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3. Evaluational programs track students' progress on a macro level via the use of
evaluative tools such as tests, individual course grades, and more frequently, cumulative grade
averages. It is also possible to monitor student access and activity at a macro level.
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Inemumym ingpopmayitinux mexnonoziu i 3acoo6ie nasuanus HAITH Yxpainu

IHPOEKTHO-AOCJIIIHULBbKA AIAJIBHICTD Y ITPOLECI HABUAHHSA
MATEMATHUKU 3 BAKOPUCTAHHAM CUCTEMMU JJUHAMIYHOI
MATEMATHKHN GEOGEBRA

Y oocnioxcenni npodemoncmposano eghexmusnicmo euxopucmanns cucmemu GeoGebra 6
npoyeci po3e’azyeanns mamemamuunux 3aoay. Haeeoeno innosayitini acnexmu w000 SUKOPUCTAHHS
cucmemu ounamiynoi mamemamuxu GeoGebra. 3nauna ysaca axyenmyemvcs Ha 0COOIUBOCMIAX
3ACMOCy8aHHs Meopii po3e A3yeants 00CIIOHUYLKUX 3a0a4 Y Npoyeci NPOeKmHo-00CIiOHUYbKOL pobomiu.
IIpooemoncmposano ancopummu po3e a3y6anHs OOCTIOHUYLKUX 3a0ay ma po32NA0aromscs emanu
npoyecy oocnioxcenns. Hagedeno pao 3asdamns, po3e’sa3anux 3 GUKOPUCMAHHAM cucmemu OUHAMIYHOI
mamemamuky GeoGebra na ocnogi meopii po36’azyeanusi 00CHOHUYbKUX 3a0a4. Y 00cCHiodHceHHi
NPOOEMOHCMPOBAHO OCHOBHI emanu NpOoeKmHO-00CIIOHUYbKOI OisabHoCmi. AKyenmyemocs yeaea Ha
OCHOBHUX emanax po3e sA3y6anHs O0CHIOHUYbKUX 3a0ay (OlaeHOCMuKAa ma peoyKyis, wo Micmsamo
npoyedypu ananizy npobaemu; emanu mparcgopmayii i eepupixayii, wo nonsearoms ¢ cunmesi ioei
D038 A3Y8AHHS).

Knrouoei cnosa: meopis po3e’sizyeanHs OOCTIOHUYLKUX 30044, AI2OPUMM  DPO38 SI3YEaAHHS
00CHIOHUYbKUX 3a0ay, 0ocliOHuyvka Oisnvricms, GeoGebra, diaenocmuka, pedykyisi, mpancgopmayis,
sepuirayis, nPoeKmHO-00CTIOHUYbKA OISLIbHICTb.

AXTyaqhbHHUMH 3aBIaHHSMH 3araJlbHOOCBITHBOTO HAaBYAIBHOTO 3aKjagy € TMOIIyK
ONTUMAJBPHUX LUISXIB 3allIKaBJICHHS YYHIB MPOLECOM HaBYaHHSM, IMiJBHUIIEHHS iX pO3yMOBOI
AaKTUBHOCTI, CIIOHYKYBAaHHS 10 TBOPYOCTi, BUXOBaHHsS WIKOJSpa B KOHTEKCTI (hopMyBaHHs
KHUTTEBO U COLIAIbHO KOMIIETEHTHOI 0COOMCTOCTI Ta PO3BUTKY JAOCHITHUIBKOI AISUTBHOCT] YUHIB.
B mpoueci HaB4YaHHS JUCHMIUTIH NPUPOJHUYO-MATEMATUYHOTO IUKIY 3 METOI0 BUPIIICHHS
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MIOCTaBJIEHUX 3aBIAaHb PEKOMEHYEThCS BIPOBAIKYBAaTH TEOPIIO PO3B’A3yBAHHS IOCIIIHUIBKUX
3a/1a4 3 BUKOPHUCTAHHAM 1H(OPMAIiHHO-KOMYHIKAIIHHUX TEXHOJIOT1H [4].

besnepeuHo, B mpoleci HaBYaHHSA MPUPOJHUYO-MATEMATUYHUX AMCLUIUIIH JOLIIBHO
BUKOPHUCTOBYBaTH OKpPEMI KOMIIOHEHTH KOMII'IOTEPHO-OPIEHTOBAHI CUCTEMH HABYaHHS [UIs
PO3BUTKY MPOEKTHO-JOCIITHUIBKOI JisbHOCTI y4HiB. CuHcTemMa JUHAMIYHOT MaTeMaTHKH
GeoGebra € yHiBepcaJIbHUM TPOTPaAMHHM 3acO00M, 110 BUKOPUCTOBYETHCS ISl IMiATPUMKH
HaBYaHHS TEOMETpii, anreOpu, MaTeMaTWUYHOIrO aHali3zy, Teopii HMOBIPHOCTI, MaTeMaTUYHOI
CTaTUCTHKHM Ta IHIIMX PO3JUIB MaTeMaTHKU. BaromMum aprymMeHTOM IIOJO YIPOBAIKEHHS
CHCTEMH IMHAMIYHOI MaTeMaTHKW B MPOLIEC HABYAHHS MATEeMAaTUKU € BUILHOIOIIUPIOBAHICTh
IPOrpaMHOTO MPOAYKTY, HaJ SKUM IIpallo€ IHTEpHAI[iOHAJIbHA KOMaHJa HpOrpaMicTiB Ta
KOPUCTYBadiB IPOrPaMH, Cepesl IKUX € BUMTENI Ta iX y4Hi, CTYI€HTH Ta BUKJIaJayi, HAYKOBIIl Ta
JIOCJI1 THUKH.

