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JOCJIJHULbKUM MIJIXIJT Y HABYAHHI 3 BAKOPUCTAHHSIM
CUCTEMM JJUHAMIYHOI MATEMATUKHN GEOGEBRA

V docriooicenni npooemoncmposano epexmuenicme euxopucmanns cucmevu GeoGebra 6 npoyeci
D036’ SA3V6AHHS. MAMEMAMUYHUX 3a0ay. Yea2a akyeHmyemvcs Ha 0COONUBOCMAX MeOopii PO36°s3Y6aAHHS
docnionuybkux 3a0ay. Ilokazano areopumm po3e’si3y6ants OOCIIOHUYLKUX 3a0ay Md OCHOGHI emanu
npoyecy oocaionuyvkoi disnvrnocmi. Hagedeno pad npuxaadig, po3e’a3anux 3 6UKOPUCIMAHHAM CUCHie-
mu Qunamiunoi mamemamuxu GeoGebra. JJo xoocnozo 3 npukinadie 0o0aomescs npasuIa-opicHmup,
wWo darone OPIEHMOBHY OCHOBY OILHOCMI, CAPIMOBAHY HA PO36’3V6aAHHS NPUKIAOHUX 3a0ay. Pozens-
oaempcsi cmpamezisi an2OPUMMIYHO20 NOULYKY, NOOYOOBAHO20 HA OCHOBI PO3POONEHHS NPOYECYANbHUX
Xapaxmepucmux 00CHiOACeHHs Y hopmi aneopummy, 0151 GCMANOGLEHHs NOCAIO08HOCMI onepayiil, Oill,
onpayioeanHs OaHUx.

Knrouogi cnosa: meopis po3s’s3yeanis 0OCTIOHUYKUX 3A0a4, ANeOPUMM POo36’i3y6anHs OOCTIOHUYb-
Kux 3a0au, docrionuyvka oisnericms, GeoGebra, npasuno-opienmup, inghopmamuuna kovnemenmmuicmo.
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RESEARCH APPROACH IN TEACHING WITH
GEOGEBRA DYNAMIC MATHEMATICS SYSTEM USAGE

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.

Key words: theory for solving research problems; algorithm for solving research problems; research
activity; GeoGebra; guideline; informativ competence.
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HWCCJIEJOBATEJLCKH TMTOAXO0/ B OBYYEHUH
C HCMOJIB30BAHMEM CHUCTEMBI IMHAMHWYECKOM
MATEMATHKHN GEOGEBRA

B uccaeoosanuu npodemoncmpuposana s¢ppexmusnocms ucnonvzosanus cucmems: GeoGebra
6 npoyecce peuwieHus Mamemamuieckux 3a0aq. Bnumanue axyenmupyemcs Ha 0COOEHHOCMAX Mmeo-
puu pewtenus uccnedosamensckux 3aoay. llokasano aneopumm pewienus ucciedo8amenbCKux 3a0ad u
OCHOBHbIE HMANbL NPOYecca Ucciedo8amenbckol oesmenvHocmu. [Ipuseden psao npumepos, peuientvix
¢ ucnonv3osanuem cucmemvl ounamuyieckot mamemamuxu GeoGebra. K rkascoomy uz npumepos npu-
aazaromes npasuna-opuenmupsl (pakmuyeckoe nouiazoeoe pewenue 3a0aii), Komopule 0aiom opueH-
MUPOBOUHYIO OCHOBY 0eSMeTbHOCU, HANPABIEHHYIO HA peutenue 3a0ay. Paccnampusaemes cmpamezus
An2OPUMMUHECKO20 NOUCKA, NOCMPOEHH020 HA OCHO6E PA3pabdOmMKU NPoYeccyanrbHblX Xapakmepucmux
ucciedosanus 6 hopme aneopumma, OJisl yCmMaHo81eHus NOC1e006amelbHOCm onepayuil, deticmeuil, 06-
pabomxu OaHHbIX.

Kniwouesvie cnosa: meopus peuwtenus uccie0o8amenvckux 3a0ad, aizopumm peuieHus ucciedoed-
MenbCKUX 3a0au, ucciedosamensckas oesmensrnocms, GeoGebra, npasuno-opuenmup, ungopmamuuec-
Kast KOMnemenmHoCcms.

Jlum. 13.

IMocranoBka mpo6aemu. 3 orsiny Ha mpodecii, o OynyTh 3arpedyBaHi B MaitOy THHOMY,
JIOLIJIBHO YIO0CKOHAIIOBATH MPOLEC MiArOTOBKY MailOyTHiX (axiBIiB. Yke B poleci HaBYaH-
HSl yUYHIB B IIKOJI JIOLIJBHO 3aCTOCOBYBATH HOBI CIIOCOOM HaBYaHHS, BiIIOBIIHI IIeAaroriuti
TEXHOJIOT1i, BUKOPUCTAHHS SIKMX CHPHUITHME PO3BUTKY OCOOMCTOCTI LIKOJSPIB, IX TBOPUHX
3ai6HOCTEH, yMiHb caMOCTIHHO [isiTh B iH(popMauiitHoMmy npoctopi. BaxinBo memaroriquo
BUBaXXCHO (JOPMYBaTH B y4HIB yHiIBEpCallbHI HABUYKH MOJCTIOBAHHS i PO3B’sSI3yBaHHs IPH-
KJIaJJHUX 3aBJaHb JUIl YCYHEHHs YHCICHHHX MPOOJeMHHX CUTyalill B mpodeciiiHiil 1isib-
HOCTI.

Ipouec TBOpUOCTI y4HIB MOXKHA 3/IHCHIOBATH 3 BUKOPUCTAHHSAM TeOpii PO3B’sI3yBaHHS
nocrigaunekux 3anad (TP3). Meroro BuposamkenHst TP/I3 B HaBuaibHUI mpoliec € popmy-
BaHHS Pi3HOOIYHOTO CTUIIFO MUCJICHHSI Ta BUXOBAHHS TBOPYOi 0COOMCTOCTI Y4HsI, TOTOBHICTb
i10ro PO3B’sI3yBaTH CKJIaIHi KUTTEBI 3a1aui. I BiAMiHHICTE Bijl MPOGIEMHOrO HABYAHHS TIOJIS-
ra€ y BUKOPHCTaHHI CBITOBOT'O JJOCBi/y, HA0yTOrO B Taly3i CTBOPEHHS METO/(IB PO3B’sI3yBaHHS
JOCIIIHULIBKMX 3a/1au.

