and
Faculty of Actuaries now offer exams in Hebrew in Israel, although they are taken in English worldwide. It means that Israeli
students can answer exam questions in their native language and pass actuarial exams in such a way they are qualified as full
members of the Israeli Institute of Actuaries. At the level of the local professional association, professional examinations are
conducted following the instructions of the Institute and the Faculty of Actuaries. It is also possible to choose English for exams
(International Actuarial Association, 2014,). In this case, their answer sheets are evaluated by British examiners.

Similarly, the British Institute of Actuaries cooperates with certain local professional associations that use the ST9 exam
of the British system to award the Chartered Enterprise Risk Actuary (CERA) designation (International Actuarial Association,
2014). Under such arrangements, the results of the examinations taken in local languages are recognized as those meeting
eligibility requirements according to the local qualification procedures.

There are other examples of similar agreements. For instance, the Russian Guild of Actuaries uses materials issued by
the Institute of Actuaries and translated into Russian for preparation for actuarial exams. Although the qualifying examinations
are set by this local professional organization, they are composed in absolute correspondence with the examination tasks offered
by the British Association in the previous years.

The US-based Society of Actuaries™ examination tasks is available in French. They are targeted at the French-speaking
population of Canada. In addition, these exams are used for actuarial credentialing by the China Association of Actuaries, so the
exam tasks are also available in Chinese (International Actuarial Association, 2014).

Thus, some important steps have been taken to reduce the impact of poor English on the outcomes of qualifying
examinations, as, ultimately, the English language, in this case, serves only as a means of reporting candidates’ knowledge and
skills and not as a professional competence to be evaluated.

However, if printed teaching aids can be translated, the situation is getting more complicated when it comes to
participation in conferences and other events organized by professional actuarial associations that involve the use of English as
a working language as a means of international communication.

The above point is confirmed by the extracts from the Actuarial Association of Europe’s (also known as Groupe
Consultatif Actuariel Européen) internal report illustrating some frustrating concerns expressed by participants from non-English
speaking countries. “I was sitting in one of the IAA Committee meetings and listening to the discussion. Suddenly | thought that
the meeting was missing an essential point and | started to plan an intervention. It took a few minutes to prepare myself,
especially to find the right English words, etc., and suddenly | realized that the discussion had moved on to another subject”
(Rogerson-Revell, 2007). And another difficult situation is “I was in the middle of an intervention talking about that interesting
subject when in the middle of a sentence | realized that | had forgotten the correct English word to use” (Rogerson-Revell, 2007).
These embarrassing examples will discourage non-native speakers from taking the floor and speaking publicly.

Moreover, non-native English speakers’ negative emotional experiences caused by the lack of English proficiency may
result in language-based anxiety leading to hostile stereotyping and miscommunication; negative psychological strategies of
eschewing participation in a discussion, or even a selective choice of opponents based on their English skills; another option can
be a switchback into a participant’s native language bringing in discomfort and misunderstanding (Tenzer & Pudelko, 2013; Hinds
et. al, 2014; Neeley et. al, 2012; Neeley, 2013; Harzing & Pudelko, 2013). Thus, the language barrier if not addressed properly can
introduce inefficiencies impeding the effective exchange of views. In such a worst-case scenario, predominantly native English
speakers” voices will be heard and mostly their views will be put forward in international meetings leaving all other member
organizations in the minority which is not the case in terms of the number of members. In this case, the whole point of organizing
such international events for the exchange of best practices and ideas and the strengthening of the actuarial profession
worldwide is lost.

Considering possible remedies and solutions to these problems, we should focus on the experience of The International
Actuarial Association. Its activities are characterized by openness and the promotion of the actuarial profession. It is reflected in
the liberalization of the Association’s language policy. Indicatively, the organization has developed the document “Participation
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of Non-Native English Speakers and New Delegates in the Work of the IAA” (2014) setting out the recommendations for creating
a favorable and friendly atmosphere at events hosted by it.

According to this document, the priority is to provide support to members and delegates for whom English is not a
native language, especially if they are participating in certain events for the first time. After all, given the international nature of
the organization, a key priority is the creation of such a working climate that will facilitate a free exchange of views and where all
participants can interact on equal terms. Consequently, it is important to create the conditions for each delegate to have the
opportunity to get their point across, to get feedback, even if communication does not take place in perfect English.

It is recognized that the English proficiency level of participants in meetings, congresses, and conferences can vary from
an elementary command to an advanced level. In such a diversified linguistic context, slang and idioms, local accents and
pronunciation, and vocal variations can pose a serious problem (Zanola, 2012). In addition, the authors of the document note
that written speech is much easier to perceive because it gives a reader enough time to process information and the opportunity
to use aids, such as translation software. Therefore, all the I1AA’s efforts are aimed at eliminating difficulties associated with the
perception and understanding of oral speech in the direct communication process.

Given the fact that both native and non-native speakers participate in IAA activities, language practice is considered
important for the latter. Immersion in the language environment is encouraged by a variety of means: even coffee and lunch
breaks are seen as a great opportunity for direct communication, and language skills improvement, including speaking and
listening. That is why there is always a 30-minute break between work sessions, which is usually used for communication among
actuarial professionals.

The awareness of the importance of removing language barriers to understanding and effective exchange of experience
is evidenced by the development of some recommendations for chairpersons, native speakers, and delegates who are pre-or
intermediate users of English. Thus, native speakers are recommended:

— to reduce the rate of speech and to have a clear and loud voice; to use simple and widely used vocabulary;

—if possible, prepare a summary of what the speaker is going to talk about in writing (International Actuarial
Association, 2014).-

For non-native speakers, the recommendations can be grouped as follows:

— to familiarize themselves with all the Association’s organizational and procedural documents and documentation
related to the discussion topic;-

—to prepare notes, abstracts, keywords; it helps to structure thoughts and contributes to the logical order of
presentation;:

— to rehearse a speech;-

—in case of unclear points, ask clarifying questions (International Actuarial Association, 2014).-

It is recommended for the chairperson of the meetings:

— before the meeting, ask non-native English speaking representatives of local actuarial associations about the aspects
they are planning to deliver a speech on;

— to use technical means — presentations and slides as visual aids to accompany their speech;-

— to use several techniques to facilitate perception and eliminate misunderstandings: informative document ciphers,
page numbering, etc .;

— to ensure equal participation of each delegate in a discussion;-

— to apply active listening techniques (International Actuarial Association, 2014).-

Thus, the recommendations take into account two important aspects: a language factor and ethical norms of business
communication. That is, contrary to popular belief that actuaries deal mostly with numbers, using a mathematics sign system
that is universal and understandable to all nations, English-language competence cannot be treated as unnecessary. Language
training is an important component of actuarial specialists™ professionalism, as a high level of English skills is a prerequisite for
successful passing of qualifying exams and further professional self-development.

At the same time, it should be noted that actuaries of non-English-speaking countries are not left unattended by
actuarial professional associations set up by English native speakers on the way to developing their knowledge, skills, and abilities,
as the main task of actuarial professional bodies is to develop and promote the profession around the world.

In this regard, considerable attention is paid to language policy based on the principles of tolerance, equality, and
openness. In our opinion, such a strategy is focused on the successful implementation of actuarial organizations” goals. However,
it is somewhat atypical for the modern world characterized by globalization and integration processes, where knowledge of
English is perceived as a necessary minimum for international cooperation.

We would like to point out that a good command of English turns into one of the key professional competencies that a
qualified actuary should have. This is primarily because the profession is becoming more and more global. Many actuaries work
in a bunch of countries or work for multi-national companies and corporations. Given global internationalization trends, it will
increasingly become true in the future. This means that the importance of soft skills reflected in several actuarial credentialing
system modules should be now complemented by English mastery as it is a part of these professionals’ communication skills
enabling them to report the results of complicated technical and statistical calculations and their forecasts to a diversified
audience.

In light of the above, we would also like to stress that good English writing and speaking skills are important for
Ukrainian actuaries and actuarial candidates for attaining actuarial qualifications and becoming full members of international
actuarial organizations — it serves as an instrument for enhancing their professional skill sets and contributes to the fact that the
needs and challenges of the profession in Ukraine are heard internationally. However, English mastery is not a priority for the
system of actuarial education in Ukraine. Most actuarial candidates and professionals are left on their own in a struggle to
overcome linguistic challenges Thus, we believe that the following recommendations will remedy the existing situation:
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— strengthening foreign language instruction at universities for master's degree students; an introduction of foreign
language and professionally oriented English courses as a compulsory subject or an elective; ensuring the appropriate number of
credits for these classes to be taken by students twice a week (10-12 ECTS credits);

— collaboration with international actuarial organizations, education institutions offering actuarial programs, and
multinational corporations employing actuaries to organize international internship programs for instructors and students
supervised by experienced foreign actuaries as a valuable opportunity to gain practical experience;

—introduction of English language courses for actuarial professionals working for companies and government
organizations as corporate clients;

— introduction of mindset training courses to mitigate negative emotions associated with the inability to speak perfect
English as well as the so-called sensitivity training to increase self-awareness and the awareness of others;

—since the problem of having standardized Ukrainian equivalents for English actuarial and insurance terminology is
quite acute today, this aspect requires the collaborative efforts of professionals in this field and domestic linguists —
lexicographers.

CONCLUSIONS

The specificity of actuarial education in Ukraine lies in the fact that in our country it is an emerging field. Foreign
experience and best practices could have enriched such specialists™ professional training and actuarial practice bringing them
closer to the internationally recognized standards. However, actuarial candidates, instructors, and professionals™ lack of English
proficiency creates an obstacle on the way to the successful adoption of developed countries™ achievements in the field. Thus,
Ukrainian actuaries® English skills need improvement. However, not much has been done to remedy the existing situation. In light
of this, we single out key directions working towards which will possibly result in better English and its use as a tool to access the
world’s actuarial community. The proposed steps can be summarized as improved English instruction, cooperation with
international actuarial organizations, and psychological readiness to speak professional English publicly.
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ABSTRACT

®PopmynroeaHHa npobnemu. Ceped wnsxie 30ilcHeHHs iHMezpayii
3micmy ¢axosux mamemamuy4Hux OucyunaiH y npoyeci npogeciliHoi
nidzomosku malibymHix yd4umesie MamemamuKu cai0 oKkpemo sudinumu
¢yHOameHmanisayito  Has4asnbHUX  Kypcie  niHiliHa  anzebpa  ma
aHanimu4yHa 2eomempis, MamemamuyHull aHAAI3 Ma  aHAAIMUYHA
2eomempis, OugepeHyianeHa 2eomempia 4Yepe3 po3pobky 8i0nogidHuUX
iHmezposaHux creykypcie 011 malibymHix yyumenie Mamemamuku.

Mamepianu i memodu. CucmemHuli aHAsi3 HAYKOBOI, HABYALHOI Ma
MemoOuYHOIi nimepamypu; MOPIBHAHHA MA CUHME3 Mmeopemu4HUX
10/103}#eHb;  Y3a2asbHEHHA 8/10CHO20 nedazoeidHo2o doceidy ma 0oceidy
Kose2 3 iHWux 3aKnadie euwoi ocgeimu, 0esKi 3a2a1bHO0 MamemMamu4Hi ma
creyianbHi Memoou pi3HUYEeB8020 YUCAEHHSA.

Pe3ynemamu. ¥ cmammi po32iaHymo MoX/1u80oCcmi 8UBYEHHSA axosux
mMamemamu4HuUx OUCYUNIH 8 ymosax iHmezpayii ix amicmy y 3aknadi suujoi
nedazoziyHoi oceimu mamemamuyHoz2o npoginto. [100GHHA HAB4AsbHO20
mamepiany 8 pi3HUX Hae4anbHUX Kypcax 30ebinbwio20 He CUHXPOHI308aHO,
OCKinbKU ix euKknadarome pi3Hi euknadayi. Hamomicme malibymHeomy
8yumesnto Mamemamuku HeobxiOHo donomoezmu cghopmysamu y endcHili
cgidomocmi nesHy cucmemy 3i amicmy gpaxosux oucyunsiH. BidnosioHo Hamu
6ys10 po3pobneHo crieycemiHapu 0aa cmydeHmie hi3uKo-MamemamuyHo2o
gakynememy 3BO, 8 pamMKax AKUX KOMEH BUKNA0aY HAMG2AEMbLCA
3a6e3neqyumu MixnpeoMemHi 38’A3KU 8020 KypCy 3 IHWUMU. Y32001eHHA
3micmy 30ilicHIO8G0CA WAAXOM BU3HAYEHHS CrIOPIOHEHUX | MOMOMCHUX
noHAMb ma ixHix OeiHiyili, mocnidosHocmi 8e8edeHHA MepeuHHUX ma
3071EeHHUX MepPMiHie, 83AEMHUX MOCUAAHL Y haxosux Mamemamu4HUX Ha
368’A3KU Y HABYANLHOMY Mamepiasni mowjo.

BucHosKu. ®opmy8aHHA 3HAHHEBOI 603U HABYAHHA mMa HWUX
CKNAOHUKI8 cuCmemu HABYAHHA 3 YPaXyBAHHAM MIiWOUCYUNAIHAPHUX
38°A3Ki8, 2apMOHI3ayii 3micmy HABYAHHA MA CUHXPOHI3ayii mpoyecy
HOBYGHHA 8 Y4Ci MOM(IUBO peanizysamu PisHUMU WAAXAMU, 30Kpema
Yepe3 yrnpoeadieHHA cucmemu crieycemiHapie 0118 cmydeHmie isuko-
mamemamuyHux axkynsmemis 3BO. IHmezpayia 3micmy HA8YAHHA y HA
npakmu4yHoMmy pieHi dae cmydeHmam Halisaucugiwy 3 nedaeoziyHoi
moyku 30py Moxusicme: camocmiliHo gopmysamu  ocobucmicHy
cucmemy 3HaHb, dodasamu Hosi 8idomocmi ma popmysamu Hoei 38°A3KU
8 cucmemi npogpeciliHux KomnemeHmuocmed.

Formulation of the problem. Among the ways to integrate the content
of professional mathematics disciplines in the training of future
mathematics teachers should be singled out the fundamentalization of
courses linear algebra and analytical geometry, mathematical analysis and
analytical geometry, differential geometry through the development of
integrated integrated special courses for future teachers.

Materials and methods. System analysis of scientific, educational and
methodical literature; comparison and synthesis of theoretical positions;
generalization of own pedagogical experience and experience of colleagues
from other institutions of higher education, some general mathematical
and special methods of difference calculus.

Results. The article considers the possibilities of studying professional
mathematical disciplines in terms of integration of their content in the
institution of higher pedagogical education of mathematical profile. The
presentation of educational material in different training courses is mostly
out of sync, as they are taught by different teachers. Instead, the future
teacher of mathematics must be helped to form in his own mind a certain
system of content of professional disciplines. Accordingly, we have
developed special seminars for students of the Faculty of Physics and
Mathematics, in which each teacher tries to provide interdisciplinary links
of his course with others. The content was harmonized by defining related
and identical concepts and their definitions, the sequence of introduction of
primary and dependent terms, mutual references in professional
mathematics to connections in the educational material, and so on.