[Tpobnemu cTBOpEHHS 1 BIPOBAIKEHHS KOMII IOTEPHO-OPIEHTOBAHMX METOAMYHHUX
cucreM HapuaHHs nociimpkyBamm O. ['onuaposa, lO. I'opomko, M. XKamnmak, O. Xunbmos,
B. Knouko, T. Kpamapenko, }O. Jlotok, I Jlyman, A.Monako., H.Mopze, C. Pakos,
1O. Pamcekmii, C. CemepikoB, 3. CeiimameroBa Ta iHmi. [IpoekTyBaHHSIM METOAWYHOI CHCTEMHU
HaBYaHHS 3 BUKOPHCTAHHIM KOMIT IOTEPHO OPiEHTOBAHMX TEXHOJIOTiH 3aiiMatoTecs O. ['pub 1ok,
T. KuraeBcbka, . Knemesa, B.Owmenbuenko, B. Cuerypoa, JI. Ycomabresa. IIpoGiemam
PO3BUTKY TBOPYOTO MHCIJIEHHS IIKOJSPIB MpHUCBAYeHO poboTH I'. AnbTinyiiepa, B. ApHonbna,
J. borosBnencrkoi, O. KnenikoBa, M. MeepoBuya, f. [lonomaproBa Ta iHmmx. [IpoGremamu
MICUXOJIOro-TieAaroriyHoro  (opMyBaHHs TBOpYOi ocobuctocTi 3aiimanuce C. PyOinmTeiin,
O. JleontseB, A. €pmo, B. MonaxoB, M. MoiceeB. [IpobaeMaTukor0 BHKOPUCTAHHS CUCTEMHU
nuHamigHoi MatemaTnku GeoGebra 3aiimarothest Mapkyc XoxenBaprep, Maiikn bopuepigc,
Amnppeac Jlinguep, Ieppit Crounc, P. 3iatainos, O. I'pu6’rok, B. [likanosa, B. Pakyra B Tomy
guCcal B KOHTEKCTI mpodeciifHol MiAroToBKM MaiOyTHIX (QaxiBuiB. OgHaK HEZOCTATHBO
BUCBITJICHO MHUTAaHHS II0JI0 CTBOPEHHS METOAMYHOIrO 3a0e3Me4YeHHs CHCTEMH JUHAMIYHOI
matemaTtuku GeoGebra y mpoueci HaBYaHHS NPUPOJHHUYO-MATEMATUYHHUX JTUCHMILIIH,
CTBOPEHHIO BapiaTUBHUX Mo/ieslell Ta BUKOPUCTAaHHIO MPOITOHOBAHOI CUCTEMH B KOHTEKCTI Teopii
PO3B’A3yBaHH JIOCTITHUIBKUX 3a]au.

Mertoro AOCTIKEHHSI € BUKOPUCTAHHSI CUCTEMHU KoMl toTepHoi maTtemaTtuku GeoGebra
K 3aco0y akKTHBi3alli MPOEKTHO-IOCIITHUILKOI ISJIBHOCTI Y4YHIBCHKOI MOJIOAI B IpoOILECI
HaBYaHHS [PUPOJHUYO-MATEMATUUHUX JUCHMIUIIH B KOHTEKCTI Teopli pO3B’sA3yBaHHS
IOCIITHUIIBKUAX 3aa4.

Buxopucranns iH@opmaiiiiHO-KOMYHIKAI[IHHUX TEXHOJIOTIH Yy TpoIecl HaBYalbHOI
JISUTBHOCTI CIIpUsi€ aKTUBI3allli OJiep)KaHUX paHillle 3HaHb, BMiHb Ta HABUYOK, PO3BHUTKY
JIOTIYHOTO MUCIEHHSI, 1HTEJIEKTYaJIbHUX 3710HOCTEH, NMOCWIIEHHS IHTEpecy /A0 HaBYaHHS Ta
croco0y o/iepKaHHs 3HaHb. Y MpOIleci HaBYaHHS MaTeMaTUYHUX JucuuIuiiH cucreMa GeoGebra
BUKOPUCTOBYETHCS K 3aci0 JuId Bizyasizalii JOCTII)KyBaHUX MaTeMaTHUYHUX 00’€KTiB, BUpa3iB,
uUTrocTparii  MeToMiB MOOYJIOBH; SK CEPENOBHINE I MOJCIIOBAHHS Ta EMITIPUYHOTO
JOCTIPKEHHSI BJIACTUBOCTEN JIOCIHIKYBaHHUX OO'€KTIB; K 1HCTPYMEHTaJIbHO-BUMIPIOBAIbHUN
KOMIUIEKC, IO HaJla€ KOPHUCTyBayeBl HaOip CHeliali30BaHUX IHCTPYMEHTIB JAJISi CTBOPEHHS 1
MEepPEeTBOPEHHsI 00'€eKTa, a TaKOX BUMIPIOBaHHS HOro 3aJaHuX NapaMeTpiB. Bukopucranus
cucremu GeoGebra cmnpusie Bizyanmizamii o00’€KkTa JOCHIKEHHs, JeMOHCTpauii i#oro