HapuanHs wKinbHUX npeameTiB 3 BukopuctanusMm TPI3 no3Bossie y4aHsaM GaunTh 3B°5130K
HayKH{ 3 XXUTTSIM, aHaJi3yBaTy BiANOBIHI 3aKOHOMIPHOCTI, (OPMY€E B HUX CTHIIb MUCIICHHS,
110 JI0IIOMAarae OTPUMATH HOBI 3HAHHS HE JIMILE HA YPOKax, L0 BUKJIAJAIOTHCS B KOHTEKCTI
TP/I3, asne it mix yac caMOHaBYAHHS yUHIB.

AmnaJi3 rociikenb. [IpodiemMam po3BUTKY TBOPYOTO MHCIICHHS IIKOJISIPIB MPUCBATHIN
pobotu taxki BueHi: I. Anprinymiep, B. Apuonbn, 1. borosisienceka, O. Kienikos, M. Mee-
posuy, . ITonomappoB Ta inwi. [TpobaemaMu ncuxonoro-neaarorivyHoro GopMyBaHHS TBOP-
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40i ocobucrocri 3aiimanucek C. PyGinmreiin, O. Jleontses, A. €pmos, B. Monaxos, M. Mo-
icees. I[Ipobmemi GpopMyBaHHS MPHUIOMIB PO3YMOBOI, B TOMY YHCII i JIOT1YHOI, MisTIBHOCTI
npucesaeHi npani €. Kadanosoi-Memtep, H. Menunncrkoi, B. PemetankoBa, H. Tanusinoi,
A. YcoBoi. BukopucTaHHs pi3HHX THIIB 3a/1a4 K 3ac00y JOCSTHEHHS IIJIeH HAaBYAILHOTO
nporecy i (opMyBaHHS JOCTITHUIBKAX yMiHb posmrigamn C. Apxanrenschkui, I. Bamm,
E. 3noraukos, M. Knapin, B. Monsiko, B. Yenencekuit Ta inmi. [Tpo6iemaTnkoio BUKOpHC-
TaHHA CHCTEMM JMHaMi4HOi Maremarnku GeoGebra saiimarotbest Mapkyc XoxeHBapTep,
Maiikn bopuepac, Auapeac Jlinguep, Ieppit Cronc, P. 3iatainos, O. ['pu6’iok, B. Ilikanosa,
B. PakyTa B TOMY umcIIi B KOHTEKCTI Ipodeciiinoi miaroroBku MaiOyTHiX (axismis. OxHaK
HEJIOCTaTHHO BUCBITIICHO IIUTAHHSI II[0/I0 CTBOPEHHS METOANYHOTO 3a0€3MeYeHHS B KOHTEKCTI
Teopii po3B’sA3yBaHHS JOCITITHABKAX 33/1a9 3 BAKOPUCTAHHSAM CHCTEMH JHHAMIYHOI MaTeMa-
tuku GeoGebra, B ToMy 4ucIIi y IPoIeci HaBYaHHsI MATEMATHKH B IIKLIBHOMY KypCi.

Merta crarrTi. [IpoexTyBaHHS cepeioBHIIa HABYAHHS MaTEMAaTHKN 3 BUKOPHCTAHHAM iH-
(hopmariitHO-KOMYHIKaIiHHIX TEXHOJIOTIH, B TOMY YHCI CUCTEMH JAWHAMIYHOT MaTeMaTHKH
GeoGebra B koHTEKCTI TEOpii pO3B’sI3yBaHHS TOCITIJHAIIBKAX 3a/1a4.

Bukiaaa ocHoBHOro martepiaay. BuxoBaHHS TBOpPYOi 0COOMCTOCTI HIKOJSPIB MOX-
TUBE JIUIIC 32 YMOBH IICCTIPSIMOBAHOI TisIIbHOCTI YYHIB B IpoOIIeCi po3B’s3yBaHHS JI0-
CIITHUIBKHX 3a/ad. [1i1 9ac po3B’s3yBaHHS TaKHUX 3a/ad AOIIBHO KOPHUCTYBATUCH aJT0-
PUTMOM pPO3B’sI3yBaHHS JOCTIIHUIBKUX 3a/1ad, 10 BKJIOYA€ HACTYIMHI eranu [4]: aHami3
3a/1a4i; aHali3 MaTeMaTHIHOT MOJIeIi; POPMYIFOBAHHS 11€aIbHOTO KiHI[EBOTO PE3yJbTaTy
Ta (HI3UYHOTO MPOTHPIYYsl; MOOLTI3allisS Ta BUKOPUCTAHHS PCYOBHHHO-TIOIBOBUX PECyp-
ciB; BUKOpHUCTaHHS iHQopManiifHOTO (OHIY; 3MiHa ab0 3aMiHa 3ajadvi; aHaIi3 crocoly
YCYHEHHsI (I3MYHOTO MPOTUPIUYs; BUKOPUCTAHHS OTPUMAHOI BiAMOBiMi, aHali3 MOCKTi-
IIOBHOCTI pO3B’S3KY.

1. Anamis 3aa4i 2. Ananis 3. @opmymo-BaHHS
MaTeMaTHIHOL IKP Ta ¢iznanoro
Mojte NpOTHPIYYA
6. 3mina abo 3amina 5. BHKOpHCTaHHS 4. Mob6um3aris Ta
. . ot BHKOPHCTAHHSA pe-
3a/1a4i indopmaniinoro P pe
YOBHHHO-TI0JILOBHX
(onny nNECYNCIR
7. Amams cnocody 8. Buxopucranns 9. Ananiz
CYHEHHS .o P e i
. IocnJaIoBHOCT1
ti;nmmom OTPHMAHOI BiANOBiI OCIZIOBHC
IOTHDIUUS PO3B A3KY
Puc. 1. AP]J3.

