ISSN: 2076-8184. Indopmaniiiai TexHOIOTI 1 3aco0u HaBYaHH:, 2019, Tom 71, Ne3.

YIK 378:373.5.091.011.3-051:51]:159.955:004.7

Acrtad’eBa Mapiss MukosiaiBHa

KaHIUAAT Pi3UKO-MaTeMaTHIHHUX HAYK, JOIEHT, TOICHT Kadeapu KOMIT IOTePHUX HAyK 1 MaTeMaTHKH
Kwuiscrkuii yaiBepeuteT iMmeHi bopuca I'pindenka, M. Kuis, Ykpaina

ORCID ID 0000-0002-2198-4614

m.astafieva@kubg.edu.ua

Bonnenko JImurpo MukoJaiioBuy

KaHJUaT NeJaroriyHux HayK, JOLEHT, JOUEHT Kadeapy KOMIT FOTEPHUX HAyK i MaTeMaTHKH
KuiBcbkuii yHiBepcutet iMeHi bopuca I'pinuenka, M. KuiB, Ykpaina

ORCID ID 0000-0001-9303-6587

d.bodnenko@kubg.edu.ua

Mpoumkin Boronumup BagumoBuy

JIOKTOP TIeNaroriqTHuX HayK, JOIEHT, mnpodecop kadeapy KOMI IOTEpPHUX HAYK i MAaTeMAaTHKH
Kwuiscrkuii yaiBepeuteT iMmeHi bopuca I'pindenka, M. Kuis, Ykpaina

ORCID ID 0000-0002-9785-0612

v.proshkin@kubg.edu.ua

BUKOPUCTAHHS KOMII'IOTEPHO OPIEHTOBAHUX 3ACOBIB TEOMETPII Y

MPOIECI ®OPMYBAHHA KPUTUUYHOI'O MUCJIEHHS MAMBYTHIX
YUUTEJIB MATEMATHUKHU

AHoTamiss. Y cTarTi JMOBEACHO, M0 KPUTUYHE MHCICHHS € OAHICI0 3 HAWBAKIUBIMIMX Ta
YHIBEpCATLHUX KOMIIETEHTHOCTEH CYy9acCHOTO BUUTEIST MaTEMATHKH. Y CTAHOBJICHO, 110 HAWO1IBIITI
MOJKITUBOCTI JJ1s1 OPMYBaHHS KPUTUIHOTO MUCICHHS MalOTh T€OMETPUIHI JUCIMILTIHU, 30KpeMa
KOHCTPYKTHBHA Ta TPOCKTHBHA reoMeTpii. Po3poOiieHo memgaroriyHy TEXHOJIOTiI0 (OpMyBaHHS
KPUTUYHOTO MHUCJICHHSI MaHOYTHIX yYUTEINiB MAaTeMAaTHKH 3acO00aMH T€OMETPIi, sika CKIAAaeThes 3
iJTbOBOTO, 3MiCTOBO-IIPOLIECYATLHOTO Ta KOHTPOJIHHO-OIIHIOBAJIHHOTO KOMITOHEHTiB. CyTTEBUM
€JIEMEHTOM TEXHOJIOTII Ha BCiX eramax ii peamizawii, 30KkpeMa Ha 3MiCTOBO-AIAJIBHICHOMY Ta
OLIIHIOBAJIbHO-PE(IIEKCUBHOMY, € IIUJIECIIPIMOBaHa KOMIT IOTEpHA MIATPUMKA, HacamIiepes
BUKOPHCTAHHS KOMIT IOTEPHUX IHCTPYMEHTIB MaTeMaTHYHOI iSUIbHOCTI Ta KOMYHIKaIIil.
OOrpyHTOBAaHO JOLUIBHICTE KOMIT FOTEPHOI MIATPUMKH Mpolecy (GOpMyBaHHS KPUTHYHOTO
MHCJIEHHS MaiOyTHIX y4YUTeNiB MareMaTHKH. Po3kputo MOXiMBOCTI  iH(poOpMaLiiiHO-
KOMYHIKaI[IfHUX TEXHOJIOTiH, 30KpeMa CHUCTEM JAWHAMI4HOI TeoMeTpil Ta XMapHHUX CEpBiCiB, sIKi
JIOTIOMararoTh 3poOUTH OUTbIl e()EeKTHUBHHM Tporiec (GOPMYBaHHS KPUTHYHOTO MUCIICHHS
MaiOyTHIX YYUTENiB MaTeMaTHKH 3aco0aMu TeoMeTpii: Bi3yamizallis TeOMETPUYHHX 00’ €KTIB,
TIOHSITh, 3B’ SA3KIB (30KpeMa i BUPAKEHUX aHATITHIHUMHU KOHCTPYKIIISIMH), TBEPIKCHbD, JOBEIIECHb;
JMUHAMIYHI KPECJICHHS; KOMIT IOTePHUN €KCTIEPUMEHT JUISl JJOCIiPKEeHHs (BUCYHEHHS Ta TepeBipKa
TinoTe3); KOHTPOJbL AHATITHYHUX TIEPETBOPEHb; INBHIKE 1 SKICHE BHKOHAHHS HEOOXiTHUX
300paXkeHb, 0 CKOHOMUTH Yac; TCHEpallis IHTCPaKTUBHUX 3aBJIaHb; 3a0C3MCUCHHS KOMYHIKAIlil
TOLIO.

3nificHeHO  aHalli3  pe3yJIbTAaTiB  YNPOBA/DKEHHS  PO3pOONIEHOT TEXHOJOril B  NPAaKTHUKY
YHIBEPCUTETCHKOI OCBITH 3a JIOIIOMOIOI0 MaTeMaTHYHHX METOIIB, 30KpeMa Ha OCHOBI Teopii
HEYITKMX MHOXXWH. BHSBIEHO NOLUIBHICT KOMII'IOTEPHOI MIATPUMKH Ipolecy (GopMyBaHHS
KPUTHYHOTO MUCJICHHS MAaiOyTHIX YUUTENiB MaTeMaTHKH 3aC00aMHu reoMeTpii.

KurouoBi cioBa: iHpopMaIitHO-KOMYHIKaI[iiHI TEXHOJIOTI{; KPUTHIHE MHUCJICHHS; Tearoriyna
TEXHOJIOTis; XMapHi CEpBiCH; CUCTEMH KOMIT FOTePHOI MaTeMaTHKH.

1. BCTYII

IlocTanoBka npo6jaeMu. MeToro OCBITH € BCEOTYHUI PO3BUTOK JIFOAUHH, (HOPMYBaHHS

IIHHOCTeW 1 HEeOOXiTHUX I yCHimHOI camopeainizauii komnerentHoctel [1]. KimrouoBoro
ocobucticHOM sKicTi0 Y XXI cTomiTTi BU3HaHO KpuTHuHe MUcieHHs [2; 3; 4]. JlroguHa, sxa
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Ma€ 3a3HaYeHy KOMIIETEHTHICTh, 3[JaTHAa JO MPOAYKTHBHOI TBOPYOCTI Ta iHHOBAIi,
CIIPSIMOBAHUX Ha MO3UTHUBHY JISUILHICTD 3311 KOPUCHOTO BHECKY B CycCIiibHE Osaro. Benmka
BiJIOBIANILHICT 32 JAOCATHEHHSI I[i€] METH JIsTae Ha MIKUILHOTO BuuTels. OMHAK yYHUTElb,
KU caM HE BOJIOJIE KPUTUYHUM MHCIIEHHSM, HE MOXKE€ HABUUTHU KPUTHUYHO MHCIIUTHU CBOIX
yuHiB. Tomy mpobiema po3BUTKY KPUTHYHOI'O CHOCOOY MHUCIEHHS MaiOyTHBOTO BUYHUTEIS,
30KpeMa MaTeMaTHKH, y MpoIieci mpodeciitHol MATOTOBKH € ChOTOIHI Ay’KEe aKTyaIbHOIO.

Maremaruka, siK T0BEJCHO BIKOBHM JIOCBIIOM, Ma€ IS IbOTO HEBUYEPITHI MOMKIIMBOCTI,
OCKUJIbKH, 3a BIYYHHM BHUCJIOBOM Muxaiina JIoMOHOCOBa, «pO3yM 10 JIaay MPUBOIUTHY.
[TprumnHa Takoi BUHATKOBOI pOJIi MAaTEMAaTHKH JUIs 1HTEJIEKTYAIbHOTO PO3BUTKY OCOOMCTOCTI
KpUEThCA B caMiid ii mpupozi. Sk 3a3Havae BU3HAYHUN MaTeMaTHK 1 megaror XX CTOMITTS
akangemik II. AnekcanapoB, «MOXXIUBO, HiJe IIOJChKE MHCICHHS HE BHUCTYIA€ 13 TaKOIO
CHJIOIO 1 TaK SICKpPaBo, SIK y MaTemaTuili» [5, c. 2], a C. PykmuH, 1110 BUXOBaB JIBOX JlaypeaTiB
dinaciBebkoi mpemii 1 61 100 mpu3epiB Ta NMEepeMOXIIB MIXHAPOJHUX MaTeMaTHUYHUX
oJliMmiaz, CTBEpIKYe: «MaTemaThka — 11e €IMHUN MPEeaMeT, SKUi mpodeciiiHO CIPSIMOBaHUI
Ha PO3BUTOK MO3KY Uepe3 po3B’A3yBaHH 3a1a4y» [6].

Kputnune MHCIEHHS € BaXJIMBHUM 1 YHIBEPCAJIBHHM 1HCTPYMEHTOM B TpodeciitHiii
TiSUTBHOCTI BYMTENS MAaTEMaTHKH, OCKUIBKH «OCBiTa OpI€EHTOBaHAa Ha MalOyTHE, sKe He
3aB)KIU BU3HA4YCHE, a TOMY IEPUIOPSAHE 3HAYEHHS MAa€ PO3BUTOK THX SKOCTEH 1 HaBUYOK
MUCJICHHS, SIKI JAaIOTh 3MOTY aJIeKBaTHO OI[IHUTH HOBI 00CTaBUHU 1 CHOPMYBATH CTPATETIIO
BUpIIIEHHS 3aXOBaHUX y HHUX mpoOnem» [7]. Hemapma KpuTHUHE MHCICHHS BHCTYIAE
HAWBaXIIMBIIIUM CKJIQJIHUKOM 3arajlbHUX KOMIIETEHTHOCTEH, sKi BH3HAYCHI Cy4YaCHUMH
OCBITHBO-TIpo(eciitHumMu  mporpamamu  3a cremianbHocTssMu 014 «CepenHst  ocBiTa
(matemaruka)» Ta 111 «MaremaTuka» [8].

ChOroHi MU Ma€EMO CIIPaBY 3 TaK 3BaHUM «IIU(PPOBUM MOKOIHHIM», SIK€ HAPOIUIIOCH 1
3pOCTaE B YMOBAaX BHCOKOTEXHOJIOTIYHOTO 1H(OPMAIIHOTO CyCIIIbCTBA, 1 Ma€ YUMAIIO
CYTTEBUX BIJIMIHHOCTEH BiJ] yYOpAIIHIX CBOIX OJHONITKIB (IMHAMIYHICTH, MOOUIBHICTB,
norpeba B KOMYyHiKamlii 1 CHiBIpaii B CKJIai pi3HUX TPyN, HEOOXIAHICTh ONpalbOBYBAaTH
3pOCTalOuuil HAAMIBUAKAMHU TEeMIIaMH TOTIK iHdopmarii Tomo). He BpaxoByBaTu Ii€i
00CTaBMHHU B OCBITHBOMY IPOIIECI Cy4acHOI CepeHbOl Ta BHUILOI HIKOJIH 0YyJ0 O MOMMUIIKOIO.
Tomy BUHWKae HEOOXIJHICTh IIYKATH HOBI MEAAroriyHi METOJIW 1 MPUMOMH, HECTaHIAPTHI
NUISXW TiABUINEHHS €()EeKTHUBHOCTI OCBITHHOTO IMPOIIECY, aAeKBAaTHI CY4aCHUM BHKJIMKAM 1
notpebam. IlimecnpsimoBaHe BUKOpPUCTAaHHS 1H(QOPMAIIMHO-KOMYHIKAIIIHHAX TEXHOJIOTIH
(MeTa SKOro 3pO00MTH OCBITHIH Mpoliec He OUIBLI «KOMIT IOTEPHUM», a OiIbIll e()EeKTUBHUM) —
OJIMH 13 TaKUX IUIAXIB.

AHaJi3 ocTaHHIX AociaigxkeHb i myOaikaniii. OcHOBU TOCHIHKEHHS TIpoOiieMu OyIiio
3aKJIa/ICHO II€ Ha TT0YaTKy MUHYJIOTO CTONITTS aMepuKaHChKUM (itocodom 1 pehopmaTtopom
ocsitu B CHIA JIx. /I'10i, sikuii GauuB CTpaTeriuyHy METy OCBITH B PO3BUTKY KPUTHYHOTO
cioco0y wmucneHHs. [[x. JI'toi BBakaB MOXIJIMBUAM TMPOIEC 3apOKCHHS y THX, XTO
HABYAETHCSA, KPUTUYHOTO MHCIIEHHS JUIIE TOJi, KOJM BOHU CTHKAIOTHCS 3 KOHKPETHOIO
npobnemoro [7]. ¥V crymiax JIx. bpynepa [9] € po3poOku, mpuCBsSYEHI BIOCKOHAJICHHIO
METOJ[IB BHUKJIAJAaHHS NPUPOJHUYO-MATEMATUYHUX JUCIUIUIIH Ha OCHOBI aKTHBIi3aIlil
€BPUCTUYHOTO MUCJICHHS Ta 1HTYIIII.

