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BBEJIEHHUE

@dakynbTaTUBHBINA KypC TPOBOAUTCS B paMKaXx MPOEKTa MO COTPYAHU-
yecTBy Mexay Brnamgumupckum ['ocynapCTBEHHBIM YHHUBEPCUTETOM HM.
A. T. u H. I'. CroneroBeix 1 MyHUIIUTIATBHBIM Y HUBEPCUTETOM TOpPOJIA
Heto-Hopka. IIpoekt duHancupyercst Poccuiicko-AMepukaHckoi «IIpo-
rpamMmoii IlaptHepctBa YHuepcutetoB» (IIITY). IIITY nanpaBnena Ha
YCTAHOBJICHHE U PA3BUTHE MAPTHEPCKUX OTHOIIEHUN MEXAY POCCUMUCKUMU
U aMEPUKAHCKUMU YHUBEPCUTETAMH M 3aITyCK HOBBIX COBMECTHBIX MPOECK-
ToB. [II1Y peanmuzyercs @ougom Eppazus (CIIIA) u HarmonansubiM GOH-
noM mioarotoBku kanapoB (P®) mpu ¢unancoBoit momaepxkke ['ocynap-
cTBeHHOrOo AenapramenTa CIIA.

Ha coBpemeHHOM 3Tarne [l Ha4aJIbHOTO MaTeMaTH4ecKoro oopaso-
BaHUsI XapaKTEPHO BO3pAcCTaHUE MHTEpPECa K U3YUEHHUIO T€OMETPUUYECKOTO
Matepuana. ['eomerpus siBisercs 0a3oil, pyHIaMEHTOM JJisi pa3BUTHUS MIPO-
CTPaHCTBEHHOT'O (0OPa3HOTr0) M JIOTMYECKOTO MBIIUICHUS MJIAAIIEr0 HIKOJIb-
Huka. [loaTOMy 11e/1hI0 JAHHOTO Kypca SBJISETCS YIIyOJeHue 3HaHUM CTy-
JNEHTOB-MPAKTUKAHTOB B TEOMETPUU U B METOMKAX UCIIOIb30BAHUS KOMIIb-
IOTEPHBIX TEXHOJIOTUI B TPENOJaBaHUU reoMeTpuu. B pamkax storo kypca
IIaHUpyeTCs 4 COBMECTHBIX 3aHATUS 1O 2,5 yaca B ¢popme BeOnMHapa ¢ BU-
JIC03aIMChI0 U CUHXPOHHBIM TEPEBOJIOM, KOTOPBIE OYIyT MPOBOAUTHCS B
CHEIUaIbHO 000PYAOBAaHHBIX KOMITBIOTEPHBIX KabuHeTax. Hapsiny ¢ nenbio
yIayOJIeHUus 3HAaHUW CTYJIEHTOB, 3TOT KypC TakKe MpeaHa3HaueH IS pas-
BUTHUSI YMEHUS MOJIb30BATHCS COBPEMEHHBIMU KOMIIBIOTEPHBIMU TEXHOJIO-
TUSIMH B MPENOJABAaHUM MaTeMaTWKU. [0 OKOHYaHWM Kypca CTYIEHTHI-
MPaKTUKAHTHI pa3paboTar0T pa3BEPHYTHIN IJIaH ypoOKa M0 TEME CUMMETPUH
C ucnosb3oBanueM nporpammel GeoGebra 1 MpoBeyT ypOK B CBOEM KJlacce
C BUJICO3AMUCHIO.

Marepuansl Ay Kypca MOXHO ckadarh ¢ cairta http://bit.ly/Geo
GebraRU.



IIpeaBapuresibHasi nporpaMma Kypca

Jara [Tman 3ansTHA JlomarHee 3a1anue
11.2.17 | 1. IlpeacrtaBieHue y4aCTHUKOB U LIEIH Bri0op Tembl 1 nienei
IIPOEKTA ypOKa, YepHOBHUK 33JIaHHS
2. Tlorpyxenue (MoAeIMpOBaHUE YpOKa JUIS LIKOJIbHUKOB
B Ha4YaJIbHOM IIKOJIE) - YPOK THIA OT- Brinonnenue o0y4arommx
KpBITHE 10 TEME OCEBasi CHMMETPHS 3aJlaHui 10 UCTI0NIb30Ba-
3. OO6cyxneHue negarornyeckux npué- Huto nporpammbel GeoGebra
MOB IpENoaBaHus MATEMaTUKU U BrinonaHenue 3aianus no
npumMeHeHus nporpamMmmbel GeoGebra T€OMETPUH
B IIPOBEJIEHHOM YpPOKE
4. BBeneHue B TEMy CUMMETPUU
18.2.17 | 1. Benenue B mporpammy GeoGebra [Inan o3HAaKOMIICHUS
2. Ilegarormyeckrie METOIUKN/TIPUEMBI IIKOJIbHUKOB C MPOrPaMMOit
10 MCIIOJIB30BAHUIO IIporpammel Geo- GeoGebra
Gebra [Iponomxenue miaHupoBa-
3. MoguenupoBaHus ypoka ¢ IocTpoe- HUS ypOKa, C pa3paboTKoOn
HUEM B IPOrpamMme 3amanuil B nporpamme Geo-
4. CamocrostenbHoe (B apax) 3aaHue Gebra
Y3 METOJIUYKH + UHIUBHUIYaTIbHbIE Brinonnenue 3aianus B
KOHCYJIbTaIlUN nporpamme GeoGebra
5. lInanupoBaHue ypoka + UHIAUBUAY- Brinonnenue 3aganus o
albHbIE KOHCYJbTAalMH (+ IUIaH npes- reOMETpUU
BapUTEJIbHON MOJITOTOBKA IIKOJIbHU-
KOB K YPOKY)
25.2.17 | 1. Metoast 3ppeKTUBHOTO UCIIOIH30BA- 3aKOHUYHTH 33TaHUE JUIS
Hus nporpamMmbel GeoGebra B kitacce IIKOJIbHUKOB - B IPO-
(c mpumMepamMu pa3IUYHbIX Me1aroru- rpamMme, HHCTPYKIUS U BO-
YECKUX CUTYyalUi) IIPOCHI
2. CoBmecTHOE 00CYX/I€HHE 3a1aHUM- 3aKOHYUTh YEPHOBUK pa3-
00pa310B B CPABHEHUH C OTKPBITHIMU BEPHYTOT'O IUIAHA YpOKa
3aIaHUSIMU Ha MTIOCTPOCHUE [ToaroroButh pparmeHT
3. OOcyxneHue TpeOoBaHUM K 3aJaHUIO ypOKa ISl IPeACTABICHHUS
JUISI IIKOJIBHUKOB B nporpamme Geo- Ha ceMuHape (B MUKpO-
Gebra rpynmnax)
4. Pa3paboTka Ka4YeCTBEHHBIX BOIIPOCOB HaznaunTh natel

JUTSI IIKOJIBHUKOB Pa3InyHOTO
YPOBHSI, BKJIFOYasi TBOPUYECKOTO Xa-
pakrepa

IIPOBEACHUS YPOKOB




OkxoHuanue

JlaTa [Lnan 3anaTus JloMarHee 3a1anue

25.2.17 | 5. CamocTtosTenbHast paboTa HaJ 3a/1a-
HUEM JIJTS ITKOJIBHUKOB + WHIMBHUTY-
aJIbHBIC KOHCYJIbTAIlUU

4.03.17 | 1. TlpencraBnenue pparmMeHTOB ypoka ¢ | 1. Pa3BepHyThIl MaH ypoka +

00CY)XJICHHEM - TI0 3 TPYIIIBI C KaXK- 3aJjaHKe B ITporpaMme + HH-

JI0M CTOPOHBI CTPYKIIUH IS IIKOJbHUKOB
2. O0630p TpeboBaHUII K YPOKY B BHIEO IO BBITIOJTHCHUIO 3a7[aHUS C
3. CamocrosiTenbHas paboTa ¥ UHIUBH- BOIIPOCAMH

AyallbHbIE KOHCYJIbTAUY 110 Tu1aHaMm | 2. [IpoBeneHne ypokoB u

YPOKOB BUJIEO.

JlononmHuTensHbIE Cy000THI (B ciryyae mioxoii morosel): 18.03, 25.03

TpéﬁOBaHI/IH K YYaCTHHKAM JUUIfl IOJYYCHHUA CTUIICHAUM

1. BpIMIOTHEHHUE TECTOB MO TEOMETPUHU U 3arOJIHEHUE BOIPOCHUKOB JI0
Hayasa U MoCjie OKOHYaHUsI Kypca.

2. TlocelieHue Bcex 3aHATHH.

3. Pa3paboTka pa3BepHyTOro IUIaHa YpOKa M0 TeME€ CUMMETPHUU C 3aj1a-
HUEM JUTsI IIKOJIbHUKOB B npuiioxkennn GeoGebra.

4. TlpencraBienne pparMeHTa ypoKa Ha 3aHITHSIX.

[IpoBenenue ypoka B IIKOJIE C BUIEO-3aIUCHIO.