Conclusions. The formation of a knowledge base and other components
of the learning system, taking into account interdisciplinary links,
harmonization of learning content, and synchronization of the learning
process over time can be implemented in various ways, including through
the introduction of special seminars for students of physics and
mathematics faculties. Integrating the content of education at the practical
level gives students the most important opportunity from a pedagogical
point of view: to independently form a personal knowledge system, add new
information and form new connections in the system of professional
competencies.

K/ItOHOBI C/IOBA: nidzomoska malibymHix yyumenie mamemamuKu;
¢axosi MamemamuyHi ducyunninu; npogeciliHa nidzomoeka; iHMeapayis;
3micm oceimu.

KEYWORDS: training of future teachers of mathematics; professional
mathematical disciplines; professional training; integration; content of
education.

BCTYN
MoctaHoBKa npobaemu. Mpobnema andepeHuiaLii Ta iHTerpaLii B OCBIiTi € NOFYHMM HaACNiAKOM MPOLECIB PO3BUTKY
HayKOBOro 3HaHHSA, B AKOMY audepeHLjiaLia 3micTy HayK TiCHO noB'A3aHa 3 loro iHTerpauieto. Lii aBi TeHAeHUii Hepo3puBHO
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NpOoBIAHOI TEHAEHLED PO3BUTKY HayKu Byna gudepeHuiauin, Wo ogepkano BigobparkeHHs B iCHYOYIN NpeameTHIN cuctemi
HaBYaHHA, 30Kpema B CUCTeMi BULLOT OCBiTU. HUHI B cucTemi OCBiTM yce Binblioi akTyanbHocTi HabysatoTb igei STEM-ocsiTn
(Jacobs, Seago, & Koellner, 2017), BianoBigHO NoYMHAE AOMiHYBATM iaen iHTerpauii 3micTy ocsiTH. Lia TeHAEeHU,iA TakoXK 3HAlLWNa
CBOE BiflOBpaXKeHHs i B cuctemMi NpodeciiHoi NiaroToBKy.

3 meTol 3aiicHeHHA edeKTUBHOI iHTerpauii 3micTy ¢axoBMx MaTemaTUYHUX OMCLMNAIH Yy npoueci npodeciiHol
NiAroTOBKM MaliByTHiX yYnUTeNiB MaTEMATUKM CAig KOMMIEKCHO GOPMYOBATH Lifi HABYAHHSA, 34iiCHIOBATH BiA6ip 3MicTy y pisHUX
baxoBMx gucuMnAiHax, METOANYHY Ta AMAAKTUYHY NiIATPUMKY LbOro NpoLecy, BU3SHaYaTh NoCAiAOBHICTb HAaBYA/IbHOIO MaTepiany,
BPAxoBYyBaTW piBeHb MOTMBALLii, Ta Ni3HaBaNbHOro iHTEpecy ManbyTHix yuutenis matematnkn (Koellner & Jacobs, 2015). Cepep,
LUNAXIB 3AIMCHEHHA iHTerpauii 3micTy paxoBUX MaTeEMaTUYHUX AMCLMIAIH Yy npoueci npodeciliHOi NiAroTOBKM MabyTHiX yuuTenis
MaTeEMaTUKM CANif, OKPEeMO BUAINMNTM PYyHAAMEHTANi3aLilo HaBYaNbHUX KypciB NiHilHA anrebpa Ta aHaniTMyHa reomeTpis,
MaTeMaTUYHUIN aHani3 Ta aHafiTM4YHA reomeTpis, AndepeHuianbHa reomeTpia Yepes Po3pobKy BIAMNOBIAHWX iHTErPOBAHMX
CMNeLKypciB s ManbyTHIX yuuTeNiB MaTEMATHKMU.

TaKUM YMHOM, iHTErpaLia 3micTy daxoBMx MaTemMaTUUHUX AUCUMMAIH Y npoueci NnpodeciiHOoi NigroToBKM ManbyTHIX
yuuTeniB MaTemaTuKM Yepes MidKnpeameTHI iHTerpaLiiHi cneLKypcu 3 ypaxyBaHHAM npodeciinHOi cnpAMOBaHOCTi HAaBYaHHA Ma€E
3abe3neunTy NiasuLLLEHHSA AKOCTI BMLLOI NeaaroriyHol maTeMaTUyYHOI OCBITH.

AHani3 akTyanbHUX AocnigxeHb. [JocnifHMKM BBaXKaloTb, WO iAeA iHTerpauii 3micTy OCBiTM He € HOBUM ABULLEM Y
BITYM3HAHIN Ta 3aKOPAOHHIM neparoriui. Cnig 3ragatv NpUPoOAHUYMIA Kypc MUcAeHHsA B. CyxOoMIMHCbKOro, Kypc mucTeuTsa
[. KoBanescbkoro Ta b. FOcoBa Ta Teopito KoonepaTMBHOro HaBYyaHHA L. AMoHawBini, AKi 6a3ytoTbCcA HA Wi NPUHUMNM iHTerpaLii.
[0 cyyacHMX AoCnigHMKIB, AKi 3amatoTbcA Lieto npobnemoto, Hanexatb T. Bpaxe, O. linb3osa, M. Macon, O. CaB4eHKo,
H. CepatokoBa, O. CyxapeBcbKa, B. ®omeHKo, M. IBaHYYK Ta iH. AKTya/ibHiCTb MOLWYKY ONTMManbHOro cnocoby iHTerpauii,
0C06/IMBO 3MICTY MaTemMaTU4HOI OCBITHbOI rajnysi, NOCUNIOETLCA TAKOX MNPEeAMETHOI MepPeBaHTAXKEHICTIO, HeobXigHicTio
bopmyBaHHA 3arasbHOrO CBITOrNAAY Yy B3aEMO3B'A3KY MOro enemeHTiB. POpPMyBaHHA TAKOrO MeTO4y 3/MUTTA B MpPOLECi
neparoriYyHoi MaTeMaTUYHOI OCBITM, LLO BPAXOBYE BCi OCHOBHI eTanu, QyHKLii, acCNeKkT Ta YMHHUKM LbOro Pi3HOMAHITHOrO
neparoriYyHoOro ABMLWA, € CbOrOAHI Haf3BMYAMHO BaxkKAMBMM. Ha LbOMy eTani Ha MpaKTULi peanisoBaHO OKPemi enemeHTu
iHTEerpoBaHOro niAxo4y A0 OpraHisauii OCBiTHbOro npouecy nNpodecinHoi MNiAroToBKM MaWbyTHIX yuyuTeniB mMaTemaTuKu.
MpaKTMKOIO A0BEAEHOD, WO KOMMIEKCHE HaBYaHHA cnpuAe GopmyBaHHIO NPOodeciiHOi KOMMETEHTHOCTI MalbyTHIX yduTenis
MaTeMaTUKM BigNOBIAHO A0 KOHKPETHUX HAaBYa/IbHWX 3aBAaHb, AKi CTaBUTb Npodecia nepes, BUMTEIeM MATEMATUKM.

MeTtogonoriyHi igei iHTerpauji 3micTy HaBYaibHUX AUCUMNAIH BUCBITAEHO B npausax C. foHyapeHka, O. Ay6uHuYyK,
I. Kosnak (2013), t0. Kosnoscbkoro (2018), M. Naszapesa (2009), O. Cepreesa, B. CuaopeHka Ta iH. [eHe3y cTaHOBNEHHA Cy4acHOro
iHTerpaTMBHoOro nigxoay Ao $opmyBaHHs 3MICTYy BMLLLOI OCBITU B YKPaAiHi MOXHa BiACNiAKOBYBaTU, PO3NOYMHAIOUM 3 AOCNiIAKEHD
M. Naszapesa (2009). ABTOpoMm aKTyanizoBaHo npobiemy Ay61t0BaHHA 3MICTY HaBYaHHA 1 HeepEeKTUBHOIO MOro BUKOPUCTAHHS.
3MmicToBa iHTerpaujia ¢axoBMx MaTEMATUYHUX HABYA/IbHUX AUCUMMAIH, KYPCiB HAaZ@€ MOX/IMBICTb MOBHOL,iIHHO BUKOPUCTOBYBATH
cydacHi iHbopmaUiHi TexHonorii, Wo 3abesneyye CTyAeHTaM MOX/AMBICTb HAaBYATUCA W AiATM B YMOBaX 3BMYHOIO AN HUX
cy4acHoro iHpopmaLiiHoro cepeaosuLLa.

Y HayKOBMX OOCNIAKEHHSAX [0BEeAEHO AOLiNbHICTb Ta edeKTMBHICTb 3acTOCYBaHHA iHTErpaTMBHOrO nigxogy A0
bopmyBaHHA 3MiCTy HaBYaHHA (bex Ta iH., 2020; MapycuHeub, 2006; Yxano, 2018), npoTe ManogocAigKeHUMIN 3aaMLLaoTbeA iael
iHTerpauji 3micTy ¢paxoBux MaTeMaTUYHUX AMCUMNAIH Y NPodeciiHiA Nigrotosui ManbyTHIX yuuTenis matemaTukm 3acobamu
crewyKypcis.

MeTa cTaTTi: PO3rAHYTM MOMKIMBOCTI BUBYEHHA HAXOBUX MATEMATUYHUX OUCLUNIIH B YMOBaX iHTerpauii ix amicty y
3aKnagi BMLLOI MeaaroriyHoi 0CBiTM MaTeMaTUYHOro npodinto.

METOAU OOCNIAXKEHHA

Y CcTaTTi BUKOPUCTAHO HACTYMHi TEOPETMYHI Ta eMNIPUYHI METOAM AOC/iAKEHb: CUCTEMHWUIA aHaNi3 HAYKOBOT, HaBYaIbHOI
Ta MeTOAMYHOI NiTepaTypun; NOPIBHAHHS Ta CUHTE3 TEOPETUUYHUX MOJIOXKEHb, PO3KPUTUX B HAYKOBIN Ta HaBYa/bHIlM NiTepaTypi;
y3ara/ibHeHHs BNaCHOro NegaroriyHoro AoCBigy Ta AOCBiAY Koer 3 iHWKWX 3aKknagiB BULLOT 0cBiTU. OKpim Toro, 6yin BUKOPUCTaHI
LeAKi 3ara/JibHO MaTeMaTUYHi Ta crewia/ibHi MeToan Pi3HULLEBOIO YMC/IEHHA.

PE3Y/IbTATU AOCNIAKEHHA

MpodeciitHa nigrotoBka ManbyTHIX yYMTeNiB MAaTEMATMKN HE MOXKe DBYTU NOBHOLIHHO Ta epeKTUBHOLO, AKLLO axoBi
MaTeMaTUYHi AUCUMNAIHM BMKNAZatoTbcA 6e3 ypaxyBaHHA iX HAayKOBOTO Ta MeETOAMYHOrO B3aEMO3B'A3Ky. Lle Bumarae
NPaBMAbHOrO PO3TaLLYBaHHA KypCiB Y HaB4a/IbHOMY NJaHi, y3roAKeHHA NeBHUX NOHATb, TEPMIHOIOTIT Ta MO3HaYeHb, a TaKOX
YypaxyBaHHA TOro, fKi igei, metoam Ta GakTM OAHUX AUCUMNAIH HeobXiaHI NMpu BMBYEHI iHWWX. MOXHA BiA3HAYMTU HU3KY
Hey3roA)KeHOCTeN y CTPYKTYpi OCBITHbOrO mpouecy ManbyTHIX yuuTeniB maTemaTWMKU: NOPYLUEHHA HACTYMHOCTI MOHATDL, L0
BMBYalOTbCA, AyONIOBaHHA OA4HOrO i TOrO K HaBYaNbHOro maTepiany Towo. MpoTe ManbyTHIN yunTenb maTemaTnkmn mae gobpe
6a4nTU | PO3YMITU HAABHICTb INMBOKMX METOA0OMYHMX | 3BMICTOBHMX B3aEMO3B'A3KIB, L0 iCHYIOTb MK MaTEMATUYHUMM Kypcamu,
LLLO BMKNAAAk0TbCA, Hacamnepea, MixK K1acuyHoto «6esnepepBHOO» MaTeMATMKO Ta AUCKPETHOIO.

HuHi B ymoBax AWCTaHLiMHOMO HaBY4aHHA Ta BUKOpUCTaHHA cuctemm Moodle 6e3 3acTocyBaHHsA iHTErpaTMBHOTO Nigxoay
CKNAJAETbCA CUTYaLLiA, 33 AKOI CTYAEHT di3nKo-maTeMaTyHOro dakynbTeTy negarorivHoro 3BO o4HOYACHO BUBYAE KislbKa Pi3HUX
OUCUMMNIH, 3MICT AKUX Yy MOro BipTyasibHOMY KabiHeTi He nnwe po3MilLeHOo i30/1b0BaHO, a i MICTUTb NOBTOPM Ta AybntoBaHHSA
HaBYasbHOro matepiany. OKpiM TOro, oAHi 1 Ti cami BEMYMHM Yy Pi3HUX Kypcax NO3HAYalOTbCA PiSHUMMU CMMBONAMM, LLO
YCKNaaHtoe ix ineHTndikauito. NoaaHHA HaB4aIbHOTO MaTepiasny B pPi3HUX HaBYa/IbHUX Kypcax 34e6iMblioro He CMHXPOHI30BAHO,
OCKiNIbKM IX BUKNAAAOTb Pi3Hi BUKAaAaYi. HaTomicTb MabyTHbOMY BUMTENIIO MATEMATUKMN HEODOXigHO Aonomorti chopmyBaTH y
BNACHIl CBIZLOMOCTi NEBHY cucTemy 3i 3MicTy GaxoBUX AUCUMUNAIH.