IIponec nocmiaHUIBKOT iSTBHOCTI BKIIIOYAE 11’ ITh PiBHIB 3a7a4 Ta CKIAaJA€ThCS 3 LIeC-
TH eTamiB. 100ip 3a7adi, 0OIp MONIYKOBOI KOHLEMIIi, 30MpaHHs JaHHX, BIIIIyKaHHS i1ei
PO3B’s13yBaHHs, PO3BUTOK i€l B KOHCTPYKIIi0 Ta BripoBakeHHs (tabmuus 1) [1].
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Tabmumg 1
Ilpouec oocnionuywvkoi dianvnocmi
PiBHi A b B r Pl | E
3Haxo- 3uaxomkeH- | Otpuman- | 3uaxomkenHs | CtBopeH- | 3miHa Beiel
JOKEHHS HSI HOBOTO | Hs HOBUX |HOBOTO IIPUH- | HA HOBUX | CUCTEMH,
5. HOBOI IPO- | METORY JaHUX ILHITY KOHCTPYK- | Zie BIpo-
Onemu CTOCOBHO THUBHUX BA/DKEHO
3agaqi MPUHIMIIIB | HOBY KOH-
CTPYKILIIO
3Haxo- 3naxomken- | Orpuman- | 3Haxomken- | CrBopenns | 3acrocy-
JOKSHHS Hsl HOBOI HSl HOBUX | HSI HOBOTO HOBOI KOH- | BaHHS KOH-
4-i HOBO{ 3a- | IOLIYKOBOi | JaHUX PO3B’s3Ky CTPYKIIT CTPYKLi 110
nadi KOHIIENIii | CTOCOBHO HOBOMY
3aaui
3mina mo- |3miHa mo- | 3wminHa 3miHa Bi- 3miHa mo- | Bipoga-
YJaTKOBOI LIYKOBOI 310paHux TOMHX YaTKOBOI JKEHHS
3. 3a/1a4i KoHuenuii | maHux PpO3B’A3KIB K(.)}-ICprK- HOBOI KgH-
CTOCOBHO CTOCOBHO i CTPYKii
YMOBH 3a- | yMOBH 3a-
Jadi nagi
JHobip Jo6ip 36upanns | Ho6Gip oxxoro | Jo6ip ox- | Boposa-
ozHiei i3 OJIHi€T O- | BiZOMOC- | pO3B’sI3KY 3 | Hi€l KOH- | JUKSHHSI
2.t KIJTBKOX LIYKOBOT Teif 3 Kilib- | KIJIbKOX CprK].[iT i3 Mgﬂnd}ixa:
3amau KOHIIEMIIi 3 | KOX JxKepen KiJTBKOX 1ii roToBo1
KIJIBKOX KOHCTPYK-
it
Buxko- Buxko- Buko- Buxopucran- | Buko- Bunpoga-
pUCTaHHS |pHCTaHHS | PUCTAHHS |Hs ICHYIOUHX |pUCTaHHS | JDKCHHS
1-it icHyrouoi | icHyrouoi ICHYIOUHX | po3B’sI3KiB icHyrodoi | icHyrouoi
3amadi TIONIYKOBOi | TaHMX KOHCTPYK- | KOHCTpYK-
KOHIIETIT it it
Eramu | lo0ip 3a- |o6ip mo- |30upannsa |Bimmykan- |Po3surox |Bnposa-
maui HIYKOBOI TaAHUX HA imei izei B KOH- | I:KeHHs
KOHIenmuii po3B’s3y- CTPYKUiI0
BaHHS

B mporeci nocmigHAIBKOT AisUTBHOCTI HEOOXiTHO BHKOPHCTOBYBATH Pi3HI TBOpdI imel
JUTSL 3HAXO/DKCHHSI 11€aIbHOTO KIHIIEBOTO pe3ynbrary. [Ipomec BiflryKaHHs JT0CTi THALBKAX
izeil cxamaeThes 3 KibKox eramiB [11], mo BkirowaroTs pisHi Bapiantu (puc. 2.). Ctpareris
QJIITOPUTMIYHOTO TOIIYKY OYyIy€ETHCSI HA OCHOBI PO3POOIIEHHS POIECYaTbHIX XaPAKTEPUCTUK
JOCTIHKEHHS Y (POPMi aNTOpUTMY, Il BCTAHOBJICHHS IO CITiJIOBHOCTI OTIEpAaIlii, Iiif, Omparto-
BaHHs qaHux. L[s1 cTparerist moOymoBaHa Ha BCTAHOBJICHHI €TalliB MPOBEICHHS JTOCITI[PKSHHSI,
KO)KeH 3 SIKMX 03HAa4a€ KPOK HA MULIXY HOTO yCIINIHOTO 3MiHCHEHHS 1 IPOCYBAaHHSI, 8 TAKOXK
nepedadeHo OCHICHHST KOMIIOHEHTH CHCTEMHOTO aHalli3y 1 TpaHuYHO 4iTKe (HOPMYITIOBaH-

HsI METH JOCJIiIKCHHS.