HAYKOBI 3AITHCKH Cepis: [Ipo61eMu MeTOAUKH (Pi3MKO-MaTeMaTHYHOL Bunyck 9(11)
i TexHO/I0TIYHOI OCBIiTH

BJIACTUBOCTEH, YHUKHEHHIO PYTHHHUX [Ii{, TIOB'I3aHUX 13 CTBOPECHHSIM JIOMOMIXHUX 300paKeHb
[7]; mpencrtaBiaeHHsS HaABYAJIBHOTO Marepiajay UIIOCTpalisMH (CTaTHYHUMHU 1 JWHAMIYHUMH
300paXeHHSAMH, TpadikaMu, CXeMaMH, TAaOMUISIMH), B TOMY YHCII PI3HOTO MEAaroriyHoro
npu3HadueHHs (A1 (QopMyBaHHS IHTEpeCy YYHIB MO0 TEMH MPOMOHOBAHOTO 3aHSATT,
BI3yaJIbHOTO CYIpOBOAY a00 TMOSCHEHHS BHKOHYBAaHUX BHpa3iB, JEMOHCTpaIlii MpPUKIaJiB
3aCTOCYBaHHS 3700yTUX 3HaHb y KHTTi) [8]. 3alyueHHs Y4HIB Ha NPAKTHYHUX 3aHATTAX N0
BUKOHAHHSI 3aBJaHb 3 BHUKOpUCTaHHSIM cepenoBuiia GeoGebra crpusie pO3MIMPEHHIO KOJIA
HaBYaIbHUX 3aBJaHb, BKIIOYAOUM B HHOT'O HECTAHAAPTHI 3aBJaHHs JOCIIIHUIILKOTO XapaKTepy,
onTUMI3amiitHuX 3aaa4 [9].

Cucrema guHamiu"Hoi wmarematuku  GeoGebra  mOCTIMHO  OHOBIIFOETBCS — Ta
BJIOCKOHAIOEThCS. HemomaBHO 3’SIBUBCS HOBHI IHCTpYMEHT, pexkum icnuty GeoGebra, mio
crpusi€ MPOBEJICHHIO ICIUTIB, HE Matouu jaoctymy no Iarepuery, GeoGebraTube abo iHmoro
IPOTPaMHOTO 3a0e3MeUYeHHs, BCTAHOBJICHOT0 Ha KOMI'ToTepi. B mpomeci po6oTH y4Hi 3 AaHUM
MOJyJIeM BCi il JOKYMEHTYIOThbCs B KypHaui icnuty. Graphing Calculator Released (rpadiunnit
kanpKynaTop) GeoGebra BukopuctoByetbes 1 TenedoHiB i mnanmeriB Android ta ans iPhone
1 Windows Ta cripusie po6oTi B po3aiiax anredpu ta modynoBu rpadiyHux 00’ €KTiB, Ma€ JOCTYII
no GeoGebraTube. HampartoBanns crniBroBapuctBa GeoGebra mae Benmuki oOcsiru matepiaiiB
IUIg HaBYaHHS MaTEeMaTHUKM Ta IHIIKX IUCLUINIIH, 0 ckiagae Outemr HiX 300000 BimbHHX i1
IHTEPaKTUBHUX POOOYUX JUCTIB 1 KHUT. JIJ1g 3pyuHOT ciBOpalli MiXK yYHSIMU Ta BUUTEISIMH OyI10
ctBopeHo GeoGebra rpymu (Collaboration for Everyone), e € MOXJIHMBICTH ONpambOBYBaTH
MIOIIITOBI TEKCTH, 300paxkeHHs, Bifgeo, PDFs i po6oui muctu. B cucremi GeoGebra po3pobieHo
MOJIyJIb, JI¢ MOJKHA 3aJlaBaTH JOMAIllHI 3aBIaHHS IS YYHIB Ta MPOCIIIKOBYBaTH iX poOOTY,
OCKIUTBKHU 30epiraerbes OIiHKa, aTa, TPUBAIICTH 1 MOOYI0Ba KOXKHOI 13 cripo® BUKOHaHHS. Y4HI
MOXYTh 30€piraTu MOTOYHUI CTaH BUKOHAHOTO 3aBJJaHHS 1100 MOBEPHYTUCH JI0 HBOTO Ii3HIIIE.

PosrnsiHeMO mpuKiIagy po3B’s3yBaHHS 3allad 3 BUKOPUCTAHHSM CHCTEMH JIHHAMIYHOT
matematuku GeoGebra.

IMpuknan 1. 3nHaiiTu Bci 3HA4YeHHs NapaMeTpa a, IS KOXHOTO 3 SKHX PIBHSHHSA

CDS(*'.." a? — x? ) = 1 mae piBHO BiciM po3B’s3KiB.
Posp’sizanns. Maemo Va®—x?=2mk, ne k €Z. Posrmamemo dynkmii

v =+va*—x?iy = 2nk. TI'padixom nepmoi QyHKIil € MHOKMHA TOMOTETHYHHX MiBKilT 3
nerTtpoM B T. O(0; 0), rpadikoM apyroi — MHOXKMHA MPSIMHX, HapayelbHUX A0 oci abcuuc. 3i
30UIBIIEHHSM pajiyca T” miBKoJsa 301IbIIYETHCS YUCIIO PO3B’SA3KIB TOUYATKOBOTO PIBHAHHS (pHC.
1). Ix 6yne piBHO Bicim, sxmo OT < T < 8. He Tpe6a BBaXAaTH a PajiycOM PO3TJISHYTOTO
miBKOJa, Hacmpapai 1" = |i.'l|
Bimnosins. —81 < @ << —61 a6o 6T < a < 8.
B
TR
=Y
[ 7Y