6. IlpeacrasineHue npuMepoB padbOT MIKOJIHLHUKOB HAJ| 3aJITaHUEM.

)}



PA3SJIEJ «'EOMETPUS U METOJIUKA >

JlaHHBII pa3fien MoCBsIIeH FT€OMETPUHN U BOIIPOCaM METOJIMKH MPETo-
JABaHUsI FEOMETPUUECKOT0 MaTepHralia B Ha4albHOU mKoje. IMeHHo B reo-
METPUH 3aJI05KEHBI OCHOBBI JIJIs1 POPMUPOBAHUS JIOTHUECKOTO U aJITOPUTMHU-
YECKOI'0 MBIIUICHUS], MPOCTPAHCTBEHHOI'O BOOOPAXKEHMSI M MaTemMaThye-
ckoi peun. [ToaTomy 1060€ UCTIOIB30BAHUE JIEMEHTOB FEOMETPHUH Ha YPO-
Kax crocoOCTBYET Pa3BUTHIO HATJISIAHO-AEHCTBEHHOIO (JOIIKOJIBHBIN BO3-
pacrt), HarasiTHO-00pa3HOTo (HAYaJIbHBIN MIKOJIBHBIA BO3PACT) U HATJISAIHO-
JOTUYECKOro (MOAPOCTKOBBIM BO3pacT) ypoBHEH MblinuieHUs. biaromaps
MOCTENIEHHOMY U JOCTaTOYHO paHHEMY (COIIacHO (PU3UOJIOTMUYECKOMY BO3-
pacTy) BHEIPEHUIO MOJOOHBIX 3aJaHUI B IpOLIecC 00yUEHUs, UMEEM I1eJIbI0
(dbopMupoBaHe YPOBHEW MBIILJIEHUS peOEHKA U, KaK CJIEe/ICTBHE, B CPETHEM
3BEHE 3aMHTEPECOBAHHOCTH JI€TEN MPU U3yUEHUHN T€OMETPUH, 00JIEE OCMBIC-
JIEHHO€ BOCHPUSITHE T€OMETPUUYECKOI0 MaTepurara.

AHanu3upyst OCHOBHbIE OIIMOKHU, KOTOPbIE JETH AOIMYyCKAIOT B HaYallb-
HOM Kypc€ I€OMETPHUH, NPUXOAUM K BBIBOJY, UTO OHU CBSI3aHBI C HEmpa-
BUJIbHBIM NTOHUMAHUEM OIPEAECICHUN U CBOMCTB MaTeMaTHUYECKUX OOBEK-
TOB, a TAKXKE HEYMEHUEM NPaBUILHO UHTEPIPETUPOBATH T€OMETPUUECKUE
o0pa3sbl.

Pa3nen «I'eomerpust 1 METOAMKA» CKOHLIEHTPUPOBAH Ha TeMe «CHM-
METPUU», COAEPKUT TAOJIUILY «OCHOBHBIE BUJIbI CHMMETPHUU B LIKOJIE»; TO-
NyJISPHBIE OMMOKU-TPOOTIEMBl yUalIuXCsl U peKOMEHAAIUU IO UCIIpaBJie-
HUIO (pa3pellieHnI0) JaHHbIX OIIMOOK; B KAUeCTBE KOHTPOJIS Ipeiaraercs
BBITNIOJIHATH 33J]aHus HE TOJIBKO Ha OyMare, HO M C UCIIOJIb30BAaHUEM KOMITb-
IOTEPHBIX TEXHOJOTUHN. B MpUoxkeHus X JTaHHOTO pa3zelia MmoapoOHO U3Jo-
KEHa MaTeMaTH4ecKas TeopHus O MapajuiesiorpaMMax U NEPEeHOCHOW CHM-
metpun ([Ipunoxenue 1), mpaktudeckas paboTa «MOJEIb NPSIMOIO yriay



(ITpunoxenue 2), npuMepbl MeAArorHdecKuX MPUeMoB, KOTOPhIE€ CTYI€HThI
MOT'yT MCIIOJIb30BaTh B CBOEH neaarorunyeckoi npaktuke (IIpunoxenue 3).

[ToguepkHeM, 4TO B Hallle METOAMYECKON pa3pabOTKe UACH MaTeMa-
TUKHA, METOJMKN U TEXHOJIOTHI HAYAJIIbHOMN LIKOJIBI PEATU30BaHbI MOCPE/-
CTBOM TeMbl «CuMmMmeTpun». CTyJIEHT MOKET MIPUMEHUTh NMEIarorn4ecKue

MIPUEMBI U TEXHOJIOTHM JJIS IPYTUX TEM.
O cumMeTpusiX ¥ OIMOKAX B reOMeTPUN HAYAJIbHOU IIKOJIbI

Paccmotpute pucynku. Kak Bbl cuuTaere, 4To OOBEAUHSIET JaHHBIC

KapTUHKU?

N300pakeHHbIE TIpEeAMETHI 00J1a1al0T O0CceBOM cumMeTpuel. Bee atu
(GUrypbl UMEIOT XOTs Obl OIHY OCh CAMMETPHHU.
[TpuBenem TabauIly OCHOBHBIX BHJIOB CHMMETPHH, BCTPEUAIOIINXCS B

IIKOJIbHOM KypC€ MaTEMATUKH.



Buja cummerpun Hoctpoenue XapakrepHoe Ipumepet puryp
CHMMETPHUYHBIX . € 3JIeMEeHTaAMH
Onpenenenne CBOMCTBO
TO4YeK CHUMMeETPHUH
HenTpanbHas A JBwxenne |Kpyr, neHrp kpyra—
JIBE TOUKM CUMMET- IJIOCKOCTH, |LIEHTP CUMMETPUHU.
PUYHBI OTHOCUTEIBHO o UMEoIIIee
HEKOTOPOTO LIEHTPA, eauHcTBeHHYIO | [lapannenorpamm,
€CJIM ATOT LEHTP COBIIa- HEMOJIBIKHYIO | TOUKa Iepeceye-
JIaeT ¢ CepeIMHOMN OT- TOUKY HUS AUaroHaneu —
pe3Ka, COETUHAIOIIETO LEHTP CUMMETPHH.
JAHHBIE TOYKH
OceBasn Jsmwxenune |Kpyr, nmamerp
JIBe TOUKH CUMMET- A IUIOCKOCTH, Y |Kpyra — OCb CUM-

PUYHBI OTHOCUTEIIBHO
HEKOTOPOU MPSIMOM
(ocm), eciu OHU HAXO-
JSATCS HA MIEPIICHANKY-
Jpe K 3TOU IpsIMOu
Ha paBHOM PacCTOSIHUU

KOTOPOT'0 MHO-
’KECTBO HEIO-
JBU>KHBIX TO-
YeK — npsAmas

METPUHU.
[IpaBunbHBIN Tpe-
YTOJIbHUK, 3 BbI-
COTBI — 3 OCH CUM-
METpPHHU.
IIpsAMOyTronpHUK,

OT Hee 2 cpeaHue JIMHUU —
2 0CH CUMMETPHH.
Pom0, quaronanmm
pomba — 2 ocu
CUMMETPHU.
Ksagpar, 2 cpen-
HUE JIMHUU U 2
nuaroHaiu — 4 ocu
CUMMETPUU
3epkajibHas JBmxenne |IIpaBuiibHas yeThbl-
(OTHOCHUTEJIBLHO MIPOCTPAHCTBA, | PEXYTOJIbHAs
IUIOCKOCTH) MHOKECTBO |IIpU3MA UMEET 5
JIBe TOUKM cuMMeET- HETIOJIBUKHBIX |TUIOCKOCTEW CUM-
PUYHBI OTHOCUTEIIBHO TOYEK KOTO- |METpUH: 3 CpEIHH-
HEKOTOPOU IIOCKOCTH, pOro €cThb  |HBIX CEUYECHHS U 2
€CJIM OTPE30K, COCUHS- IJIOCKOCTh | IMArOHAJIbHBIX

IOILMAM 3T TOYKH, IIEp-
NEHUKYJISIPEH ATOU
IJIOCKOCTH, a CaMH
TOYKHU PaBHOYIAJICHBI
OT Hee




Bpamenus
WIH MIOBOPOTHAS
Opna To4ka nosmyya-
€TCs U3 APYTroM IOBO-

POTOM BOKPYT HEKOTO-

pOro LIeHTpa Ha J1aH-

HBIN YrOJI, €CJIU OHU

PaCIIOJIOKEHBI Ha OJ1-
HOM OKPY’>KHOCTH,

LIEHTP KOTOPOM COBIIA-
JAeT C LIEHTPOM I10BO-
poTa, U paguychl, Mpo-
BEJIEHHBIE K 3TUM TOY-

KaMm, 00pa3yroT JaHHbBIN
yrou. [Ipu atom 3ana-
€TCsl HallpaBJICHUE I10-
BOpPOTA — MO 4YaCOBOM

CTpEJIKE WM NPOTHUB
Hee.