Ha Hawy gymky, 3micT ¢paxoBoi NigrotoBkM manbyTHIX BUMTENiB i3MKO-MATEMATUYHUX CreljanbHOCTEN Mae byTu
CKOperoBaHo. Baxnnsoto ymosoto ¢popmMyBaHHA NpodeciiHoi KOMNEeTEHTHOCTI MalbyTHBOrO BUMTENA MATEMATUKM € 3aCBOEHHA
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HUM PyHAAMEHTANIbHUX MaTEMATUUYHUX AUCUMMNAIH. MTPKY LboMy CNif 3BepHYTU 0cOBAUBY yBary Ha GopMyBaHHSA LLiNICHOT cucTemm
MaTEMaTUYHMX 3HAHb CTYAEHTIB. 3 iHWOro 6OKy, iCHYOUYMIA PO3NOAIN HAaBYANbHUX MAaTeMATUYHMX 3HAHb 33 AWUCLMNAIHAMU €
HeobXiZAHMM, OCKIIbKM TaKUM PO3AiNeHHAM AOCATAETLCA NOrNNMBAEHEe PO3YMIHHA OKPEMMUX CTOPIH MaTeMaTuKK. JliHiltHa dopma
BMBYEHHA MaTepiany OCHOBHMX MaTeMATUUYHUX KYpPCiB, KON KOXHa Tema BMBYAETbCA JIMLIE OOMH Pas, HeaOCTaTHIM aHani3
MiXKNpeaMeTHUX 3B'A3KIB NPU3BOAWTL 4O TOrO, W0, MAlouM y Nam’aTi AOCTATHIO KiNbKiCTb O3HayeHb i GOpMyn, CTYAEHTU He
CMPOMOKHi YCBIAOMNIEHO i apryMeHTOBAHO «AiCTaTV 3 Mam’aTi» | BUKOpUCTATH Lo iHdopmaLito Npy po3B’A3yBaHHI 33434 HaBiTb
LIKINbHOrO TMNY. |HaKLWe KaXy4u, y HUX He chopmoBaHa MixKNpeaMeTHa METOLO00rIA PO3B'A3yBaHHA 333y, 0COBMBO TUX, AKI
notpebytoTb N06YA0BM MaTEMATUYHOI Moaeni. Y 38’A3KY 3 LM NOBHOLiHHA MaTeMaTUYHa OCBITa, i AK KiHLLeBa meTa, popMyBaHHA
npodeciitHOi KOMNETEHTHOCTI MalbyTHbOro BUMTENIA MATEMATUKM, MAE 3aBEPLUYBAaTUCb BMBYEHHAM Y3ara/bHIOKOUMX Ta
CUCTEMATM3YIOUMX KypCiB abo CneuKypciB, AKi CNpUATUMYTb BCTAHOB/IEHHIO MiXAMCLUMNAIHAPHUX 3B'A3KIB YHIBEPCUTETCbKUX
MaTeMaTUYHUX KYPCiB, cMCTeMaTM3aLlii 3HaHb Ta HABUYOK, OTPMMAHUX NPK iX BUBYEHHI, PO3BUTKY Y CTYAEHTIB YMiHb BU3HaYaTh
B3aEMO3B’A3KM MiXK e/leMeHTaMM 3MICTy B MeXKax AK OAHIEl MaTeMaTUYHOT AMCUMMAIHM, TaK i B MeXax CnopigHEeHUX AUCUMMANIH
Towo. BianosiAHO Hamu 6yno po3pobneHo crelcemiHapn «BubpaHi NUTaHHA MaTeMaTUKM» AnA cTyAeHTiB 4 Kypcy ¢ismko-
MmaTemaTnyHoro ¢pakynbtety 3BO, B pamKax AKMX KOXKEH BUKNAAa4 HamMaraeTbca 3abeaneumnTy MixknpeameTHi 38"A3KK1 CBOTo Kypcy
3 IHWWMUW. Y3roAarKeHHs 3MiCTy 34iMCHIOBANOCA LUAAXOM BU3HAYEHHS CMOPIAHEHWUX | TOTOMKHMX MOHATb Ta iXHiX AediHiuii,
NOCNiJOBHOCTI BBEAEHHA MEPBUHHUX Ta 3a/IEKHUX TEPMIHIB, B3AEMHUX MOCUNIAHb Yy GaXOBUX MaTeMATUUHWUX Ha 3B'A3KKU Y
HaBYa/IbHOMY maTepiani ToLLo.

MeToto po3pobKM CneLKypcy € CUCTEMATU3ALLIA 3HAHb CTYAEHTIB Ha OCHOBI 3ara/lbHUX MATEMATUYHUX | IOTIYHKX iaen,
AKi NOKNaZIEHO B OCHOBY CYYaCHOTO Kypcy MaTeMaTuKW. Moro OCHOBHUMM 3aBAaHHAMM €:

1) npoaHanisyBatM ¢axoBi MaTemaTMyHi KYpcW 3 TOYKM 30py yHAAMEHTANbHUX MATEeMATUYHUX iLen: MHOMMHA,
BigNOBIAHICTb, BigobpaXKeHHs, BiAHOLEHHA, MaTeMaTUYHA CTPYKTYpa, anrebpaiyHa onepaLia ToLLo;

2) NoKasaT PO3BUTOK MOHATb YMCAA, QYHKLIT, BENMYUHK, anropuTmy, Girypu, sKi BiAirpatoTb BaxKAMBY pPoab Yy Kypci
CYYaCHOI MaTEMATUKM ;

3) PO3KPUTK PO | MiCLLE HANBAXKAMBILLMX NOHATL Cy4acHOI MaTEMATMKM B LWKINbHOMY KypCi;

4) BYUATW BCTAHOBIOBATM 3B'A3KM MK PI3HUMM PO3AiNamuM MaTEMATUKM Ta BigoOPaKEHUX Y HUX GyHOAAMEHTaNbHUX
MaTEMATUYHUX NOHATb.

HanpuKknag, AOCUTb 4YacTo B MaTemaTuui BMHWKAKOTb 3afadi, B AKUX BMMAra€TbCA 3HAWTU CyMy UY/EHIB AesKoi
NOCNiA0BHOCTI (CKiIHYEHHOI Y1 HeCKiHYeHHOI). Taki 3a4aui 3yCTPiyaloTbCA YN HE B KOXKHOMY PO3Aini MaTemaTUKW: NiHiNHIi anrebpi,
aHaNiTMYHI reomeTpii, anrebpi Ta Teopii uncen, maremaTMYHOMY aHanisi, Teopii paais, Teopii gudepeHLianbHUX PiBHAHD,
OUCKPETHIA maTematuui, Teopii MMOBIpPHOCTEN, WO 3aiiBUiA pa3 nigTBepaykye cnosa [. KHyta (1998) npo Te, wo «cymu
BClOAMCYLi». BignoBigHO HamKn PO3rAAHYTO crneucemiHap, B pamKax AKoro 6yno o6’egHaHO HaBYaNbHWIA MaTepian 3 Kypcis
MaTeEMaTUYHOrO aHani3y, enemeHTapHOI MaTeMaTMKK, anrebpu Ta AUCKPETHOI MaTeMaTUKK.

Y AKOCTi NPUKNaAy PO3rIAHEMO CyMy KBaZpaTiB 7 NepLUMX HAaTypasbHUX Yncen:

Y o k?=1%2+ 22 +3%2+...+n? (1)
3HauyeHHs Liei cymun gobpe Bigome:

6

i HaBoauTbCA y BaraTbox MOCIBHMKAX 3 enemeHTapHOI matemaTuku (amBe., Hanpuknag, [Mpaconos, 2007, c.118). dosectu ii
HECKN1agHO, BUKOPUCTOBYIOUM METOZ MaTeMaTUYHOI iHAYKLii. 30BCiM iHLWa cnpaBa — BCTAHOBUTU BKasaHy ¢popmyiy.
Oani bygemo posrnsgatv aneebpaiuHi memoou obumncneHHs cymu (1), wo, 3 ogHoro 60Ky, 6a3yoTbCA Ha TOTOMKHMX
nepeTBOPEHHAX LiIMX BUPA3iB, a 3 iHWOro — Ha BNACTUBOCTAX CKIHYEHHWUX CYM.
MosHaummo S, = Y_, k? | cKopucTaemMoca TOTOXHICTIO
(k+1)°=k®+3k?+3k+1. (2)
NiacraBumo B (2) 3HaveHHA k=1, 2, ..., k i foapamo oTprmaHi piBHOCTI:
28=134+3+3+1
33=2%+3-2+3-2+1

i 2 Mt DEn+1)
k=1

(n+1)3=n+3n%+3n+1.
CKOpOTUBLUM B 060X YaCTMHaAxX CyMu KybiB, AicTaHeMo:

n n
(n+1)3=1+32k2+32k+n
k=1 k=1

(1+n)(2(n+1)%2-2-3n) _ n(1+n)(2n+1)
2 2 ’

Toai
3_ 3n(1+n)
2

38, =(n+1)
_ n(1+n)(2n+1)
= p :
CxorKa igesn 3aCTOCOBYETLCA i Y HACTYNHOMY METOA, afle aKLLeHT pobUTbCA came Ha BAACTUBOCTI CKIHYEHHUX CyM.

NosHaunmo s, = Yp=q k3. Togj

n n
an=sn+(n+1)3=Zk3+(n+1)3=2(k+1)3
k=1 k=1

-(n+1)=

Otxe, S,

abo

Spe1=2ope (K3 +3k2+3k+ 1) =0 k3 + 320 k2 +3X0_1k +n.

n(1+n)
2

NiacTaBUMO y Lo piBHICTb S, = Mg k3, S, = Yh k2 i YR k = . OfepHUmo:
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sut (+ 1) =5, +35,+3- 200

+ n,

3BigKM
1 3 n(l+n) 1
S, = §((n+ 1y3-3- 5 n) = Zn(1+m)@n+ 1)
LLle oaMH 3i cnocobiB 3acTOCyBaHHA BNACTMBOCTEM CKiIHYEHHWX CyM HaBogMTbCA Yy cTaTTi P. Ywakosa (2006). BiH
CTOCYETbCA OBUMCNEHHA CYM BUAY D - ka; Ta 6a3yeTbea Ha 3acTocyBaHHi dopmyau

Zﬁ:l kak = (Tl + 1)511 _Z;’cl=1 Z%:l A, (3)
AKa BUMJIMBAE 3 HACTYMHUX MipKyBaHb.
Hexal
a, +a,+...+a,_1 +a, =S,
Toai

a,+...+a,_ 1 +a, =S,-a4
az+...+a,_1 +a, = S,-a,—a,

an_q1+a, =S,-a1—a,—.—a,_,
ap = Sp—a1—ay—..~Ap_>—Ap_q.
[Jonamo HaseaeHi BULLE PIBHOCTI NOYNEHHO:
Yhorkag = nSp-a1—(a; + az) - (ag + az + a3)= .= (a1 + @y + -+ + Ayg) = 1Sy =- TFE (S @) (4)
Ockinbkun Y12t (X oq @)=Y 1(Zm 1 Q)= 1am, TO 3(4) Maemo

Zkak—nS Z Zam)+z Ay
3BiAKM 1 BunanBae dopmyna (3).

3Haitigemo Tenep cymy S, = Yr_; k2, BUKOPMCTOBYIOUM BKasaHuit meTog, i dopmyny (3):
n

n=Zk2=Zk-k=(n+1)kzk-kz1(1;m)=

k=1 =
n(1+n) n  k(+k) _ n(1+n)? 1

=(n+1) PR =N o k2-o3h k=
=n(1+n)2 _15 _ 1 n@+n)
) 2 21 2 2
Takum ynHom, S, = n(l;rn) —%Sn—n(lm) 3B|p,KV| S = nnrD{+2n) OTxe,
S = n(n+1)(1+2n)
n 6 N

[ocnTb pi3HOMaHITHI 3ac0bu ANA 0B6UNCNEHHA CKIHYEHHUX CYM OAE€ OUCKPEeMHa MamemamuKkd, 30Kpema, pisHuuese
yncneHHA. OAnH 3 HUX NONATAE Y 3aCTOCYBaHHI peKypeHMHUX (3BOPOTHUX) CiBBIOHOW EHb.
AK i BuLLLE, NO3HaYMMO S, = Z’,};l k?, TOA4j, O4eBUAHO,

n+1
Sn+1 = Zkz =12+ 22 +32+..+nl+(n+1)2 =S, + (n+ 1)~
k=1
Maemo niHiliHe HeogHOpigHE PEKYPEHTHE CMiBBIAHOWEHHSA NepLIOro NopsaaKy:

Sn+1 =Sp + (n+1)%, (5)
B AKomy S; = 1.
3aranbHa MeToAuKa po3B’A3yBaHHA TaKMX PiBHAHL J06pe BigoMa 1 MOBTOPIOE PO3B’A3YBaHHA NiHINHUX HEOAHOPIAHNX
andepeHLUianbHUX PiBHAHDL 3i cTannmm KoediuieHtamm (Ctpax, & Jlykawosa, 2021). 3oKpema, 3aranbHuUii po3B’A30K NiHiNHOro
HEOAHOPIQHOro PEKYPEHTHOIO CMiBBiAHOLWEHHA
a, +ba, 1 +bya, ,+...+ba,_, = f(n), neb; €R,i=1.2,...,k (6)
mae Burnag [1, c.460]:
Ay =dp + qn, (7)
A€ ay — 3aranbHuUil pPo3B’A30K BiANOBIAHOTO NiHIAHOTO OAHOPIAHOTO CMiBBIAHOWEHHA 4, + bia,_1 + bya, ,+...+bga,_, =0,
a g, — AeAKMIN YaCTUHHMI PO3B’A30K JAaHOTO HEOAHOPIAHOTO CMiBBiAHOWEHHS (6).
ANropuT™ po3B’A3yBaHHA TAaKOrO CMiBBIAHOLWEHHA NONAFAE Y HACTYNMHOMY:
1) LUykaemo 3aranbHuii po3B’A30K BiAMNOBILHOIO O4HOPIAHOMO CNiBBIAHOLEHHS:
a, +ba, 1 +bya, ,+...+ba,_, = 0. (8)
[Ona uboro 3anucyemo xapakmepucmuyre pieHaHHa: ¥ + by A%1 +...+ b, = 0, 3Haxoanmo ioro KopeHi 4;. AKLLo
BOHO M€ NpocTi KopeHi A4, 4,,..., A, TO 3aranbHuii po3s’a3ok (8) mae Burnaa:
Ay = Ci A" 4 Cody . +C AT,
ae G — [esiKi KOHCTaHTU. fKLWO XapaKTepUCTUYHe PIBHAHHA Ma€ m pPi3HUX KOpeHiB Aq,4,,..., 4, m < k KpaTHOCTi AKUX
AOopiBHIOWTL BignoBiaHo Iy, Ly, ..., L, aely + [, +... +1,, = k, To 3aranbHuii po3s’A30K cniBBiAHOLWEHHS (8) 3anucytoTb y BUrAAA;:
a, = ﬁl(Cil + C[Zn + C[2n2+. . +C[1inli_1) /‘lin. (9)
2) 3Haxo4AMMO YacCTMHHWI po3B’A30K @, cnisBigHOWeHHA (6), BMXoAAYM 3 npaBoi yactuuu f(n) paHoro
cnissigHoLwweHHA (3). Mpu ubomy q,, 6yae pyHKuieto, nogibHoto ao f(n). Hanpuknag, akwo f(n)= (an + d)b",
Ae a,d,b — peski umcna, To g, WyKaemo y Burnaai g, = (An + D) b™, e Ai D — Hesigomi koediuieHTn. MMpu
ubomy, fAKwo f(n) micTuTb MHOXHWMK b™, ge b — |-KpaTHWUIN KOPiHb XapaKTEPUCTUUYHOMO PIBHAHHA AR
cniBBigHOLWEHHS (8), TO WyKaHy GYHKLLO, 3anMcaHy Yepes HeBiAOMi KoediLjeHTH, caig NoMHOKUTM Ha nt L,
MicnA BM3HAYeHHA 3aranbHOIO BUAY G, CAif NiACTaBUTU WMOro y BUXigHe ChiBBiZHOWEHHA (6) i 3HalTK Hesigomi
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KoediuieHTn A i D, BUKOPUCTOBYIOYM METOA, HEBU3HAYEHUX KoedillieHTiB.
3) 3anucyemo 3arasibHUIA PO3B’A30K AAHOIO HEOA4HOPIAHOMO CRiBBiAHOWEHHSA y BUrAagj (7).
MpointocTpyEMO BKa3aHMit MeTod Ha NpuKAagi obuncneHHa cymn S, = Yi_, k2.
1V Bianosinae pexkypeHTHe cnissigHoweHHsA (5):
Spi1 =Sp + (n+ 1), aeS; =1
OpfHopigHe cniBBigHOWEHHS, AKe BiAnoBigae (5), mae surnag S, = S,,. XapaktepuctmuHe pisHAHHA A = 1. OTxe,
3ara/ibH1iA Po3B’'A30K 04HOPIAHOrO CMiBBiAHOLWEHHA 3aN1CYEMO Y BUTNALI:
Sp=C-1"=C.
dyukuia f(n)=(n+ 1)2 = (n?+ 2n+ 1) - 1™, npuuomy b = 1 — KOpiHb XapaKTEPUCTMYHOTO PIBHAHHA KpaTHOCTI 1.
Tomy q, = An® + Bn? + Dn. NiactaBumo g, 3amictb S, y (5):
An+1)3+B(n+1)? + D(+1)n=An®+Bn? + Dn+ (n+ 1)%
MpwupiBHIOtO4M KoediLieHTV NpY 0OAHAKOBMX CTEMEHAX 3MiHHOI, 04EPHKUMO:
4=1
B=-3A+B+1
D =3A-2B + D, 3Bigkn{ B =

i qn =§n3+%n2 + én.
0=-A+B-D

AR N|= W]