Puc. 1.
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o Y — e R ST B
a—324 o | cos vat —ri) =1 i el i PRV =1
W T = T w H}éﬁ'v __'.I"D‘--_._____g__..--"'fl'_nw
Puc. 2 a). PiBHsIHHA Ma€ BiciM pO3B’S3KiB
a=—15 cos{v a2 —x2) =1
o
TP, e RS e
Puc. 2 6). lllictb po3B’s3KiB Puc. 2 B). Binbie Hixk BiciM pO3B’sI3KiB

[Mpukman 2. 3HaTH 3HAYEHHS @, SKIIO MHOXHWHA TOYOK, 3aJlaHUX HEPIBHICTIO

. .. ]
|j.f| <1-— axz, € MIAMHOXXHUHOI0 MHOXXHMHH TOYOK, 3aJaHUX HCPIBHICTIO |2X| + |}f| =T ; ?

: : . 5
Poss’sisanns. I'padixom mepisroctri |2x| 4+ [y]| < € obyiacTh, oOMeXeHa poMOOM

(puc. 3). Hepisuicts |y] < 1 — ax?® pismocunena cucremi ax® — 1<y < 1 — ax?.
Axmo @ = 0, to nana cucrema 3amae HeoOMEKEHY MHOKHHY TOUOK (pHC. 4), 10 HE MOXYTh

nomictuTich B cepenuui pomba. Sdxmo @ = 0, To posrmsmyra cucrema 3amae dirypy,
300paxkeHy Ha pwuc.S. 3amgada 3Belach 10 BIAIIyKaHHS 3HA4YeHb «, KOJM JaHa (irypa

(BTUCHETBCSA» JI0 TAaKHX pPO3MIpIB, IO IMOMICTUTHCS B poMO. 3 MipKyBaHb CHMETpii IS

) . 5
BIJIITYKAHHS 3HaUY€Hb MapaMeTpa JO0CTaTHHO 1100 PIBHSHHS 1—ax?= 2X axmo @ = 0

Maiio He Oinbine oaHoro Kopens. Omke, Bignosigs A = 4.

T noy ; =2
\ - L I y T v u] \ 2

1 :t D‘;'r 19 h 5 e | 2 i ;e ;A 2r| + |yl < .

A | Ll T |H] < 1 S oy +— |4 = PGS, || S 3 4
J B | _]. r \ ' % _1 ¥ S h
dJ ! I".” 1 \'. .l.l L 2 i \ L]
3 1 i ‘_ # < -\\ l'n. | .'.l "-."-

Puc. 3. Puc. 4. Puc. 5.

Ipuknag 3. 3 sSKUMH 3HAYCHHSIMH MapaMeTpa @ MHOXHHA PO3B’S3KiB HEpiBHOCTI
x(x—4)+ a*(a+ 4) < ax(a + 1) wac He Ginbine 4OTHPHOX HiTHX 3HAUEHD X?
Po3p’sa3anns. /laHa HEpiBHICTh PIBHOCHJIbHA CYKYITHOCTI JBOX CHCTEM
{ X =g { e
abo
x>at4 x <a+t4.

3 BUKOPUCTAHHAM I1i€i CYKYMHOCTI MOKHA 300pa3uTH PO3B’A30K MOYATKOBOI HEPIBHOCTI
(puc. 6). IlpoBegemo mpsimi X = k, ne k € Z. Toni 3nauenns g, mist SIKOTO npsiMa @ = Ay

neperunae npsmi X = K He 6inblle HiXK B YOTHPHOX TOUKAX i3 BiAMiueHOi MHOXKHHH, Gyne

mykaHuM. [IpoaHani3yBaBIIM PHCYHOK MOXKHA NPUNTH J0 BUCHOBKY, IO B JaHIM 3amadyi

simmosime: —V6 < a < 0,a600 < a < 1,a601 < a <12
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4 x ———~
=1 =
= —
= W =
= ==
=X =" B
= L ler=a+4
=
= -
===
===
====1l
= ==
= = i
v ol 1z &
Puc. 6.
A Ty :
J_F () (| 1] 2 +4] 4 2+ 1] r LT [l | 1 la + 41+ la+1]
| : !
J 3 } + I.'l .
' b a=3.45 I , @ =(0.55
|r.-. i 1 I'|l 2
! R 15 20 z ‘o s 10 15
Puc. 7 a). HepiBHICTh Ma€e 4OTUPH KOPEHI
g [ 1) (@+4) +azla+1) Ty oy —(zl 1) —a (@44 +arfa+1)
. % ‘_"' i
% A
P 1 a=—23 ! voa=—0.35
i ] e
*——— T T 0 T T T
3 5, 10 15 {0 \ 5 10 15

Puc.7 6). HepiBHicTh Ma€ 4oTHpH KOpEHi

Puc.7 B). HepiBHiCTh Ma€e Tpu KOpeHi

[Mpuknan 4. 3HailT 3HAYEHHSX MapameTrpa @, U000 MHOXKMHA PO3B’SA3KIB HEPIBHOCTI

2 +ax—1<0 OyIa iHTEepBAIIOM 3aBIOBKKHU 5?