Hocnigauku 13 Typewunnu A. Kimep i M. Tumyuun [10] 3apaxoBylOTh KpUTHYHE
MUCJICHHS /0 HaBMYOK MHCJICHHS BHCOKOTO TMOPSAOKY, a aMEPUKAHCHKUHA TICHXOJIOT
cydacHocti JI. XanmepH [11] BBakae KpUTHUHE MHCICHHS PYUIIMHOIO CHIJIOIO B MpOIECi
nocsirHeHHs: Metd. ['pyma pocmigaukiB  JIi  Xwowponr, /[I. [lapconc, I'. Ksom [12]
TOCTIKYIOTh Tporiec (GOpMyBaHHS KPUTUYHOTO MHUCICHHS B YYHIB MUISXOM 3alydeHHs
MOOUTBHOT HABYAIILHOI TPH.

[Ipobnemy opMyBaHHS KPUTHYHOT'O MUCIICHHS BHBUAIM TAKOXK Taki 3HaHI 3apyOixHI
Ta ykpainceki BueHi: J[. Xammneps, P. [Tonb, b. Tpwmniar, Y. @etign, /1. Kyn, O. [Tomerys,
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I. 3umus, C.TepHo Ta iH., 30KpemMa 3 BUKOPUCTaHHAM (Ta 3acobamu) iHpopMaliiHUX
texuosoriii: H. Mop3e, C. JlutBunoBa, JI. Bapuenko Ta iH. P. [lons [4], onuH 13 mpoBiaHHX
cnenianictiB CHIA B ramy3i Teopii 1 NpPaKTUKM KPUTHYHOTO MHCJICHHS, 30KpeMa, BBaXae
KPUTHYHE MUCJICHHS CEPIIEBUHOIO peOpMU OCBITH 3 METOIO MIPUBEIEHHS ii y BIAMOBIAHICTH
13 3amMTaMu SKUTTENISUIBHOCTI LMBUII30BaHOrO CBiTY XXI CTONITTS, CHCTEMOTBOPYMM
(GhakTOpOM OCBITH, SKWUW O3BOJISE MIJABUIMUTH 11 €(DEKTUBHICTh 1 HAOMU3WTH OO MOTPEO
NPaKTUYHOI AiSTBHOCTI (paxiBLig, a HaBUAHHS KPUTUYHOTO MHMCJICHHS BBaXkae 0a30BOIO
GbopMOIO  TIATOTOBKM  JO  YCIIIIHOT  JKUTTENISUIBHOCTI B iHGopMmamiitHOMy i
noctiHpopMaifHOMY CYCHUIbCTBI. Y TMoOINEpeaHiX HaykoBHX poboTax M. Actad’eBoi Ta
B. IIpomkina [13 — 15] moBemeHo, mo came 3aco0M T€OMETpli MOXYTh CIYT'yBaTH T1€BUM
iHCTpyMeHTapieM y (OpMyBaHHI KPUTUYHOTO MHUCIIEHHS MailOyTHIX Yy4WTENiB MaTeMaTHKH,
HaBEJICHO OKpEeMi MPHKJIAJAX BUKOPUCTAHHS 1H()OPMAIIHHUX TEXHOJIOTIN 3a/Jis MiABUIIICHHS
e(eKTUBHOCTI 3a3HAYEHOTO MPOILIECY.

TeopeTuko-MeTOAMYHI  3acagd  BUKOPUCTaHHSA  1H(QOpMAIIWHUX  TEXHOJIOTIH,
KOMIT IOTEPHO OpIEHTOBAaHMX METOAMYHHMX CHUCTeM HaB4yaHHs Matematuku y 3CO Ta 3BO
BHUCBITJICHO B TMpamsx YKpaiHChbkux HaykoBIiB M. XKanmaka, H. Mop3ze, C. Pakoga,
C. Cemepikona, 1O. Tpuyca, O. CmiBakoBcekoro, O. Cemenixinoi, 0. Pamcrkoro, Ta iH.
Hampuknan, naykoBmi O. Martsiituyk, B. Ceprienko, C.IloamacoB [16] po3kpuBarOTh
HEOOXIJHICTh BUKOPUCTaHHS B OCBITHBOMY IpOLIECI KOMIT IOTEpHUX Mojeneil (izudnux
SIBUII, 110 OOYMOBIIOE TJIMOIIE PO3yMIHHS CYTHOCTI TPOIIECIB, SIKI BIIOYBAarOThCA, Ta iX
MaTeMaTHYHOTO onucaHHs, y pocuikeHasx O. ['pu6’rok [17] momano mporec BUKOPUCTAHHS
CHUCTEM KOMIT FOTEPHOI MaTeMaTHMKU B KOHTEKCTI aKTHBi3allii JOCTIAHHMIIBKOI JisITbHOCTI
yuHiB. Y HaykoBux crynigx M. [umkinoi ta Y. Koryr [18] posrisinatoTscst TeXHOIOTIT
BUKOPUCTAaHHS cHUCcTeMH KoM toTepHoi marematuku (CKM), TexHomorii BUKOpPHCTaHHS
WEB-CKM npu nHaBuaHHi meroniB ontumizauii poskputo O.Tpuycom [19], meroanuni
OCOOJIMBOCTI BIPOBAKEHHS TEXHOJOTIH KPUTUYHOTO MHUCIEHHS Ha OCHOBI BUKOPHCTAHHS
MaKeTiB KOMIT IOTepHOi aireOpu Ta TuHaMivyHoi reometpii BucBitieni T. Omiiinuk [20] Ta iH.

He3Baxatoun Ha pi3HOIUTAHOBI HAYKOBI PO3BIAKH OaraThOX acmekTiB (OopMyBaHHS
KPUTHUYHOTO MHCIICHHS, 3a3HAa4eHa MpoOdJieMa 3aIHIIAEThCS AKTYAIbHOIO W HEIOCTaTHHO
JOCJTIJDKEHOI0 B KOHTEKCTI BHUKOPHUCTaHHS 1HGOPMAIIHHO-KOMYHIKAIIMHUX TEXHOJOTIMH,
30KpeMa CHCTEM AMHAMIYHOI reoMeTpii Ta XMapHUX CEPBICIB MPH BUBUYECHHI T€OMETPUUHHUX
JTUCITUTIIIH Y 3aKJ1ajaX BUIIOi OCBITH.

Merta crarTi — OOIpDYHTYBaTH JAOIUIBHICTH KOMIT IOTEPHOI MHIATPHUMKH MpOIECY
dbopMyBaHHS KPUTUIHOTO MHUCJICHHS MAalOYTHIX YYUTEIIB MAaTEMAaTHKN 3aCO0aMHU T€OMETPIi.

2. METOJIMKA JOCJLIKEHHS

JIOCSTHEHHIO METH JIOCIIKEHHS CHPHSJIO BUKOPUCTAHHS KOMILICKCY BiAIOBIIHUX
METO/IB: aHaji3 HAayKOBOI JITepaTypd 3 METOI BCTaHOBJIECHHS CTaHy pO3pOOJIEHOCTI
JIOCJTIDKYBAHOT MPOOJIeMU, BU3HAUEHHS KaTeropiaJbHO-TIOHATIHHOTO amapaTy JOCHTIKCHHS;
CUHTE3, y3arajlbHEHHsS, CHCTEMaTH3allis i TEOPETHYHOTO OOTPYHTYBaHHS IEIaroriaHol
TeXHOJIOT1T (hOpMyBaHHS KPUTHMYHOTO MHCICHHS, €MIIpPUYHI: JiarHOCTHYHI (Oecima, aHaui3
3MI Ta comialbHUX MepeX, KOHTECHT-aHali3, TECTYBaHHS) JUIS BiJICTS)KCHHS TUHAMIKA PiBHS
c(hOopMOBAHOCTI KPUTUYHOTO MHUCIIEHHS CTYJCHTIB;, TNEAAroriyHUi €KCIIEPUMEHT 3 METOIO
JIOBEJZICHHS €(EKTUBHOCTI KOMII IOTEPHOI MIATPUMKUA (OPMYBAHHS KPUTHUYHOTO MHCICHHS
3aco0amMu reoMeTpii; MaTeMaTH4YHI METOAM (Ha OCHOBI TEOpii HEYITKUX MHOXHH) JIJISl OITIHKH
3HAYYIIOCTI MO3UTUBHUX 3PYLIEHB LIOJI0 PE3YNIbTATIB €KCIEPUMEHTAIBHOT pOOOTH.

JlocmipkeHHsT BHUKOHAaHO B paMKaX KOMIUIGKCHOI HAyKOBOi TeMu Kadeapu
KOMIT IOTepHUX HayK 1 marematuku KwuiBcekoro yHiBepcuteTy imeHi bopuca I'piHuenka
«TeopeTnuHi 1 MPaKTUYHI ACTIEKTH BUKOPUCTAHHS MAaTEMAaTHYHUX METOIIB Ta 1HGOpMAITITHIX
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TEXHOJIOTiH B OCBITI 1 Haymi», JIP Ne 0116U004625. ExcriepuMeHTanbHa 6a3a TOCTIIKCHHS:
KuiBcbkuii  yHiBepcuTeT 1iMeHi bopuca [I'piHueHka (CTyAEHTChKI HAyKOBI TypPTKH
«Bukopucranuss IKT B ocBiTHbOMY mpomueci», «MaTeMaTuuHi CTyAil»), HikuHChKHI
nepkaBHUM yHiBepcuTeT iMeH1 Mukomu 'orosst, 3CO (M. Kuis).

3. PE3YJIBTATHU JOCJIIUKEHHSA

3.1. TexHoJjoriss ¢(opMyBaHHSI KPUTHYHOTO MHUCJIEHHS MaOyTHIX Yy4uTesiB
MaTeMAaTHKHU 3aco0aMM reomMeTpii Ta ii KOMII’I0TepHa MiATPUMKA

[IpobGnema mpodeciitHol MiATOTOBKM MalOYyTHIX y4YWTEIIB MAaTeMAaTHKWA € OJHIECI0 3
¢yHaaMEeHTaNIbHUX Y CydacHiil meiaroriuHii Teopii Ta MpakTULl Ta Ma€e JaBHIO MEAAroriuHy
Tpaauilito. Ha choromni B Haylli HasBHUW JOBOJII BENIMKWN (POHI HAyKOBHX 3HaHB, IO
PO3KpUBa€e PI3HOMAHITHI MiIXOMU Ta ACMEKTH YHIBEPCHTETCHKOI MaTeMAaTHYHOI OCBITH, 3
KOXXHAM POKOM IHTEpeC 10 MpoOyieMH 3pocTae. SIK MOKa3yrTh YWCICHHI OCIIKEHHS,
Oecimu 3 yuutensmu Matematuku 3CO, BHCTYNHM NEAaroriB-pakTUKIB y TMpeci, cepen
HABaKIMBIIINX KOMIIETEHTOCTEH, aKTyalIbHUX Y POOOTI Cy4acHOTO Tenarora, € KpuTHIHE
MUCIIEHHS (K YMIHHS MpamoBaTy 3 iHpopMali€ro, 3AaTHICTh TPOAYKYBATH i1ei, BU3HAUYATH
CTpaTeriuHi MUTAHHS Ta BUPINIYBATH iX, 3HAXOJWTH MEPEKOHIMBY apryMEeHTallio, OpaTtu Ha
ceOe BIANMOBIATBHICTH, BIJCTOIOBATHM BJIACHY TMO3MUIII0 Ta KOperyBath 1Ii Iif
apryMEHTOBaHUM BIUTMBOM OmoHeHTiB) Ta IKT-rpaMoTHICTB.

3arpe0yBaHICTh KPUTUYHOTO MUCIEHHS B iHpopmauiiHomy cycminberi P. Ioas [4]
JIOBOJIUTH JIBOMa BaroMuMu npuurHamu. [lo-mepine, iHGopmariiss HaOyBae SKICHO HOBHX,
6a3ucHuX, QyHKIIH, a iHpopMaliiiHa peBOIIOLISI MICTUTh BATOMY aHTPOIOJIOTIYHY CKIIA/I0BY,
sKa repeadavae BIOCKOHAJICHHS HE JIMIIE TEXHIKM 1 TEXHOJIOT1H, a ¥ JIIOIWHU, HacaMIiepes, ii
mucneHHs. Jpyrum ¢akTopoM ydeHHMH BBakae iCHyBaHHS 1 ()OpMYBaHHS I€MOKPATHYHOTO
CyCMUIbCTBA, TOMY III0 CaM€ B TaKOMY CYCHUIHCTBI Ha MEPIIMKA TUIaH BUXOJHUTH 3/IaTHICTH 1
TOTOBHICTB OL[IHIOBATH CUTYAIi}0 KPUTUYHO.