D =
3a (7) 3aranbHuit po3s’asok cnissigHoWweHHs (5) mae surnag S, = S, + q,, 10610
Sp,=C +§n3 +%n2 +§n.
3Hangemo Tenep 3HaueHHA KOHcTaHTU C, BUKopucTosytoun ymosy: S; = 1:
1=c+i+241%
3.2 6
3BigkM C i S, = §n3 + inz + %n = —n(n+1)6(1+2n).
3a3HauMMmo, Lo chiBBigHOWEHHA (5) MOXKHa 3BeCTU A0 0AHOPIAHOIO, BUMUCABLLM 3 PEKYPEHTHOTO cniBBigHOWeHHS (5)
BiANOBIAHI PIBHOCTI Sy, Sy 1, Syt | Sny2 Ta BUKAIOUMBLUN HEOAHOPIAHICTL. [licTaHemMo 00HOpiOHe criis8i0HOWeHHsA
Sntz = 4Sp42-6S, + 45, 1-Sno2, (10)
3 XapaKTepucTUUHUM piBHAHHAM A% = 423 -61% + 41-1. BoHO Mae KpaTHWI KOpiHb A; =1, = A3 = 1, = 1, 38igku 3a
dopmynoto (9) oTpMMyeMO 3aranbHUM Po3s’A30K cnissigHoweHHA (10):
Sp=Cmd +Cyn? + C3n + Cy.

3Hax0AMMO 3HaUYEHHA KOHCTAHT, BUXOAAUM i3 NOYATKOBUX 3HAYeHb: Sy = 0,S5; = 1, S, = 5, §3 = 14. OctatouHo, C,=0,
1 1

C3=5,C=5,C =318, = n* +5n +:n.

HacTynHuii meToa, AKMI fa€ AMCKPETHA MaTemMaThKa — 3aCTOCYBaHHA aHTUPI3HWLb, AKI € AMCKPETHMMM aHaaoramu

nepsicHOT GpyHKLi. Haragaemo, WwWo aHmupizHuyesoto dyHKuieto 007 pyHKUii f (x) HazusaeTbea GpyHKuia F(x) TaKa, wo
AF(x) = f(x),
ae AF(x) = F(x + 1) — F(x) — ckinueHHa pi3Hnua nepworo poay [2, c. 84].

AHTUPIZHMLEBY YHKLI0 (aHTMpi3HMUIO) ana dyHKLii f(x) nosHaualote A™1f(x) abo A™1f, a onepatop nepexoay Big,
oyHruii f(x) po dyHKuii F(x) HasusatoTe aHmupisHuyesum (Bonkos & BoiiHanosuy, 2000). 3HaYeHHs aHTUPI3HWULEBOrO
onepaTopa (AK i 3HaYeHHs Moro HenepepBHOTO aHaora — HEBU3HAYEHOTO iHTerpasna) BU3HAYAETLCA HEOAHO3HAYHO: AKLWO F; (X)
i F,(x) pBi aHtupisHuuj, To F; (x) — F,(x) = C(x), ae C(x) — posinbHa nepioanyHa dyHKuUia 3 nepiogom T=1.

Hanpuknag, A™12% = 2% + C(x), ae C(x) — nepioanuHa dyHKLja 3 nepiogom 1, OcKinbKm

AR +C(x) = (¥ + C(x + 1)) - (2*-C(x)) =2%(2-1) = 2~.

AHanNoriyHo, BUKOPMCTOBYHOUM O3HAYEHHA CKiIHYEHHOIT Pi3HUL Ta QHTMPI3HUL, HEBAXKKO NEepPeKOHATUCA, LLLO
x(x—1) x®@

——+C(x)=—+C(x)
2 2
(B ocTaHHiii piBHocTi cumsonom x ™ nosHaueHo Tak 3BaHWiIt y3aeasbHeHUl cmertite
x® = x(x - 1D(x—2)...(x —n+1)).

Alx =

BianosigHo,
x(n+1)
1 +C(x),n = 1. (11)
HaBegemo Kinbka BAAcTMBOCTEN aHTUPI3HWL, fKI HEBAaXKKO [0BECTW, BUXOAAYM 3 O3HAYeHb Pi3HULEBOI Ta
QHTUPI3HMLLEBOT PYHKLIN:
1. A™1f(x) = F(x) + C(x), C(x) — nepioanuHa dyHKuis, T=1;
2. Alcf =cATYf
3. AT (f+g)=A"f+A"1g.
4. Akwo Alf(x) = F(x), 10

A 1™ =

n—1
> FG) = Pl = F(i) = F(m),
k=m

HaBegaeHa Buie popmyna € guckpeTHUM aHanorom ¢opmynmn HototoHa-/leibHiua.
5. YRZifAg=f-glt —Xiig(x + DAS,
OcCTaHHI0 BNacTMBIiCTb HasuBaloTb nepemeopeHHAM Abens (Bonkos & BoliHanosuu, 2000). BoHa € AMCKpPETHUM
aHanorom Gopmyau iHTerpyBaHHA YacTUHAMM.
3a3HaunMmo, WO HaBeAgeHi BulLe BAAcTMBOCTI 4 i 5 aHTMPI3HMLEBOro onepaTopa LIMPOKO BUKOPWUCTOBYIOTHCA ANA
3HAXOA4KEHHA CKIHYEHHMX cyMm. MPOiNOCTPYEMO 3aCTOCYBAHHA BAACTUBOCTI 4 AN 3HAXOAKEHHA CYyMU
Sp=1+22+3244%2+.-+n2
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NosHaummo f(x) = x? Ta 3Haiigemo ii aHTUpisHMLO. [NA LBOro 3anMiemo X2 y BUrNAZl y3arabHEHOro CTeneHa:
x2 = x(x — 1) +x = x® + xB, Togi 3a popmynoto (11) maemo:
F(x) =A"1x2 = A7 (x® + xW) =
=13 41,@ 2 (x— - Ll —1) = La(x - —
=X+ ox = 3x(x D(x—2) +2x(x 1= 6x(x DR2x—1).
[ani 3a Bnactusictio 4

1 1
Spy=Yn_ k= gk(k -DRk-1D|3 = gn(n +1)(2n+1).

MpuKNagy BUKOPUCTAHHA BNACTUBOCTI 5 MOXKHa 3HATK, Hanpuknag,y (Bonkos & BoiHanosuy, 2000).

3a3HauMMO TaKOK, LLLO Nepexia, B4 MHorouwieHa X™ [0 y3arajbHEHOro cTeneHa MOXKHa 34iicHUTH 6e3nocepesHbo:

n
" = ZS(n,k)x(k)
k=0

ne S(n, k) — uvcna CripniHra gpyroro poay, fKi LWMPOKO BUKOPUCTOBYHOTLCA B AMCKPETHIA MaTemaTuui i BM3HayaloTbCA
peKkypeHTHO (AHAepcoH, 2004):
Sm+1,k)=S(nk-1)+kSnk)i S(n,0);=0npun>0,5(1,1):=1.
Lie fae MOXAMBICTb 06YMCNIOBATM CTENEHEBI CYMM NOCNIAOBHUX HaTypasbHUX YMCEnN:

(k+1)
1™ 4 2™ 4 +n™ = Y, S(m, k) —(M,:il :
Mpnm = 2 6yaemo matu:
(k+1)
12422 htn? = 3o S(2, k) DT,

TO6TO
) (n+1)(3):

12+ 22 tn? = S2,0) 7 4 52,) W% 52,2
_ (n+Dn 4 (n+Dnn-1) _ (n+ Dn(3+2n-2) _ ln(n )20+ D).
2 3 6 6

3a3HauMmo, Wo AR obuncaeHHa cymn S, = Y r_; k? MoXHa TaKoX 3acTOCyBaTM MHoOrouneHu (ta uncna) BepHynni

(Ywakos, 2006) Ta anapaT TBipHMX GYHKLiN (AapeHKo, 2004), AKi LUMPOKO BUKOPUCTOBYIOTLCA Y KOMBIHAaTOPHOMY aHanisi.
Baromy po/ib TaKOXK BigirpatoTb KNacMYHi MeToay KOMBiIHaTOPHOIO aHani3y Ta Pi3HULLEBOTO YUCAEHHSA. TOMY, BUBYEHHIO
BigNOBIAHMX MUTaHb KOPUCHO MPUAINATA OKPEMY yBary fiKk Mpu BUBYEHHi 6a30BOro Kypcy AMCKPETHOI MaTeMaTWKM, TaK i B

OKpPEeMMX CMeLKypcax Ta Ha 3aHATTAX MaTeMaTUYHOro rypTKa.

OBlrOBOPEHHA

MpoBigHO TeHAEHLED OCy4aCHEHHA | BAOCKOHaneHHA 3micty ocBith C. Y. [OHYapeHKO HasMBaEe Moro
rymaHiTapusadito, Wwo nepeabavac: «...iHTerpauito pisHOPiAHMX 3HaHb NPO NAMHY, ii MUCAEHHS, NPO NPUPOAY i CYCniNbCTBO,
04 eprKaHMX NPU BMBYEHHI Pi3HUX HaBYaNbHUX NPEAMETIB, Y €AMHY HAYKOBY KapTMHY CBiTy» (KonecHikoBa, 2011). IHTerpauis €
Ba)K/IMBOKO YMOBOIO 3ara/sibHOro PO3BWUTKY Cy4acHO! HayKku i umsinisauii (Bass & Ball, 2018). Aa)ke HaykoBe MWUCNEHHA Ha
Cy4acHomy eTani Bce 6ifblue CXMAbHE PO3rAAAaTU HE OKPeMi, i30/1b0BaHi 06’EKTU, MUTTEBI ABULLA, a X BiNblU-MEHLL PO3ranyKeHy
€AHicTb. TOXK: «iHTerpaujia - BUMora o6'eiHaHHSA y Ljife AKMXOCb YaCTUH YW €/IEMEHTIB, BBAXKAETbCA HEOOXIAHUM ANAAKTUYHUM
3aco0b0Mm, 32 4OMOMOrOH AKOTO MOX/IMBO CTBOPUTM B YYHIB LifliCHY KapTUHY CBiTy» (Bonbluakosa, 2012). MoHATTA «iHTerpauis»
Ma€ yHiBepcasibHe HayKoBe 3HAYEeHHA | YacTO BUKOPUCTOBYETHCA B HaBYaHHI. Y 3ara/lbHOHAayKOBOMY acneKTi: «iHTerpauia — ue
NpoLEeC B3aEMOMNPOHUKHEHHS, YL iNbHEHHA, YHidiKaLii 3HaHHA, AKMWA MPOSABAAETbCA Yepe3 €AHICTb 3 MPOTUIEKHUM KoMy
npoLecom po3yneHyBaHHSA, PO3MexXyBaHHA, AndepeHrLiaLii, npouec, AKMN 06'EKTMBHO AETEPMIHYETLCA B3aEMOMNPOHUKHEHHAM
Pi3HMX BUAIB | KOMMNOHEHTIB MaTepiaNbHOI | AyXOBHOI AifIbHOCTI Nt0AEN, @ B CBOIX HAUT/IMBLIMX OCHOBAX — MaTepia/ibHOW EAHICTIO
CBiTY, BCe3ara/ibHMM 3B'13KOM, i30MOP}i3MOM CTPYKTYP B AKICHO pi3HOMaHITHUX 06’ekTax» (bex Ta iH., 2020).

Halue AocniasKeHHA y3roaxKyeTbCa 3 r0/I0BHUMU NONOKEHHAMM gocnigHukis (Borko & et al., 2014; Forgasz, 2006; Inglis
& Foster, 2018) igei iHTerpauii dyHAaMeHTaNbHUX AMCUMNAIH Y 3MICTi NpodecitHOI NiATOTOBKM MalbByTHIX yYUTENiB MaTEMaTUKM.
Mpw ynpoBagKeHHi po3po61eHOro Hamu CneLKypCcy AOCUTb LUMPOKO NPOCAIAKOBYETbCA MiXKANCLMMNIHAPHI 3B’ A3KM MiXK Pi3HUMM
po3finamu  MaTeMaTUKM: MaTEMATUYHUM aHaANi30M, FeOMeTpielo, anrebpoto, AWCKPETHO MATEeMaTUKOW, Teopieto
MMoBipHOCTeN. TaKOXK BOOCKOHANEHHA 3MicTy nepenbavae mopmodikauito poboumx nporpam, po3pobKy abo OHOBAEHHA
HaBYa/IbHO-METOANYHUX KOMMEKCIB GYHAAMEHTANIbHUX MaTeMaTUYHUX AUCUMMAIH Ha OCHOBI MpuHUMNY npodecinHoi
CNPAMOBAHOCTI Y KOHTEKCTi 36i/bLUEeHHA Bark NMUTaHb LWKiNIbHOTO Kypcy MaTeMaTUKM Ta Nepepo3noginy 3micTy ayaAUTOPHUX NeKLin
Ta Bigeo-nekuii 3 dyHAaMeHTaNbHUX MATEMATUYHUX SUCUMNAIH.

3aranom obnactb focniaxKeHb iHTerpauii pyHAaMeHTaNbHUX AUCUMNIIIH OXONKOE BCi PiBHI BULLLOT OCBITH, Y TOMY YMCAi
nepLnin 6akanaBpCbKMit, Ta nepenbayvac iHTerpaLito npegMeTis, AKi MatoTb HaMbiNbLLY yBary: anrebpy, A0BeAEHHSA, 06UNCNEHHS,
TeXHONOorii, reomeTpia Ta mogentoBaHHA. CUNbHUIA aKLEHT AocnigxyBaHa Hamu npobnema mae y poboTtax, nos'A3aHMX 3
BMpiLLEHHAM Npobaemu NiasuLeHHA KBanidikaLyii BUMTeNiB, OHOBNEHHAM HaBYabHUX NaaHie (Cancino & et al., 2017; Drijvers &
et al., 2020; Schoenfeld, 2016).