Po3p’sa3anns. 3azHaunmo, 1o Juisi OyJb-SKMX 3HAa4eHb IapaMmeTrpa a AUCKPUMIHAHT

KBaJPaTHOTO TPUWICHA, IO CTOITh B JIIBIA YacCTWHI HEPIBHOCTI, AojaTHiA. Hexait X4 1 X3 —

KOpEH1

|x1_x2| = 5 Maemo

AaHOI'0  KBAaApPATHOI'O TPUYJICHA.

3a ymMOBOIWO Mae OyTH JOPEYHOI pIBHICTh

|, — %3] = J(l’l_xz]z = \/(x1+ Xz )* — 4%41%;.

3acTocoByloun TeopeMy Biera, orpumaemo |X; —X,|=+va®+ 4. Toxi va®+4.=5.

3pincu |a] =/ 21.

Bimmosins. @ =V 21agoa = — 21.

- —ar —1

i = —4.58
y=1x’—ar—1
5B 10
AB =15

-5

Puc.8 a). MHOXHHA pO3B’sI3KiB IHTEpBAJ 3aBJOBKKHU 5
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a = 5.66

a
y=ua" —ar—1

4] 10

Puc.8 6). InTepBain Oinbiue 3a 5 Puc.8 ¢). InTepBan menue 3a 5

Jns po3B’si3yBaHHS MPAKTUYHUX 3aBJaHb BUPOOHMIITBA, IUIAHYBAHHS, NMPOEKTYBAHHS,
VIpaBIiHHSA, TPOBEIEHHS BIIMOBIIHUX JOCTIDKEHb pPO3pO0JIeHI 1 pO3pOOISAIOTHCS THCYI
MaTeMaTHYHUX Mojeliell Ta anroputmiB [5]. s KoXKHOro Kiacy 3anad iCHye y3arajlbHEHa
cXeMma pO3B’sI3yBaHHA 3aJadl, Nepenik anroputMmiB. Hupkde npoaeMOHCTPOBAHO CIPOLICHUH

QITOPUTM PO3B’SA3YBaHHS CUCTEM JHIWHUX anredpaiyHux piBHSAHB (puc. 9) cuTyauiiHoi 3amayi
[10].

Teopist Mozeneii niHiitHOT anreOpu

PEJIVKLUSA TPAHCO®OPMATLILS

ITobymoBa Monemi
3a1adi
(cucTemu MHIAHUX

Jo6ip meTony
PO3B’SI3yBaHHS CUCTEMHU
JHIAHKUX anreOpaiuHux

anreGpaidHuX PiBHSIHb) PiBHAHB
JIATHOCTHUKA BEPU®DIKAILILA
JocmimkeHHs 3a1a4i Tlepenipka po3s’ 3Ky
3a7a4i
Bxin Buxin

IIpuknanHa npegMeTHA rajutys3b

Puc. 9. Anroput™m po3B’s3yBaHHS CUCTEMH JIIHIHHUX anreOpaiuHuX piBHSHb

Jlo6ip mpakTHYHOrO CrocoOy pO3B'SA3yBaHHS CUCTEM JIIHIMHHMX anredpaiuHuUX PpiBHSHB
3aNIe)KUTh BiJl CTPYKTYpHU MOYATKOBUX JAaHUX, 00CATY cUCTEeMU (KITHKOCTI HEBIIOMUX 3MIHHHX)
Ta 00YUCIIIOBATILHOTO (PYHKIIIOHATY KOMIT'IOTEpA.

Jlis maHoro Kiacy 3ajia4 BUKOPUCTOBYETHCS 1HBapiaHTHUN aNrOpUTMIUHUI MiAXija, TOMY
0 HE 3aJeXWUTh BiJ 3MICTY KOHKpETHHX Mpolenyp Horo eramiB. be3mepeuno, eranu
«iacnocmukay 1 «Bepugixayisi» BiTHOCATHCS JI0 TIPEAMETHOI TaTly3i MPOITOHOBAHOTO 3aBIaHHS,
TOOTO 70 MEBHOI Tajy3l MPUKIATHOIO 3aCTOCYBAaHHS JIIHIMHUX piBHSHb. ETanmm «Pedykyiay 1
«Tpancgopmayisy BimHOCATHCS 10 Teopii diHiMHOI anredpu. [lepexomu 1 1 3 moTpelyroTh
IPYHTOBHOI'O TIOBTOPEHHSI TEOPETHMYHOIO MaTepially Ta pO3yMiHHS Teopii Mojened Ta
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NpuKIagHOi Tamy3i ix 3acrocyBaHHs. llepexim 2 morpebye BMiHHS OyayBaTh MOAENI Ta
3IMCHIOBATH MPOIIEC MATEMATHYHOT'O MOJIETFOBaHHS [3].

[Mpukian. 3HAWTH 3HAYEHHS Mapamerpa @, Ko piBHsHHA aX — 1 =+ 8x — x? — 15
Mae €IMHUIN PO3B’SI30K.

Po3B’s3aHns. Posrnanemo dynkuii ¥ = @XTay =+/8x—x2 — 15+ 1,

I'papix  gpyroi  ¢yHKIii  MOXHAa  TOOyAyBaTH,  pPO3IJIAHYBIIM  PIBHSHHS
(y—1)? =8x—x?— 15, sxmo ¥ = 1. IleperBopuBmm ocTanne piBHAHHA 10 BHTIATY
(y—1)*+ (x —4)? = 1, orpumaemo wrykanmii rpadik — miBkomo 3 menmtpom (4; 1) i
paniycom 1. Ha puc. 10 nie nyra 4B.