VYkpaiHChKi peanii, HAaTOMICTb, CBiAYaTh, Ha >Kallb, NMPO BKpail HHU3bBKUH pPIBEHb
c(OpMOBAHOCTI IIi€] «3MATHOCTI 1 TOTOBHOCTI» Yy 3HAYHOI YAaCTMHH CYCIIJIBCTBA, 30KpeMa
MOJIOJIi: YYHIB Ta CTyACHTIB yHiBepcuTeTiB. Lle 3 poky B pik 3acBimuyroTh pesynbTatd 3HO
(ocobmuBO 3 MaTeMaTHKH, (I3MKH) BUIYCKHUKIB INKUT (PO3MILIYIOTBCS Ha CalTi
YKpailHCBKOTO IIEHTPY OIIHIOBaHHS SKOCTI OCBITH) Ta, SK IOKa3ye Haml OaraTosiTHIN
BUKJIAIAI[bKUH JOCBiJ Y PI3HUX YHIBEpCUTETaX, BEJIMKA YaCTKa CTAOLIBbHUX TPIEYHUKIB Cepell
CTyJICHTIB. Pe3ynbTaTu aHKeTyBaHHS, ke MU TpoBoauiau B 2016 p., TakoX Mmokazajiu, IO
piBEHb KPUTHUYHOT'O MHUCIIEHHS LIKOJISIPIB Ta CTYAEHTIB MEPIIOro KypCy YHIBEPCUTETY MOXHA
OoXapakTepu3yBaTH SIK HU3bKMHA Ta cepenniit [13, c. 38 —40]. AukeryBanus 2017 p. Ha
IpeIMeT KPUTHYHOTO MHUCIIEHHS CTyAEHTiB-MaTreMaTukiB Ta iH(opmaTukis I, II kypcis, mpo
0 JeTajbHINe WTUMETbCS Aalli, MOKa3ajgo, M0 B TMEPEBaXXHOI iX OUIBIIOCTI HAaBHUYKH
KPUTUYHOTO MHUCIIEHHS He copMoBaHi abo copmoBani ciado. HaBiTh Oubliie, aHKeTyBaHHS
3a TUMH K 3aBJIaHHSIMH TPOMIILIM 5 YYHUTENIB MaTeMaTHKH 3 Pi3HHMX mKiT micta Kuea — i
JIMIIE OJUH 13 aHKETOBAHUX MPOJIEMOHCTPYBAB AOCTATHIN PIBEHb KPUTUYHOTO MHCICHHA (yci
pe3yabTaTH y BIJCOTKAX MPaBWILHO BUKOHAHUX 3aBJaHb HACTYIHi: 35%; 38%; 47%; 53% i
75%).

OTXxe, MOKEMO CTBEP/IKYBaTH, IO CbOTOJIHI € TOCTpa MOTpeda, CYCHiIbHUM 3aluT Ha
NearoriylHi TeXHOJOril, CHpsIMOBaHI Ha PO3BUTOK KPUTHYHOTO MHCIIEHHS CTYIEHTIB —
MaiOyTHIX YYUTEIIB MAaTEMaTHKH.

[cHye yMMano TpakTyBaHb KPUTHMYHOI'O MHCICHHS SIK Ieaaroriynoro ¢enomeny. Yci
BOHH 0a3ylOThCsI HA 3aralIbHOBIIOMOMY KJIaCHYHOMY BH3HAUEHHI KPUTUYHOTO MHCJICHHS, SKE
naB Mertpto JlinmaH, sK KBami(ikOBaHOTO, BiAMOBIAANLHOTO MHUCJICHHS, IO BUHOCHUTH
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MPaBWIbHI CY/DKSHHSI, TOMY II[0 3aCHOBaHE Ha KPUTEPIsIX, 3AaTHE O CAMOBIOCKOHAJICHHS Ta
BpPaxoBYy€e KOHTEKCT [2]. Mu He OyaeMo «IpuB’S3yBaTUCA» JI0 SIKOICh KOHKPETHO1 mediHimii 1
pO3yMITHMEMO KpPUTHYHE MHCICHHS, SK MUCJICHHS SKICHE, SKe, IPYHTYIOUHCh Ha
KOTHITUBHMX HaBHYKaX 1 CTPATETisfX, JOTIOMArae aHajizyBaTH 00’ €KTH, CUTYyaIlii, moAii, 1 Ha
OCHOBI TaKoTO aHali3y NMpUAMAaTH pillleHHs: (OPMYITIOBAaTH OOIPYHTOBaHI BHCHOBKH, JaBaTH
MpaBUJIbHI OIIHKH, aJI€KBAaTHO 1HTEPIPETYBATH, & TAKOX KOPEKTHO 3aCTOCOBYBAaTH OTPHUMaHi
pe3yabTaT q0 cuTyarii Ta mpobiemu. OKpiM 3JaTHOCTI MUCIHMTHU JIOT1YHO, JOTPUMYIOUUCH
3aKOHIB ()OPMAIIbHOI JIOT1KH, IPUXOAUTH O OJHOTO BUCHOBKY, €JIMHOTO PIIICHHS, PO3B’A3KY
(KOHBEPTeHTHICTh), KpUTHYHE MUCIICHHS JTUBEPreHTHE — BOHO Iepeadavyae TBOPUYUH MOIIYK,
3MaTHICTh OAaYWTH AJIbTCPHATHUBH, IIYKATH I1HII BapiaHTH, PO3TISAIATH SBUIIE (CHTYAIIo,
00’ €KT TOIIO) 3 PI3HUX TOUOK 30DY.

@®opMyBaTH y CTY/ICHTIB HABUYKU KPUTUYHOTO MUCJICHHS — 3aBJaHHS BCIX HaBYAJIbHUX
JUCITUILIIH OCBITHBOI MPOTPAMHU MiJTOTOBKA MalOyTHHOTO BUMTENs MareMaTtuku. OqHaK, SK
JoBeZIeHO Hamu B [15], BUTIAHY mepeBary 3 MOTJIsIy 3ac00iB Ta IHCTPYMEHTIB IS Ii€T METH
MaroTh T€OMETPUYHI JUCIHIUIIHY, 30KpeMa KOHCTPYKTHBHA Ta MPOEKTUBHA reomerpii. Kpim
TOTO, CKCIIEPUMEHTAJILHO JIOBeleHa e(EeKTUBHICTh pO3p00JeHOT HAMHU TeAaroriyHoi
TeXHOJIOTii (opMyBaHHS HaBUUOK XXI CTOMITTS, 30KpeMa KpPUTHYHOTO MHCIEHHS Ta
iHpopMariifHOi W  KOMITIOTEpHOI TPaMOTHOCTI, Yy IIKOJAPIB TPU  PO3B’sA3yBaHHI
reoMEeTpUYHUX 33a71a4 Ha moOynoBy [13; 14].

Ski ocobnmBi 3acobm ¥ IHCTpyMEHTH (OpMyBaHHS KPUTHYHOTO MUCIICHHS Mae
reoMeTpisi, o ix He MaroTh iHII AucuumUtinu? Illo BurigHO BUpI3HSAE ii B I[bOMY ILIaHi?
OkpiM HaBYaHHS MHUCIUTH JIOTIYHO (i3 JOTPUMaHHSM 3aKOHIB MaTeMaTHYHOI JIOTIKH) i
BIJIMOBIAAILHO (PO3YMiHHS OOMEKEHOCTI BJIACHOTO 3HAHHSA 1 MOXKIIMBOCTI TTOMMIISITUCS;
TOTOBHICTh HEYNEPEKEHO PO3TIIANAaTH TOYKY 30pY, BIAMIHHY BIiJ BJIACHOI; BHYTPIITHS
norpeba OyTH J/OKAa30BUM 1 MpaBAWBUM Yy BIIACHUX CYIKCHHSAX; TOTOBHICTH [JOJIATH
MEPENIKOM 3apajy IMi3HAHHSA ICTUHHW), BJIACTHUBE OYIb-sAKI MaTeMaTHYHIN JUCITUIUIIHI,
reoMeTpiss Mae JOAATKOBI MOXKJIMBOCTI Ui (OpMYyBaHHS KPUTUYHOTO MHUCIEHHS. Yepes
Bi3yaltizallito, 30KpemMa 3 BUKOPUCTAHHIM 1H(OOPMAIIHHUX PECYPCiB, TEOMETPIS TIOMaracThCs
YYTTEBOTO CIPUHHATTA, (POPMYBAHHS y CBIIOMOCTI iHAMBIA CTIMKHUX acowialliii uepes3 30poBi
o0pasm, 10 CcHpuse PO3BUTKY MPOCTOPOBOI ysiBU ¥ reomeTpuuHoi 1HTYimii. Kpim Toro,
reOMEeTpUYHI 3a7ayi, 3a3BUYal, HE AITOPUTMIZYIOThCS, a L€ CTHMYJIOE€ TBOPUYUH MOIIYK,
pPO3BHBAE JOCIITHUIIBKI HAaBHYKH, HaBYa€ J0OpEe OpraHi3oBYBaTH il MOOUII30BYBaTH CBOi
3HaHHS, 3MYIIYE JisITH B yMOBaX HEBU3HAUYEHOCTI, CIIpHUs€ KOMYHIKAIIii.

3amaui Ha JOBENCHHS W MOOYIOBY CIOHYKalOTh JO CaMOCTIMHOI IMi3HaBajabHOI M
JOCTITHUIBKOT JisutbHOCTI. KpiM TOrO, mpoliec po3B’s3aHHA T€OMETPHYHOI 3ajadi Ha
noOy/I0BY, IO CKIAJAETHCS 3 YOTUPHOX €TaIliB (aHai3 BUXITHUX JaHUX 1 (OPMYBaHHS TUIAHY
PO3B’s3aHHA; peanizalis IUIaHy; JOBEACHHs, 10 MoOyaoBaHa (irypa 3a70BOJIbHSIE YMOBH
3a/ayi; JMOCHTI/DKEHHsS PO3B’S3KIB Ta alIbTEPHATHUB) € TPUKIAJAOM KIACHYHOTO BUPIIICHHS
Oyzab-sKo1 (He JIMIIe MaTeMaTu4yHoi) npobiaemu. BapTo 3a3HaunTH, 110 3a/1a4i Ha TOOYAOBY —
I[€ CBOIO POJY TOJOBOJOMKH, a TOMY BHUXOBYIOTh, a IIBUJIIE BUKIUKAIOTb, 3/1aTHICTh
TUBYBATHCS, 3aXOIUTIOBATHUCS, MIPAarHEHHS OyIb-1II0 PO3B’S3aTH 33a7aqy, IPOOYDKYIOTh a3apT i
BOJIIO, TOOTO TPHUBOAATH Yy [0 MEXaHI3M BHYTPINIHBOI MOTHBAIlli, NapyHOTh pPaaiCTh
TBOPYOCTI 1 mizHaHHs. ToOTO yce Te, 6€3 4oro HaBYaHHS HE MOKE OYTH yCIIITHUM.

BuBYeHHST Kypcy MNpPOEKTHBHOI T€OMETpii BiJirpa€ BaXIUBY poiib y (opMyBaHHI
CBITOIJISIY, PO3YMIHHSA 3B’ SI3KIB MK PI3HUMH I'€OMETPUYHUMHU CUCTEMaMH (JI0BEIEHO, 10 3a
JIOTIOMOT'OF0 METOJIIB MPOEKTUBHOI TeOMETPil MOKHA ONMMCATH BCi B1JIOMI HayIll HEEBKJIIOBI
reoMeTpii IUIOIMKHI), TOOTO CHpPHs€E CHCTEMHOCTI MUCICHHSL. [IpoekTHBHA reoMeTpist popmye
KIIIOYOBY AKiCTh KPUTHYHOIO MUCJIEHHS — 3[aTHICTh 0 MOJEIIOBAHHA. [ METOM 3HAXOIATH
CBOE 3aCTOCYBAaHHsS B Te€0Je3ii, apXiTeKTypi, )KMBOMHCI Ta 6araTboxX iHIMX ramys3sx. li x
3B’SI30K 3 €BKIIJIOBOIO T€OMETPI€I0 TICHUM 1 B3a€EMHMM: NMPU BUBYEHHI TOHSATH 1 00’ €KTIB
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IPOEKTUBHOI T€OMETPil BUKOPUCTOBYIOTHCSI MOJIEINI T€OMETPii €BKJIII0BO 1 HABIIAKK, METOAU
POEKTUBHOI TE€OMETpii YCHIIIHO <«IpalioloTh» IPH PO3B’sA3yBaHHI 3a/lad €BKJII0BOT
reomerpii. {0 oOcTaBHHY O0COOIMBO BaXJIMBO BpaxoBYyBaTH B MpodeciiiHiii miaroroi
MaifOyTHHOTO BYMTEISI MAaTEMAaTUKH, ajpKe B IIKOJI MOMY JTOBEEThCSI HABYATH YYHIB came
€BKJI11I0BO1 reomeTpii.

Crimparouuch Ha TIO3UTUBHUM JIOCBIJ YIIPOBAKCHHS 3a3HAYEHOI TEXHOJIOTIi B MIKUIbHY
npakTuky [13] Ta BpaxoByHOYHM pe3yNbTaTHBHE BUKOPHCTAHHS XMAapHUX CEPBICIB MpHU
oprasizariii JOCIiTHUIIBKOI poOOTH CTYACHTIB [21], MU po3po0OHIN NMeAAroriyny TeXHOJOTiK0
(opmyBaHHA KPUTHYHOrO0 MHCJICHHS MAaHOYTHIX y4YHMTeJiB MaTeMAaTHKH 3aco0amMu
reoMerpii, sSKa CKIQJa€Tbcs 3 IUIOBOTO, 3MiCTOBO-TIPOLIECYaTBHOTO Ta KOHTPOJIBHO-
OLIIHIOBAJILHOTO KOMIOHEHTIB. CYyTTEBUM €J€MEHTOM TEXHOJIOTIi Ha BCiX eTamax ii peaizamii
€ IIecnpsMOBaHa KOMIT IOTepHA MIiATPUMKA, HAcamIiepe]] BUKOPHCTAHHS KOMIT IOTEPHUX
IHCTpYMEHTIB MaTeMaTUYHOI AisITBHOCTI Ta KOMYHIKaIlii.