Ha Haw nornap, HeobxigHMm pna 3abesnedyeHHs edeKTMBHOI iHTerpauii dyHAAMEHTANbHUX AMCUMNAIH Y 3MicTi
npodecinHoi NiaroToBKM ManbyTHIX yunTeNiB MaTEMATUKM € YNPOBAAMKEHHA AifNbHICHOTO Migxoay, OCKiZIbKM came Uen nigxig,
[,03BOJIAIE CTYAEHTAM OCBOITU CNocobu Al ixHboi ManbyTHbOI NpodeciitHoi AisnbHocTi. Kpim Toro, ans epekTMBHOI opraHisauii
MiXKAMCUMMNIHAPHOT iHTerpauii HeobxiAHO opraHiyHe NOeAHAHHA Pi3HUX GOPM Ta METOAIB HaBYa/bHOI AiANbHOCTI, @ TAaKOX
BMKOPUCTAHHA MOMAMBOCTEN TakMX 3acobiB HauasbHOI AiANbHOCTI, AK XMapHi TexHosorii, cuctema Moodle, cuctemm
KomN'toTepHOI MaTeMaTuKKn Ha 6asi gisnbHicHoro niaxoay (Das, 2019; Drushlyak & et al., 2020; Fedorenko & Botuzova, 2020;
Lesseig & et al., 2016). Lle mae 3abe3neuynTn BUCOKMI piBeHb GopMyBaHHA NPodeciiHOi KOMNETEHTHOCTI MabyTHIX yuuTenis
MaTeMaTUKK, iX 34aTHOCTI i FOTOBHOCTI 3aCTOCOBYBATM OTPUMAHI 3HAHHA, BMIHHA Ta HaBWYKM NpW BUPILLIEHHI npodeciiiHo
CNPAMOBAHMX Ta MiXKAMCUMNNIHAPHUX 3aBAaHb (Gallagher & et al., 2020; Gravemeijer & et al., 2017; Shen & Ho, 2020).
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BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXEHHA

BaknmMBum pe3ynbTaToM BUKOHAHOTO AOCAIAXKEHHA OCBITHBOIO NPOLLECY MOXKHa BBaXKaTW BUCHOBOK LL,OA0 MOXAMUBOCTI
bopmyBaHHA Yy MaBYTHIX y4uUTeNiB MaTeEMATUKM iHTErPOBAHOIrO KOMMAEKCy NpodeciiHO CnpAMOBaHMX 3HaHb, AKMN MOXKHA
CxapaKTepu3yBaTh AK 6a3y NpodeciinHOi KOMNETEHTHOCTI WAAXOM 3aNpOBaAMKEHHA B OCBIiTHIM Npou,ec iHHOBAL,i, 3aCHOBaHMX Ha
CTBOPEHHIi iHTErpoOBaHOIo HaBYa/IbHOFO CepeaoBULLa.

dopmyBaHHA 3HAHHEBOI 6331 HaBYAHHSA Ta iHWMX CKNAAHUKIB CUCTEMM HABYAHHA 3 YPaXyBaHHAM MiXKAVCLUMNAIHAPHUX
3B’A3KIB, rapMOHI3aLii 3MicTy HaBYaHHA Ta CMHXPOHI3aL,ji NPOLLEeCcy HaBYaHHA B Yaci MOXANBO PeanizyBaTh PisHUMM LWAAXaMM,
30Kpema 4yepes ynpoBaAKEHHA CUCTEMM CreLcemiHapiB ANA CTyAeHTiB ¢isnko-matematnuHux ¢akynbtetie 3BO. |HTerpauis
3MICTY HaBY4aHHSA Yy HA NPAKTUYHOMY PiBHI A€ CTYAEHTAaM HaMBaXKAMBILWY 3 NeAAroriYHoOi TOYKM 30pY MOMKAMBICTb: CAMOCTINHO
dbopmyBaTU OCOBUCTICHY CMCTEMY 3HaHb, A04ABAaTM HOBI BigomMoOCTi Ta ¢popmyBaTU HOBI 3B'A3KM B cucTemi npodecinHux
KOMMETEeHTHOCTEN.

MepcnekTMBM AOCNIAKEHHA NONAMAOTb Y NOAANbLIOMY PO3p06/aeHHI 3abe3neyeHHa OCBITHLOro MpoLecy ManbyTHIX
yuuTeniB MaTeEMaTMKM Yepes iHTerpyBaHHsA 3MiCTy OCBITHbOIO Npouecy 3acobamm cy4acHUX iHPopMaLiAHUX TEXHONOTIN.
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AHOTALIA

ABSTRACT

PopmyniosaHHA npobaemu. AKmusHuUli po3suMoK iHgopmayiliHozo
cycninecmea, iHpopmayiliHux mexHosnoeili i 3acobie 3ymosue nossy
8ipMmyanbHUX COYianbHUX Mepex, AKi cmanu cepedosulem Macosoi
KomyHiKayii nionimkis. [lNonyaapu3ayia coyianbHux cepsicie nopoodxrcye
ideto BUKOpPUCMAHHA MAKoz2o mMalioaH4YUKa 8 oc8imHix yinax. [lpome, He
38GHQAIOYU HA BE/UKY KifbKicmb 00CniOHeHb, WO 8KA3ylome HA eenuKul
nomeHyian 8UKOPUCMAHHA COYianbHUX cepsicie 8 0c8imi, HeMae crinbHoI
OyMKU W000 MaKo20 8UKOPUCMAHHA. 3 00H020 BOKY, coyianbHi mepexdi
HOCAMb po3saxcanbHull xapakmep, i 3a80aHHA 84uMena — 8U8eCMU y4YHie
i3 daHo20 npocmopy U Hanpasumu Ha iHwi media U 3anponoHysamu iHWi
8udu OianbHocmi. 3 jHWo20 60Ky, 8i08I0Y8AHHA COYianbHUX Mepext cnid
3p06UMU MAKCUMANLHO KOHCMPYKMUBHUM 0A1A NOCUAEHHA momueayii 00
HOBYAHHA, Ni08UWEHHA iHMepecy y4Hi8 00 HABYAHHS.

Mamepianu i memoou. /117 8UKOHAHHA O0CNIOHEHHA BUKOPUCMAHO
meopemuy4Hi Memodu HayKoeo2o Mi3HaHHA (KoHMeHm-aHani3 pecypcie
mepexi IHmepHem; meopemuyHuli aHAi3 Ma y3a2a16HEHHA 30KOPOOHHUX
HayKosuX po38i00K 8 2as1y3i 0c8imu ma 8 2as1y3i BUKOPUCMAHHA COYianbHUX
mepex 04 2anysi oceimu 6 YKpaiHi).

Pesynbmamu. Y cmammi nodaHo Kopomkuli 027140 coyianbHUx
cepsicie AK MaldaHyuKie 0na cynposody HABYAHHA i[HOPMaAMUKuU.
lokasaHo, W0 BUKOPUCMAHHA 0C8iIMHbOI Mmepexci «lljodeHHUK.ua» €
80as10t0 3amiHO0 OpyKoBaHili WKinbHili dokymeHmayii. Pecypc e-schools €
iHMezposaHo cucMemMor eneKMpPOHHUX WOOEHHUKI8 | #ypHasie, momy
8UKOpUCMAHHA (i020 € aKmyasnsbHUM 0nA 3aknadie ocsimu. OceimHil
npoekm «Ha ypok» sucmynae iHcmpymeHmom 0714 NiOMpPUMKU 8UBYEHHA
pi3HUX npedmemie y WKoni. 3 0C8IMHLOK Memor nposedeHo KOHMeHm-
aHaniz mamepianie sideoxocmuHzy YouTube Ha HassHicmeb gideo3anucie 3
HOBYAHHA iHpopmamuKu. BusHayeHo Halibinew nonyaspHi pecypcu 3a
KAIOYOBUMU C/108AMU  «MIPO2PAMYBAHHA», «KOMM'lomepHa 2padika», a
MaKo# Kopomko onucaHo epynu y Facebook, sAki opieHmosaHi Ha
HOBYAHHSA IHHOPMAMUKU 30 YKPAIHCoKUMU WKiAbHUMU NPo2pamamu.

BucHoeKu. [lposedeHuli aHani3 coyianbHux cepesicis 0038075€
cmeepoxysamu, WO HA CbO20OHIWHIl OeHb B0HU € HEBIOEMHUM
ampubymom HasyaHHA y wkosi. CoyianeHi Mepexci 4acmo € Oxcepesnom

Formulation of the problem. The active development of the information
society, information technologies and tools has led to the emergence of
virtual social networks, which have become an environment for mass
communication of adolescents. The popularization of social services gives
rise to the idea of using such a platform for educational purposes. However,
despite the large number of studies indicating the great potential for the
use of social services in education, there is no consensus on such use. On the
one hand, social networks are entertaining, and the teacher's task is to take
students out of this space and direct them to other media and offer other
activities. On the other hand, visiting social networks should be made as
constructive as possible to increase motivation to learn, and increase
students' interest in learning.

Materials and methods. The study used theoretical methods of
scientific knowledge (content analysis of Internet resources; theoretical
analysis and generalization of foreign scientific research in the field of
education and in the use of social networks for education in Ukraine).

Results. The article provides a brief overview of social services as
platforms for accompanying computer science training. It is shown that the
use of the educational network "Diary.ua" is a successful replacement for
printed school documents. The "e-schools" resource is an integrated system
of electronic diaries and journals, so its use is relevant for educational
institutions. The "On Lesson" educational project is a tool to support the
study of various subjects at school. For educational purposes, a content
analysis of YouTube video hosting materials for the availability of videos on
teaching computer science. The most popular resources for the keywords
"programming", and "computer graphics" were identified, as well as a brief
description of Facebook groups focused on teaching computer science in
Ukrainian school curricula.

Conclusions. The analysis of social services allows us to state that today
they are an integral attribute of schooling. Social networks are often a
source of educational resources, including in teaching computer science, so
it is worth using their potential for the intellectual development of students
and involving young people in various educational activities (research
projects, conferences, or competitions of various levels, educational and
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oceimHix pecypcig, y m.4. 8 HABYAHHI [HHPOPMAMUKU, Momy eapmo
suKopucmosysamu ixHili nomeHyian 011 iHMeneKMyanbHO20 PO38UMKY
y4Hie ma 3any4eHHA M0a00i 00 Pi3HOMAHIMHUX 0c8iMHIX akmusHocmeli

socio-cultural events). Promising scientific research is the development of
methods for teaching certain topics in the school course of computer science
using various social networks.

(HayKos0-00cniOHUX NPOEKMiB, KOHepeHUil Yu KOHKYpcie pi3Ho20 pisHs,
HABYANLHUX MA  COYianbHO-KyabmypHuUx 3axodis). [MepcnekmusHumu
HayKosumMu po3eiokamu 86a4aemoca po3pobsieHHs MemoOUK HABYAHHSA
OKpPEeMUX meM WKiNbHO20 Kypcy iHPOPMAMUKU 3 BUKOPUCMAHHAM Pi3HUX
coyianbHUX Mepexc.

KEYWORDS: social services; educational platform; educational process;
support of educational process; computer science training.

K/IKOYOBI C/I0BA: coyianbHi cepsicu; ocgimHili MalidaHyuk; oceimHili
npoyec; cynposio 0ceimHb020 NMPoyecy; Ha8YaHHs IHHOPMaMUuKuU.

BCTYN

MoctaHoBKa npobnemu. Yepes aKTMBHUIA PO3BUTOK iHGOPMALIMHOrO CYCniNbCTBA KOHCTaTOBAHO MOCU/IEHHA PO
iHbopmaLii, 3HaHb Ta TexHosorin. MpocnigKOBYETbCA BUCOKMI piBeHb iHPopmaTM3aLii ycix chep cycninbcTBa 3aBAsKM noAsi
TEXHONOTYHUX NPUCTPOIB, CTabiNbHIN poboTi rnobanbHoro iHGopMaLiiHOro NPOCTOPY Ta BUCOKOMY NOMUTY Ha JOCTYN A0 MepeXi
IHTepHeT. B ymoBax po3BUTKY iHGOPMaL,iMHOIo CycninbCTBa CTAaE NPUPOAHLOI TPAaHCPOPMALLA OCBITH, 3aNUT Ha AKY € BIAHYTHUM
i NOB’A3YETLCA 3 PO3BUTKOM TEXHOOTYHOTO yKAa4y Big TexHonorin Web 2.0 go TexHonorii Web 3.0 i Web 4.0, ae KopucTyBadi
coLianbHUX MEpPEeXK OPIEHTYIOTLCA HA PiI3HUM, Y T.4. 1 OCBITHIN KOHTEHT, a TaKOX IHTepHeT peyeit. | xoua couianbHi mepexi gepani
6iNblie HaNOBHIOKTLCA OCBITHIM KOHTEHTOM, NPOTE Yepes PO3BUTOK iHPOPMALLIMHOIO CycniNIbCTBA Ta TEXHONOTIM Y HbOMY I 4,0CI
33/IMLIAETLCA aKTyaIbHUM aHai3 BUKOPUCTAHHA COLLialbHNUX MepPeX B OCBITHbOMY NPOLLECi.

AHani3 akTyanbHUX gocnigKeHb. [poTArom JOBroro Yacy AOCNiIAHUKM NiAKPECNOTb, WO BUKOPUCTAHHA BipTYaNbHUX
COLLiaNIbHUX MepPEeXK B OCBITHbOMY NPOLLECi CNPUATAIMBO NO3HAYNTBLCA HA AKOCTI OCBITH.

B. Nikolovski, V. Kokolanski, Ju. Achkoski, M. Dojcinovski nig couianbHUMK Mepexkamu pPo3yMitoTb, 3 YMUM MM
NOroAXKYEMOCA, MepexKeBi Beb-cepBicK, AKI A03BONAIOTbL KOPUCTyBayam CTBOPOBATM 3aralbHOAOCTYMHI abo HaniBnybAiuHi
npodini, AKi, No-nepuwe, NpUsHaYeHi ANA CNiAKYBaHHA Ta 06MiHY AaHMMMK, a No-Apyre, 3abe3neyyoTb MOHITOPUHE AiANbHOCTI
KOpPWCTYBauiB, AIKi NepebyBaloTb Y MePEXKi, MONErLLYYM MOHITOPUHT OCBITHLOI AisanbHocTi (Kokolanski et al., 2013).

A. Bozkurt, A. Karadeniz, M. Okur nogibHMm YMHOM XapaKTepu3yloTb COLUianbHi Mmepexi — ue Habip goaaTkis, Aki
PO3LWMPIOOTL rPYNoBi B3aeMoAii Ta CnifibHi NpocTopy ANA cniBnpaui, couianbHi 3B8'A3KM Ta 06MIH iHPopmauielo y Beb-
cepenosuLLi. ABTOpY rOBOPATb NPO CoLiaibHi MepeXi AK NepcoHanizoBaHi NPOCTopu ANA OHNaH-6ecig | 06MiHY KOHTEHTOM, AKi
3a3BMYait 6asyloTbca Ha NiATPUMLUI Ta 06MiHI «npodinammn» 3 ocobuctoto abo 3aTpebysaHoto iHpopmauieto Tow,o. (Bozkurt et al.,
2015).