ISSN 2308-4855 (Print), ISSN 2308-4863 (Online)

287




ITeaarorika

1. Dopmynrosanns
YMOBH 337124l
g ¥
&

2. CknamaHus eckizy
32 YMOBOKO 3a71a4i

¥

3. 3'acyBanus cyTi 327241

l abo l abo l abo ‘

A. [Tigroroska 3aaa4i 10 NOWYK,

. = - 7. lepernan npuiiomin
4. bamani 5. Hependauciis 6. [lepepaxysanns ! o,
pesyILTaTH MOMKIIHBOTO 0GMIHY CJIEMEHTIB 00 €K 7.1 3mina 7.2
HEPI1i oA Ta IX BIacTHROCTEH :
CHEE soBHIMHLOTO  Bukoprcranus
l 460 l 460 l cepe/loBKINA  CTaHIB 00’ €KTa
. - o abo *
8. Orpumanus 9. 06 em eneprii 10. Anamnis 1
Dazkarnmx oI CHITES CICMEHTIR 11. 3actocypanus npuiiomis
pesyaLTaTIB Ta iX BIacTHBOCTE

v v v '

12. Bubip ontHMaabHHX Po3B A3KiB

v

13. 3acTocysanua 3HaiiacHNX 11¢H 113 PO3B S3yBaHHA IHIINX 32724

B. Iouyk iaeii

Puc. 2. briok-cxema BiflIyKaHHsI TOCITIJHUIBKUX 171

Po3misiHeMo npuKIIaaM po3B’sI3yBaHHS 3a/1a4 3 BAKOPUCTAHHSIM CHCTEMH JANHAMIYHOT Ma-
temaruku GeoGebra [3].

IIpuknan 1. 3xaliTi HaliMeHIIe 3HAUCHHS ITapaMeTpa ¢, Ul IKOro cucTeMa

(x—C\/g)2+y2—2y=0,
V3lx| -y =4

Mae OJIuH PO3B’s30K.

Posp’sizannst.  [lepiie  piBHSHHS — CHCTEMHM — 3py4YyHO  3amMcatd y  BHDISIII
(x - C\/§)2 +-1D*=1 Jlane piBHSHHS 33/7a€ MHOXKHHY Kil 3 pajiycamu 1, mpuaomy
LEHTPH [UX KiJI JIeXkKaTh Ha npsimiit y = 1.

[To6ymyemo rpadik GyHKIIl Y = V3lx| — 4 (puc 3). Ha mpoMy 5k pUCYHKY IOKa3aHO 1Ba
TIOJIOXKEHHS KiJI, JUISl SIKUX TT09aTKOBA CHCTEMa Ma€ €IMHUH po3B’s30K. KoxkHOMY 3 BigMmide-
HUX KiJI BIITIOBiZa€ EBHE 3HAYEHHS IapameTpa C.

OcCKiJIbKY B yMOBI 3a/1aqi 3a3Ha4€HO, 1100 ¢ OyI0 HalMEHIINM, TOAI 3 ABOX KilT MOTPiOHO
BHOpaTH Te, abcuuca NEHTpPY SIKOTO Mae HalMeHIe 3HadueHHs. O4eBHIHO Iie Oyne Koio 3
1eHTpoM B Touti O,
cV3=AP+A0 = AP +

4

Maemo V3 3 tpukyrauka AOD, tgZOAD = V3. 3BiHCZI.

£0,AP = %40,40 — 30° Toxi 3 0,PA, PA = 0,Pctg30° = V3. Orxe, (V3 =V3+ 5
7

Ockinbku nonoxennio nentpa O, Biznosinae ¢ < 0, T0 0TpuMaeMo Bianosis, € = ~ 3

288 AxTyaApHi nmuTaHHs TymMaHiTapHuX HaykK. Bum 15, 2016



I'pusok O., Hxnuyuk B.

AOCAIAHMUIBPKUTA MiAXiA Yy HaBYaHHi..

Puc. 3.
[paBusio-opieHTHp PO3B’sI3yBaHHS 3a1a4i

CTBOpPHUTH MTOB3YHOK JUTS
rapaMerpa C

Togzynox[ <Min>, <Max>, <Kpox>,
<[llsuokicmv>, <[lupuna>, <Kym>,
<[ opusonmanvnuii>, <Auimayia>, <Bu-

a=2
naokoge yucio> |

[ToGynyBaru ko0

(x—cv3) +(r—1)7 =1
| (-3 + -1 =1

(x—csart@))y + (y-1=1

[ToGynyBaru rpagik
GyHKIIT y = /3] —
y=3lxl -

f(x) = sqrt(3) abs(x) — 4

3a7aTH KOJIip Ta THII JIHINA

BubpamuKonip[ <06’ exm>, <Ko-
nip> ], OopamuTunJTinii] <IIpsma>,
<Yucno>], ObpamuToswunyJlinii

[ <lpama>,<Yucno>]

Busnauutu nenrp xosa

Lenmp[(x - ¢ sqrt(3))* + (y - 1)? = 1]

3HaUTH Pi3HI TOIOKESHHS
KUJT B 3aJIGKHOCTI BiJI 3HA-
YeHHs ITapamerpa C

3MiHIOIOYN 3HAYCHHS ITapamMeTpa C mojo-

JKEHHS KoJ1a Oy/ie 3MIHIOBaTHCh.
& 3annwam cnig

Ipuxnan 2. 3Hamn TaKi 3HAUYCHHS NapaMeTpa 4, 10 MHOXHHOIO O3B ’S13KiB HEPIBHOCTI

V1I=(x+2a)? = x Oyzie BiZpi30K JIOBKHMHOIO 5 2

Po3B’s13aHHS. Fpa(blKOM y=

1 — (x + 2a)? e niBkoro 3 pagiycom, piBHuM 1, 1o pyxa-
€ThCsI CBOTM IIEHTPOM IT0 Oci abciuc. /laHa HepiBHICTh MAaTUME PO3B’SI30K TO1, KOJIH TOYKH
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4

MiBKOJIa OyAyTh BHIIE BiIIOBITHUX TOYOK MPSAMOT Y =3%XHa puc. 4 moxa3aHo OIHE 3 MOX-

TVBHX MOJIOKEHB MiBKOIA. [l IIbOTO BUMAIKY PO3B’I3KOM TIOYATKOBOI HEPiBHOCTI Oyrie Bil-

9

pizox [x1; x;] B ymoBi Brazano, mo6 ¥1 ~ X2 = 3
Sximo nentp O, 36iraeThes 3 Toukoto A(-1; 0) abo posramopanuii niBinre, T0 Po3B’A3KOM

HepiBHOCTI Oysie Binpizok nomxuHOIO 2. Pasom 3 TuMm, sikmo O, 36iraeThes 3 Touxoio O (0; 0)