Bei npsami ¥V = @X, mo npoxonars Mk mpomeHsMu OA ta OB nepetuHaoTh Oyry B

omHii Touni. OgHy TOYKY 3 Ayrorw MarwTh npsma OB Tta potmyHa OM. KyrtoBi koedirieHTH
. . ) 1 1 . .
npsmMux OB ta OA BIANOBIAHO JOPIBHIOIOTH ~ Ta 5 BcranoBumo, 1o KyToBHH Koe]ilieHT
ps |

]
TO0THYHOI OM NOpiBHIOE 5 IPHHOMY 11e MOXKHA 3poouTH 6€3 MOXiIHOI.
ps |

(x—4)P+@Hy-1?2*=1
y = ax,
a = 0.

Muoxuna npsmux V = AX mae 3 nyroro AB TUTbKH OAHY CHUIBHY TOYKY SIKIIO

1 8
=< —gbod =—.
3 15

1 8
‘Eﬂ‘iga60ﬂ=;.

P |

SIk1o cucrteMa Ma€ OJIMH KOPiHb, TO (. =

|

[

Biamnosine.

1
3

W — —
hé — —

[u} 1 2 4
Puc. 10 a). PiBHIHHS Mae eTUHUN PO3B’A30K Puc. 10 6). PiBHAHHS Ma€ J1Ba PO3B’SI3KH

Puc. 10 c). PiBHAHHS HeMa€e po3B’s3KiB
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Teopis MozmenroBaHHS (Ha TPUKIAL JiHIHHOT anreOpn)
PEYKUIA TPAHCO®OPMALIIA
I ¥=ax > I'padiunnii meTox
¥ =48x —x2—-15+1
JIATHOCTUKA BEPUDIKALILA
M—].:*...'IEI—I: -15 a =153 M

Bz — 2= — 15) + 1
y = ar

18— — — — — —_ — = — — —

Bxing

Buxing

[TpuknagHa MpeaMeTHA rany3b

Puc.11

Ha ocHOBI jAeTanbHOro aHajli3y OCHOBHUX KOHIENTIB JOLUIBHO IPOAEMOHCTPYBATH
JITOPUTM PO3B’SA3yBaHHA JOCHIAHUIBKUX 3amad (puc. 12). IlpomoHoBaHa cxema MICTUTh
oreparlii CTpaTeriyHoro piBHsl, U0 BUKOHYIOTHCS HA €Tarli J1arHOCTUKH, Ta ONepallii TAKTHYHOTO
piBHA, BiJMOBIAHO, BUKOHYIOTbCS Ha €Talli peAyKlii, 1m0 BimoOpaxkae MOEIHAHHSA Omepaiii
PI3HUX DIBHIB B €IMHOMY IpOIECi BUPIMIECHHS MPUKIAAHOT KUTTEBOI CUTYalll — CUTyauiiHOI
3amaui [1]. Eramm niarHOCTUKM 1 peayKuii MICTATh MPOLEAYypH aHaji3y NpoOjemMH, a eTanu
TpaHcopmariii Ta Bepudikailii — CHHTE3 11€1 po3B’sI3yBaHHSL.

Y1pooBx BUKOHAHHS BCIX €TamiB JOLIIBFHO MOCHJIATHCS HA HasBHI 0a3u 3HaHb, OCHOBY
SIKUX CKJIQJal0Th HaBIraTOPW, MOJENI CTPATETIYHOTO 1 TAKTUYHOTO YIPABIIHHS MPOIIECOM
BUPILLIEHHS MPUKIAJHUX IPo0IeM Ta )KUTTEBUX CUTYyalllid, METOAM MCUXOJIOTIYHOT MIATPUMKH Ta
1HIII peKoMeHalii GaxiBIiB KOHKPETHOI raay3i 3HaHb.

JIoLIbHO 3a3HAYUTH Ha OCHOBI HAIIMX JIOCHIKEHb, IO BHUKOPHCTAaHHS CUCTEMH
nuHaMigHOi Matematuku GeoGebra cripusie (GOpMyBaHHIO aITOPUTMIYHOTO CTHIIIO MHCICHHS,
HAOYHO JE€MOHCTPYIOUM (OpMalbHUM, aITOPUTMIYHMNA XapakTep MLI0JI0 pO3B’SI3yBaHHS
NPUKJIAJHUX 3aJlady, OINAHOBYBAaHHIO CYYacHHUX 1H(OpPMAIiliHO-KOMYHIKALlIiHI TEXHOJIOTII.
[Iporiec BupimieHHS TPUKIAJHUX 3aBJaHb 3 BUKOPHUCTAaHHAM OKPEMHX KOMITOHEHTIB
KOMIT IOTEPHO-OPIEHTOBAHOI CUCTEMU HaBYaHHS CTHUMYJIOE YYHIB O pO3yMOBOi aKTHBHOCTI Ta
CIIpUSiE PO3BUTKY TMPOEKTHO-IOCTIAHUIBKOT HisTbHOCTI. IlepCcreKTHBHOIO Ta CBOEYACHOIO
BBAXAETHCS TOJANbIIa poOOTa y HampsAMKY MPOJOBXKEHHS CTBOPEHHS Ta YAOCKOHAIECHHS
HAasBHOI'O METOJMYHOro 3a0e3nedyeHHsi cucTeMH MuHaMiyHoi MaremaTuku GeoGebra 3 meroro
MOKpAIIeHHs! e(QEeKTUBHOCTI MpOIeCYy HaBYaHHS MPUPOJHUYO-MATEMATUYHUX JTUCIMILIIH,
BIJIMOBIAHO — CTBOPEHHIO BaplaTUBHUX MojeNel 3 MeTow 3a0e3neyeHHs e(eKTHUBHOCTI
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HaBUYaJBHOTO TIPOIIECY B 3arajbHOOCBITHROMY HAaBYAIBHOMY 3aKjaJl B KOHTEKCTI Teopii
PO3B’sI3yBaHHSI TOCIITHUIIBKUX 3a]1a4.