Haykosui I. CotcbKa, H.Mastopa Ta O. TpUHyC 3a3HayaloTb, WO COLia/AbHi Mepexi Bce binblie BUKOPUCTOBYHOTHCA
BUMTENAMM Ta CTyAEHTaMM O1a GOpManbHUX (HaBYyaHHA) Ta HepOpManbHUX (MepcoHanbHe CninKkyBaHHA) Linel. Ha aymky
aBTOpIB, AOCBIAYEHMI YUUTEIb MOXKE NEPETBOPUTU COLiaNibHi MepeXki B epeKTUBHUIN iIHCTPYMEHT MpaLli, TOMY L0 OCHOBHa MeTa
MNOro AianbHOCTI — L 3a0XOYEeHHA A0 HaBYaHHA. ABTOPM BBaXKAlOTb, LLO 3aBAAKM COLa/IbHUM Mepexam yuuTeslb MoxKe
aKTUBI3yBaTU CTYAEHTIB Y NPOLLEC iX HAaBYaHHA, CTBOPUTM CUTYaLii ANA KPaALWLOro pO3yMiHHSA Ta 3aCBOEHHA MmaTepiany (Sotska et
al., 2018).

A. KpukaHoBcbkuidi (2020) po3pi3HAE YOTUPM OCHOBHI TUMM COLiaZibHUX Mepesk: NpodeciiHi couianbHi mepexi, AKi
CTBOPIOBA/IMCA ANA WyKadiB Ta poboToAaBLiB, cMCTEMA PeKOMeHAaUi, penyTauii Ta NPO30pocTi Kap'epHOro Aocsiay B Aii
(linkedin.com, moikrug.ua, pro2.com); 6nor-mepesxi (Livejournal.com, blogspot.com); caitm 3HatomcTB (mambo.ua,
loveplanet.ua); caiiti gna nowyky Noaen, AKi HaB4aaMca B 04HOMY HaBYaibHOMY 3aKknagi (facebook.com). Ane okpim umx asTop
3a3HayaE i MPo couiasibHi Mepexki, AKi BiNbl NpUTaMaHHi 419 BUKOPUCTaHHA B OCBITHbOMY Nnpoueci. 30Kpema, yKpaiHCbKa Bi/lbHa
i He3aneXKHa coujanbHa MepeXka, AKa HaZaE 3pYyYHi Ta 3p03yMiNi iIHCTPYMEHTU A1A 3HAMOMCTBA, CMiJIKyBaHHA, pO3Bar, CaMOOCBITH,
opraHisauii rpyn cninbHMX iHTEpeciB i 3axonieHb, Towo (y-monitora.com); noptan ana obmiHy maTepianamm yKpaiHCbKO MOBOO
(hurtom.com); yKpaiHcbKka mepeska ana y4HiB Ta cTyaeHTiB (pablik.in); YkpaiHcbKuUit OCBITHIN OHAAH-NOPTan Ans BunuTenis «Ha
Ypok» (naurok.com.ua); HaujoHanbHa ocBiTHA Naatdopma «Bceocsita» (vseosvita.ua) Tow,o.

A. YepHeHko (2019) 3a3Hayae, WO Yy Cy4aCHOMY CBITi B)E HEMOX/MBO BUKNAZATU AUCUMMAIHM TPagmuiiHO, TOMy
coujanbHi MepexKi y HaBYaHHI Ha[AlTb MOX/MBICTL 40AATKOBOrO OBroBOPEHHA, KOHCY/IbTYBAHHA, CMiIKYBAaHHA 3 KilbKOMa
rpynamu cTyAeHTiB BogHOYAC. BUKOPUCTAHHA COLianbHUX MepeXK AN HAaBYaHHA CTYAEHTIB Haga€e 3MOry NOCTIMHO CNigKyBaTK 3a
BMKOHAHHAM 3aBAaHb, W0 A03BO/IAE HANArOAUTU ONTUMANbHY CMiBNPALLIO MiXK BUKNAZAYEM i CTYAEHTOM.

[0 nepeBar BUKOPUCTaHHA coLiaNbHUX CePBIciB A1A B3aEMO3B'A3KY yuuTena Ta yuHis O. CnoboasHMK BiAHOCUTL TaKi:
MOMBICTb BUPILLYBATU BaXKMBI NMUTAHHA Be3nocepeAHbo 3 yumTenem y KompopTHUX ANs y4HiB ymOBax, 6e3 30BHiWHbOrO
TUCKY; MOXX/IMBICTb CTBOPIOBATU OCOBMCTUIN HaBYAIbHUI KOHTEHT (SIK y4YeHb, TaK i BUNTE/b); CTBOPEHHSA BAACHWX KaTanoriB Bigeo-
Ta aygio ¢alnis; poswmMpeHi NepcnekTMBm CninkyBaHHA 3 O4HONITKAMM B COLLIQ/IbHUX FPynax; MOXAMBICTb BYTU NOCTIMHO B KypCi
HOBWH Yepes MiAMMCKY Ha OHOBNEHHA coLianbHMX rpyn Towo (CnobogaHuk, 2016).

T. Bateman (2021) y cBoiii po6oTi 4OCNiAKYBaB BNAMB COLiaNbHUX MEpPEeXK Ha OCBITHI Npouec CTyAeHTIB. 30Kpema,
HayKOBeLLb 3a3HAYaE, LLLO COLLiaNIbHi cepBicy AONOMaratoTb BUPILLUMTY 3aBAAHHA 3340BONEHHA NOMUTY CTYAEHTIB Ha MOXINBOCTI
OH/IANH-OCBITH, NIATPUMYIOYM HaBYANbHY NPOrpamy, AKa BeAe A0 OTPUMAHHA HAyKOBOro CTyneHsA. AKafeMiyHi couianbHi cepsicu
3a6e3nevytoTb CNifibHE CMiZIKYBaHHA CTYAEHTIB 3 BUK/34a4amMu B 4aci Ta NpocTopi.

E. Maziriri, P. Gapa Ta T. Chuchu HaronowyoTb Ha NO3UTUBHOMY BNAMBI COLLIA/IbHUX OHNANH-CEPBICIB Nig Yac HaBYaHHA Y
3aK/1laax BULLOI OCBITU. 30KpemMa, HayKoBLAMM ByN0 apryMeHTOBAHO, WO BUKOPUCTaHHA BigeoxocTuHry YouTube y odiuiiHomy
HaB4Ya/IbHOMY CepeAO0BMLLi MO3UTUBHO CNPUMMAETLCA YCima cyb’ekTamu HaB4YaHHA (Maziriri et al., 2020).

D. LiuTaJ. Luo (2021) po3Kkpu1BatoTb MOTMBALLIIO y4aCTi CTYAEHTIB B Nepernagi Bigeo Ha cepsici YouTube sk gogatkoBomy
HaBYasIbHOMY pecypci nig Yac naHaemii COVID-19. 3a pesyabTatamun gocniaskeHHsA 6yno BU3HAYEHO, WO Ha NO3UTUBHUIA BNANB
cepsicy YouTube cyTTEBO BNANHYAM NIETKICTb MOrO BUKOPUCTAHHS, YCBIAOMIEHA KOPUCHICTb, 6araTcTBO KOHTEHTY, 3310BONEHICTb
KOpWCTYBaYiB cepBiCOM i caMoedeKTUBHICTb.
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R. Salas-Rueda, F. Gamboa-Rodriguez Ta iHWi BBaKatoTb, W0 COLia/ibHi MepeXKi 3MiHIOITb B3aEMOZAII0 MiXK CTyAeHTamu,
BMK/IaZayem Ta 3MiCTOM KypciB y 21 cToniTTi. ABTOpM BUKOpUCTOBYIOTb Facebook ans 34iicHEHHs pi3HOMaHITHMX 3axoA4is 4o
(KoHcynbTauia ayaioBi3yanbHOro KOHTEHTY), Mig Yac (ornag, OCBITHIX 3ax04iB) Ta NicaA (CNiNKyBaHHA MiXK y4acHMKamm) ocobucTtoi
cecii. Pe3ynbTati AocniaKeHb CBiaYaTh, W0 3aK1a a1 OCBITM MalOTb MOXK/IMBICTb OHOBKOBATU AiANbHICTb BCEpeAnHI Knacy Ta nosa
HUM 32 ZONOMOTOL0 iHGOPMALiINHO-KOMYHIKaLiiHMX TexHonoril (Salas-Rueda et al., 2020).

Mpote, chif 3a3HauMTW, LLO BKIOYEHHA [0 CUMCTEMM OCBITU COLa/IbHUX MEPEX MAE 3A4iMCHIOBAaTUCA KOMMIEKCHO 3
ypaxyBaHHAM HaBYa/IbHOI, BUXOBHOI, METOAMYHOI Ta YNpPaBAiHCbKOI chep, a TOMY aKTyaslbHUM CTaE aHai3 CoLia/lbHUX MepeX i
cepsiciB 411 iX N0AANbLUIOTO BUBAXEHOro BUKOPUCTAHHA B ranysi ocsiTy.

Merta cTaTTi: NoAaTh aHani3 couiaNbHUX CepBiCiB ANA CYNPOBOAY OCBITHLOrO MPOLECY B YKPAIHCbKMX 3aKNafax OCBiTU B
KOHTEKCTi HaBYaHHA iIHGOPMATHKM B YKPAIHCbKUX 3aKNagax OCBIiTU.

MATEPIAZIU | METOAMU

[na BUKOHaHHSA AOCNIAKEHHSA BUKOPUCTAHO TEOPETUYHI METOAM HAYKOBOTO Mi3HaHHA (KOHTEHT-aHani3 pecypciB mepexi
IHTEpHET; TEOPETUYHUI aHaNi3 Ta y3aralbHEHHA 3aKOPAOHHMX HAyKOBMX PO3BiAOK B ranysi OCBiTM Ta B ranysi BUKOPUCTaHHSA
CoLjiailbHMUX MepeX ANA ranysi oceiTv B YKpaiHi).

PE3YNIbTATU TA IX OBFOBOPEHHA

HuKue HaBegemo NpUKAaam cnewianisoBaHMX coLiaibHUX CepBiCiB OCBITHLOrO CNPAMYBAHHSA.

LljodeHHuk.ua (http://shodennik.ua/). [laHe enekTpoHHe cepeaoBumLLE CTBOPEHO A/1A BUMTENIB, YUHIB Ta iXHiX 6aTbKis AnA
MOZEpHiI3aLii Ta aBTOmMaTU3aLii OCBITHLOro npouecy i BNpoBamKeHHA iHGopmaLinHux TexHonorih 8 33CO. [laHnin NpPOEKT
niaTpumyetbca MiHICTEPCTBOM OCBITH i HayKM YKpaiHWM Ta |[HCTUTYTOM iHHOBALiAHWUX TEXHOJOFIN i 3MICTY OCBITW, perioHanbHUX
aAMIHICTpaLjii, ynpaBAiHb OCBITM, 3aBAAKM YHOMY BUKJ/IMKAE A0BIPY y Neaaroris.

PO3pO6HMKM eNEeKTPOHHOIO CepesloBULLA 3a3HAYalOTb, LLO BAXK/MBOK MepeBarotd NpoekTa «LLlogeHHWK.ua» € nosHa
rapaHTis 6e3neku, 36epiraHHs Ta BUKOPUCTAHHSA YCiX AaHMX OCBITHIX 3aKN1agiB.

[0 iHWWX nepeBar NPoeKTa BiAHOCATb:

— CninkyeaHHA. Y enekTpoHHOMY cepeioBuiLi «LLloaeHHUK.ua» nepenbdayeHi BCi OCHOBHI GYHKLIT coulianbHUX Mepek, AKi
a[aNTOBaHI ANA BUKOpUCTaHHA B 33CO.

— YnpaesniHHA. PO3pO6HUKN cepefoBuMLLa Hamaraaucb BTIIMTU HAWroNOBHIlWI iaei, wob cyb’ekTam OCBiTM, 30Kpema
BYUTENAM Ta Y4HAM, 6Y10 NPOCTO | AOCTYNHO KepyBaTu CBOIMM AaHUMU B CUCTEMI.

— be3neka. Pecypc 30pieHTOBaHMIM Ha 6e3neKy AaHnX KOPUCTyBaYiB Ta 3aK1aiB OCBITU.

— [ocTynHicTb. Pecypc «LLlogeHHUK.ua» gOCTYMHUIM KOXKHOMY YYHEBI Ta BUNTENI, AKMIA MAE AOCTYN 40 Mepexi IHTepHerT.
P03po6HMKM BKA3yOTb Ha OCHOBHI CKN1af0Bi AOCTYNHOCTI CEpefoBuLLaA.

— Ocsima. Po3pobeHnii LWOoAEeHHMK € IHHOBALLIMHUM MPOEKTOM, AKUIN PO3BMBAE CUCTEMY OCBITU 3 ypaxyBaHHAM Cy4aCHUX
IHTEepHeT-TEXHONOTI.

B npoekTi nepenbayeHo pisHOMaHITHI KaTeropii, WOo ChpOLYOTb OCBITHIM MPOLEC i 30CepearkytoTb YCi OCHOBHI
iHCTPYMEHTM B OAHOMY MicLi, nepeabauyoum Nerkuin Ta 3po3yminnii aoctyn Ao Hux. Cepep, CKNafoBMX, WO HAZae pecypc
BUAINAIOTb.

E-schools (https://e-schools.info/). Pecypc Hagae 3aknagam OCBITM YKpaiHW MOMKAMBICTb aBTOMAaTU3YBaTW LLUKiNbHUIA
LOKYMEHTOObir, BAKOPUCTOBYHOUM CyHaCHUM CepBiC e/1eKTPOHHUX WOAEHHUKIB i *KypHaniB.

MpoekT e-schools npautoe B ranysi HagaHHA iHGOpMaLiMHUX nocayr YKpaiHu binble n’atM pokis. Ha cepsici moxHa
6€e3KOLITOBHO CTBOPIOBATU CaTU AJ/1A BCiX 3aKNagiB OCBiTM YKpaiHM. ABTOPM NMPOEKTY 3a3HAYakOTh, LLLO B Cy4aCHUX Peaniax XKutrs,
Y KOXKHOI NHOANHN NOBUHHA BYTU MOXK/IMBICTb NOBHOLLIHHO MPALOBATU B MepeXi, LWBMAKO Ta 6e3neyHo oTpMMyBaTh AOCTyn A0
byab-aKkoi iHbopmauji. ToMy 3a METOK MNPOEKTY € HaZaHHA MOMK/IMBOCTI MpauoBaTM OHMAWH BCIM 3aKk/iagam OCBiTUM 6e3
obmexeHb. Ha nnatdopmi LWKOMA OTPMMYE NOBHOLLIHHWUIA CalT Ta NEeKTPOHHI XKYpHanW, a 6aTbKu Ta y4Hi — MUTTEBMI J0CTYN 40
LLLOAEHHMKIB, HOBMH Ta CMi/IKyBaHHA MixK coboto.

Ha nnatdopmi e-schools moxKHa He nnwe CTBOPUTU CalT 3aKnady, a M po3mMicTUTH iHbopMaL,ito NPOo HaBYaNbHUI 3aKnag,
chopmyBaTV MOBHOLIHHMI apXiB LOKYMEHTIB, HaBYaIbHUX MaTepianis Ta doTorpadiit. KoxkeH KopuctyBay mae ocobuctuii KabiHeT
3 BiANOBIAHMMM NpaBamu [OCTYNYy A0 KOHTEHTY CalTy, BCA NpuBaTHa iHGOPMaLLiA NPO KOPWUCTYBaYiB HaAiMHO 3axulleHa. 3a
ponomoroto cMapTdoHa, MK abo Ha naaHWeTi 3py4HO Ta CBOEYACHO MOXKHa NepernagaT OLiHKKM, AOMALHI 3aBAaHHA, HOBUHM
LWKINbHOTO XKWUTTA TOLWO.