[lenTp noBopoTa Ha3bI-
BAETCs LICHTPOM CHM-
METPUHU 1-T0 MOPSAKA
burypsl, eciy npu mo-

BOPOTE TaHHOHN UTYpPBHI
BOKPYT LIEHTPA IOBO-

oTa Ha yroan =2 bu
p yr o
rypa COBMEIIACTCS
cama ¢ co0oit

IlepenocHas
WJIY apaslieIbHbIA
nepeHoc
JIBU»eHUE MIOCKOCTH,
KOTOpOE IEPEMEIAET
TOYKH TJIOCKOCTH B OJI-
HOM U TOM >K€ Halpas-
JICHUY Ha OJIHY U TY K€
BEIIUYUHY

Ha niockocru:
JIBIDKCHHE
IJIOCKOCTH,
HMeEIoIIee
€IUHCTBEHHYIO
HETIOJIBUKHYIO
TOYKY — UEHTP
CUMMETPHUH N-
ro NOpsAKa.

B npocrtpan-
CTBE: JIBHKE-
HUE IIPOCTPaH-
CTBa, MHOXe€-
CTBO HEIO-
JBHUKHBIX TO-
YeK KOTOPOro
— npsimasi, siB-
JseTCA I0BO-
POTOM BOKPYT
3TOM NPSAMOU

[IpaBusibHBIN Tpe-
YTOJIbHUK UMEET
LEHTP CUMMETPUHU
3 nopsaka

Ksagpar UMeEeT
LIEHTP CHUMMETPHUHU
4 nopsiaka

CHEeXMHKA WMeeT
LIEHTP CHUMMETPUH
6 nopsiaka

[Tpucyme
JIMIIIb HEOTpa-
HUYEHHBIM (u-

rypam

bopatop — 310 no-
JI0Ca MEXKY TBYMsI
napasieaIbHbIMU
MPSIMBIMHU, 3a110JI-
HEHHas paBHBIMU

Apyr apyry ¢ury-
pamu.

ITapket — 370 3a-
MOIIICHHUE (TTOKPbI-
THE) TUIOCKOCTH
PaBHBIMU HETIEpE-
cexaromumucs Gu-
rypaMu
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Ham wuHTepeceH Bompoc 00 YCBOCHHM T€OMETPHUUYECKUX IOHSATHM
MJIQJIIIAMU IIKOJIbHUKaMHU. Kak 1eT BOCIIPUHUMAIOT MaTepHUal Npyu U3yde-
HUU TEMbI « MHOTOYTrONbHUKN»? BUIAT JIM 1€TH CUMMETPUH B T€OMETPHH,
B MaTeMaThKe BOOOIIe M B OKpykawliem ux mupe? OcTaHOBUMCSA Ha
HanOoJiee YacTO BCTPEUAIOIMIMXCS MPOOJEMHBIX MOMEHTAX MPHU HU3YUYEHUU
r€OMETPUYECKOr0 MaTepualia B HAYaJIbHOM KypCe MaTE€MaTUKH.

IIpoGyaema 1 cBsi3aHa C TOHATUAMHU KBaJpaT U NPSMOYTOJbHUK.
OnpeneneHHyo TPy AHOCTh I MIAAIINX IIKOJIBHUKOB MPEACTABIISIET OCO-
3HaHUE TOTO, YTO JIFOOOM KBaJIpat sBJISIETCSA MPAMOYroibHUKOM. [IprurHa B
TOM, YTO IIEJIOCTHBIA 00pa3 KBajpaTa U MPSIMOYTOJIbHUKA YK€ CIOXKHICS Y
OOJIBIIIMHCTBA JIETEH, a YMEHUEM BBIACIATh CYIIECTBEHHBIC MPU3HAKU (HU-
I'ypbl OHH €I1I€ HE OBJIAJICIIH.

B nanHOM ciiydae o4eHb BaXKHO MPOIyMaTh MOCIIEI0BATEIBHOCTD BO-
MIPOCOB, OPTaHU3YIOIIMUX IESATEIbHOCTh JETEH, HAITPABICHHYIO Ha BBIJECIIC-
HHE CyLIECTBEHHBIX MPU3HAKOB MPAMOYTOJBHMKA U KBaapara'. J{is sToi
eI YYUTEIb MOXET HUCIIOJb30BATh PA3AaTOYHbIA MAaTEpUall: KOHBEPT C
HAOOpOM PA3IUYHBIX TEOMETPUYECKUX (UTYP, OKpAIICHHBIX B pa3HbIC
nBeta. CHayasa cjieayeT BbhIACHUTh, KaK MOXKHO UX Ha3BaTh (MHOTOYTOJIb-
HUKH). 3aTeM MPEeJIOKUTh ydallluMCs MOKa3aTh W Ha3BaTh MHOTOYTOJIb-
HUKHU, Y KOTOPBIX TPU YTJIa U TPU CTOPOHBI; UETHIPE YTJIA U UETHIPE CTOPOHBI;
IATh YIJIOB U MSTh CTOPOH U T. 1. [lociie 3Toro npeaioxuTh UM OCTaBUTh
Ha MapTe TOJIbKO YEThIPEXYTOJbHUKH. 3aTEM U3 HUX BBLICIUTH T€, Y KOTO-
pBIX OJWH, JIBa, TPH, YETHIPE MPSAMBIX yIJa (IIOCJIE€ HECKOJBKHX MOMBITOK
HEKOTOPBIE YYEHUKH JIOTATAOTCS, YTO YETHIPEXYTOJBHUKOB Yy KOTOPBIX
TOJIBKO TP MPSMBIX YIJIa BOOOIIE OBITh HE MOXKET). [[eTH BBIMOIHAIOT 3a-
JaHUE YUUTENs, CHavYaJla IPUKUIbIBASL «HA IJ1a3)», KAKUEe YIJIbl MOTYT OBITh
MPSAMBIMHU, 3aTEM IMPOBEPSAIOT CBOE MPEANOI0KEHUE C MOMOIIBIO MOAECIU
IPSIMOIO yriia’,

B pe3ynbrare BhIIENSIOTCSA YETBIPEXYTOJIbHUKH, Y KOTOPBIX BCE YIJIbI
npsimble. OHU UMEIOT Ha3BaHUE — NPSAMOYTOJIbHUKH. Cpein MpsSIMOYTOJIbHU-
KOB MOHO BBIJICJIUTh TaKHUE, Y KOTOPBIX BCE CTOPOHBI PABHBL. JTO KBa-
patbl. OTHOLIEHUSI MEXAY MOHATHSIMU MHO20Y20IbHUK, 4emblpex)y20abHUK,
NPAMOY20IbHUK, K8AOpam TPEJICTABICHbI CXEMATHYECKHU:

‘ KBagpars! ‘
[IpssMOyTOIBHUKHN
YeTbIpexyroJbHUKA
MHOroyroJbHUKI

! TlompoGHO 0 cBOMCTBAX YETHIPEXYTOJALHUKOB M. B [Ipuinokennu 1.
2 [IpakTudecKyro paboTy « Mozens IpsaMoro yriaay» cM. B [Ipunoxenun 2.
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DTy CXEMy MOXHO 3aTE€M MCIIOJIb30BaTh JIJI1 IPOBEICHUS Pa3IMUYHBIX
urp, Hapumep urpsel «I' e Moe MecTo?». i1 3Toro 1ByM ydeHUKaM JaeTCs
OJIMHAKOBOE KOJUYECTBO PA3TMYHBIX MHOTOYTOJIbHUKOB (OJTHOMY CHHETO,
IpyroMy KpacHoro 1isera). [lo0exaaer TOT, KTO MPaBWIHHO U OBICTPO 3a-
MOJTHUT CXeMy (hUTypaMHu.

MoxHO urpy npoBectd nHade. OJUH YYEHHK MOJYy4aeT HECKOIbKO
reometpudeckux Guryp. CHagama oH paccMaTpuBaeT KKy Qurypy Taxk,
9TOOBI €€ BUIEN BECh KJIACC, HO HE BUJIET MapTHEP MO UTpe. 3aTeM OIHUCHI-
BaeT Purypy, Ha3pIBas €€ MPHU3HAKHU, TAPTHEP YraJblBacT Ha3BaHUE U TIOME-
mjaeT ee Ha cxeMme. OCHOBHOE yCIIOBUE UTPHI: (GDUTYPY HYKHO TaK OIHCATh,
yTOOBI BRIOOP €€ MecTa ObLT OAHO3HAYHBIM. Hampumep, y4eHUK OIHUCHIBACT
bUTypy Tak: «IISTh CTOPOH U MATH YIJIOBY» (BBIOOP OJHO3HAYEH - ATO IISATH-
YTOJIbHHK, OH TTOMEIIAeTCs B 00JIaCTH «MHOTOYTOJIBHUKWY ). Jlanee oH mpe-
JlaraeT TaKoe OMHUCAHUE: «YEThIPE CTOPOHBI U YETHIPE yriia». B aToM cirydae
BBIOOP HE OJTHO3HAYEH. DTO MOXKET OBITh JHOO0H YETHIPEXYTOJbHUK, JTUO0
PSIMOYTOJIbHUK, TU00 KBajapat. Wiu Takoe onucaHue: «4eThIipe CTOPOHBI U
BCE paBHBI» (BBIOOP TaKKe HE OJHO3HAUECH). DTO MOXKET OBITh KBaJpaT MU
pOMO, KOTOPBI MOKHO OYJIET TOMECTUTh B 00J1aCTh «UETHIPEXYTOIbHUKN.
B mpouecce Takoi urphl AE€TH HAYMHAIOT OCO3HABAaTh, UTO TaKOE Cyuye-
cmeeHHble NPU3HAKU TEOMETPUUYECKOUN (QUTYPHI.