ITPOCTIP MOJEJIFOBAHHS
(Teopist po3B’sI3yBaHHS TOCIiTHUIPKUX 3a1a4)

\ CHUHTE3 /

; |
; |
1
|
; |
; |
I @yHKII0HAILHO-1AeaIbHE MOAEIIOBAHHS I
; |
| PEJAVKLIA TPAHCO®OPMAILIIA I
| — @OopMyITIOBaHHS 11€aTbHOTO — Hobip HaBiraTtopis I
I KIHIIEBOTO Pe3yiIbTary, — IHTepnperyBaHHs Mozgeni
I 3HaxokeHHA KopeHiB (IKP) TpaHchopmarii 3 ypaxyBaHHIM |
I — BusHavenHst onepaTHBHOT METH 1 HasIBHUX pecypciB |
30HH i omepaTUBHUX pecypciB [ | —I'eHepyBaHHS 3MiH y |
| — BusHavyeHHs TeXHIYHHX 1 HaIpsMKY JIsl TOCSITHEHHS I
| (i3UYHUX TPOTHUPIY IeaJIbHOTO KIHIIEBOTO I
| — Mo6ip meToniB pe3ynbrary.
| PO3B’s3yBaHHs 3a1a4i |
|| 1
|

—— o — — _—— S |
| == - —— Batk MeToiB —— ————
| Ta NpUHOMIB

JIATHOCTHUKA BEPU®DIKALIA
— Buokpemienss —1 - [lepeBipka Ta  yCyHEHHS
NO3UTUBHUX 1 HETaTUBHUX NPOTHPIY
MOMEHTIB (100ip hyHKIIii) —TIlepeBipka Ha aaeKBaTHICThH
— @opMyIMOBaHHS TiJeH i 3HAUJCHUX PO3B’s3KIiB
BHOKpPEMJICHHS MPOGIIeM; —TIlepeBipka  MOXJIMBOCTEU
— Io6ip crparerii PO3BUTKY JOCIIIKYBaHOT i/el.
PO3B’A3yBaHHS 3aaui.

/Hi&) Tpei
PO3BUTKY v

TeHaeHIil po3BUTKY CHCTEMH HaBYaHHS

/ AHAJII3 \
OB’€KTHUM IIPOCTIP

S AN |

Puc. 12. Anroputm po3B’si3yBaHHS JTOCIITHUIIBKUX 3a7a4

Oco6muBOCTI 1100 BUKOPUCTAHHS Teopii pO3B’A3yBaHHS JOCTIAHMIBKUX 3a/1ad
IPYHTYIOThCSI Ha (DOPMYJIIOBaHHSAX CTPYKTYpH MpoOjeM, peAyKyBaHHI iX 11010 MPOAYyMaHHUX Ta
crpouieHux (GopMm y BUTIISAL OIHAPHUX MPOTHPIY, 10 3YMOBIIOETHCS J1arHOCTUKOIO MPOOIIEM,
BUSBJIEHHSAM 1X [IHCHOI CYyTHOCTI; (OpPMYJIOBaHHI 1Jl€albHUX IIUJIeH, MOJEIOBaHHIM
HEOOX1IHUX (PYHKLIN, SIKUM BiANOBIIATUME NIYKaHUN pO3B’SA30K, 1110 CTUMYJIIOE B1ICTOPOHEHHS
Bl CTEPEOTUITHOTO BIUIMBY 3BUYHUX pillleHb B 00'€KTaxX HABKOJHUIITHHOTO CEPEIOBHIIA;
BUKOPHUCTAHHI JIOCBIy CTBOPEHHS €(QEKTUBHUX JOCHIDKEHb Il 3HAXOJKEHHS pPO3B’SI3KIB

16



HAYKOBI 3AITHCKH Cepisa: [Ipo61eMu MeToAUKM (Pi3UKO-MaTeMaTHYHOL Bunyck 9(11)
i TEeXHOJIOTiYHOI OCBiTH

CUTYyaIlIMHUX 3a7a4, 3acTOCyBaHHI 3aKOHIB PO3BHUTKY IPONMOHOBAHMX CHCTEM  3a7Is
CTPaTETiyHOTO JO00OpY HANpPSMKY BIiAIIYKOBYBaHHS JOIIIBHUX 1€  pO3B’sA3yBaHHS,
MOCTYTOBYOUHCh OKPEMUMH KOMITOHEHTAMH KOMII FOTEPHO OpPIEHTOBAHOI CUCTEMHU HaBYaHHS Ta
METOJMKH ITOKPOKOBOTO aHAN3y NPUKIAIHUX NPoOJIeMH 1 CHUHTE3y inei po3B’s3yBaHHS 3
BUKOPUCTAHHSM IPOTIOHOBAHUX AJITOPUTMIB PO3B'SI3yBaHHS MPOCSKTHO-OCIITHUIIBKUX 3aBIaHb
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0.0. Hryb'yuk, V.L. Yunchyk
Institute of Information technology and learning NAPS Ukraine
PROJECT RESEARCH IN LEARNING MATHEMATICS USING DYNAMIC OF
MATHEMATICS GEOGEBRA