9

a00 3HAXOIUTKCS MPaBIllle, TO PO3B’I3KOM HEPIBHOCTI Oy/ie BiIpi30K MEHIIHH 3a 5 ab0 B3araii
po3B’si3kiB He Oyne. JlificHo, K0 0, cuiBnage 3 O, Toai X1 = —1, a X, — KOpiHb PiBHAHHS
V1—-x%= gx 3Bigcu X, = S Ta Xy X = g Takum guHOM, Heo6xiz1He TTOJIOKEHHSI TICH-
Tpy O, BU3HA4acThes yMOBOIO —1 < —2a < 0, 10610 0 < @ < =
3HaI/III€MO sHaueHHs x, Ta X, OueBmmHO X, - HAlMeHIITiA KOpiHb PiBHSH-
1 41— (x+2a)2 =0. 3BI,Z[CI/I x; = —1—2a. ¥V roii xe 4ac X, — KOpiHb PiBHIHHSA

1/ 1 —(x+2a) = —x Lle piBHSHHS plsHocnane cucTemi

{25x + 36ax + 36a®> -9 =0,
x = 0.

OTpI/IMaHe IBHSHHS 3a YMOBOIO 0<a < Ma€ TlJ'II)KI/I OJUH HeBlZ[ €MHHUI KOleI) TO6T0
—18a+V225-576a?

Xy =
5 _18a+V225-576a7 9
3ayMOBOIo P +1+2a—§
. 5 7 . 1 ..
Po3B’s13aBIIIN 1€ PIBHAHHS, OTPUMAEMO Ay = ¢, Gy = . OCKinbKy 0 < a <3 roni Bimmo-
. 7
Bilb, @ = .
y=1/1— | Y1 )=
_ 4 n
U == L = []l I
i
i 1 PR T
A 0, g 1 \E Hoexomaa gigpizka A1 X = 1.8
- o, - Dow 1 2 3
1

Puc. 4. Jlopxuna BifpisKa x;x, = g =18

T a=—.15

EJnnmnn;l eigpizka X1 Xs = 1.39

2 3 4

Puc. 5. JlopxwuHa Bimpizka x1%, # g =18

290 AxTyaApHi nmuTaHHA TymMaHiTapHuX HaykK. Bum 15, 2016



I'pusok O., Hxnuyuk B.

AOCAIAHMUIBPKUTA MiAXiA Yy HaBYaHHi..

[IpaButo-opieHTHp pO3B’I3yBaHHS 3a1a4i

CTBOPUTH NMOB3YHOK JJIS
napameTpa a

Tossynok[ <Min>, <Max>, <Kpox>,
<Ilsuokicmo>, <[llupuna>, <Kym>,
<[opusonmanvnuii>, <Auimayia>, <Bu-

naokose yucino> |

a=017

[ToGymyBary miBKOJIO
y=+1-(x+ 2a)?

y=sqrt(1 - (x + 2a)?)

[Mo6ynyBaru rpadik nps-

. 4
MOl y = x

y = 4/3x

3HalTH TOUKY NEPETUHY
nBOX (pyHKIIiH Ta IepeTHH
¢bynkuiii 3 Biccio OX

Tlepemun| <06’ ekm>, <06’ exm> ]

[IpoBectu nepneHuky-
msip 110 oci OX 3 Toukn
MepeTHHY ABOX (PyHKIIN

Iepnenouxynapnallpsmal <Point>,
<Line>]

IToGymyBatu Bipi3oK X, X,

Biopizox[ <Touxa>, <Toukxa> ]

3HalTH TOBKHHY BiJpi3Ka
X1%,

Biocmans[ <Touxa>, <06’ ekm> ]

cm
/ BigcraHs abo goexwmHa

Hpuxmang 3. 3Haiftm Taki 3HaueHHA g, 100 KOpEHI
H (a® = 2a+2)x?>+2(a—1)ax —2a®> =0 32/10BOJIbHSLIH
X%, < laxq| — |ax,|?

X,

HEpPIBHICTH

Po3B’si3annst. [To3Hauumo niBy uwactuHy piBHsiHHs depe3 f(X). YMoBy icuyBanHs
OT0 KOPEHIB MOXKHA OTpUMaTH 06e3 o0uncineHHs AuckpuMinanTa. Crapmuid koeimieHT
KBanpaTHOTO Tpuuinena f momarwiii suist Gyap-sxoro @, f(0) = —3a? < 0, oTKe, piBHSH-
Hs f(x) = 0 mae po3s’sizku 3aBkaAu. Lleit Gakr abconOTHO O4eBUIAHMI 3 rpadidHOTO
norusay: BiTku napabomu y = f(x) cnpsMoBaHi J0BepXy if iCHYIOTh TOYKH, B SKHX
¢ynkuis HaOyBae He nonaTHi 3HadeHHA. [lpuyomy, skmo a # 0, To piBHSHHA Mae€ Ba
Pi3HUX KOpEHi.

Posrnsaemo Bunanok, konu a = 0. B nanoMy Bumaaxky piBHSHHS Ma€ OIWH MOABIH-
Huid KopiHb x = 0. O4eBUOHO OTpHUMaHI 3HAUCHHS HE 32/I0BOJIBHSAIOTH TOYATKOBY He-
piBHicTb. SIkmo a # 0, To MaeMo XX, = —3a
3HaKIB.

3pigcu |xq| — Xz = %1 + x5 =

———— < 0, T00TO KOpeHi piBHAHHSA Pi3ZHUX
7 2arz , TOOTO KOpeHi p pi3

—-2(a-1)a
a?-2a+2

2(a-1)a

a0 |x1| = |xz| = —(x; + x3) = —2a+z’
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3anuIieMo II0YaTKOBY HEPiBHICTh B TakoMy BUIIsL: X1X, < |a|(|x1| — |x3]). Toni mryxa-
Hi 3HAYCHHSI TTApaMETpa ¢ 3HAMIEMO, PO3B’A3aBIIN CHCTEMY
—3a? —2lal(a— Da
a’—2a+2 a*?—2a+2"’
—3a? 2lal(a—Da
a?—2a+2 a’—-2a+2°

3lal > 2a(a—1),

3Bijcu 3 BpaxyBaHHsAM, 10 @ # 0 OTpUMAEMO {3|a| >2a(1-a).