3amanue. [Ipuaymaiite Urpbl, KOTOPHIE BBl MOTJIN ObI TPEJIOKUTH J1€-
TSM JIJI BBISICHEHUS] OTHOIIICHUH MEXTy T€OMETPUUYECKUMU (DUTypaMu, JJIs
YCBOEHMS UX CYIIECTBEHHBIX CBOMCTB U HA3BaHUU.

IIpo6aema 2. Pacnionoxenue Gpuryp Ha MiIOCKOCTH.

OpueHTanus ¥ NporopLUrH HE UMEIOT HUKAKOTO OTHOIIICHUS K Xapak-
TEPUCTHYECKUM CBONCTBAM (DUTYPHI.

Hampumep, pacnpocTpaHeHHBIMU 3a0TyKISHUSIMHA 71T TPEYTOJIbHH-
KOB SIBJISIFOTCS CJIEAYIOLIHUE:

* TpeyroJiIbHUKM UMEIOT OJIHY BEPIIMHY B BEPXHEH YaCTU U JIBE BEp-
IIMHBI B HUKHEW YACTH.

* TpeyroJibHUK BCErja OMUPAETCS HA OJIHY U3 CBOMX CTOPOH WJIH, IPY-
TMMH CJIOBaMH, OJHA U3 CTOPOH SABJISIETCS HUXKHEW YaCThIO TPEYTOJIbHUKA.

HexoTopbie U3 pacnpoCTpaHEHHBIX 3a0JIyKIACHUNU JJIsI IPSIMOYTOJIb-
HUKOB:

* @opma NpsIMOYTOJIbHUKA BCErAa MPOTIKEHHAS.

* [IpAMOYTrONIbHUK UMEET ABE JJIMHHBIE CTOPOHBI U JBE KOPOTKHUE CTO-
POHBI.
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HpI/IBbI‘IHOG PAacCIIOJIOKCHUC KBaJlpaTa HCHPI/IBBI‘IHOG PAcCIIOJIOKCHUC KBaJ[paTa
H IIPAMOYT'OJIBHHUKA H IIPAMOYT'OJIBHHUKA

PexomeHnaaum no UCpaBIICHUIO OMHUOO0K:

Jlist peOeHKa MITaIIero MKOJILHOTO BO3pacTa HauboJiee TOCTYyITHbIM
U NPOAYKTHUBHBIM CIIOCOOOM MPUOOpPETEHUsS] 3HAHUW U YMEHUU SBISETCA
COOCTBEHHBIN MPAKTHYECCKUM OTBIT. MOYKHO IIPOBECTH CIICIYIONIYIO Pa0dOTYy.
VYuurens pazgaer AeTsaM KaabKy U aucT. Ha kainbke UMEOTCSI KOHTYPHI Ye-
ThIpeX (Uryp: mapaiiesorpaMmMoB, poMOOB, KBaJpaTOB U MPSMOYTOIbHU-
KOB — JJOCTaTOYHO MO oJiHOMY. Ha ans00MHOM JHCTE TPOU3BOJILHO U300pa-
YKEHBI (B CMbICIIE, IO PA3HOMY PAaCIOJI0KEHHBIE) TAKOTO K€ pa3Mmepa (Kak Ha
KaJIbKE) YETBIPEXYTOJbHUKHM Pa3HbIX LBETOB. lIpuknaapiBas KaibKy, yde-
HUK yOEXIaeTcsl, YTO JIUCT 3aMOJHEH TOJBKO JAHHBIMU YEThIPEXYTOJIbHU-
KaMH.

AHaNOruYHyI0 MPaKTUYECKYI0 padOTy MOKHO IIPOJIEaTh JIUIIb C Of-
HOU urypoil — npsiMoyroiasHuKkoM. Ha nucre pazOpocanbl mpsiMOYTroJib-
HUKH U KBajpaThl. C MOMOINIbIO KaJbKK WU MoJeu npsmoro yria (Ipumo-
KEHUE 2) YUYEHUK JOKA3bIBAET, UTO BCE 3TU (DUTYPHI SIBISIOTCS IPSIMOYTOIb-
HUKamu. [lanee, moap3ysach MOJENbIO U3MEPEHUS] OTPE3KOB (JIMHEWKA), 3a-
KJIFOYAET, YTO HEKOTOPHIE U3 MPEICTABICHHBIX MPSMOYTOJbHUKOB SIBIIS-
I0TCSI KBaJpaTaMHu.

3aganue. Bocnons3yiics pa3sHOLBETHBIMU MNPSIMOYIOJbHUKAMU U
kBaapatamu. CocTaBb y30p i TuiaTka u aiis mapga. CoctaBb CKa30YHBIN
10€3/, KaXJblid BarOH KOTOPOTO COJEPKUT IO TPHU-YETHIPE MPSMOYTOJIb-
HUKa, KOJIECaMU MOTYT OBITh TOJBKO (B TOM 4HCIe) BepiuHbl ¢uryp. Ilo-
JTymail, Kak 9TU 3a/IaHus BBITIOJHUTH B porpamme GeoGebra.

IIpo6aema 3. OcoOEHHOCTH TTEPUMETPOB U IUIOIIAIeH paBHOCOCTAB-
neHHbIX (uryp. MHOrga yyamnmecs CYUTAIOT, YTO €Clii OOBEKT COCTABIICH
u3 yacteil A u B, To XapakTepuCTUKHU IJis 3TOr0 00BEKTA IPH JII0OOM CO-
eIMHEHUH YacTh A ¢ yacTeio B coxpanstorcs. [Ipumep omunOku: nepumerp
OpsIMOYTOJIbHUKA PaBEH NEPUMETPY NapajuieJorpaMMa, paBHOCOCTABJIECH-
HOTO C IAaHHBIM MPAMOYTOJIBHUKOM.
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Ha mpakTtuke jierko yoeauThCcs MyTeM U3MEpeHHs (C TMOMOIIbIO JIH-
HEWKH), 4TO IIEPUMETPHI YKa3aHHBIX PABHOCOCTABJICHHBIX (hUTYp OYIyT pas3-
HBIMH.

7

HanmoMmHuM BakHBIE TPEIIOKEHUSI TCOPUU U3MEPEHUM.
[Tnomaan paBHOCOCTaBIEHHBIX (GUTYyp paBHBI. [lepuMeTpsl paBHOCOCTAB-
JIEHHBIX (UTYP MOTYT OBITh Pa3IUYHBI.
durypsl, UMEIOILIME PaBHbIE IUIONIAU, HE 00s13aHBl UMETh PaBHbBIE MEPHU-
METpHI.
Ourypsl, UMEIOIINE PaBHBIE IEPUMETPHI, HE 00513aHBI UMETh PABHBIC TLJIO0-
aau.
CymiecTByI0OT Takue (GUrypbl, KOTOPhIE UMEIOT PaBHBIE MMEPUMETPHI, HO MX
JIMHEWHBIE pa3Mephbl Pa3IunyatoTCsl.
Cy11ecTBYyIOT Takue (GUrypbl, KOTOPbIE UMEIOT PaBHbBIC TLIOMIAAH, HO UX JIH-
HEWHbBIC pa3Mephl pa3INYaOTCS.

3aganue. /[Ba TpeyroiabHUKa UMEIOT paBHbIe miomanu. Ciaeayer Ju
U3 3TOT0, YTO OHM paBHBI? OO0BsicHU cBOE pemieHue. [lokaxku B mporpamme
GeoGebra.

3ananue. [Ipsimble £ u / napamiensHbl. Touka B qeuskercs 1o npsiMoit
[, 3annMag nonoxkenue Bi, Bo, B; u T.1., a Toukn A u C ocTaroTcsl HEmo-
nBykHbIMU. PaBHoBenmvku i TpeyroabHuku ABi1C, AB>C u 1.1.?7 Co3naii
JUHAMUAYECKYI0 MILTIOCTPaLnIo 3aaHus B nporpamme GeoGebra.

3aganue. KBagpat pa3zpesan no cBoum auaroHaisiM. CKOJIbKO BBITYK-
JIBIX MHOTOYTOJIbHUKOB, OTJIMYHBIX OT KBaJpaTa, MOKHO COCTABUThH U3 Ue-
ThIpeX 00pa30BaBIINXCs TPEeyroabHUKOB? [Tokaku CBOE pelieHue.