IHpopMmaLia Ha caliTi MoXKe HafaBaTUCA B Pi3HOMY BUTALI: @NEKTPOHHUI XKYPHaAA, WOAEHHUK, TabaMLA YCNilWHOCTI YYHiB,
rpadiky ycnilWHOCTI 332 KOXKHUM KNACOM i YHHEM, 3BiTU ANA BUMTENA NICAA 3aKiHUEHHA HAaBYaNbHOrO nepioay.

Pecypc e-schools € iHTerpoBaHo HOBITHbOK CUCTEMOIO €/1EKTPOHHMX LLLOAEHHUKIB i }KYPHANiB, TOMY BUKOPUCTAHHA MOro
€ aKTya/IbHUM ONA 3aKNafiB OCBITH.

OcesimHili npoekm «Ha ypok» (https://naurok.com.ua/).

MpoeKT «Ha ypoK» € pe3ynbTatom poboTH rpynu o4HOLYMLB, AKI NOCTaBuAn cobi 3a meTy 06’€EKTMBHO BUCBITNHOBATU
CYYaCHWI OCBITHI NPOLEC Ta BUBECTU MOFO Ha AKICHO HOBUI PiBEHb.

Po3po6HMKM NparHyTb AONOMOITA Neaaroram BifvyTW BAACHY 3HAYMMICTb, afiKe KOMXKEH BUMTENb Y PaMKax NPOEKTY
3MOMKe ONPUNIOAHUTA BAACHI NpodecivHi 4OPOOKKM abo K BUKOPUCTATU HANpaLoBaHHA KOAer.

Ha noptani posmiweHa BenMKa KiNbKiCTb KOPUCHUX TEOPETUYHUX Ta MPAKTUYHWX MaTtepianiB OnAa 3aKNafiB OCBiTH,
30KpPEeMa, OHMIANH-TeCTyBaHHSA, BebiHapy oA BUMTENIB, iHTepHeT-KoHbepeHLii Ta iIHTeHCHBH.

OAHVM i3 BaXKIMBUX HAaNPAMIB pOOOTU NPOEKTY € OpraHisauia NiaBuLLEHHA KBaNidiKaLUil BUMTENiIB-NPEAMETHMKIB Ta iHLWMX
npaLiBHUKIB 3aKN1aAiB OCBITH.

Ha nnatdopmi «Ha ypoK» NpoBoAATbCA pisHOMaHITHI BceykpaiHCbKi KOHKYPCK Ta oniMniaZamn ANA YUHIB 3 pi3HUX NpeameTiB
Ta ANA Pi3HMX KNaciB — 3 MOYATKOBOT A0 CTapLUOi LUKOAW. YUUTEN0 HAAAETLCA MOMXKANBICTb 3aPEECTPYBATU CBIl KNAc, 4OAATU YUHIB
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Ta CNiAKyBaTW 3a iXHIMK ycnixamu 3 ocobuctoro KabiHeTy. KoXKeH y4eHb Mae MOXKAMBICTb abo 3apeecTpyBaTUCA CAMOCTIMHO i
npawtoBaTv Ha naatdopmi, abo K 3apeecTpyBaTMCA 3a AOMOMOrOK CreLianbHOro Koay, Akui byae HagaHo BUMTE/IeM Mif, Yac
[0AaBaHHA YYHA Y CTBOPEHUI BUUTENIEM KNaC.

3 0CBITHbOIO METOI Hamu Byno NpoBeaeHO KOHTEHT-aHani3 matepianis BigeoxocTuHry YouTube Ha HasBHiCTb KaHaniB Ta
Bigeo3anucie 3 HaBYaHHA iHGOPMATUKN.

Habupatoun cnoBo «nporpamyBaHHA» B agpecHoOMy pAaKy cepsicy YouTube, MOXHa NepeKkoHaTUCA, WO Takui 3anuT €
[0CUTb nowmrpeHum (puc. 1, Tabn. 1)).

Q, nporpaMmyBaHHsa m X Q \'/

Q

11U, U@Ya, MOSTIIHIVICH, Ui

nporpaMyBaHHs 3 Hyna
nporpaMyBaHHs

nporpamysatHs python 0 Ha TeMy, AKOIO HARNACTILE LIKABNATHCR |
nporpamyBaHHs java

NporpaMyBaHHs c++

nporpamysatts html

). nporpamyBaHHA YKpaiHCbKOK ro: Bit IHpopmaTtuka 4 knac

nporpaMyBaHHs NainToH

Q. nporpamyBaHHs 3 4oro novaTu

O

nporpaMyBaHHA nyneTa AN BOPIT o

o]

nporpaMyBaHHs ANA novaTKisuis

nporpamysa p iB 7 knac

nporpaMyBanHs Ha python

nporpamyeaHHs Ha TenedoHi ue nporpamyBaHHs".
A I IHOOPMATUKA 1 _A ™/

Puc. 1. 3anut «nporpamyBaHHA» Ha YouTube

0 00

Tabaunusa 1
Meplia gecaTka NOLWYKy 3a C1I0BOM «NporpamyBaHHA» Ha YouTube

Ne HasBa Bigeo KaHan / aBTOp
1. Ypok 1. Bctyn fo nporpamysaHHA. OcHosu Frontend Logos IT Academy
2. MNounHaemo MPOMPAMYBATMU: Python, Java, Assembler, Delphi! Dima Maleev
3. OcHoswu MporpamysaHHsA -#1- /lorika. Aaroputmu. loftblog
4. IHpopmaTUKa, 4 kKnac: "CepenoBsuie NporpamysBaHHa" AHacTacia OnekcaHapisHa
5. AKi iCHYIOTb MOBW NPOrpaMyBaHHs, Ta AK 0bpaTn? Logos IT Academy
6. Ypok 1.4 xo4y HaBYMTUCb NporpamyBaTi. MoBa nporpamysaHHA C++ Man Super
7. Ton 5 mos nporpamysaHHA B 2021 / AKi moBM nporpamysaHHs Tpeba Bumt B 2021 | ITshnik

ANTILWHUKY

8. IHbopmaTUKa, 2 kKnac. CepenoBuie nporpamyBaHHa CKpeTy Hatanba KywHupeHko
9. AIKy MOBY NporpamyBaHHsA BunTU? | LLLo BUMTM HOBauKy? | 2021 Vlad Holod
10. MporpamyBaHHA g5 HOBaYKiB Ois.Undposa Ocsita

3a pO3MaiTTAM KaHa/liB 3 Bi4e0 NPO acneKTM NPOrpamyBaHHSA 3acBiAYYEMO, LLLO HAaBYaJIbHI BiA€03anncu NPONoOHYTLCA AK
3 0COOUCTUX KaHaniB NtoaeN, Tak i KaHanis IT-komnaHii.

Po3srnsaHemo aeski KaHanu 4n1a BUBYEHHS NporpamyBaHHs Ha Bigeocepsici YouTube.

«MporpamysaHHA YKpaiHcbkoto» (puc. 2) (https://www.youtube.com/channel/UCVPUBVRgRBIZKuD3MOkVPMw).

Ha KaHani HafABHI YPOKM yKpaiHCbKO MOBO 3 Tem: Python 3 Hyna (25 Bigeo), PHP LUBnaxnit ctapt 3 Hyaa (18 Bigeo),
JavaScript 3 abcontoTHoro Hyns (3 Bigeo). Yci Bifeosanvcn npeacTaBaaloTb cobolo BiAEOYPOKM, Ae BifobparkeHo Bigeosanuc
eKpaHy aBTopa i3 KOMEHTYBaHHAM.

[aHnii KaHan 6yae LiKaBMM CTapLIOKAACHMKAM, KOTpi BY4aTb moBy Python Ha ypokax iHpopmatuku y posgini «MoBsa
NPOrpaMmyBaHHsA Ta CTPYKTYPU AaHUX» NPOdiNbHOro PiBHS.

KaHan «Stemvar - WKoNa nporpamyBaHHsA Ta MaTEMATUKN» (puc. 3)
(https://www.youtube.com/channel/UCz5dQvyyoiPUxwIEg7P5bdg)

MapargandeaHHA

. 7 - You
| saIlHCea=OKa
=HHH ﬂﬂmwm

y MEEUI o
& L
- ™ « ¢ &>\ " ”A
g TP?fDaM EHHH VKPa‘HCbKo'O STEM Stemvar- WKOna NPOTPaMyBaHHA Ta MaTeMaTHKH

rOMOBHA BIdED CMCKY BIATBOPEHHR CUNBHOTA KAHANN PO KAHAN POBHA a0 CIMCKH BUATBOPEHA CINbHOTA KAMATIM 1190 KAHAN

3asauTamennn B BIATEOPMTHBCE CTBOpew CTMCKH BIATE0PENHA = NOPAROK COPTYBAHHA

Python % Python @@, Python ﬁ Python @@ Python ex > ﬂ : . _-m‘r. .I “.

#25 gy ¥4 e 23 e w2 — s:%zn.,mm.,.m
Donowora 3 MaTesaTi Iaopasataa 10-11 knoc. Kype (Xiwam 10 knac) Xype Excel umwuu cTapt Promotion

425 Python 3 e L For,#24 Python a wyne. Upcn #23 Pythan 3 syne, Yo #22 Python 3 yna. #21 Pyton 3 g (Bosce ogyne) e
e wihile. nepeia, Konlosasn crosimca [T ——— RE— izt

Puc. 2. KaHan «MporpamyBaHHA YKpaiHCbKOIO» Puc. 3. CTopiHKa i3 cnuckamu BiATBOpPEHHA KaHany
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[aHnii KaHan LWe € NOopiBHAHO HOBMUIA — CTBOPEHMIA BiH BecHoto 2021, ane 3a Lei Yac Ha HbOro NIANUCAHO MaliKe Tpu
TUCAYI KOPUCTYBaYiB, @ cam KaHan byB nepernaHyTuit maixke 57 Tuc. pasis.

KaHan € BigobpaxeHHAM OHNAMH-LUKOAM 3 MPOrpaMyBaHHA Ta iHWMX ranys3ei stemvar.com.ua, Aka 6e3KOWTOBHO HaJaE
MOXX/IMBICTb BUBYATU MaTeMaTuKy Ta 6a30Bi npMHUMNIK NOBYA0BU aNrOPUTMIB, PO3BMHYTU JIOTiKY Ta HABYMTUCA MPOrpamyBaTy.

Ha KaHani «Stemvar — WwKoa NporpamyBaHHA Ta MaTemMaTUKmM» HaaBHI 25 ypokis 6a3oBoro moayns iHpopmatnku ans 10-
11 knacis, 27 ypoKiB 3 BUBYEHHS TabanyHoro npotecopa Excel Ta 57 ypokis 3 BUBYEHHA NporpamysaHHA moBoto Scratch. Bigeo 3
nporpamyBaHHA cepeaHbOoi TPMBANOCTI 25-35 XBUANH KOXKHe. YPOKM NpoBoanTb daxiBelb LWKOAWM NPOrpamyBaHHA, NOACHIOYM
maTepian Ta 4EMOHCTPYOUYN BCe HA Komn'toTepi.

KaHan «BipTtyanbHa Akxagemis» (puc. 4) (https://www.youtube.com/c/VirtuAka/featured). BipTyanbHa Axkagemis
CTBOPEHA A5 MOLUIMPEHHA YKPAiIHOMOBHMX HaBYaIbHUX Bi4EO0 Pi3HUX KaTeropii, 3oKpema B ranysi iHpopmauiiHUX TEXHOOTI.

\w/ BiptyanbHa Akapemis
ronosHA BIREO CIMCKY BIATBOPEHHA CRIMBHOTA KAHATW NPO KAHAN

CTROpeHi crncKkW BIRTBOPEHHS = NOPAOK COPTYBAHHA

3anycx |
)7 sixHo
nporpam

Wo nonano Xaxepcuxe 8cbo Excens Vindows 10 an

IEPErTIANYTH BECH CIMCOK
BIATBOPEHHA

TH BECH CTIMCOK
EHHA 4

WEPETTIAHYTH BECL CIMCOK  NE
BiTE

lWo Taxe WO rake
AAHI Web
i ~AMITH}

BA3W AAHK

Puc. 4. CTopiHKa i3 cnucKamu BiATBOPEHHA KaHany

3a 5 pokiB icHyBaHHA Ha KaHan nignucaHo 36,6 TMC. KOPUCTYBauiB | 3aBaHTaxeHo noHaz, 200 sigeo. Yci Biaeo noaineHi Ha
nnennmcTu: ornag nporpam (2 sigeo), Excel ans novatkisuis (12 sigeo), Windows 10 ans nouatkisuis (27 sigeo), basu gaHux (23
Bigeo), Word ans novatkisuis (31 Bigeo), OcHoBu Beb-au3aliHy Ta Be6-po3pobku (14 sigeo), Komn'totepHi wrydkmn (9 Bigeo),
MporpamysaHHsA Ha Java (85 Bigeo) Ta iHWi. Came nporpamyBaHHAM MOBOO Java € LikaBum. Yci Bigeoypoku 3pob1eHo 3po3ymino,
maTepian BUKNA[AETLCA AOCTYNHO, NPOCTO. OKpim 03BYYKM Ta AE€MOHCTPAL,iT Bigeo CynpoBOAKYIOTbCA TEKCTOBMMM KOMEHTAPAMM,
AKi NogaHi Bigpasy Ha Bigeo3anuci, W,o 4y40BO CNPUINMAETbCA KOPUCTYBAYaMM, OCKIJIbKM BOHU OKPIM ro/1ocy BUNTENA aKLLEHTYIOTb
yBary Ha TEKCTi NOAAaHOMY Ha eKpaHi.

€ iHWi, He MeHLW LiKaBi KaHaM 3 BUBYEHHA NPOrpamMyBaHHS SK LWKINIbHOTO Kypcy iHGOpPMaTHKKM, TaK i nporpamyBaHHa ana
npodecioHanis. Cepen TakMx KaHaniB Big3HAYMMO:

«Blogan Programming» — BuB4eHHs moB C++ Ta C# (https://www.youtube.com/c/BloganProgramming);

«Logos IT Academy» — BuB4eHHA MOB Python Ta Java (https://www.youtube.com/c/KomniotepHiKypcu/loroc);

«[MMKcenb - WKoa MPOrpammMmMpoBaHMA ANs AeTel» — po3rnagatoTbCs MOBM NporpamyeaHHA Python, C#, Java, JavaScript,
Scratch (https://www.youtube.com/c/clubpixel/);

«Learn Programming Together» — KaHan, W0 crnewianisyeTbcs Ha Be6-nporpamyBaHHi Ta nporpamyaHHi Android-gogatkis
(https://www.youtube.com/c/LearnProgrammingTogether/) Ta iHLui.