Ski  MoXIuBOCTI  1H(GOPMAIITHO-KOMYHIKAIIMHUX ~TEXHOJIOTIM, 30KpeMa CHCTEM
JMHAMIYHOI TeoMeTpii Ta XMapHUX CEpBICiB, JOMOMOXYTh 3pOOMTH Oibll e(hEeKTHUBHUM
nporec (GopMyBaHHS KPUTHYHOTO MHUCIECHHS MalOyTHIX YYUTENIIB MaTEMaTHKH 3aco0amu
reoMeTpii? BBaxaemo, 110 10 TaKUX MOKITUBOCTEH CIIiJI 3apaxyBaTH TaKi:

— Bi3yami3allisi TeOMETPHUYHHX 00’ €KTIB, MOHSATH, 3B’S3KIB (30KpeMa W BHPAKEHUX

AHATITHYHUMH KOHCTPYKIIISIMU ), TBEPKCHB, JIOBE/ICHb;

— JWHAMIYHI KPECJICHHS;

— KOMIT IOTEepHUI eKCIIEPUMEHT I JOCHIKEHHS (BUCYHEHHS Ta MepeBipKa rinores);

— KOHTPOJIb aHATITUYHUX MIEPETBOPEHbD;

— IIBHJIKE 1 IKICHE BUKOHAHHS HEOOX1THUX 300paKeHb, 110 EKOHOMHUTD Yac;

— TeHeparlis IHTepaKTUBHUX 3aBJaHb;

— 3abe3meyeHHs HeOOMEKEHOT KOMYHIKAITIi.

KoM’ roTepra miaTpumka po3pobieHoi TexHosorii 3ade3neuyetbess CKM GeoGebra,
110 Ma€ yCi 3a3Ha4YeHi BHIIE MOXIIMBOCTI, Ta XMapHUMHU CEpBiCaMU, sIKi BAKOPHCTOBYIOTHCS 3
METOIO:

— opranizanii HedopMaTbHOI KOMYHIKamii B MpoIeci po3B’S3aHHS T'€OMETPHYHUX
3amad (TemMaTHyHi (GOpyMH Ta YaTh CTBOPIOIOTHCS MJISi: ONpPALIOBAHHS JAHUX 3 IIEBHOI
TEMAaTHUKH; PI3HOCTOPOHHE TPAaKTyBaHHsS JaHUX, Y TOMY YWCII ¥ BHHaWACHHS iX 3B’SI3KIB 3
MOBCSAKICHHUM JXKUTTAM (IIbOMY CHpHUsi€ peKOMEHJoBaHa miarema y ¢opymi «Peamizaris y
MOBCSAKACHHI»); 3HAXO/KCHHsI TApTHEPIB Yy MOCIIDKEHHI TEMH 11032 MEKaMH YYaCHHKIB
OCBITHBOTO IMPOLIECY TOILO), NPUKIAOU CEPBICI8: (hopymu, uamu, cpynu;

— BHWKOHAHHS JTOCJIITHUIIPKOTO HaBUaHHS MPU BUBYEHHI reoMeTpil (CIIIbHI JOKYMEHTH
y XMapax, HaJ SKUMHU MPAIoTh Mall TPYIH JJIS: TOKPOKOBOTO JOCII/DKCHHS, AeTalli3allli,
aHaymizy 1 cucTeMmaruzalii marepially 3a OOpaHOI0 TEMOIO, y TOMY YHCII MOXIJIHBICTIO
MOCTIHHOTO YTOYHEHHSI KOKHOTO KPOKY 3a JOMOMOTOI0 KOMEHTApIB), MPUKIAOU CepBicCis:
O0OKyMeHmu,;

— CTBOPEHHS MPE3EHTAIlIMHUX Ta MYJbTUMEIIMHUX MaTepiamiB (00poOKa mpe3eHTaIliin,
BiJIeO-, TpadiuamMX (hailsIiB TOIO), npukiaou cepeicis: npesenmayii, File Lab (Video, Audio),
Pixel Expres, Picassa, Wewideo mowo;

— MPOBEJCHHS MOHITOPHHTY OCBITHBROTO TIpollecy (aHKETyBaHHs, [1arHOCTHKA,
OTIUTYBAHHS, IHIIUMH CJIOBAMHU — IHTEPAKTUBHOT'O B3a€MO3B’SI3KY 31 CTYJACHTAaMHU, SIKi BXOAATh
B EKCTIICPUMEHTAIBHY TPYITY), npukiaou cepgicis: ¢popmu, Learning Apps, Kahoot mowo;

— OUIHIOBAaHHS PO3B’S3KIB T€OMETPUYHUX 33734 y PEKUMI OH-JIAlH (3a JIOTIOMOTOIO
XMapHHUX CEpBICIB HAJAETHCS JOCTYI IO OH-JIAWH pecypcy, y SKOMY € KpuUTepii OI[HKH
PO3B’sI3aHHS 3a/1a41 1 0COOUCTHI apKYII KOXKHOI TPYIIN), HPUKIAO cepsicie: madauyi.
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3ynuHUMOCS JAETaIbHIIIE JIUIIE HA OKPEMHX €IEMEHTaX 3MICTOBO-AIsUTbHICHOTO (3MICT,
dbopmu, meTomu, 3acoOM HaBYaHHS) Ta OIIHIOBAJILHO-PE(IEKCMBHOTO €TaImiB peami3aiii
TEXHOJIOT1I.

3MicToBO-nifAIbHICHUI eTanm mependadae KOHCTPYIOBAHHS ITITICHOTO IEIarorigHOTO
nporiecy, sSKuii 3a0esnedye CPOPMOBAHICTH KPUTUYHOTO MHUCIEHHS MaHOYTHIX Y4YMTEIiB
MaTeMaTHUKH 3aco0amMu reomeTpii. @akTUUHO MOBA i€ PO Te, IO came MOTPIOHO 3MIHUTH B
3MiCTi HaBYaHHS, AKi GOpMH Ta METOAM HaBYaHHSA 0OOpaTW 3 METOI0 MiJABHUILICHHS DPIiBHS
c(hopMOBaHOCTI TOCITIPKYBaHOT KOMIIETEHTHOCTI.

3micm Haeuanms. SIK 3a3HAYEHO BUIIE 1 AK MIATBEPUKYE MPAKTUKA, TEOMETPis Mae
IIUPOKI MOKJIUBOCTI i1 (OpPMYBaHHS KPUTUYHOTO MHCJICHHS 3aBISKH OpPraHIYHOMY
NO€AHAHHIO  (OpPMaJbHOI JIOTIKM (a0CTPaKTHOCTI) ¥ KOHCTPYKTUBI3MY (HAOYHOCTI,
obpaszHocti). Ha »xamb, B OCTaHHI POKH CIOCTEpITA€ThCS MPEBATIOBAHHSA (POPMaIBLHO-
AHATITUYHUX MiIXOJIB 0 BUBYCHHS TEOMETPIi 1 HEXTYBaHHS KOHCTPYKTHUBHOIO CKJIaJI0BOIO,
3alayaMyd 3 CYTO TEOMETPUYHUM 3MICTOM. [3 MIKIJTBHOI TeoMeTpii MPaKTUYHO IOBHICTIO
BIUIyYeH1 3a7a4yi Ha moOyaoBY (OKpIM KUIBKOX HaMmpocTimmx moOynoB). Y HaBYaIbHUX
MJIaHax IMiJIrOTOBKM MaTeMaTHKIB, 30KpeMa BUMUTEIIB MaTeMaTUKH, Y OUTBIIOCTI YKPaiHCHKUX
YVHIBEPCUTETIB HE IepeadadyeHo BHBUEHHS KOHCTPYKTHBHOI T€OMETpii, MOCTYIOBO
BUTICHSETHCSI TIPOSKTHBHA TEOMETPisl K OOOB’S3KOBa HaBUajbHA AUCIUIUIIHA. A TaM, Je
IPOCKTHBHA T€OMETPisl BXOAUTH 10 MEpPEeiiKy Xo4ya O BHOIPKOBHUX HaBYAIbHHUX AWCIUILIIH,
4acTo, 3 MIpKyBaHb €KOHOMII Yacy, 00MPAE€ThCS YUCTO aHATITUIHHUH MiAXiT A0 i1 BUKIagaHHS.

AHaTITUYHUNA METOJA CHpaBli Jemo0 EKOHOMHUTh dYac (He TOTpPIOHO BHKOHYBaTH
rpoMi3IKuX rpadivyHUX MOOYI0B), KPIM TOTO, MEPEBArol TaKOro MiIXOAy € Te, IO MOXKHa
BUKOPUCTOBYBATH KOOPAWHATHUN METOJ, SIKUI CTYyJEHTH BUBYAJIM B aHAIITUYHIA T€OMETii.
Onnak BiZMOBa BiJ T€OMETPpUYHUX O0OpasiB, sKi, BIACHE, POOJATH TEOMETPII0 <«KHBOIO»
HAYKOIO, BUKOPUCTAHHS JIMIIE amapaTy aiareOpu Mpu BUBYEHHI MPOEKTHBHOI TeoMeTpii He
dbopMye y CTYACHTIB IMIPOCTOPOBOI YSIBH Ta 0Opa3HOTO MUCJICHHS, YCKIIAIHIOE CTIPUAHATTS U
PO3YMiHHS TOHATH Ta (PAKTIB MPOEKTUBHOI reoMeTpii, BUXoJoIIye camy ii cyTb. PopmanbHa i
KOHCTPYKTHBHA T€OMETPIi CIIOPIAHEH] MPeaMeTHO 1 (PaKTUYHO MPUCYTHI OJHA B OJHINA, TOMY
HaWOLIBII TOIIILHUM € TIOETHAHHS 000X IT1IXO/IiB.

YCcyHyTH HeraTHBHI HACTIJKH HaJIMIpHOI «anreOpaizaiiii» reoMerpii, rapMOHI3yBaTH
dbopManbHO-aHAITUYHUA 1 KOHCTPYKTUBHUK miaxing no ii BuBueHHs nomomarae CKM
GeoGebra. 3aBAsiku Bi3yaJbHUM MOKJIMBOCTSAM LOTO KOMIUIEKCY BAA€THCS HE JIMILIE JIETKO, Y
KOXKEH NOTpIOHUI MOMEHT, Ha/laTH 300paKeHHS reOMeTpUYHOi Girypu (3MIHIOBaTH paxypc,
MPUXOBYBATH YW BHIUIATH OKpPEMi €JEeMEHTH), a ¥ eQEeKTHBHO Opra”izyBaTH IMPOIIEC
CaMOCTIMHOTO OTpUMaHHs HOBUX 3HaHb, Yepe3 KUl 1 popmyeTncs sikicHe muciaeHHs. CripaBa
B TOMy, 1m0 GeoGebra He MICTUTh TOTOBUX JTWHAMIYHUX PUCYHKIB, aJITOPUTMIB THX YW 1HIIHAX
noOyznoB, ¢iryp Ta iX mepepisiB, SKi aBTOMATUYHO 3’ SBISIOTHCS KIIIKOM MHUIII Ha TEBHY
oniito. CTyIeHT Ma€ y CBOEMY PO3IMOPSIIKCHHI JIMIIE BIpTyalbHI IUPKYJIb 1 JIHIHKY, yce
pelTa BiH Ma€ CTBOPUTH CaMOCTiHO. CaMOCTIHHO MOKe OYTH CTBOPEHHM TaKOXK IHCTPYMEHT
OyIb-KOi CKJIQTHOCTI (HAmpHUKIaA, TPUKYTHUK 1 BIMCAHE B HHOTO KOJO), aje, 1mob Horo
CTBODHUTH, CTYJICHT MAa€ 3HATH, AK 3HAWTH LEHTP 1 pajiyc BIUCAHOTO KOJa Ta BMITH iX
noOyayBaTH 3a JOTIOMOTOO ITUPKYJIS 1 JTHIAKH.

GeoGebra mMae MOXIJIMBICT JUHAMIYHOI Bi3yamizallii, 10 OCOOJMBO BaKJIMBO IPH
BUBYCHHI TEOMETPUYHUX TIEPETBOPEHb, MPH OCITIPKEHHI TIEBHUX OO €KTIB 1 SBHII,
BCTAHOBJICHHI iX 1HBapiaHTiB, 3’sicyBaHHI BiactuBocTeil Tomo. Kpim Toro, GeoGebra
JIO3BOJISIE HE TITLKK CTIIOCTEPIraTH 300payKeHHs TOYKH, Bipi3Ka, MPsAMOi, Ko, eJlirnca Touo B
IUHaMili, a W OayuTh B CrHelialbHOMY BiKHI «Ausrebpa» BIANOBIAHI KOOPAWHATH YU
piBHsSHHA. [lg Bi3yanbHa MOKJIMBICTH JOIOMAara€ pO3yMIHHIO 3B’SI3Ky MDK TIEBHOIO
AQHAJIITUYHOIO KOHCTPYKIII€IO 1 1 TeoMeTpuyHUM (TpadiuHum) oOpazom.