IIpo6aema 4, cOOCTBEHHO, KaK U MPEAbIAYLIUE TPOOIEMBI, ONSTH CBSI-

3aHa C BU3yaJIbHBIM BOCIIPUATHEM U300paxeHus: (GUrypbl U Kacaercs ee Jiu-
HUU CUMMETPUH.
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VYuyamuecss ©HOT/Ia HaXOAAT OOJIbIIIE OCEH CUMMETPUU, YEM CyIle-
CTBYET Ha caMoM jene. Hanpumep, B nps-
MOYTOJIbHUKE y4allllecs: MOTYT OIIMO0YHO
BBIJICTIUTh JUArOHAIIM NPSMOYTOJIbBHUKA
KaK OCHU CHUMMETPHHU.

i JlanHast mpo6siema Jerko ycrpanuma
oo B Clly4ae IOAPYYHOIO0 MaTepuaina: IyTeM
cru0aHusl TUCTa MPSMOYTOJIBHOU (DOPMBI IO TIPEANIOIATAEMBIM OCSIM CHM-
MeTpuu. Eciu nociie cioxeHust HOJIOBUHKH JIUCTA COBNAJIU, TO OCh CUMMET-
pUM HaWJICHA BEPHO.

AJNBTEpPHATUBHBIM CPEACTBOM B PEIICHUU ITOW MPOOJIEMBI SBIISIOTCS
KOMITBIOTEPHBIE TEXHOJIOTUN, UMEHHO, IPOTPaMMBbI JUHAMUYECKON T€OMETPHH.

CunrtaeM yMECTHBIM IPUBECTH 3/I€CH CIEAYIOLIUE PEITOKEHU:

JIxo0o0¥ IpaBUIIBHBIN N-YTOJIBHUK UMEET N OCEH CUMMETPHHU.

3aganue. /[ 1TaHHOTO NPaBUIILHOTO MHOTOYTOJIbHUKA HAU BCE OCU
cuMMeTpuH. OOBACHU TTOYEMY ITU MPSIMBIE SBJISIOTCS OCAMU CUMMETPUU
JAHHOrO MHOroyroibsHuka. [louemy 1ol yBEpeH, uTo Hamen BCE ocu cum-
MeTpun?

S
..
Y

-7
P

321I[21HI/ISI Ino TeMe «CI/IMMeTpI/IH» JJIS1 HA9aJIbHOM IKOJIbI

1. lopucyii BTOpy!0 MOJOBUHY U packpack. [IpoBepb NpaBUIBHOCTH IO~
CTPOEHUS C TOMOUIBIO KaJIbKH.>

3 JLT. Tlerepcon. YueOuuk. Marematuka. 2 kinace. M3a-Bo «fOBenTa». 2013,
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[leperuu kpyr momoJjiam.

JIunuto nepernda oOBeaU KpacHbIM KapaHAamioM. YTo Thl 3aMeTHI1?

(V)

KPYT, OTPAaHUYCHHBIN ATOW OKPY>KHOCTBIO.
0) [lepernu kpyr nonoJsiam 2 paza. Hoyto nuHuo neperuda ooBeau

CUHUM KapadaanioM. Yro Tel 3ameTnn??
3. IocTpoii GUrypsl, CAMMETPUYHBIE JAHHLIM OTHOCUTEIBHO MIPAMOiA 1.

2.a) Haueptu Ha nucte OyMaru OKpy)HOCTh paguycoM 5 cM. Beipexu

a
|
|
|
1
|
|

a
|
|
|

o
|
|
|

--1
|
|

—d
|
|
|

a

T N A N R
1 I I 1
,

> 6) Hapu-

S S E KD
SR % of
Lo e e o 3 =
R et et SR EE e S B = @]
oo — 5 &
= 8 o o @
R T S B 5 g
O O >~ ¢ =&
228 5
I S o X o
o o < ©
O = O
A m =
= ~
1 1 1 1 1 1 1 1 1 O
== 2 & 8
| | | | I | I | 1 O O H < H
E E X 2B
Doror = Q 0 E
.................................. o B a0

oOpa3oBaHme

o
s
I
o
@)
Q
t
>
K
=
T
)
=
o
=
>
Q
o,
=
=
3
ani
=)
=
@]
=
=
=
Q
%
=
ani
)
=
o
=
P
O
o,
=
e~
Q
o,
I
Q
o
=
~
<
4

CD.

3 CM U NOCTPOU KBAJApaT, CHMMET-
5. Beipexu u3 Oymaru Mojeinu CIeAyrmmX (Uryp: mapajjiesiorpamM,

17}
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ABCD co cTopoHO
PUYHBIN €My OTHOCUTEIBHO CTOPOHBI

w

(V)

CyH KBagpar
ux ocu cuMmMmeTpun. Hapucyii ocu cuMMeTpun 3Tux GUryp Ha 4epTexe.

MPSIMOYTOJIBHUK, pOMO, KBaJIpaT, TPEYTOJIbHHUK C TIPSMBIM YTJIOM, Tpe-
OJILHUK 0€3 IMPSAMOro yIiia, Kpyr — 1 ¢ IOMOIIBIO IIEpEern0anus Halau
9
4 JL.T. Ilerepcon. Yue6uuk. Marematuka. 2 kinacc. M3a-Bo «lOBenTa». 2013.
>JLT. [Terepcon. YueOnuk. MaTtematuka. 3 kimacc. M3a-Bo «lOBenTa». 2012.
® Tam xe.




6. ITocTpouTh OKPY>KHOCTb, CHMMETPHUUHYIO JJAHHOW OTHOCUTENHHO a) 1IEH-
Tpa O, 0) IpsIMOH a.

7. loctpoutb 0Tpe30k A’B’, CAMMETPUYHBIN TaHHOMY OTpe3Ky AB: a) 0T-
HOCHUTEJIBHO cepenHbl M O0Tpe3Ka, OTHOCUTENIBHO OJHOTO M3 KOHIIOB
JAHHOTO OTPE3Ka, OTHOCUTENIBbHO TOUKH Og AB, 6) OTHOCUTEILHO Cpe-
JUHHOTO MEPIEeHIUKYIsIpa JaHHOTO OTpe3Ka AB, OTHOCUTENBHO Mpsi-
MOM, IPOXOJIAIIEH uepe3 Touky B, oTHOcuTenbHO npsamoit /ndB=ag.

8. Pa30eiiTe MHOXKeCTBO OyKB asipaBrTa HA KJIACCHI OYKB IO CIACAYIOIINM
XapaKTEPUCTUUECKUM CBOWCTBAM: a) MMEIOLIUX IIEHTP CUMMETPHH,
0) UMEIOIIMX LEHTP CUMMETPUH KaKOTro-1100 nopsjika n#1, B) umero-
IIMX OCh CHMMETPHH, T') UMEIOIIUX HECKOJIBKO OCEH CUMMETPHHU.

IIpuao:xenne 1. Hekoropnle cBeeHus 0 MapajieorpaMmmax’

Huxe BHUMaHUIO yuTaTens OyJeT MPeACTaBICHO HM3YyYEeHHE MHOXKe-
CTBa MapajuleJorpaMMOB, COJeprKallee BHYTpH ceOs MOAMHOKECTBA POM-
O0B, IPSIMOYTOJIBHUKOB M KBapaToB. CaMOCTOATENBHO CTYJ€HTaM HEO0XO0-
JIMMO MOBTOPUTH TEMY «TPEYTOJIBHUKH», TEMY «OKPYKHOCTb U KPYI».

OO0mue cBoOiiCTBAa MapajjieJIOTPaMMOB

Ilapannenozpamm — 4YETBIPEXYTOJIBHUK, Y
L KOTOpPOr0 MPOTHUBOIIOJIOKHBIE CTOPOHBI IOIAPHO

YUTCS, €CJIM KaKuhe-HUOyAb JIB€ MapasuiebHbIe
npsameie KL u MN nepeceub AByMS IPYTrMMH Ia-
Puc.1 pasuienbHbIMU TIpsiMbIMU PO u RS.
CBOICTBA CTOPOH U YIJIOB MapaJuieaorpaMma
Bo ecakom napannenoepamme (ABCD, puc.2) npomueononosichvie
CMOPOHbBL PABHBL U NPOMUBONOJIOJNHCHBIE )2/l PAGHDL.
> L [IpoBens auaroHans BD, moiayuum aBa Tpe-
yroineauka ABD u BCD, xoTopble paBHbI, TOTOMY
</ 4yTO0 y HUX BD — 00111as cTopoHa, +I = s4u 2 =3
(KaK HaKpecT Jexallue Mpu NapajyieiabHbIX Mps-
MbIX). M3 paBeHCTBa TPEyroAbHUKOB CIEIYET:

N
B B/ C/ o TapauiesbHBbL.
A / o / [Tapannenorpamm (ABCD, puc. 1) nony-
VAW

Puc.2

7 Martepuait 3aMMCTBOBaH U3 KJIACCHYECKOM TuTeparyphl 1o MateMaruke: A. I1. Ku-
ceneB. JneMeHTapHasa reometpusi. Knura pis yunrens. — M.: [Ipocsemenue, 1996.
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AB=CD, AD=BC wn +A=.C. [IpoTuBONOJIOKHbIC YIIIbl B 11 D TakXe paBHBbI,
TaK KaK OHU MPEACTABISAIOT COO0M CyMMBbI PaBHBIX YIJIOB.