MpoaHaniayemo BUBYEHHSA KOMN'tOTepHOI rpadikK Ta nporpaMHmnx 3acobiB ana ii CTBOPEHHS Ha NPOCTopax Bigeocepsicy
YouTube.

Ha noyaTKy 3HOBY pO3r/SHEMO 3aNUTU KOPUCTYBaYiB NpKU NOLWYKY KOMN'0TepHOI rpadiku (puc. 5).

Q. komn'otepta rpadikd = X Q 4 F

Q. komn'totepHa rpadika

Komn'toTepHa rpadixa 9 knac

KoMn'ioTepHa rpadika Ta Au3aiH

Q  komn'ioTepHa rpadika 2 knac Hyw

2, Komn'ioTepHa rpadika BeKTopHUA rpadiyHniA pegakTop
Q komn'toTeptia rpadika Buan

Q. komn'ioTepxa rpadika Ta AW3aiiH NbBiB

Q. komn'roTepa rpadixa Ta if Buan

Q. komn'ioTepHa rpadika ue Ha ypok

o " Tepoeiic Adobe Photoshop Ta 6a3osi
R L xomn'ioTepHa rpadika Ta AM3anH yHIBEPCHTETH

KoMmn'ioTepHa rpadixa npesexTauis
Q. xomn'totepra rpadika nporpammu
Q. komn'ioTepHa rpadika 2 knac

Q. komn'totepHa rpadika 6 knac

Puc. 5. 3anut «Komn’toTepHa rpadika» Ha YouTube

Baummo, wo 6inbLicTb 3aNUTiB NOB'A3aHO 3i WKibHUM KYPCOM iIHGOPMATUKM.
HaBegemo nepLuy AecATKy Bifeo, AKi BUAAE CepBiC MPU NOLIYKY 33 K/OYOBUM C/I0BOM «Komn'toTepHa rpadika» (taba. 2).
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Tabnunusa 2
MNepwa gecATKa NowWyKy «kKomn'toTepHa rpadika»

Ne HasBa Bigeo Kanan / aBTop
1. | Komn'totepHa rpadika. Bcryn JloctynHo i 3po3ymino
2. | OcHoBM Komn'toTepHoi rpadiku: IHTepdeic Adobe Photoshop Ta 6a3oBi moxkauBocTi | HaB4yaemoca Pazom
3. | Komn'toTepHa rpadika Valeria
4. | OcHoBM Komn'toTepHoi rpadikvM: 3HaloMcTBO 3 6a30BUMM  MOXKAMBOCTAMM | HaByaemocs Pasom

penaKTopy BEKTOPHOI rpadiku - 1

LLlo Take Komn'toTepHa rpadika (cut) BHTY Bineoranepesa BHTY
6. | BebiHap: "Komn'toTepHa rpadika" OcBiTHi _ueHTp Software and

Computer Museum

7. | 6 knac NoHATTA Komn'toTepHoi rpadikm 1 ypok MNasno 3iH4eHKO
8. | 6 knac. IHbopmaTtuka. Komn'totepHa rpadika: pacTposa, BEKTOPHA Ta dpaKTasbHa IHpopmaTtuka
9. | IHdopmau,iiiHi TexHonorii-. Komn'toTepHa rpadika Kujawsko-Pomorska e-Szkota
10. | NoHaTTs Komn'toTepHoi rpadiku PacTposa rpadika NHecca CeHYyeHKO

BinbwicTb 3HaNAEHMX BiLEO 30PiEHTOBAHI Ha LIKOAY.

PosrnsHemo feski KaHanu ans BUBYEHHSA KoMN'loTepHOI rpadiku Ha Bigeocepsici YouTube.

KaHan  «Komn'lotepHa  rpadika Aana  wkonapis»  (puc.6)  (https://www.youtube.com/channel/UCRX51-
eiq3cSwi1BvJsW8aEQ) nponoHye BiAEOYPOKM 3 BMBYEHHSA MPOLECY CTBOPEHHA Ta peaaryBaHHA rpadiuHux 306parkeHb y
BinbHOMowwmptoBaHomy M3 Inkscape Ta GIMP. Came Li nporpamm pekoMeHAyHTbCA 418 BUBYEHHSA B KO/ pacTpOBOi Ta BEKTOPHOT
rpadiku, Tomy KaHan byae KOPUCHUM ONA Y4YHIB, AKi came BUBYaIOTb AaHi M3.

KaHan «Pixel — ukona aHimauii Ta mantosaHHa» (puc. 7) (https://www.youtube.com/c/pixelone) cneujanisyetbea Biapasy
Ha AeKinbkox npodeciiHnx rpadivHnx pesakTopax, a came, nepeabadyeHi BifeoypoKku 3 MantoBaHHA B Procreate (3 Biaeo), Adobe
Photoshop (116 Bigeo), Adobe Illustrator (111 Bigeo), ctBopeHHA aHimauii B After Effects (104 Bigeo) Ta ypokn mantoBaHHsA
akeapennio (8 sigeo).

P, .
>, ® pixel/ ~

al ‘ ; .
" Koyn K)Tfp'fa rpadika Ans wkonspis ' Pixel - wKona aHMMaLum n pucoBaHua
ronoswa ounec MCKH BIRTBOPEHMS
IS
3asanTamenns P BIATBOPHTY BCE
NONYARPHI SABANTAMENHS » s PHTH BCE
- = ] [ =] =
o o ¥ ol L
el e 3
Mamoeuo s nporpes GIMP.  Manioewo 8 nporpase 4] m [aa) - o - < mm
Ypox 6 Inkscape. Ypox 9 PRCYOM CRIRLOND MMCoMKa § Admaaigen orypua b After PrCOBaNME ANA HOBHWOB Y picoBaTe B Adobe Pucyem comy 8 Adobe
Adobe uskaior Etecs | ypoun . npocToh anmcctpem s lstatar | bne. Phetoshop | posmamscs.
Puc. 6. KaHan «Komn'totepHa rpadika gna wkonapis» Puc. 7. Kanan «Pixel — wKona aHimauii Ta manioBaHHA»

OKpim 3a3HaYE€HUX MOXKHA BUAIMTU i HACTYMHI KaHain ana BUBYEHHA Komn'toTepHoi rpadikm: «ARHI.TEACH wkona
Komn'totepHoi  rpadikm» Ta  «3D  Computer  Graphics» —  cneuianisylotbcA  Ha  TpPUMBMMIpHIN  rpadiyi
(https://www.youtube.com/c/ArhiTeach,  https://www.youtube.com/channel/UCvvvdryQV32NDtpac5sjA9A),  «Computer
Graphics and Animation Tutorials» — BuB4atoTbca nporpamu lllustration, CorelDraw, 3DS MAX, Photoshop.

Ha ctopiHkax Facebook mo»KHa 3HalTV BEIMKY KifbKiCTb rpyn 3 BUBYEHHI iHdopmaTuKm B 33CO.

«fl gocnigxyio cBiT 3 iHpopmaTtmkoro» (puc. 8) (https://www.facebook.com/YadsOrion/).

CTopiHKa binbwoo Mipot0 MICTUTb MEeTOAMYHI pekomeHAaLil Ta maTepianu Ana ycniwHOro HaB4yaHHA npegmety «f
LOCNIAXKYIO CBIT», ane 3pobaeHUI akLeHT came Ha iHpopmMaTuL,i MOYaTKOBUX KNaciB. Ha CTOPIHL MOXHA 3HAUTU NiIAPYYHUKK 3
iHbOpMaTUKM, POBOYI 30LWINTK, «KAIOYI» A0 3aBAAHb, TEMATUYHI NAaHyBaHHA, iHbopmaLito Npo BebiHapy Ta KOHbepeHLii, AKi
NPOBOJATLCA ANA BUMTENIB iIHPOPMATMKM NOYATKOBMX KNacCiB TOLLLO.

«3a80aHHA 3 iHhopmamuku» (https://www.facebook.com/infoschool42316/) (puc. 9).

CTopiHKa HamoBHeHaA LiKaBOK Ta KOpUCHOM iHGopMaLia ans Aitei Ta fopocamx. TyT MOXKHA 3HAWTM npe3eHTauii oo
YPOKiB, OHNalH TECTU 3 Pi3HUX TEM, BiLEOYPOKM Ta METOAMYHI PO3POOKM BUNTENIB IHPOPMATUKM.

«lpoepamysaHHa e wkoni» (https://www.facebook.com/proginschool/) (puc.10) — cTopiHKa CyMCbKOro BuYMTENs
iHOOPMaTUKM, AIKA NPUCBAYEHA BUBYEHHIO NPOrpamyBaHHs 3a Kypcom 33CO. Ha Hilt po3milLeHO BigeoypOKKU, HOBUHM i3 ranysi
iHbopmaTtukm Ta IT, MeTOAMYHI PO3POOKM BUMTENA, LiKABI 3aBAAHHA A/1A 3aKPiNAeHA 3HaHb 3 NPOrpPamyBaHHA, iHTEPAKTUBHI
LOBIAHWKM Ta NporpamHi mogyni AnA HaBYaHHA iIHGOPMATUKK.

«lpakmukym npoepamysarHHa Python / C Ha e-olymp.com» (pwuc. 11) (https://www.facebook.com/MpakTnkym-
nporpamysaHHs-Python-C-Ha-e-olympcom-108894227195718/).

CTopiHKa 6inblol Mipoto 30piEHTOBaHA Ha ONiMMiagHI 3aBAAHHA 3 MPOrpamyBaHHA. Ha CTOPiHLi MOXKHA HanMcaTy Npo
TPYAHOL, NpU BUKOHaHHI NEBHOT 3a4a4i AK agMiHicTpaTopy, TaK i iHWKMM y4acHMKam rpynu, BOHM 060B'AI3KOBO A0MNOMOXKYTb
3HaNTU NPaBU/IbHE PilLIeHHS.
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Ipyna «IHghopmamuka ma iHghopmayiliHi mexHonoeii e wkoni» (https://www.facebook.com/groups/533574416779175/)
(puc. 12) —3aranbHOAOCTYNHa rpyna, Aka CTBOPEHa 3 MeTO 06MiHY AOCBIAOM Y ranysi BUKOPUCTaHHA iHPOPMaLLiMHUX TEXHONOTI
B OCBiTHbOMY npoueci 33CO.

Y HaBYa/IbHO-METOAMYHIl KOMiAL rPyny MOXKHa 3HAWTU NOPaAM A0 BUBYEHHS Ti€l UM iHLWIOI TeMM, PO3POBKM YPOKiB Ta
maTepiann Ans HUX, LWiKasi Bigeo 3 iHpopmaTuKK. [enaki BUMTENi NPONoHyoTb Nprabat po3pobKM CBOIX YPOKiB (KOHCNEKTU Ta
nabopatopHi poboTw).

Ipyna «LLUKinbHa iHpopmamuka 8id A do A» (puc. 13) (https://www.facebook.com/groups/213244579490153/).
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l'pyna nosmuioHye cebe He TiNbkK AK NaaTtdopma Ana Ny6aiKyBaHHA HaBYa/IbHUX Ta METOANYHUX PO3POBOK A0 YPOKiB, a
M AK AUCKYCiMHe Mmicue, e KOXKEH, | y4eHb i yunuTesNb, MOXKe CTaBUTU 3anuTaHHA, BUPA3UTU CBOI AYMKM LWOAO AEAKMUX NUTaHb
HaBYaHHA, 0OroBoOpOBaTN PIZHOMAHITHI Temu Tow,o. Y rpyni 3pobaeHO aKUEHT Ha CriJIKyBaHHI KOPWUCTYBayiB y KOHTEKCTI
LWKiNbHOTO Kypcy iHGOpMaTUKM.

OKpim 3a3HauYeHMX CTOPIHOK i rpyn Ha Facebook posmiweHo ¢ iHWI pecypcy Ana NigTPMMKM HaBYaHHA iHGOPMATUKK,
30Kkpema, «KabineT iHpopmatunkn» (https://www.facebook.com/groups/informkab/), ae 3ibpaHo pisHOMaHITHI po3pobku ans
KabiHeTy iHpopmaTUku; «lHdopmaTUuka Ta iHpopmaUinHi TexHonorii B HaBYa/IbHUX 3aKNagax»
(https://www.facebook.com/informaticsmagazine/) — HayKOBO-MeTOAUYHMIA }KYPHAs, LLO MNPOMNOHYE CBOI HAMpaLoBaHHA ANs
BuMTeNiB iHGOPMaTMKK Ta ix yuHis; «STEAM-iHpopmaTtuka» (https://www.facebook.com/steam.informatica/) — cropiHKa, wo
NPOMNOHYE MaTepiann 3 iHHOBALIMHUM NigX0A40M A0 BUBYEHHA iIHPOPMATUKM B LLKOAX, Ta iHLUI.

BMCHOBKM

CbOrogHi icHye 3Ha4Ha KiNbKicTb Po6IT, AKi PO3KPMBAOTb OCBITHIN NOTEHLiaN colianbHUX MmepeK. [LoCniAHMKN ONUCyIoTb
KOHKPETHI cnocobun Ta MeToamM B3aEMoZii Yepes Mmepexky B OCBITHbOMY NPOLLECi.

CbOroHi BUMTENT BUKOPUCTOBYIOTH BipTyasibHi COLLia/IbHI MepesKi 3 MeTor: KOMYHIKaL,i 3 ydHAMMK, BaTbKamu Ta Koneramu
3 po60oUMX NUTaHb (AOMALLHE 3aBAaHHs, AKepena iHpopmaLii AnA BUBYEHHS, NPUAMAIOTbCA pe3y/bTaTu 3aBAaHb, KOHCYbTaLi);
MowyK AOAATKOBMX MaTepianiB A/NA YPOKiB; AWCTaHUiMHE HaBYaHHA nig 4ac [OAATKOBMX KOHCY/AbTaLii; BMKOPUCTAHHA
COLa/IbHUX MepeX AK O0LATKOBUX IHCTPYMEHTIB Nif 4Yac iHTEPaKTUBHMX YPOKiB. Ha OCBITAHCBbKMX pecypcax 3'ABAAOTbCA
PO3PO6KM YPOKIB i3 BUKOPUCTAHHAM COLLIaIbHUX MEPEK.

Bu3HaueHo HalbinblL NONYNAPHI pecypcu 3a KAYOBUMM CNOBAaMM «POrpamyBaHHA», «kKOMN'toTepHa rpadika», a Takox
KOPOTKO onucaHo rpynu y Facebook, aki opieHTOBaHI Ha HaBYaHHA IHGOPMATUKM 3@ YKPATHCbKMMM LLIKIbHUMW NPOrpamamm.

OCKinbKM coljianbHi Mepexi € AyKepenom OCBITHIX Pecypcis, Y T.4. B HaBYaHHI iHPOPMaTMKKM, TOMY BapTO BUKOPUCTOBYBATU
IXHiI NnoTeHLian gna iHTeNeKTyaNbHOro PO3BUTKY YUHIB Ta 3a/y4eHHA MONOAj A0 PiISHOMAHITHUX OCBITHIX aKTUBHOCTEN (HayKoBO-
[OCNIAHNX NPOEKTIB, KOHbEPEHLLN UM KOHKYPCIB Pi3HOrO PiBHA, HABYa/IbHUX Ta COLLIAIbHO-KY/IbTYPHUX 33X0A4iB).
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