OTmxe, HaBYaHHS 3 JIONIOMOTOI0 CHCTEMH JWHAMIYHOI TeOMETpii € CBOEPITHUM
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IHTEeNEKTyalbHUM MapTHEPCTBOM KOMIT IOTEpa M CTYAEHTA, YHACHIJIOK SKOTrO 30aradyroTbes
3HaHHSA CTyAeHTa, (OpMYyIOTbCS HWOro AOCHIAHHUIBKI KOMIIETEHTHOCTI, PO3BHUBAETHCS
KPUTHUYHE MUCIICHHS.

@opmu Hasyanus. lpu BuOOPI Oyab-sKOi 3 HUX MalwTh OyTH CTBOPEHI YMOBH IS
MPEIMETHOTO, JiSUTbHOTO CHUIKYBAaHHS 1 B3a€MOJIii BUKJIaga4 — CTYACHT, CTYJEHT — CTYJICHT
(i 9ac ayIMTOPHOT JIEKITIT Y MPAKTUIHOTO 3aHSTTS 1 0COOJIMBO 1M0O3a HUMU; SIK OYHOTO, TaK
1 BIpTyaJIbHOTO 4epe3 XMapHi cepBicH 30epiranus i oOMiHy JaHUMH, KPECIEHHSIMH, CHUIbHI
nokymeHTH (Google Docs/Tabmuii, Ilpesentartii), ¢opmu mns omnutyBanHs, Learning
Apps/Kahoot ayist 3a6e3ne4eHHs JUHAMIYHOTO 1HTEPAaKTUBHY TOILIO).

Hunimnue «mudpoBe MOKOIIHHS» MPUUINILIO HA 3MIHY TOKOJIHHIO «CaMITHHKIB», KOJHU
BCl HAHUTIOMITHIIII BUHAXOAHW My, SIK MPaBUJIO, OAHOTO aBTOpa. baraTo cboroaHimHix, a e
OlbIIIe 3aBTPAITHIX MPOOJIEM HOCATh MIKTaTy3€BUH 1 MDKIUCIUTIIIHAPHUHN XapaKTep, a TOMY
iX po3B’sI3aHHs IPOCTO HE i/ CHITY OHIH JIIOMHI, KA, BpPaXOBYIOUN (haHTACTUUHE, 3 OJTHOTO
OOKy, 30UJIBIIICHHS, a 3 APYTrOro — MOTIUOJICHHS 1 BY3bKY CIeIliali3allil0 HayKOBOTO 3HAHHS,
He MoXke OyTH (haxiBIeM y BCiX raiyssix. ToMy TOBOAMTHCS KOMYHIKYBATH 1 CIIBIIPAIIOBaTH
B CKJIaJll PI3HOMAHITHUX TPYIM 3 METOIO BUPIIICHHS CIIJLHOTO 3aBAaHHs. A 1€, Y CBOIO 4epry,
BUMAarae BiJ| iHIWBiJla THYYKOCTi, 3aTHOCTI MO KOMIIPOMICIB, TOTOBHOCTI Oparu Ha ceOe
BIJIMOBIIAJILHICTD 32 PE3YNbTATH CIUIBHOI POOOTH, YMIHHA BECTH Jiajor. MaremaTudHi
3amadi, 30Kpema 3adadi Ha 1oOyloBY ¥ JOBEICHHS, CIOHYKAlOTh 1O KOMYHIKalii
(oOGroBopeHHs i71ei, OTIOHYBaHHsI, TUCKYCii, KOJIGKTUBHUM TOIIYK IIJISAX1B PO3B’ A3aHHS TOIIIO),
a cydvacHi iH(OPMAIIHO-KOMYHIKAIIIHI TEXHONOril 3a0e3MeuyioTh MOXIIHUBICTh TaKOl
KOMYHiKaIlii. AKTUBHE 3aIy4eHHsS XMapHHUX CEPBICIB J1a€ 3MOTY IMPAIIOBATH B 3pYIHOMY TSI
CTYACHTIB CepeloBHINI, sKe, 3a3BHuail, € kpocmiaargomHe. 3amgaui Ha mNOOYIOBY Ta
JIOBEJICHHS, TPOBEACHHS JOCIIIKEHb, BUKOHAHHS CIUIBHUX IPOEKTIB MalOTh HEBHUYEPITHI
MOYJIMBOCTI ISl TAKO1 B3a€MO/Ii1, IIaJIOTy B MPOIEC] pO3B’ A3aHHS MPOOJIEMHOT CUTYaIlii.

Memoou HasuanHs, O TPYHTYIOTbCS Ha JOCTIDKCHHI. Y YHCIEHHUX IE€IaroriyHuX
Opaisix pO3KPHBAETHCS PI3SHOMAHITTS METOJIB HABYaHHS, SKUX HApaxOBYEThCS IIOHAJ
niBcoTHi. Tak camo icHye Oarato iX kiacuikaimiii y 3aJ€KHOCTI BiJl TOTO, IO B3ATO 3a
OCHOBY Ti€ei um iHIIO! kimacudikamii. TeopeTnuHi AOCHITKEHHS, MOB’A3aHI 3 METOJAMHU
HaBUYaHHS, AKTHBHO TMPOJOBXKYIOTBCI. «Y TEAarorimi J0 ChOTOAHINIHBOTO Yacy HEMAae
BOXJIUBIIIO! KaTeropii Ajs PO3BUTKY IMEAAroriyHoi Teopii 1 OCBITHBOI NPAKTHKH, HIK
KaTeropisi «MeTOoJl HaBYaHHSI». MM BHUXOAMMO 3 TOTO, IO, SK 3a3Hadae B. CrnacThoHiH,
«METOAM HaBYaHHS cami Mo cobi He MOXYTh OyTH HiI XOpPOIIMMH, Hi TOTaHUMHU» [22,
Po3n. 14], TtomMy BuOiIp onTHMaJbHOTO iX TMO€AHAHHS Mae OyTH 30pIEHTOBAaHWNA Ha
3a0e3neueHHs] XapakTepy Mi3HaBaJbHOI IiSUIBHOCTI — MpOOJeMHE HaBYaHHS, €BPHCTUKY 1
JOCITIDKEHHS. Y TaKkOMy OCBITHBOMY TIPOIIECI MPIOPUTETHA POJIb BUKJIAJga4ya — HE HaJaBaTH
TOTOBI 3HAaHHA YU PO3B’SI3KM, a KEpyBaTH JOCIIJHHUIBKOIO [isSUIbHICTIO CTYICHTIB, Yy
pe3yabpTaTi sIKOi BOHHM  CTBOPIOIOTH HOBE MJisi ceOe 3HaHHS. 30KpeMa MOJICPHI3ZYEThCSA
JUIAaKTUYHA TIO3MLis BHUKJAJaya B OCBITHROMY Ipoleci: TpaHcdopmaris mnpodeciinoi
BUKJIQ/IAIbKOT TO3MIli B IUIONMIMHY IMAapTHEPCTBA, dacuiiTaiii; GopMyBaHHS CHPHUSTIMBUAX
YMOBH ISl JTiaJioTy; aKTHBi3allis PO3BUBAIHHOTO MOTCHINIANy HAaBUaHHS; IMIUIEMEHTAIis
MONIYKOBOI JisSTTEHOCTI B OCBITHIM MPOIIEC.

OkpiM TpamuLiHUX 3aco6ié HasuaHHs TEOMETpli — MIAPYYHHUKIB, KPECISIPCHKUX
IHCTPYMEHTIB, HAOYHUX TMOCIOHHKIB TOIIO, EPEA0AYAETHCS BUKOPUCTAHHS PI3HUX XMapHUX
CEepBICiB, SK OpIEHTOBAaHMX Ha CIHUIbHY po0OOTYy 3 TEKCTOBUMH, TaOIUYHUMH,
MYyJIbTUMEAIMHIUMH JaHUMH, TaK 1 BUKOPUCTAHHS CHCTEM KOMIT IOTEPHOI MaTeMaTHKU Ta
WEB-CKM. 3ayBakxuMo, L0 CTYICHTH MpHU peajizalii NPOEKTHOrO 3aBIaHHS MOXYThb
obupatu noButbHy CKM (B Mepexi TMOCTIMHO 3°SBISIOTHCA HOB1 JOJATKH, SIKI 3 4acOM
HaOyBalOTh KPOCIUTAT(POPMHOCTI), alie 3 000B’ I3KOBUM MOOAKAHHSIM MOTPAKTYBATH TEpEBaru
1 Heoiku oopanoi CKM.
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Jnst po3B’si3aHHS ayAMTOpHUX 3an1ay cryiaeHTaMm mnpononyerbesi CKM GeoGebra, mio
BIJI3HAYAETHCS IMHPOKOIO (YHKIIOHATBHICTIO Ta TPOCTHUM, IHTYITUBHHM i1HTepdercom
(Puc. 1).

- Pucynox:4.ggb - O X%

®ann lMNMpaeka Bug HanawTysaHHA [HCTpyMeHTu BikHo donomora Yeintn

Beoa:

Puc. 1. Inmepgheiic cucmemu xomn’rtomeproi mamemamuxu GeoGebra

Buxopucranns GeoGebra [103BOJsiE MIBUAKO CTBOPIOBATH 1 JEMOHCTPYBaTH
IHTEpaKTUBHI KpECJEHHS, IO CYTTEBO EKOHOMHTH dYac (Ha Puc. 1, 30kpema, OGadmmo
PO3B’ 30K HEMpOCTOi 3agadi Mpo MoOYyJOBY IMPAaBHIBHOTO I ATUKYTHHKA), KOPUCTYBAaTHCS
BEJIMKUM 310paHHsIM YK€ CTBOPEHHX PECypCiB; 3a0e3meduye 3aHATTS HEOOX1THOIO KITbKICTIO
HAOYHOTO MaTepiay; MiJBUILY€E MPOIYKTUBHICTD 1 €()EKTUBHICTD 3aHATh; CTUMYIIIOE 1HTEpEC
CTYJICHTIB JI0 TIPEIMETY 1 MPOIECYy HABYAHHS B3arajli; CIIOHYKa€ 10 BUBYCHHS HOBOTO B cdepi
iH(popMaLiifHUX TeXHOJIOTiH, cripuse popmyBanHio IKT-HaBUYOK.

BusnaueHHs pe3ynbTaTUBHOCTI TEXHOJOTIT (GOpMyBaHHS KPUTHYHOTO MMCICHHS
BiZIOyBaeThCS Ha OWIHIOBAJIbHO-pediekcuBHOMY etami. Llg ckmamoBa mepenbavae
KOHTPOJIb, aHaJi3 Ta KOPEKIII EKCIIePUMEHTaIbHOI POOOTH W OTPUMAaHHMX pPE3YJIbTATIB.
BopHouac KOHTpPOJIBHI 3aXOAM MEPECcHigyloTh 1 HAaBYAIIbHY METY, sIKa JIOCATA€ThCS uepes3
TPYNIOBY ¥ 1HAMBIAyalbHY peduiekcito (aHaji3, KPHUTHKY, CaMOaHali3, CaMOKPHUTHUKY).
OOroBopeHHs1 pO3B’s3aHb TEOMETPUYHHMX 3a7ady POOUTH MOXIMBOIO TaKy peduiekciio, 060
3a/1aul HalvyacTile MOKHa PO3B’S3yBaTH HE OJHUM CIIOCOOOM, a TOMY € OiarogaTHUN TPYHT
JUTsE OOTOBOPEHHSI.

3.2. YnpoBa:keHHsI po3po0/1eHO0l TeXHOJIOTil B MPaKTUKY podoTu LleHTpy «:KHBOI»
MaTeMaTHKHU

ChOrofHIIIHS MOJIEPHIi3allisl 3MICTy OCBITH, 3allPOBAPKCHHS B TMPAKTHKY IsITBHOCTI
BUIIMX 3aKJIQJIB OCBITH IHHOBAIIIMHMX OCBITHIX TEXHOJIOTiH cHpsMOBaHi Ha (hOpMyBaHHS
COIliaIbHO aKTHUBHOI, TBOPYOi ocobmctocTi. 3a octanHi pokn MOH VYkpainu po3pobuio i
3aTBEPIMIIO 3HAYHY YAaCTHHY Tajly3€BUX CTaHJAPTIB CHELiaJbHOCTEH BIAMOBIIHO 10 HOBOTO
iX mepeiKy, 1 ei MpoIec MPOJOBKYETHCS.

VY KuiscbkoMmy yHiBepcuTeTi iMeHi bopuca I'piHueHKka HOBI OCBITHI Hporpamu, sKi
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BignoBiganu O imeonorii 3akoHy Ykpainu «lIpo BHIY OCBITY», MOYald CTBOPIOBATH IIE B
2015 p. ITo mipi ToroO, SIK 3’SIBISIOTHCSA Tady3eBl CTAaHAAPTH YU I1X TPOEKTH, B OCBITHI
IporpaMHu BHOCSATHCS BIAMOBIJHI KOPEKTUBH 31 30€peKeHHSIM cHenudiku yHIBEpCHTETY,
noTpeOd PUHKY Mpailli, 0 00YMOBIIIOE TIEBHI OCOOIMBOCTI MiATOTOBKHU (PaxiBIliB Ti€l YU 1HIIOT
cneniagbHOCTI. Tak yHiBepcHTETChbKa OCBITHA NIporpaMa MiAroTOBKH OakajaBpiB y ramysi
3HaHb 11 «MaremMaTnka Ta CTaTHCTHKa» 3a cremiaibHIicTioO 111 «Marematuka» nependadae
BUBUEHHS [UKIIY TICUXOJOTO-TIEAArOTIYHUX AUCIUIUIIH, METOJUKA HABUYAHHS MATEMAaTUKHU B
IIKOJTi, TeJaroriyHy MNpakTHUKy, IO Ja€ TMiACTaBU IPHCBOIOBATH OakajaBpaM JOJaTKOBY
KBaJTi(DiKaIlit0 BYMTEIST MATEMATHUKH.