3amedyaHnue. PaBeHCTBO MPOTHUBOMOJIOKHBIX CTOPOH Mapajuiesio-
rpaMMa MHOTJA BBIPAXAKT JIPYTUMHU CIIOBAMU TaK: OTPE3KH MapaJljiesib-
HbIX, 3aKJII0YeHHbIE MeKIY MapajlieIbHbIMUA, PABHBI.

Cneocmeue. llapannenvruvie npsamvie (AB u CD) ge3de oounaxoso
yoanenvl 00Ha om Opy2oil.

JleficTBUTENHHO, €CITM M3 KaKUX-HUOYIb ABYX Touek M u N mpsimMoit
CD onyctum Ha AB nepnenaukyisipet MP u NQ, TO 3TH NIEPIEHAUKY ISP
napajuieabHbl 1 otoMy purypa MNQP — mapasnnenorpamMm; OTCIoia ciie-
nyet, yTo MP=NQ T.e. Touku M 1 N 0AMHAKOBO yJaJICHbI OT npsiMou AB.

JIBa npu3HaKa napauiesorpaMMoOB

Ecau 6 uemwvipexyzonvruxe: 1) npomueononodicusvie cmoponsl pasHbul
unu 2) 06e npomueonoI0ICHbIE CHMOPOHbL PABHLL U NAPAIENbHbL, MO MAKOU
Yyemuvlpexy201bHUK eCb NapalelocpamM.

1. ITycts purypa ABCD (puc.3) ecTb YETBIPEXYTOJIBHUK, Y KOTOPOTO
AB=CD u BC=AD.

TpeOyercs gokaszarb, 4TO 3Ta QuUrypa — mna-
pannenorpamm, T.e. AB||CD n BC||AD.
[IpoBenss guaronans BD, nonyuuMm JBa Tpe-

yTOJbHUKA, KOTOPBIE PAaBHBI, TaK KaK y HUX BD — 00-
mas cropona, AB=CD u BC=AD (1o ycnosuto). 13
paBeHCTBA ux cieayert: 21 = 24 u 2 = +3 (B paBHBIX
TPEYTroJIbHUKAX MPOTUB PABHBIX CTOPOH JIEXkKaT paB-
Hble yTJbl); Beieactsue 3toro AB||CD u BC||AD Puc.3
(ecyiv HAKPECT JIeXkalIUe YIIIbl PaBHbI, TO MPAMbIE Ma-
paJlICNIbHbI).

2. Ilycte B uerbipexyroibHuke (ABCD,
puc.4) nano yciosue BC=AD u BC||AD. Tpebdyercs

N0Ka3aTh, 4T0 ABCD ecTb napaminenorpamm, T.€. 4To
AB||CD.

Tpeyronsuuku ABD u BCD paBHbI, IOTOMY
4yT0 y HUX BD — 006mas ctopona, BC=AD (1o ycio-
BUIO) M 22 = £3 (KaK HAKPECT JIKALIUE YIIIbI IPH Puc.4
napajuienabHbiX). I3 paBeHCTBa TPEYroJbHUKOB Clie-
nyet: 1 = 24, noatomy AB||CD.
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Csotlicmeo ouazoHanell napauileao2pamma
B napannenoepamme (ABCD, puc.5) oua-
COHAIU OeIAmCs NONOJLAM.

Tpeyronbauku BOC n AOD paBHBI, 1IO-
TOMYy 4TO y HUX BC=AD. (Kak NpOTHBOMOJIOXK-
HbIE€ CTOpPOHBI Mapajuiesnorpamma), s/ = 22 u

£3 = 4 (KaK HaAKpECT JIe)KAIUE MPU Mapaieb-
HbIX). V3 paBeHCTBa TPEYyrOJLHUKOB CIEHYyeT:
0OC=0A v OB=0D.

Llenmp cummempuu

Ecau yepe3 Touky nepecedyeHusi 1Maro-
HaJlell mapaJjuiesorpamma (duepe3 Touky O,
puc.6) mnpoBeaeM KAaKYWO-HUOYAb TMPIMYIO
(MN), To 3Ta MpsiMasi nepece4yerT KOHTYpP Na-
paJjiesiorpamMMma B ABYX Toukax (P u Q), cum-

METPMYHBIX OTHOCHTEJIbHO TOYKH Iepecede-
HMS JUATOHAJICN, T.€. B IBYX TAKHUX TOYKaX, KO-
TOPBIE, BO-NIEPBBIX, JIEXKAT IO PA3HBIE CTOPOHBI OT
ToYkH O U, BO-BTOPBIX, HA PABHBIX PACCTOSHUSX OT 3TOW TOUuku. [lelicTBu-
TeIbHO, TpeyroibHUKU OAP u OCQ paBHbl, Tak Kak y HUX AO=0C (110
CBOMCTBY JMaroHajeu MapajuiesiorpaMma), yriabl Mpu OOINell BepIlnHE
O paBHbI (KaK BepTUKaIbHbIC) U «] = 2 (KaK yribl BHYTPEHHUE HAKPECT
JeXallue MpU NapauiesbHblX). M3 paBeHCTBAa 3TUX TPEYrOJIBHUKOB Clie-
nyet: OP=00Q.

Ecnu B kakoit-HuOy b (hurype cymiecTByer Touka, odJagaronias yka-
3aHHBIM CBOMCTBOM, TO TakKas TOYKAa HA3BIBACTCS UEHMPOM CUMMEMPUU
3TOU (PUTYpHI: 3HAUUT, B NApaJLIeJIOrpaMMe TOUYKA NepecevyeHusi ero mua-
roHaJjIel ecTb UEHTP CHMMETPHH.

Ecnu ¢urypy, UMeroiyto IeHTp CAMMETPHUH, IIOBEPHEM BOKPYT 3TOTO
nentpa Ha /80°, To purypa COBMECTUTCS C €€ MPEKHUM MOJ0KEHUEM, TaK
KaK BCSIKUE€ JIBE CUMMETpUYHbIe ToukHu (Hanpumep, P u O, A u C) nocie
TaKOTr'0 BPAILLICHHS IOMEHSIOTCS. MECTaMMU.

CumMMeTpHsi OTHOCUTENBHO LIEHTPA HA3BIBACTCS UEHMPAIbHOU CUM-
METPUEH B OTIIMYUE OT CHMMETPHUU OTHOCUTEIILHO OCH, HA3bIBAEMOU 0CE601l
CUMMETPHUEH.
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Oco0Oble ¢popMbI Napa/LIEJIOTPAMMOB: MPSIMOYTOJIbHUK,

poMO U KBaapar

IIpamoyeonvHuxom Hazvieaemcs napaiieno-
epamm, y KOomopozo éce y2iivl npamole.

Tak kak TPSMOYTOJIBHUK €CTh Iapasjieso-
rpamMM, TO OH 00J1aJ]aeT BCEMHU CBOMCTBaMU Tapai-
JejorpaMma; HampuMmep, TUaroHajau ero JemsTCs
MornojaM M TOYKa WX MEPECEUCHHs] €CTh LICHTP
cumMmeTpuu. Ho y mnpsIMOyrojibHMKa €CTh €Ile
CBOM 0COOBIE CBOMCTBA, KOTOPHIC YKAXKEM B CIICITY-
IOIIKX JIBYX TEOpEMax:

1. B npamoyeonvruxe (ABCD, puc.7) oua-
2OHAIU PABHYI.

[IpsamoyronbHbie TpeyroibHUKU ACD v ABD
pPaBHBI, IOTOMY 4TO Y HUX AD — o0l KaTeTr u
AB=CD (kax IpOTUBOIIOJI0KHbIE CTOPOHBI Mapai-
nenorpamma). W3 paBeHCTBa TPEyroJIbHUKOB
cinenyetr: AC=BD.

1. IlpamoyeonvHuk umeem 06e 63AUMHO Nnep-
NEHOUKYIAPHbIE OCU CUMMEMPUU, 8 YeM MONCHO
yoeoumuvca uz paccmompenus puc.§.

Pom0oM Ha3bIBaeTCs MapajiesiorpamMmm, y Ko-
TOPOTO BCE CTOPOHBI paBHBL KoHeuHO, poMOy TipH-
HaJIeKaT BCE CBOICTBA MapajuieiorpaMMa, HO Y
HETO €CTh €IIIe CIEeYIOUE IBa OCOOBIX CBOMCTBA:

1. Jluaconanu pomba (ABCD, puc.9) e3a-
UMHO NePNeHOUKYIAPHbL U Oelsm Y2ibl pomoa no-
noJam.

Tpeyronsuuku ABO u BOC paBHbI, TOTOMY
yto y HMX BO — o0mmas ctopona, AB=BC (Tak kak
y pom0Oa Bce cTopoHbl paBHbl) 1 AO=0C (TaK Kak
IMaroHaau BCSKOTO MapajieorpaMma JeisTCs
nornonam). M3 paBeHCTBA TPEYTOIbHUKOB CIIEYET:
+1=,2,1.6. BD1ACn £3=/,4, 1.€. yroa B nenurcs
IUaroHanabio mnomnosiam. M3 paBeHCTBa TpPEyrolib-
HUKOB BOC u COD yBuum, uto £C enuTcs aua-
TOHAJIBIO MOMOJaM U T.]I.
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2. Kaocoas ouaconanvy pomba ecmov e2o B
0Cb CUMMEmMpPUU.