The efficiency of using GeoGebra system in the process of solving mathematical problems is
demonstrated. Attention is focused on the features of the theory of solving research problems. The
algorithm for solving research problems and the basic stages of research activity are shown. Many
examples which were solved by means of dynamic mathematics GeoGebra are cited. The guidelines
(actual step by step problem solving) which give approximate basis of activity aimed at solving problems
are added to each of the examples. The ways of forming informativ competence of the future specialists
are demonstrated. The main components of informativ competence are shown. We consider algorithmic
search strategy which is built on the basis of procedural development of the study in the form of an
algorithm for sequencing operations , actions , processing etc.

Keywords: theory for solving research problems; algorithm for solving research problems;
research activity; GeoGebra; diagnostics, reduction, transformation, verification, design and research
activities.

E.A.T'pudbok, B.JI. OHunk
Hncmumym ungpopmayuonnvix mexronozuu u cpedcme ooyuenus AIIH Ykpaunvi
MHNPOEKTHO-UCCJIEAOBATEJIBCKASA JEATEJIBHOCTbD B IPOLHECCE OBYYEHUA
MATEMATHKE C HCITIOJIb30BAHUEM CUCTEMbI JUHAMUYECKON MATEMATHKHA
GEOGEBRA

B uccnedosanuu npooemoncmpuposana sgppexmusnocmo ucnoavzosanus cucmemvl GeoGebra 6
npoyecce peuleHuss mamemamudeckux 3aoau. Ilpueedenvl UHHOBAYUOHHBIE ACNEKMbL CUCTHEMbL
Ounamuuecko mamemamuxu GeoGebra. Brhumanue axyemmupyemcsi Ha 0COOEHHOCMAX NPUMEHEHUS.
meopuu  peulenust  UCCIe008amenbCekux  3a0ay.  IIpooemMoHcmpuposano — ancopummsl — pPeuleHus.
UCCIe008AMENbCKUX 3A0aY U PACCMAMPUBAIOMCS dmanvl npoyecca ucciedosanust. Ilpuseden pso 3aoau,
PEUWEHHBIX C UCNONb308aHUEeM cucmeMbl Ounamudeckol mamemamurxu GeoGebra ¢ konmexcme meopuu
PEWeHUsT UCCIe008AMEeNbCKUX  3a0ay. AKYenmupyemcs GHUMAHUEe HA OCHOBHLIX JMANAX pPeulenus
UCCIe008AMENbCKUX 3a0ay (OUASHOCMUKA U PeOYKYUs, cooepicaujue npoyedypvl aHaiu3a npooiemvl,
amanvl mpawcgopmayuu u eepuurayuy, cocmosujue 6 cunmese udeu peurenus). B uccredosanuu
NPOOEMOHCIMPUPOBAHBL OCHOBHBLE IMANBL NPOECKMHO-UCCAE008AMENbCKOU OesIMEbHOCHIU.

Knwuesvie cnosa: meopus peuwieHuss UCCIE008AMENbCKUX —3A0aY, ANCOPUMM  PEUEHUs.
UCCe008amenbCKUx 3a0ay, ucciedosamenvckas oesmenvhocmo, GeoGebra, ouacnocmuka, pedyKyus,
mpauc@opmayus, epudurayus, NPOEKMHO-UCCIE008AMENLCKAS OESIMENbHOCHIb.

BIJOMOCTI ITPO ABTOPIB
I'pu6é’rox Osena OunexcaHapiBHA — KaHAWIAT MEAAroTiYHUX HAYK, MPOBITHUN HAYKOBHI
cniBpoOiTHUK [HCTUTYTY iHPOpMaLiiiHuX TexHOIOTiH 1 3aco0iB HaBuaHHI HAITH Ykpainu
Kono mnaykosux inmepecié: MaTeMaTHUHE MOJICIIOBAHHSA, TPOCKTYBAaHHS KOMII FOTEPHO
OopieHTOBaHUX cucTeM HaByaHHs, STEM, cucTeMu KOMII'IOTEPHOI MaTeMaTHUKH, METOIMKA HaBUAHHS
MaTeMaTHKH Ta iHPOopMaTHKH, CUCTeMa AuHaMidHOi MaTematuku GeoGebra.

IOnunk Banentuna JleonigiBHa — acnipant [HcTuTyTy iHQOpMAIITHUX TEXHOIOTIH 1 3ac00iB
HaB4yaHHA HAITH Ykpainn

Kono naykoeux inmepecie: CHCTEMH KOMIT'IOTEPHOI MAaTeMaTHKH, CHCTEMa JHHAMIYHOT
mareMaTukn GeoGebra, mnpoekTyBaHHS KOMII'IOTEPHO OpPI€EHTOBAaHMX CHUCTEM HAaBYaHHS, TEOPis
PO3B’sI3yBaHHS TOCIIAHUIBKHX 3a/1a4.
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