1 5
PO3B’513aBIIK JAHy CHCTEMY, OTPHMAEMO BiamoBigs, —5 < @ < 02600 <a <.

= —0.5

14 Ty < |ar| — |axs

—L15 < 0.23  true

Puc. 7

[IpaBuo-opieHTHp PO3B’A3yBaHHS 3a1a4i

CTBOPHUTH MOB3YHOK JUIS
rapaMeTpa a

Tossynok[ <Min>, <Max>, <Kpox>,
<Hlsuokicmv>, <[llupuna>, <Kym>,
<[ opuszonmanvnuii>, <Auimayis>, <Bu-

naokose yucno> | ==

a=017

[MoGymyBaru rpadik
byHKIiT

(a* —2a+ 2)x? +2(a—1)ax —2a> =0

y=(a2-2a+2)x2+2(a-1)ax-2a?

3HalTh KOpeHi x, Ta x,

Kopine[(@2-2a+2)x2+2(@a-1)ax-
2a?]

3HaiiTH 3HaYeHHS BHPa3iB
X1X; Ta |ax;| — |ax,|

X_1*x_2
abs(a x_1) — abs(a x_2)

d=-0.16

‘-MU d bs[a Xw}' abs(a xz)

[MopiBusTH NaHi BUpasu

x_1x 2 <abs(ax_1)—abs(ax_2)
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I'pusok O. x4k B. AOCAIiAHHOPKHII MiAXiA y HABYAHHI.

Ipuxnax 4. Po3s’saru pisrsHEs (x + 2a)(x? — a? — 2a — 1) = 0. {1 SKuX 3HAYCH-
HSX HapameTpa g, 100yTOK KOPEeHIB MEHIINH HAaMEHIIIOTO KOPEHS PiBHIHHS?

Po3e’sizanHs.  MoxkHa ~— otpuMmard, mo X = —2a, X, =a+1, x3=—(a+1)
- KOpeHi I104aTKOBOI'O PIBHSHHSL. Po3rsnemo ¢byHK1IiI0
fi(a) = -2a, fy(a) =a+1, f3(a) = —(a+ 1). I'pacdixu nux $yHKUii nokasani Ha puc.
8. Ha rpadiky Buokpemneno ¢yukiioo y = min{f;(a), f>(a), f3(a)}. Hani posrmsHemo
dyrxuito f(a) = fi(a)fo(a)f3(a) = 2a(a + 1)? (puc. 8). [orpi6HO 3HAiTH Ti 3HAYEHHS
napamerpa, juist sikux rpadik f aexurs Hkde Bkasanoi JiHil. [lykaHi ¢ — e Bci 3HaYCHHS,
110 MEHII 32 a,, Jie @, — HaliMeHumit Kopinb piBusHEA f>(a) = f(a).3BijgcK 3HaX0MUMO, 1110

_\/5_1
ao = T.
C o —1-v3
Binmosige. ¢ <~
a=-—14
A=(-04,00 2
Ax BxC=(-04510)
T T T T AQ’-\B T C T
8 B -4 2 2| a
Puc. 8
a=—1.236
A={-036,0) 2]
Ax BxC=(-03510)
. . . D AggEC
o = -6 -4 -2 2
Puc. 9
[paBuio-opieHTHp PO3B’SI3yBAaHHS 3a/aqi
CTBOPHTH MTOB3YHOK THossynox[ <Min>, <Max>, asoar
JUIA IapameTpa a <Kpox>, <Illsuoxicme>, <[llupu-
na>, <Kym>, <[ opuzonmanvruii>,
<Awnimayin>, <Bunaoxoee uucno> |
i:f
[MoGymyBatu rpadik y=(x+2a)(x*-a2-2a-1) 0
byHKIii
(x+2a)(x?—a?—-2a-1)=0
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3Haiit KopeHi A, B Kopins[(x + 2a) (x2—a2-2a-1)]
TaC

3Haiiti 100yTOK Kope- | D=AxBxC AxBxc
HiB AXBxC ki

[TopiBHATH OTPUMAHUH | [agc Terer X Bx G (-
J00YyTOK 3 KopeHeM A

B mporeci HaBuaHHS MareMaTHYHHX AMCHUILIIH cuctema GeoGebra Bukopucro-
BY€TBhCs sIK 3aci® s Bi3yasizamil AOCTI/PKyBaHHX MaTeMaTHYHHX 00’ €KTiB, BUPa3iB,
iIrocTpanii MeTo/iB MOOYIOBH; SIK CEPEIOBHINE IS MOJCIIOBAHHI Ta eMIIIPUYHOIO
JOCIIIUKCHHST BIACTUBOCTEH TOCIIKYBaHUX 00’ €KTIB; SIK IHCTPYMEHTAIbHO-BUMIpIO-
BaJbHUI KOMIUICKC, 1110 HaJla€ KOPUCTyBaueBi HAOip cremiani3oBaHUX IHCTPYMEHTIB AJIs
CTBOPEHHS 1 EPETBOPEHHS 00’ €KTa, a TAKOXK BUMIPIOBAaHHs HOTo 3a/laHuX IapaMeTpiB
[9].