Huaronans BD (puc.10) ecTb oCh cUM-
metpuu pomb6a ABCD, notomy 4To, Bparias
AABD Boxpyr BD, M0OXeEM COBMECTUTH €O C
ABCD. To xe camoe MOXHO CKa3aTb O Jua-
ronanu AC.

Keaopam MOXHO ONpENEIUTh pas-
JUYHO: WJIK ATO TapajuiesiorpamM, y KOTo-
pOTO BCE CTOPOHBI PABHBI U BCE YTJIbI M-
MBbIE; WX 3TO MPSIMOYTOJIBHUK, Y KOTOPOTO
BCE CTOPOHBI PABHBI; HAKOHEII, TO pOMO, Yy
KOTOPOTO YTJIbI IPSIMBIE.

[TosToMy KBaapaTy mpUHAIJIEKAT BCE
CBOMCTBA TapajuiesorpaMma, npsiMoyTosib-
HUKa u pomOa. Hampumep, y kBagpaTa nume-
I0TCS 4YeThIpe ocu cumMmerpuu (puc.ll):
JIBE, TIPOXOJISIIHNE Yepe3 CEPEAUHBI MPOTH-
BOIIOJIOKHBIX CTOPOH (KaK y MPSMOYIOJib-
HUKA), ¥ JIBE, IPOXOAIINE YEPE3 BEPIIUHBI
MIPOTUBOTMOJIOXKHBIX YIJIOB (Kak y poM0a).

Puc.10

Puc.11

IHapaanensHoe nepenecenme. Ilyctp
naHa Kakas-HuOyab ¢urypa F (Hanpumep,
TPEYTOJIbHUK, puc.12) U HA HEH B3STHI JABE

MPOU3BOJIbHBIE TOUKU A U B. BooOpazum, ;
yTO 3Ta (urypa ABWKETCA (HAmpumep, B
CTOPOHY, YKa3aHHYI CTpEJIKOH) 10 TOM
IJIOCKOCTH, HA KOTOPOU OHA PACIOJIO0XKEHA, Puc.12
TakuM 00pa3oM, uTo ee Touku A u B (cineno-

BATEJILHO, U BECh OTPE30K AB) CKOJIB3AT M0 HEMOABUAKHOU IPSIMOU X, PO-
XOJISIIeH Yepe3 3TH TOUKHU, IpUUeM He u3MeHsieTcs Hu ¢opma Gurypst F,
HU BennuuHa ee. [Ipumep Takoro nBuxkeHUs HaOI0AaeM, KOTIa JJisl pOBe-
JICHUS TEPHEHINKYJISPHON WM IMapajuIeIbHOM MPSIMOW 3aCTaBIISIEM 4ep-
TEKHBIN TPEYTOJIbHUK CKOJIB3UTh OJJHUM CBOMM KaTE€TOM I10 KParo JINHEUKH,
YIAEPKUBAEMOUN HETIOJBUKHO.
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Pa3psicHum Tenepsp, 4TO MpHU TaAKOM
JBH>KEHUU (DUTYpPHI [ BCE €€ TOUKHU JIBUra-
IOTCS B OJTHOM U TOM K€ HaIlPaBJICHUHU 110

NPSIMBIM, TIAPAJUIEIIbHBIM TOW HEMOABUK-
HOU MPSIMOU, MO KOTOPOM MPOU3BOJUTCS
CKOJIB)KEHUE, U TIPU 3TOM MPOXOJAT MyTH

O)IHHaKOBOﬁ JJINHBI.

BosbmewMm, Hanpumep (puc.13), kakyro-HuOyb Touky C U COeIUHUM
ee npsamoii ¢ Toukoit 4. Ilyctb oTpe3ok AB nepemecTuTcs (CKOJIbXKEHUEM
BI10J1b Xp) B nosoxenue A'B'. Torga otpe3ok CA nepeMecTuTcst B HEKOTO-
poe nosioxkenne C'4', mpuueM He U3MEHUTCA HU JJIMHA 3TOTO OTPE3Ka, HU
BEJIMYMHA yTJia &, 00pazyeMoro um ¢ AB.

3Ha4uT, B yeTbipexyroibHuke AA'C'C 1Be TPOTUBOIIOIOKHBIE CTO-
poHbl A'C' u AC 6yyT paBHBI U TApAIIEIBHBI, TO3TOMY YETHIPEXYTOIBLHUK
3TOT OKAXKETCA MapajuieJorpaMMOM (CM. OINpENeNIeHUE MMapauiesiorpaMmma)
u, 3Ha4uT, CC’=AA'u CC'||AA'. Takum obpa3om, Bcsikas Touka C QUrypsl
F nepemMemiaercst o npsiMO, apajuieIbHON JIMHUU CKOJIBKEHHUS, U ITPOXO-
JIUT MyTh, paBHbIA yTH AA".

Takoe nBmwxkenue Gurypsl F, mpu KOTOPOM BCE €€ TOYKH NepeMeria-
I0TCS 110 MPSAMBIM, MApaUICIbHBIM HEKOTOPOW HEMOABUKHOW MpsiMOM (T10
KOTOPOW MPOU3BOJUTCS CKOJIBKEHUE), HAa3bIBACTCS HaApaiileibHblM nepe-
HeceHuem (U nepeHoCHOll cummempueil, cM. mao.. eéviuie).

[Ipu napamiensHoM nepenecennu Gpurypsol F Besikas ee npsimast MIN
(puc.14) nepenocurcs nmapajieJIbHO caMoit cede.
HenctBurensHo, eciu MN tiepeHeceTcs: B
nonoxxeane M'N', TO YeTBIPEXyTOJbHHUK
MM'N'N nosxeH ObITh Mapajjieaorpam-
MOM, Tak kak nytu MM' n NN' nmapan-
JEeNbHBl W paBHBI; CJIENOBATENbHO,
MN||M'N'. Koneuno, ecnu nipsimas (Hampu- !
Mep, PQ) napasienbHa JIMHUU CKOJIbXKEHUS,

TO OHA IIPHU JBWKCHUU CKOJIB3UT BIOJIb Ca-
MOi1 ceosl.

Puc.14

23



Hpunoxenue 2. IlpakTudyeckas padora «Moaesb MPSIMOro0 yrja

Ecnu u3 gaHHOM TOYKM NPOBECTHU MO JJMHEUKE MPSAMYIO JIMHUIO, TO TO-
JYyYUM F€OMETPUUECKYIO (PUTYPY, HA3BIBAEMYIO JIYYOM.

Ecnu mpoBecTu n1Ba y4ya U3 OJJHOM TOYKH, TO A3TH Jy4H OrpaHUAYaT
4acTh Tiockocth. [Ipu aTOM 00paszyercst reomeTpudeckas Gurypa, Ha3bIBa-
emMas yriioMm. B 3ToMm ciydae yroia — 3TO 4acTh MJIOCKOCTH, OTPAHUYECHHOMN
JIBYMSl JIydamMH, UCXOIAIIMMHU U3 OJHOW TOYKH, HA3bIBAEMOW BEPIIMHOU
yria.

Mojiesib IpsAMOTO YIJia IETHU MOJIYYarOT, BBITOJIHAS MPAKTHYECKYIO pa-

6oty. Kaxkiomy U3 HUX JAarOTCS JIUCTHI OyMaru pa3HbIX pa3MepoB C HEPOB-
HBIMH KpasiMu. B cepenuHe nvcra cTaBUTCS Touka. JleTH TOJDKHBI CIIOKHUTh
JHCT TakK, YTOObI TMHUS CrubOa MpOIIIa Yepes3 3Ty TOUKY. 3aTeM OHU ellle pa3
CKJIaJIbIBAIOT JIUCT TaK, YTOOBI YaCTH JIMHUU CTHOA COBMECTUINCH. Opranu-
3ysl IEATENBHOCTh YYaIIUXCs, YYUTEIh CaM MOXET JIEMOHCTPUPOBATH UM
croco6 aeiicTBus. B pesynbTaTe morydautcs Moies mpsmoro yria. Bee mo-
JIeJIA, U3TOTOBJICHHBIE YUAITUMUCS, HAKJIAbIBAIOTCS APYT HA ApyTa U Jiefa-
€TCsl BBIBOJI, YTO BCE MPSIMBIE YIJIbI PaBHBI MEXY COOOiA.

Co3zHarenbHOE TPEJICTABICHUE ATUX JACHUCTBUI TpeOyeT MpaBUIbHBIX
Ipe/ICTaBICHUH 0 BenunHe yria. s 3Toi 1e MOKHO BOCTIONb30BaThCS
TOJIBKO MTPUEMOM HAJIOKEHUS U MPEJCTaBICHHs IeTeH O JTyye.