3 Meroro 3a0e3MeyeHHsT BHUCOKOI KOHKYPEHTOCHPOMOXHOCTI CBOIX BHITYCKHHKIB B
yHiBepcHuTeTi po3pobiena i 3 2017 — 2018 H. p. 3ampoBaKyeTHCSI HOBA OCBITHA cTpaTeris,
TOJIOBHOIO 1JI€€r0 SIKOI € MIABUINEHHS SKOCTI ITIIATOTOBKM HAa OCHOBI KOMIIETEHTHICHOI'O
miaxoxy, HaB4yaHHsS, 3acHoBaHoro Ha IKT-rpamMoTHOCTi, NpakTUYHIN JiSUTBHOCTI Ta
nociipkeHHax. [lepenbadeHo 3MeHIEHHS Yacy Ha TPAAWIAHI JICKIi Ta TEOpETUYHI
CeMiHapH, 3JIHCHEHHS pIIIy4oro Mepexoay A0 IHTEPaKTHMBHHUX TEXHOJIOTIH 3 HIMPOKHM
BUKOPUCTAHHAM HOBITHBOTO OOJIaJHAHHS, MOCWJICHHS MPAKTUYHOI MIATOTOBKH, AKTHUBHE
3amydeHHss cyyacHuXx IKT B OCBiTHIM mpolec, NPakTHKO-OPIEHTOBAHUX JOCIiIKEHb,
BIIPOBA/KEHHSI €(QEKTUBHOTO MOHITOPUHTY OIIHKHM 3HaHb. KIIIOUOBUMH CTPYKTypHUMHU
OJIMHMIISIMU, Yepe3 sIKi pealli3yeTbCs HOBA OCBITHS CTpaTeris, CTaloThb cTBOpeHi LlenTpu
KoMrieTeHTHOcTel. OauH 13 HuX — LleHTp «KuBOi» MaTeMaTHKH.

3arBepmxena Konmenirist LIeHTpY «KHBOi» MaTeMaTHKH, SIKa BU3HAYAE METY Ta OCHOBHI
3aBaanHs LleHTpy, 3MicT #oro poOOTH, pe3ylbTaTH HABYaHHSA 1 HABYAJIbHOI TPAKTUKH
CTYIEHTIB (3arainbHi Ta (axoBi KOMIETEHTHOCTI), HANPSIMKKA HAYKOBOI Ta JIOCIHIiTHUIIBKOT
poOOTH BUKIJIaAadyiB Ta CTYACHTIB, MEPCIIEKTUBU CHiBIpalll 3 naptHepamu. Cepen ocHO8HUX
3a60anb Llenmpy, 3a3Hauenux y Konuenuii, — (opMmyBaTH B MEpIIOKYPCHHUKIB CIPUHHSATTS
MaTeMaTUKH SK I[IKaBOi H <«KHBOI» HayKd, sika TOTpiOHAa B Oararbox mpodeciax i
MOBCSAK/IEHHOMY XHTTIi; BUPOOJIATH B CTYAEHTIB €(EKTHUBHI MPUIHOMHU PO3YMOBOI JisSUIBHOCTI
Ta BMIHHA BYHUTHCS; (GOpMyBaTH B CTYACHTIB HaBUYKU KpuTuuHOro wmmucieHHs, IKT-
IPaMOTHICTb, TEPIIONOYATKOBI HABUYKM JOCHIAHMKA; BUPOOJSATH TOTOBHICTH W YMIHHS
e(heKTUBHOI B3a€EMO/IIi Ta KOJIEKTHBHOT pOOOTH Ta iH.

3micm Hasuanus B lleHTpi peamizyeThCs depe3 TEXHOJOTIi aKTHMBHOIO HaBYaHHS I
caMOHaBYaHHsA, 30KpeMa W 1HQoOpMalliifHI Ta XMapo OpPIEHTOBaHI, MOCUJICHHS MPAKTHYHOI
CHPSIMOBAHOCTI OCBITHBOI JiSUIBHOCTI, JOCIITHULIBKY POOOTY CTYACHTIB, TOOTO Yepe3 «KUBE»
HaBYaHHS MareMaTuKu. HacnigkoMm Takoro HaBuaHHS € KPUTUYHE MUCIICHHS.

Ha 6a3i LlenTpy «kHBOi» MaTeMaTMKH HaMH pPO3pOOJIEHA, YAaCTKOBO anpoOoBaHa i
MOCTYIOBO BIPOBA/XKYETHCS TEXHOJOTi (OPMYBAHHS KPUTHYHOTO MUCIIEHHS CTYIEHTIB-
MaTeMaTHKiB y Tmpoleci iX npodeciiiHoi miAroroBku. 3okpemMa, B moromy 2017 p. y mMexax
poOoTu HaykoBoro ryprka «MaTemaTuuHi CTyAii» Oyjo BUIUIEHO cekuilo «['eomerpuuHi
noOynoBu». 3a [HUM K€ IJJaHOM TMPAIOBaB MaTeMAaTHYHUN TypToK y HiKXHHCEKOMY
JepkaBHOMY yHiBepcuTeTi iMeHi Mukonu [orons (mami — HAY) y ckmaai 6 cryaeHTIB
MEPIIOTro Ta Apyroro Kypcis cnenianbHocTi 014 «CepenHs ocBiTa», MPeAMETHOI Crieriami3anii
014.04 «Cepenns ocsita (MaTemaTuka)». Y4acHUKaMu 000X TYPTKiB, 30KpeMa, peai30BaHO
kosiekTuBHUM TpoekT — B CKM GeoGebra, po3pobieno 18 muHamiyHMX Monenelt (3
eleMeHTamMu aHiMailii) 1o Temu «KoHdirypariiiiai TeopeMu IPOSKTUBHOT T€OMETPii».

[IpencraBuMo nani mpukiaj OgHIET 13 AMHAMIYHUX MOJIETICH.

3anaua. /lano 1Bi mpsAMi @ Ta d,, SKi IEPETHHAIOTHCA 32 MEKaMH PHCYHKa B Touli K
i rouka M , sxa nuMm npsMuM He HajexuTh. [lorpiOHO uepe3 Toukn M ta K mnpoBectn
npsMy.

Pose’azannsa. Cxopucraemocs: teopemoro Jlesapra. Toni mykana mpsiMa — Jie3aprosa.
100 i 3HaiiTH (MPOBECTH) MOOYAYEMO J1€3aproBy KOHQIryparito, y sKiii HeJOCTyIHa TOYKa
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K i 3amana touka M € TouKamH TIEPETHHY MPSAMMX, IO MICTATH JBiI Mapu BiAMOBIIHUX
CTOpiH 1e3aproBUX TPHKYTHHKIB (0fHA i3 mux map 3amama: d N d, = K). Touku K Ha
PUCYHKY MU HE MaeMoO (BOHa 3a HOro Mexamu), TOMY, JUId MOOYJOBM IIYKaHOI MpPsSMOi
noTpi6Ho, KpiM ganoi roukun M , Matu mie oxuy Touky (N ), Koo i Oyne TOUKa MepeTuHy
TPeThOi Mapu BIAMOBIIHUX CTOPIH J1€3aprOBHX TPUKYTHHKIB. 3BiJICH IOCTAa€ HACTYIHHM

AITOPHUTM TIOOYIOBHU:
1) no3HayaeMo JIOBIIBHO TOUKY S , 10 HE HAJIEKUTH 3a1aHUM TIPAMUM i He 36iraeThes 3

toukoto M (nme3aproBa TOUKa);

2) mpoBoxMMO 4epe3 TouKy S Tpu moBitbHI npsmi [, 1, [, sxi nepetnnarors npsmi
a ta a; mexait [ Nna=A, [na =A, ,na=B, l,na, =B,; maemo, Takum
unnOM, Bepummnn A, B ta A, B, nesaprosux tpukyrnukis, y skux AB U a, A B, Ua,;

3) 6yayemo tperi Bepumnn C ta C, nesaproux tpukyraukis: C =1 N (MA),
C =Ln (MAi), tpukyraukn ABCi A B,C, noGynosani;

4) neperun npsmux, wo mictsts cropoun BC i B,C,, nae touky N ;

5) uepe3 Touku M i N mpoBoaumo mpsamy.

Ipsma MN  npoxoauTe dYepe3 HEOOCTYynHY TOYKY K, OCKUIBKH —TOYKH
K = (AB) N (AIBI), M = (AC) N (AICI) i N= (BC) N (BICI), 3riZIHO 3 TEOPEMOIO
Jle3apra, nexaTh Ha ONHIA mpsiMiid. CKPUHIIOTH MOCIHIJOBHUX KPOKIB JWHAMIYHOI MOJEi
300pakeHi Ha puc. 2a—2e.

o=

ay

»

Puc. 2a Puc. 26
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(o]

Puc. 20 Puc. 2e

Ha puc. 3a, 306 mokaszaHo, SK, 3MIHIOIOYHM TIOJOXCHHS TOYKH (pOOUTH IIe MOXKHA
MepeMilaoyi TOYKY 3a JIOMOMOTOI0 MHUII), 3MIHIOE BUTJISA Je3aproBa KOHQIryparis, aje
IIyKaHa MmpsiMa CBOTO TOJIOKEHHS He 3MiHIo€e. Tak, 30kpema, 3a gornomororo CKM GeoGebra
CTYJICHT €KCIIEPUMEHTAJIbHO MOXKE MEPEBIPUTH MTPABUIIBHICTh PO3B’sI3aHHS 3a/1ayi, a moTpeda
1 3JaTHICTh TEPEBIPUTH OTPUMAHHUN PO3B 30K Ha aJEKBATHICTh — OJHMH 13 TMOKA3HUKIB
KPUTHYIHOTO MHUCIICHHS.

Puc. 3a Puc. 36

Sk cBiquuTh npaktuka, BukopuctaHHs CKM GeoGebra Buctynae edekTuBHOIO
dbopmoro miaATpUMKN (GOpMYBaHHS HABUKIB KPUTHYHOTO MHCIICHHS 3acO0aMu reoMeTpii yepes
TE, 1IO:

— JWHaMiYHI KpecieHHs (0e3 3allydeHHs TOTOBHX OO0’€KTIB) BI3yalli3ylOTh

B3a€MO3B’ A3KH BJIACTUBOCTEH FT€OMETPUUHUX 00’ €KTIB;

— mporec (GopMyBaHHS anropuTMy CTBOpeHHss Ta BukoHaHHS B CKM kpecieHb
BHMara€ akTHBHOTO 3aJIy4€HHS OMOPHHUX 3HAHb 3 JIOBFOTPUBAJIOI IaM SIT1 CTY/ICHTIB
(03HauUEHHS Ta TEOPEMN);

— CKM ctumymnioe BUKOPUCTaHHS 1HIYKTUBHOTO Ta JEIYKTHMBHOTO METOJMIB aHaJi3y
MPU BHUCYHEHHI TIMOTE3U IOCHIKCHHS, OIIHIOBAaHHI allbTEPHATHUB PO3B’S3KIB Ta,
3pEIITO0, IPY MPUHHATTI OOIPYHTOBAHOT'O PILIICHHS;
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— CKM nae MOXIIUBICTB MOJIETITYBAaTH CTYJCHTaM CIOCIO CIIPUMHATTS T€OMETPHUUHUX
noOynoB Ta 00’€KTIB, 30KpeMa: PEKOHCTPYIOBaTH 0O0’€KTH, 3MIHIOBAaTH pakKypc,
MIPUXOBYBATH HE3HAYH1 00 BUAUIATA 3HAUYII CKJIaJ0B1 KPECICHHSI.

CKM GeoGebra Ta XMapHi CEepBICH JalOTh MOXJIMBICTH CTYAEHTaM: 1) CTBOpIOBaTH
JTUHaAMIYHE KPECIeHHS; 2) 3a1y4JaTd Ha OyIb-IKOMY eTarll J0 OOroBOpEHHs (4YaT, MPUMITKU B
CHUIBHOMY JTOKYMEHTi, (OopyM TOIO) SIK CBOIX MapTHEPIB 3 Maloi IPynu (AKi TOCIIIKYIOTh
TOW YW 1HIIUH TeOMETPUYHHUNA 00’ €KT), TaK 1 3BEPTATUCh JIO JIOCBIIY CBOIX KOJIET 3 TPYIH,
IHIIMX HABYAJIBHUX 3aKJQIiB, BKIIOYCHHX JIO0 €KCIIEPUMEHTY (200 K 3BEpPTATHUCH IO OCBIAY
BUKJIa/1avuiB); 3) 3IIWCHIOBATH PO3KPUTTS TMepeOiry BHPIMICHHsS TOCTABJICHOI MPOOJeMU B
4acoBOMY IIeH31 ( Ha erami aHani3y, 00roBOpeHHs, OLliHIOBAaHHS, CUHTE3Y); 4) 3a0e3neuyBaTH
MOaHHS TEOMETPUIHUX 00’ €KTIB 3 HEOOX1THOIO MIOBHOTOIO MPEACTABICHUX JTaHUX.