Bukopucranus cucremu GeoGebra crpusie Bisyanizaiii 06’ekra 10CIiIKCHHS, Je-
MOHCTpalii #0ro BIaCTUBOCTEH, YHUKHEHHIO PyTHHHHUX [[il, TOB’SI3aHUX i3 CTBOPEHHSIM
JOMOMIXXHUX 300pakeHb; O(OPMIICHHS HaBYAJIBHOTO Marepialy imoctpauismu (cra-
THYHUMH | JTHHAMIYHUME 300paXeHHsIMH, rpadikamMu, cXxeMaMH, TaOIHUISIMU), B TOMY
YyHuCai pi3HOro meaaroriyHoro npusHadeHus (st GOpMyBaHHs iHTEpecy y4HIiB 1100
TEeMHU MPOIOHOBAHOTO 3aHATTS, Bi3yaJbHOIO CYHNPOBOAY a00 MOSCHEHHS! BUKOHYBaHUX
BUpa3iB, JeMOHCTpaIil NPUKIAAiB 3aCTOCYBaHHs 3400yTHX 3HaHb Yy KuTTi) [5]. 3any-
YeHHsI YYHIB Ha MPAKTUYHHUX 3aHATTAX 10 BUKOHAHHS 3aBJaHb 3 BUKOPUCTAHHSIM CEPea-
osuia GeoGebra cipusie po3mupeHHIo Kojla HaBYaIbHUX 3aBAaHb, BKIIOYAI0YU B HHOTO
HECTaHIAPTHI 3aBJaHHs JOCIIIHUIBKOTO XapakTepy, onTuMisaniinux 3amad [8].

MeToanyHa cucTeMa 3aad 3 BUKOpHUCTaHHsAM cuctemu GeoGebra posrmisgaerscs B
JOCIIKeHHI, Ie BUCBITICHO AOLIBHICTh JaHOTO IPOrPAMHOTO MPOAYKTY. PO3B’s13yBaHHs
3a/1a4 3 BUKOPUCTAaHHIM iH(QopMaliifHO-KOMyHIKaliHHUX TEXHOJIOTri# cripuse hopmyBaH-
HIO B yuHIB pediekcii momo cBO€i AisUIbHOCTI, YOr0 BaXKKO JOCATTH B «0€3MalIMHHOMY»
HaByanHi [2]. Hacamnepes y4Hi MarOTh MOKJIMBICTH HAOYHO MOKA3aTH PE3yJbTaTH Ha-
BYaJIbHOT AiSIIBHOCTI, CBIIOMO peaji3yBaTH CBOT JyMKH Ta Jii, aHaIi3yBaTH i OLIHIOBaTH
ycmixu i HeBaadi. [IpogyKTHBHICTD Ta €()EKTUBHICTH MPOBEIACHUX HABYAIBHUX 3aHSIThH
CYTTEBO 3POCTA€E 3 BUKOPUCTAHHIM iHPOPMALifHO-KOMYHIKAL[IIfHUX TEXHOJOTiH, 30Kpe-
Ma cHCTeMH AuHaMiyHol Maremariku GeoGebra, Ta 3Ha4HO MOCHITIOETHCS IHTEPEC YUHIB
JI0 HaBYAHHS MaTeMaTHKH; PO3BUBAETHCS aOCTPAaKTHE, TBOPYES MHCICHHS y4HIB; IOKpa-
LIYEThCS SKICTh 3HAHb 3 MaTEeMaTHKH; CIIpHsie opranizauii poboTu B rpyii, GopMyBaHHIO
BMiHb CaMOCTIiifHO 3100yBaTH 3HaHHsA. be3nepedHo, moTpedye IPyHTOBHOIO BUPILICHHS
po6IIeM 1010 CTBOPSHHS HABYAIBHO-METOJUIHOTO 3a0€3IeUeHHs B KOHTEKCTI BHKOPHUC-
TaHHs iHPOPMaLiHHO-KOMYHIKAL[iHUX TEXHOJIOTiH Ha ypoKax MaTeMaTHKH i3 BpaxyBaH-
HSIM MIDKIPEIMETHOTO MiAXOAY Y LIKIIbHIA OCBITI i BiAMOBIJHOI MiJTOTOBKH BYUTEIIB
[7].

OCHOBOIO METOIMYHOI cHCTeMH HAOyTTsI iHPOPMATHYHMUX KOMIICTEHTHOCTEHl € mociia-
HHULBKUN MiIXi7 B HABYaHHI 3 BUKOPUCTAHHAM iH()OpMAaILiHHO-KOMYHIKalliHHAX TEXHOJOTIH.
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JloCimiAHUIBKA# TiXi/] y HABYaHHI — L€ PO3IVIS/L KOXKHOTO KypCy, KOXKHOT TEMH KYpCY, KOX-
HOTO MUTAHHS 3 TOYKH 30py JOCIIIKEHHS, 110 y CBOIO Yepry O3HA4Ya€ CKIIAI0BI JOCHIIIHULIb-
KOi KOMIIETEHTHOCTI (BOHH OHOYACHO € i Harpsimamu ix HaOyTTs1) [10]:

- ¢opmymoBaHHs (IOCTAHOBKA) MATEMaTHYHOI 3a/]a4i Ha OCHOBI aHANI3y CyCIILIBHO
Ta IHUBIIyaIbHO 3HATYIIMX 3aBIaHb (ifeaisais, y3arajJbHeHHs], ClIeIiai3alis);

- moOyaoBa aHATITHYHOL Ta AITOPUTMIYHOI (KOMIT FOTEPHOT) MOJIENi 3a/1a4;

- BHCYHCHHS Ta €MITIpUYHA [IEPEBipKa CIIPABEIIMBOCTI TiMOTE3, CIIUPAOYHCH Ha BiJlO-
Mi mMetomu (IHIYKI[isl, aHAIIOTis, y3aralbHEHHs, CIIeMiali3alis 1 T.0.), a TAKOK Ha BIACHHUI
JIOCBIZ JOCHIIKEHD,

- IHTepmpeTamis pe3ylbraTiB, OTpUMaHUX 3a (OpMaTbHUMHU METOAAMH, Y TEPMiHAX
I0YaTKOBOT MPEIMETHOT ray3i Ta iHIIMX MPEIMETHHX Tally3ei;

- cHcTeMaTu3allisi OTPUMaHHX Pe3yJIbTariB;

- IOCII/DKCHHS MEXI1 3aCTOCYBaHb OTPUMAHUX PE3YJbTaTiB, BCTAHOBICHHS 3B SI3KiB 3
HOTIEPEeHIMU pe3ylbTaTaMu, MOAH(iKyBaHHs TOYAaTKOBHX 3ajay, IOLIYK aHaJoril B iHIIHMX
po3aiiax MaTeMaTHKH 1 T.11.