VY mnonepenHiii po6oti [21] Oyno 3ampornoHOBAaHO aNTOPUTM BUKOPHUCTaHHS XMapo
OpPIEHTOBAHMX TEXHOJIOTIH MPHU OpraHi3allii HayKoOBO-0CIiIHOT pOOOTH CTYIECHTIB. YTIEBHEHI,
110 IIeH aNropuTM Mae€ yHiBepCalbHUI XapakTep 1 MpH MEeBHIA HOro MoaepHizalii Moxe OyTu
3aCTOCOBAaHUN TIPH BIPOBAHKEHHI PO3pOOJICHOT HAMHM TEXHOJIOT1T (OpMyBaHHS KPUTHIHOTO
MUCIICHHSI B IPAKTUKY YHIBEPCUTETCHKOI OCBITH. [Ipe/cTaBIseMO CKIIaJ0B1 alrOPUTMY:

— 00’eqHaHHS B Maji Tpynu (CTBOPEHHS PSAAY MOKYMEHTIB y XMapi (IOKYMEHT JIst
CHUIBHOTO OIpalfOBaHHS, Mpe3eHTallisl [Uisi MOJaHHS Ta 3aXHCTy pPO3B’ SI3KH
reOMETPUYHUX 3alad, MIa0IoHy (opyMy sl OOTOBOPEHHS; BH3HAYCHHS CKIIALY
TPyIH, POJIeH, HAJIaroXKEHHsI B3a€EMOITIITPUMKH Ta Kojaboparrii);

— BU3HAuUEHHS 00’ €KTy JMOCIHIDKCHHS (OTPUMAaHHS CTYJACHTAMH 3aBIAaHHS, 3araibHHMA
po3risi HampsiMiB po3B’si3ky 3a nomomororo CKM GeoGebra B IIEHTpi «KHUBOI»
MaTeMaTUKH, BHU3HAYEHHS KOXHOK Mayiolo Tpymnoro anmbrepHatuBHOI CKM 13
3amponoHoBaHux y cryaisx [16; 17] (nmpuknamm CKM: yHiBepcHTaIbHOTO
npusHaueHHs — Derive, MathCad, MuPad Mathematica, Mathlab, Maple, Maxima;
nuHamiyHoi reometpii — Cabri, SketchPad, Cinderella, Next, Scilab, GRAN-3D;
excrieptHa cuctema — Wolfram Alfa; iHTepakTUBHI CUMYISAIIT 1JI1 MPUPOTHUYUX 1
MaTemMaTHuHUX Hayk — Phet Interactivt Simulation Tomo, IpUHATIAHO 3ayBasKUMO,
10 BKJIMBOIO XapaKTepUCTUKOO BHOOPY cTyneHTamu CKM e ii 6€3KOITOBHICTS,
KpOCIUTaT()OPMEHICTh Ta MOMUT Yy KOPUCTYBAUIB MEPEXKi);

— BH3HAYCHHS METH 1 3aBJaHHA (HE3BAKAIOYM Ha pPI3HOIUIAHOBICTH 3a1ad, sKi

MPOTIOHYIOTBCSI  CTYJIGHTaM, OOOB’SI3KOBOIO PEKOMEHIAIIEI0 TPU  PO3IIISIII
PO3B’A3KIB € TpaKkTUYHA peaji3allisi OTPUMAHOTO PO3B’SA3KY B IMOBCIKICHHOMY
JKHTTI);

— PpO3MOJiN 3aBIaHb y TPYIi CTaBUTh INEpe]] yYaCHHUKaMH Maioi rpynu BHOip cdepu
BIIMOBITAJILHOCTI B TPOEKTI 3a: (OpMyBaHHsS 3BITYy CHCTEMH KOMIT IOTEPHOI
matemaTuku Maple/ TekcroBomy mporecopi (MS Word/Google Docs); cucremax
MPEACTABICHHS Pe3yJbTaTiB 3BITY Npe3eHTallii, MynbTuMemiiHi daimu (e,
BiZleo, rpadiuHi pepakropn); 3acobu ananizy mepexxuux aanux (WEB OF SCIENCE,
Google Scholar) Ta 3acobamu 3/1iiCHeHHS OTTUTYBaHHs/aHKeTyBaHHs (0J10TH, hopmu,
Learning Apps, Kahoot), a takox 3 oOpanum anprepHaTuBHUM CKM (Takox
PEKOMEHAYETHCS ISl IEPEBIPKU PE3YyIbTaTIB KOPUCTYBATUCH EKCIIEPTHOIO CHCTEMOIO
Wolfram Alfa);

— KOHBEPTYBaHHs MaTepialiB B €JIEKTPOHHI METOJMYHI Marepiaau (CTBOpPEHi
MaTepiaau KOHBEPTYIOThCA 1O EJIEKTPOHHOTO HaBYaJbHO-HAYKOBOI'O CEpeloBHUIIA
HaBuaHH — LMS Moodle — abo mnepcrneKkTuBOIO MOAANBIIOTO PO3rOPTAHHS
€KCIIEPUMEHTY € CTBOPCHHS (Ha OCHOBI JIOCTI/DKCHHS) CKIJIAIOBUX €JIEMEHTIB
MacoBHX BiIKpuTuX oHIaiH-KypciB (MOOC)) Toro.

[Ticns 9oTuproX MicAiiB pobotu (BepeceHb — rpynenb 2017 p., 34 roa. ayauTOpHHX

3aHATH Ta 56 roJ. caMmocCTiifHOT POOOTH) MM MPOBEIH AIarHOCTHYHE TECTYBaHHSA Y TPbOX
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rpynax: KOHTPOJbHIA (CTyOEHTH MEepuIoro 1 JApyroro KypciB cremiagbHocTe 111
«Marematuka», 122 «iHdopmatuka» YHiBepcuTeTy ['piHUYEHKA Ta CTYIEHTHU-1H()OpPMATHUKH
apyroro kypcy HJY, yceoro 20 oci®6 — He wieHH TypTKa) i €KCIePUMEHTAIbHUX (WICHH
TypTKa, SIK1 3aiimMaroThest y cekiii «['eomerpuuni moOynoBu» B YHiBepcuteTi ['piHyeHka — 12
0ci0 Ta YiIeHH MaTeMaTUYHOTO TYPTKa, K1 MPaIfoBaiu 3a HamuM ianoMm, B HJIY— 6 oci0).

[HCTpyMeHTapieM miis TmepeBipkd €()EKTUBHOCTI BUKOPHUCTaHHS CHCTEM JIWHAMIYHOI
MaTEeMAaTHKU Ta XMapHUX CEpBICIB ais (OpMyBaHHS KPUTHUYHOTO MHCJICHHS MalOyTHIX
YYHUTEIIIB MaTeMaTUKU 3aco0aMu TeoMeTpii mocimykuiio TectyBaHHsA. Tect [23] mictus 20
3aBiaHb, 11 3 SKHUX MPOMOHYBAIUCS B Pi3HI poku [IporpamMoro Mi>xkKHApOIHOTO OIIHIOBAHHS
yuHiB (PISA), sika, sk BIiZIOMO, HE CTaBUThb 3a METYy IIEPEBIPUTH PIBCHb HaBUYAJIbHHUX
JIOCSTHCHb, a OIIIHIOE HACKIIbKH 0c00a 3MOKe BHKOPHCTOBYBATH 3HAHHA i yMiHHS,
OTPUMAaHi B IKOJIi, 32 MOKJIMBHUX )KUTTEBUX TPYAHOILUIB i BUKJIUKIB, TOOTO BIacHe Te, 10
€ HANTOJIOBHIIIIOK 03HAKOI KpUTWYHOTO MucieHHs Ta piBHsA IKT-rpamotHOCTI. 3a3HaunMO
TaKOX, 10 1 pemTa 9 3aBaHb BIANOBIIAIN LIOMY K MPUHLHUITY.

Jnist o1iHKY piBHA ¢(hOPMOBAHOCTI KPUTUUHOTO MHUCIICHHS MU 00paJii Taki BaXJIMBi, HA
HAIll MTOTJISiM, TapaMeTpu:

1) 3paTHicTh 3acTOoCyBaTHM B JKUTTEBIH cuTyamii abo 10 po3B’sS3yBaHHS SKOICh
MpaKTUYHOI  3a7adi  3arajbHOBIIOMHX, €JEMEHTapHUX  (AKTIB  MIKUIBHOT
mareMmatuku (3aBmanng I, 11, II1;, I, 1115, VI, VII, IX, X, XI);

2) 3aaTHiCTH [0 AaHAaJi3y, TOPIBHAHHS, 3ICTaBJICHHS, EMIIIPHUYHHUX MIpPKyBaHb,
CIPOMOXKHICTh OLIHUTH TOW UM IHIIMH pE3yNbTaT, ypaXxOBYIOUM KOHTEKCT Ta
xMapHi cepicu (3aBnanns 1V, VI, VIII, IX, X, XIV3);

3) yMiHHA 62aYUTH NPUYUHHO-HACTIAKOBI 3B’A3KM, pO3yMiTH HEOOXiIHI i JOCTaTHI
ymoBH (3aBmanHs VIII);

4) 3maTHICTH apryMeHTOBAaHO AOBOIMTH, NIEPEKOHINBO OOTPYHTOBYBATH (3aBIaHHS
L, IL, 1Ty, 1L, 15, IV, V, VI, VII, IX, X, XI, X1II;, XIL, XIII;, XII,, XIV,, XIV3);

5) yMiHHA BHMKOPHCTOBYBATH 3aCO00M HA0YHOCTI Ta CHCTEeMH KOMII'IOTepPHOL
MaTteMaTuku (rpadiku, TabmuIl, aiarpaMy, PUCYHKH, CXEMH) IJIs UIFOCTpaIlii,
iHTepnpeTarii, aprymenTamnii (3aBaanns IIl,, V, VI, X, XII;, XII,, XIII;, XIII,);

6) 3aaTHICTH PoO3IJisiAaTH Pi3Hi BapiaHTH, TOYKH 30pYy, aJbTEPHATHBHU (3aBIaHHS
VIIL, X, XIIL,);

7) yMiHHSA 3aJaBATH NMUTAHHA, 3HAXOAUTHU NOTPiOHY iHGopMaLilo y BiAMOBiAHNX
mxepenax (3apaans XI, XIV,);

8) ajexkBaTHO PpoO3yMiTH Ta iHTepnperyBaTH HaaaHy iHdopmaumio (a Takox
OyKBaJbHMI 1 MIEPEHOCHUH 3MICT) YM YMOBY 3ajadi, yMITH OauuTH HECYTTeBi abo
3aifBl JaHi Ta po3yMiTH, kol iHdopmarlii He Buctavae (3aBmanns 1V, V, VIII, XI,
XIII,).

Jlns MOpIBHSUIBHOTO aHaJi3y €KCIIEPUMEHTAbHI TPYNU CTYICHTIB Y HIBEPCUTETY
I'pinuenka ta H/IY, pe3ynbraTé TecTyBaHHS SIKUX NMPHOIM3HO OJHAKOBI, MH 00’ €IHAIU B
OJIHY (3MiIlIaHy) eKCriepuMeHTanbHy rpymy (18 oci0). 3 pe3yabTaTaMu TeCTyBaHHS YCIX TPhOX
Ipyn y po3pi3i 3aBIaHb MOXHa O3HAHOMUTHUCH, 3B’SI3aBIIMCH 3 AaBTOPAaMH JOCIHIHKEHHS.
[TopiBHANBEHUN aHaAJI3 OTPUMAHUX PE3yJbTaTiB MpeacTaBieHui rictorpamoro (Puc. 4), Ha
AKiil 6auuMo, 110 Ha BCl 3alUTaHHS TECTy CTYACHTU EKCIIEPUMEHTAIbHOI TPYNH BiJNOBLIN
3HAYHO Kparie.
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Puc. 4. Pe3ynomamu mecmysanHs 6 po3pizi 3anumanb mecmy

BaraTokpurepiaibHa OIliHKA PIBHS KPUTHYHOTO MUCIICHHS MPOBEACHA METOAAMH TeOopil
HEYITKMX MHOXHH [24] 1 BigmoOpakeHa 3a JOMOMOTOI0 TEPMIB JIHTBICTUYHOI 3MIHHOI
«Kputnune mucnenns» (Puc. 5).

p(x)4
: Mg, (%) Mg, (%) Mg, (X) Mg, (%) He (%)
—\\/ \WALW AR
o\
:/:\:/\:/:\: | >
0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.8 0.9 1 X

Puc. 5. Tepmu nineeicmuyunoi 3minnoi « Kpumuune mucnenns»

Mu BHM3HAYWIM ITSITh PIBHIB (TaKk 3BAaHUX TEPMIB) KPUTUYHOTO MHUCIICHHS: E1

NOYaTKOBUH, E, — HU3bKkuH, E, — cepenniii, E, — nocratniii, E; — Bucokuii. Tepmu 3a1amo y

BUTJISIAI  TpamerieBUIHUX (DYHKIIA HaJeKHOCTI YETBIPKaMU  YHCEI <a;b;c;d>. 3

ypaxyBaHHSIM BepOATbHO-YMCIOBOT IIKaAM XappUHITOHA BI3bMEMO I HaImoi 3ajadi:

E, =(0,0:0,150,25); E, =(0,150,250,35,0,45): E, =(0,35,0,45,0,55,0,65):
=(0,550,650,750.85): E; =(0,750,85L1)-

[MigpaxyHok KoedimieHTiB cOpMOBAHOCTI KPUTHYHOI'O MHCJICHHS MOKa3aB, IO JJIS
KOHTPOJIbHOI IpynH BiH cTaHOBUTH 0,40 1 € HU3BKUM Ta CepelHiM (HaleXuTh TepMaM E, Ta
E;), nns excnepuMenTansHoi rpynu — 0,82, mo BBl BUIIMHA i BiAmoOBiza€ OLIBII HIK
JOCTaTHBOMY PIBHIO (HanexuTh Tepmam E, ta E, ), OTKe, piBEHb KPUTUYHOTO MHUCJIEHHS B

CTYJICHTIB €KCIIEPUMEHTAJILHOI TPYITH MOKHA XapaKTepU3yBaTH, HAMPUKIIAJ, K «O1IbII HIXK
JIOCTaTHIN».
TakuM YWMHOM, pE3YJNbTaTH TEJAroriYyHOr0 EKCHEPUMEHTY IiATBEP/UKYIOTh Halry
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rinoTe3y mpo Te, 0 KOMI I0TepHA MiATPUMKA Mpouecy (popMyBaHHS KPUTUIHOTO MUCIICHHS
MalOyTHIX YYHTEIIIB MaTEMaTUKH 3ac00aMH TeOMETPIi € MOIIIHHOI0 i €()EeKTHBHOIO.

4. BUCHOBKHU TA HEPCIIEKTUBH ITOJAJBIINX JOCIIIKEHb

1. Ananiz HayKOBOI JIiTepaTypu O3BOJIMB YCTAHOBHTH, IO JOCIHIKyBaHA aKTyajbHa
npobiemMa 3aUIIAETHCS TEOPETHYHO  METOIMYHO HEIOCTaTHRO po3pobieHoro. Haiiyacrimie
HAYKOBIII ¥ IMEAarord-MpaKTHKH Cepe]] HaWBaXIIMBIIIMX KOMIIETEHTOCTEH, aKTyaJlbHUX Yy
po0OTI Cy4acHOTO BUHUTENs MaTeMaTHKH, HA3WBAIOTh KPUTUYHE MHUCIEHHS. JlOBeaeHO, M0
caMe TreoMeTpis Mae€ HEBUYEPIHI MOXJIHBOCTI Il (OPMYBaHHS KPUTHYHOTO MUCICHHS
cTyaeHTiB. Lle 103BoimMI0 OOIpYHTYBAaTH Ta 3MICTOBHO PO3POOUTH BIAIMOBIIHY MEAAroriuHy
TEXHOJIOTII0 (OpMyBaHHS KPUTHYHOTO MHUCJICHHS MaWOyTHIX YyUYUTEIIB MaTeMaTHKU
3aco0amMu reoMeTpii.

2. OOIpyHTOBAaHO JOIUIBHICT, KOMIT IOTEPHOI MIATPUMKH Tiporecy (opMyBaHHS
KPUTUYHOTO MHCICHHS MAalOyTHIX y4HTeNiB MareMaTHKH. PO3KPHUTO MOXIMBOCTI
iHpopMaIIfHO-KOMYHIKAI[IHHUX TEXHOJIOT1M, 30KpeMa CHCTEeM JMHAMI4HOI TeoMmeTpii Ta
XMapHHUX CEpBICIB, IO JONOMAaraioTh 3pOOUTH OUTHII €PEKTUBHUM Ipolec (popMyBaHHS
KPUTAYHOTO MHCJICHHS MaiOyTHIX YYHTENIIB MaTeMaTUKH 3acO0aMU TeoMeTpii: Bizyaizallis
TreOMETPUYHUX OO0’€KTIB, TIOHATH, 3B’A3KIB (30KpeMa ¥ BHpPaKEHUX aAHATITHYHUMHU
KOHCTPYKIISIMH), ~ TBEPJKCHb,  JOBEJCHb, JWUHAMIYHI  KPECICHHS;, KOMIT FOTCPHHI
EKCIePUMEHT ISl TOCITI/KEHHS (BUCYHEHHS Ta NepeBipKa TifoTe3); KOHTPOJIb aHATITHYHUX
MEePETBOPEHb; IIBHUAKE 1 SKICHE BHKOHAHHS HEOOXIIHHUX 300pa)Ke€Hb, IO €KOHOMHUTbH 4Yac;
reHepalis I1HTepaKTUBHHMX 3aB/aHb; 3a0e3Ne4YeHHs KOMYHIKamii Ha OyJab-IKOMY eTari
TISITBHOCTI  (MOIIYKYy 1i7ei Ta NUISIXiB pO3B’s3aHHA TpoOiemu / 3amadi, OOTOBOpEHHS
NPOMDKHUX Ta KIHIIEBOTO PE3yJbTaTiB, BUKOHAHHS CIUIBHUX JOCIITHUIIBKAX TPOEKTIB,
MiTOTOBKA JIOTIOBIACH 1 Mpe3eHTaIllid TOI[0). YCTAaHOBIICHO, IO KOMIT IOTEpHA MiATPUMKA
po3pobiienoi TexHonorii 3abesmeuyethess CKM GeoGebra, mo mae BCi 3a3Ha4eHi BUIIE
MOJJIMBOCTi, Ta XMapHHUMH cepBicaMH. BUSBICHO TmepeBard BHKOPHCTAHHS CHUCTEM
JMHAMIYHOI TeoMeTpii Ta XMapHHX CEpBICIB Ha PpI3HMX eTamax peaizanii TexXHOJOril
dbopMyBaHHS KPUTUIHOTO MHUCJICHHS MAalOYTHIX YYUTEIIB MAaTEMAaTHKH 3aCO0aMHU T€OMETPIi.

3. AHaii3 pe3ynbpTaTiB YNPOBAKEHHS pPO3pOOJCHOI TEXHOJOrii Ha OCHOBI Teopii
HEYITKMX MHOXHUH IJITBEPAUB JOIIJIBHICTE KOMIT'FOTEPHOI MIATPUMKH  TIPOIECY
¢opMyBaHHS KPUTUYHOTO MUCJIEHHS MailOyTHIX yYUTEiB MaTeMaTUKU 3aCO0aMU reoMeTpii;
30kpemMa  KoedimieHT  chOPMOBAHOCTI  KPUTUYHOTO  MHUCJICHHS Yy  CTYJCHTIB
excnepuMeHTanbHOl rpynu (0,82) BABiWI NHepeBUINYe BIAMOBIIHHIA IOKAa3HUK CTYICHTIB
KOHTpoJibHOI rpynu (0,40).

PosrnsinyTi B poOOTI TMONOKEHHS HE BHYEPHYIOTh YCIX ACMEKTIB JOCIiIKyBaHOT
npoOieMu. BHUBUEHHS MOMUIMBOCTEH IHIIMX MaTEeMAaTUYHUX JUCIUIUIIH 1711 (HOpMYBaHHS
KPUTUYHOTO MHCJICHHS CTY/CHTIB, a TAKOXK KOMIT IOTepHa MiATPUMKA 3a3HAUYEHOTO IPOIECy
4yepe3 po3poOJICHHs MacOBHX BIIKPUTHX OHJIaWH-KypciB MOOC cTaHe mpeaMeTroM Halmux
MOIaJBIINX HAYKOBUX MOMIYKIB.
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AHHoTanus. B craTee 10Ka3aHo, 4TO KPUTHUECKOE MBIILICHUE BBICTYNAET OJHON U3 BaXKHEUIINX
W YHHBEPCAIHHBIX KOMIIETCHTHOCTEH COBPEMEHHOTO YYHTEIsI MATEMAaTHKH. Y CTaHOBJICHO, HYTO
HanOOJBIIME BO3MOXHOCTH JUII 3TOTO HMEIOT TeOMETPHYECKHE AWCIUIUIMHBI, B YaCTHOCTH
KOHCTPYKTHMBHAasI W TPOCKTHBHAas TreoMeTpuu. PaszpaboraHa mnemarormdeckas TEXHOJIOTHSA
(bopMUpOBaHUS KPUTUYCCKOTO MBINUICHHUS OYIYIIMX YYHTENICH MaTeMaTHKH CPEICTBAMHU
TCOMETPHUH, KOTOpPask COCTOMT U3 IIEJICBOTO, COACPKATEIHHO-NPOLECCYATLHOIO M KOHTPOJIBHO-
OIICHOYHOTO KOMIIOHCHTOB. Ba)kHEHIIIUM 37IEMEHTOM TEXHOJIOTHH Ha BCEX 3TAaIax e¢ pealn3anui,
B YACTHOCTH Ha COJCPKATCIBHO-ICIATCIBHOCTHOM M OLCHOYHO-PE(ICKCUBHOM, SBISFOTCS
LeNICHANPABIICHHAS KOMITBIOTEPHAS MOAJCPKKA, MPEXKIE BCErO, MCIOIh30BAHUEC KOMIIBIOTEPHBIX
WHCTPYMCHTOB MaTEMAaTUICCKON EATCIPHOCTH U KOMMYHHKAIIHH.

O6ocHOBaHa  11eJIECOO0Pa3HOCTh  KOMITBIOTEPHOW  MOANEPKKH  mporecca  (GopMHpOBaHUS
KPUTHYECKOTO MBIIIJICHUSA OyAymNX ydYUTeNed MaTeMaTHKH. PacKpBITHI BO3MOXXHOCTH
MHQOPMAIMOHHO-KOMMYHHUKAIIMOHHEIX ~TEXHOJOTWH, B YAaCTHOCTH CHCTEM JHHAMHYECKOU
TEOMETPUH U OOJaYHBIX CEPBHCOB, KOTOPBIE IMOMOTAIOT caesiaTh Oosiee 3PGEKTUBHBIM IMPOIece
(opMupOBaHHSA KPUTHYECKOTO MBINUICHUS OYIyIIMX Y4HWTENed MaTeMaTHKH CpEICTBAMH
TCOMETPUH: BH3yaln3alUsi TCOMETPUYECCKUX OOBCKTOB, MOHSATHA, CBs3cd (B TOM YuCIe U
BBIPAKCHHBIX AHATHTUYCCKAMHU KOHCTPYKLHUSAMH), YTBEPKICHUMN, JOKA3aTCIbCTB; JUHAMHYCCKUC
YEPTEIKU; KOMITBIOTCPHBIA IKCIICPUMEHT ISl UCCIICIOBAHUS (BBIIBM)KCHUS M MPOBEPKA THIIOTE3),
KOHTPOJb AQHAMUTHYCCKMX MpeoOpa3oBaHWi; OBICTPOC W  KAaYCCTBEHHOE  BBITIOJIHCHUC
HEOOXOIUMBIX M300paKCHUI IKOHOMHT BpPEMs; TeHEpalls MHTCPAKTUBHBIX 3a/1a4; 00ecrcueHUe
HCOTPAaHHMYCHHON KOMMYHUKAIHH.

OcymiecTBiIeH aHaJNUW3 pPe3yJIbTaTOB BHEAPEHHS pa3pabOTaHHOW TEXHOJOTHH C ITOMOIIBIO
MaTeMaTHYECKUX METOJOB, B YaCTHOCTHM Ha OCHOBE TCOPHM HEYETKMX MHOXKECTB. BmIfABICcHa
1es1eco00pa3sHOCTh  KOMITBIOTEPHOW TOANEPXKKH —mporecca (GopMHUpOBaHHS KPHUTHYECKOTO
MBIIUICHHS OYAYIIUX YIUTENIeH MaTeMaTHKA CPEACTBAMH T€OMETPHUH.

KaroueBble ciaoBa:  WHPOPMAIMOHHO-KOMMYHHKAIIMOHHBIE  TEXHOJOTHH;  KPUTHYECKOE
MBIIUICHUE; TearormdecKasl TEXHOJIOTHS, OOJauHBIe CEePBUCHI, CHCTEMBl KOMITBIOTEPHON
MaTCMAaTHUKH.
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Abstract. The article proved that critical thinking is one of the most important and universal
competences of a modern teacher of mathematics. It has been established that geometric
disciplines, in particular constructive and projective geometries, have the greatest potential for
this. The pedagogical technology of critical thinking formation of future teachers of mathematics
by means of geometry has been developed. This technology consists of a target, content and legal,
and control component.

It was found out that the essential element of the technology at all stages (substantive and
procedural, control and evaluation etc.) is the purposeful computer support, first of all, the use of
computer tools for mathematical activity and communication.

The possibilities of information and communication technologies have been disclosed. An
expediency of computer support within the process formation of critical thinking of future teachers
of mathematics has been proved. There are systems of dynamic geometry and cloud services,
which help to make the process of critical thinking formation of future teachers of mathematics
more effective by means of geometry. This is the visualization of geometric objects, concepts,
connections (in particular, expressed by analytical constructs), statements, proofs; dynamic
drawings; computer experiment for research (nomination and hypothesis testing); control of
analytical transformations; fast and high-quality execution of necessary images that saves time;
interactive tasks generation; providing unlimited communication.

The implementation analysis of the developed technology by means of mathematical methods, in
particular, on the basis of the theory of fuzzy sets, has been carried out. The effectiveness of
computer support of the formation of critical thinking of future mathematics teachers by means of
geometry has been revealed.

Keywords: information and communication technologies; critical thinking; pedagogical
technology; cloud services; systems of computer mathematics.
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