[ToHATTA AOCHITHUIBKOTO TIIXOAY Yy HaBYaHHI 3arajbHimie i OuLTbIIe BiANOBimae CyTi
KOHTEKCTY 0OTOBOPEHB JTaHOT POOOTH, HIXK TOHATTS JOCIIJHUIIBKOTO METO/ly HaB4aHHs a0o
METOJTy HaBYAIBHUX JOCIIKeHb [6].

ITix yac po3B’s3yBaHHS MareMaTHYHUX 3a]a4 3 BUKOPUCTAHHAM CHCTEMH JUHAMIYHOL
maremaruku GeoGebra B koHTeKCTI Teopii po3B’si3yBaHHS JOCIIAHUIBKHUX 331a4 B YUHIB
(dopmyeThest iHQOpMaTHYHA KOMIIETEHTHICTh. [HpopMaTHyHa KOMIETEHTHICTh — IIe HE0O-
XiJIHI BMiHHS Ta 3HaHHS 3 KypCy MareMaTHYHHX OCHOB iH(pOpMAaTHKH, iHQOpMATHKH Ta
iH(pOpMaLifHO-KOMYHIKAIIHHUX TEXHOJIOT1H, M0 3yMOBHTH ¢(EKTUBHE Ta sIKicHE Gopmy-
BaHHS iHQOPMATUYHUX 3AIOHOCTEW Ul BUPINICHHA 3HAYMMHX MPOOJIEM B Taily3i OCBITH
i mpodeciitnoi misutbHOCTI MaiOyTHIX (axiBuiB [13]. OcHOBHIUMH KOMIIOHEHTaMu iH(Op-
MaTH4YHOI KOMIETEHTHOCTI €. METOJOJIOTYHA, AOCIIIHHIbKA, MOJCIIbHA, AITOPUTMIYHA,
texHonoriuna (puc. 10).

*VMIHHA OI[HEOBATH JTOIITEHICTh BHKOPHCTAHHA MATeMATIUHIIX MeTO/IIR

MetogonoriuHa | taIKT amd pose’ f3aHHA iHIIEITVATEHO i CYCILIEHO SHAUYIINN 3a1au /
v
) *BOIOJIHH MeTO JaMIL JOCILIAKEeHH COMATBHO Ta IHIHBLTY albHO 1 \
JoCriTHHIB KA CYCIITEHO 3HAUYINILY 3a1a4 3 BHEOPHcTamLaM [KT Ta MaTeMAaTIHIK
METOJIER /

* YMiHHA BHKOpICcToRYBATI IK T AK 3aco6y iH(popMaLifiHOro MOAEMIOBAHHA;
MonensHa OMAHYBAHHA NPOeCiiiHHMII TAKETAMH KOMIT D TEPHOr0 MOJIETFOBAHHA /1A
PISHHX OCBITHIX ranysefi Ta HABUATBLHIX MPETIMETIR

*BOTOJTIHAA 6 a30BMMI TOHATTAMII TeOpii aTTOPITIMIB, VMIHHA
AnTopHIMIYHA | BHKOPHCTOBYBATH IK'T AK BIKOHABIA ANTOPHTMIE 1 AK YHIBEPCATEHOTO
3ac05Y KOHCTPYIOBAHAA AT OPITMIB

1
N,

) *BHKOPHCTAHAA KOMII F0Tepa AK VHIBepPCATbHOIO ABTOMATH30BAHOTO
Texnomoriuna pobouoro mictia (APM): BomomHHA cyuacHIMI IKT 11 pose’ A3yBaHHA
TIPAKTHYHITY 38714

Puc. 10. IT amu xomnonenmna cmpykmypa ingpopmamuunoi Komnemenmuocmi
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BucnoBku. OTxe, IHTEIEKT € HAHOUTBIINM BajkKIMBHM YHHHUKOM YCHINIHOCTI B IIPO-
(eciifHill MiSUTBHOCTI MOJIOZOTO TOKONIHHS, BiZoOpakae 37aTHICTh y4YHIB 1O Ti3HAHHS SIK
CHenu(IIHOTO PIZHOBUAY JTYyXOBHOI AiSUTBHOCTI, TMPOIEC OCSATHEHHS HABKOJHIITHBOTO CBITY,
OTPUMAHHS ¥ HarpOMaDKEHHs 3HAHb yuHiB [12].

3ajadi IPUKIAJHOTO CIIPSIMYBAHHS KOPEKTHO JOMOBHIOIOTH CHCTEMY 3ajad IIKUIFHOTO
KypCy MaTeMaTHKH 1 BUKOPHCTOBYIOThCSI HAMH Ha PI3HUX €Talax HaB4allbHO-BUXOBHOTIO IIPO-
Lecy 3 pi3HOI METO0. 3aiTydeHHS Y4YHIB JI0 PO3B’3yBaHHS TaKHX 3a/1a4 Ha ypOKax Marema-
THKH CIIPUsi€ PO3BUTKY TBOPYOTO MUCIICHHS Ta CBIIOMOMY, SIKICHOMY 3aCBOEHHIO HAaBYAJIbHO-
TO Marepiaiy, aKTHBi3y€ HaBYAIbHO-TII3HABAIBHY JisUIBHICTH IIKOJAPIB, TO3BOJISE 3IIHCHIO-
BaTH MEPECHECCHHs OTPHUMAHKX 3HAHb 1 yMiHb B IIPUKIIAJHOMY HAIIPSIMKY, 1[0 Y CBOIO Yepry,
aKTHBI3y€ IHTEPEC J0 3aBIaHb IPOIIOHOBAHOTO THITY T4, BIAMOBITHO, TiIBUILY€E €(hECKTHBHICTD
HABYAHHS YYHSIMH MaTeMaTHKH.
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