C Mozenpi0 OpsIMOTO YIila MIKOJbHUKH BBIMOJHSIOT pa3iHyHbIC
yIpaXHEHUS: HAKIAABIBAIOT 3Ty MOJIEbh Ha YTJIbI, TETPaJH, KHUTU U yOex-
JIAIOTCS, YTO ITH YIJIBI MPSMBIC; CTPOAT MPSMBIE YTIIbI HA KJIETYATOU U He-
JUHOBAHHOM Oymare. Y YeHUKH HaXOAST NPSMbIE YTIIbl HA PA3IMYHBIX MPE-
meTtax. HeobxonuMo CTpouTh NpsiMble YIiibl B PA3IUYHOM IOJIOKEHUH Ha
TUIOCKOCTH. JJ1s1 3TOr0 pa3faaroTcsl TUCTOYKH C HAaYePUYEHHBIMHA HA HUX JTy-
YaMHu U MOpeJjiaraercsl MpoBECTU POBHBIE JTy4H TakK, 4TOOBI 00Opa30BAMCH
IpsIMbIE YTIIbl. YUaluecs CTPOSAT UX IPH MOMOILY MOJIETH MPSMOTro yria u
IIPU IOMOILU YEPMENCHO20 MPEY20IbHUKA.

VYuyamuecss Takke MOTYT MCIOJb30BaTh nporpammy GeoGebra miis
MOCTPOCHHUSI MPAMBIX YIJIOB. OHU MOTYT yOEIUThCS B PABEHCTBE MPSMBIX
YIJI0B MEXKIY COOOU MyTeM CMELIEHUS.
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Ipuio:xkenne 3. [lpumepsbl negaroru4ecKux NPUEMoB

Ne Ha3zBanue XapakTepucTuKa IIpumeuanue
NeJaroru4ecKkoro
npuemMa
ITocTanoBKa Heell (MOBbILIEHNE HHTEPeca K yueOHOMY MaTepuaJy)
1 |YnuBnsai Yuurens HaXOIUT PaccmarpuBaem oTo, Ha KOTOPBIX
YTOJI 3peHHUS, TIPH KO- |M300pakeHbI MOJOBUHKA 0a00YKH,
TOPOM J1a’ke OOBbIICH- |TOJIOBHHKA CHEKMHKH, MOJIOBHUHKA
HOE CTAaHOBUTBCS YJU- [UEIOBEKA, TOJIOBUHKA MAILIUHBI, TO-
BUTEIIbHBIM. JIOBUHKA 30HTHKA.
PebsiTa, Kak BbI 1yMaeTe Kakue
MpPEeAMETHI 316Ch N300PaKEHBI?
Yero He xBaTaer?
2 |®aHTacThyecKas Yuutens nononHser |(Ha ypoke repoit Bunnu Ilyx. On
no0aBka peasbHBIE COOBITHSI  |CTPAHHO BBITIIAIUT. MeIBEKOHOK
baHTacTUKOMN XOJIMJI 32 MEJIOM, U €r0 IOKYyCalln
nmyensl. Tenepp meka ciesa npu-
myxJia, HaJ| TJ1a30M CIIpaBa IIUIIKa.
PeGsita, MBI JOMKHBI TOMOYB
Bunnu I1yxy.
OO0bsicHeHHe HOBOT0 MaTepHaJia
3 |[IpakTUYHOCTH Benenue B Teoputo  |Pebsita, BO3bMUTE B PYKH KapaH-
TEOpUH yaurtens ocymiectB-  |nami. [TonpoOyiite yaepxaTh ero Ha
JISIeT yepe3 MpaKTUie- [KOHYMKE Majbla TaK, 4YTOObI ero Jie-
CKYIO 3aJ1auy, 1I0Jie3- (BbI€ U MpaBbl€ YacTU (OTHOCH-
HOCTh PEIICHHS KOTO- [T€JIhHO Mayiblia) ObUIN HA OJTHOM
pOi1 OueBHIHA YPOBHE.
Br1 Hanm Takoe moiaokeHue, Ka-
paHJan IepKUTCA Ha OJHOM TOUKE.
DTO UEHTP CUMMETPHUU KapaH/allia.
4 |I[IpocmoTp BU- 1. 6e3 3amanus [IpencraButh BUI€O: CUMMETPUY-

neodparMeHTOB 110
U3Y4aeMbIM TEMaM

2. C 3aJlaHUEM JI0 TIPO-
CMOTpa

3. ¢ 3aJaHHUEM I10CIIe
MpoCcMoTpa

HBIE APXUTEKTYPHBIE COOPYKEHMUS,
YKUBOTHBIE, ITULBI, TEXHUKA, OTpa-
YKEHHE B BOJIE, APYIOE.
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3akpensieHne N3y4eHHOT0 MaTepuaJia

5 (IloBTOpsieM co YYeHUKH COCTABIISIIOT | YUEHUKH | psija cCOCTaBIAIOT U 3a-
B3aUMHBIM KOHTPOJIEM [CEPUIO KOHTPOJIBHBIX |JAIOT BOIPOCHI YYEHUKaAM 2 pslia U
BOIIPOCOB K U3Y4YEH- |[HA00OPOT
HOMY Ha YPOKE Mare-
puaiy.
6 ([ToBTOpsieM ¢ Yyenuku coctaBisitoT [CeroHss Mbl U3YUUIIH TEMY CHM-
pacimpeHuemM CEpHIO BOIIPOCOB, J10- |[METpHs mpsaMoyroibHuka. Kakue
TIOJTHSIONIMX 3HAHUS  [BOIIPOCHI MOXHO 33J71aTh O GuUrype,
OTJINYHOM OT MPSAMOYTOJILHUKA,
YTOOBI BBISICHUTh CHMMETPHUYHA JTH
OHa
7 |CBou nmpuMepbI Yuenuku noaroraB- |Kmacc Moxet ObITh pa30oUT Ha
JUBAIOT CBOM TPH- TPYIIIbI, KaXKIask U3 KOTOPHIX MOJY-
MEpbl K HOBOMY Mate- [4aeT CBOE 3aJlaHKe, HAlIpUMep, pac-
puaiy. CMOTPETh OCH CUMMETPHUH 1J1 Pu-
ryp:
1 — TpeyroyibHUKH,
2 — 4eTBIPEXYTOJIbHUKY, 3 — KPYTH
8 |Munu — pacckas 1. CoctaBb MuHHM pac- [YT0 MbI cerofHs y3Hanu?
CKa3, UcoJib3ys Tep- |C KaKMMH MOHITUSMHU TO3HAKOMU-
MUHBI U3 CITUCKA, a JINCH?
TaK ke ciaoBocoyera- |([[oaroToBb OTBET MO MPOBEICH-
HUS «TaK KaK», «II0- [HOMY HCCJICIOBAaHUIO O CHMMETPHUH
TOMY YTO», «CJ€eI0Ba- |(PUTypbI
TEJIbHOY, «ECIU - TO»,
U pacckasaTh B KJlacce
JlomamniHee 3aganue
9 |TBopuectBO paGoTaeT |YueHUKH BRIMONHAIOT ([Ipuaymaii cBoM cUMMETpUYHbIE
Ha Oymymiee TBOpUYECKHE JoMall- |(Qpurypsl.
HHUeE 3aaHus 1o u3y- |([Ipuaymail pucyHok-3arajky Ha J10-
YEHHOMY MaTepHually |pUCOBbIBAHWE CUMMETPHUYHBIX 3JIe-
MEHTOB (PUTYPBI AJI OJHOKIIACC-
HUKa
HUrpsi
10{«/la-HeTka» Yuutenp 3arajibiBacT |YUYUTEb 3araJibiBA€T CAMMETPHUY-

HEUYTO. YUCHUKH IIbI-
Tar0TCsI HAWTHU OTBET,
3aJ1aBast BOIIPOCHI.
Vuurens oTBeUacT
TOJBKO /A - HET

HYI0 QUTYpy. YUEHHKH 33JJal0T BO-
IIPOCHI O CBOMCTBaX (DPUTYpPHI, TOKA
HE OTraJaroT
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11{Urpa «Tperun HabGop u3 paznuunbix |3agaya: OonpeaesuTh JUIIHETO U
JTUILIHUI (Guryp: MHOroyroib- |00OBsCHUTH BEIOOD, WIIM CO3/ATh 3a-
HUKH, OBaJIbl, KPYTH, |JaHUE U 3arajlaTh OJHOKJIACCHUKAM.
3BE3/104KH, CHE- 3ananue: B nepByro KopoOouKy mo-
KUHKH. HeoOXxoaumo |7105%ku pUrypsel, KOTOpble UMEIOT OCh
yOpartb JuIHee CUMMETPHH, BO BTOPYIO — BCE
ocraBmwmecs purypsl. Omnumm,
Kakue (Urypbl OKa3ajluch BO
BTOPOI KOPOOOUKeE.
Onpoc
12|Onpoc no uenouke  [BoicTymiienue onHoro |Yuutens npeajiaraet Gurypy asns

Y4YEHUKa MPEPHIBACTCS
B JIIOOOM MeCTe U Tie-
penaercs apyromy. U
TaK J10 3aBEPILECHUS

aHaJn3a €€ CBOMCTB U CUMMETPUH.

13|{HUrpa-ompoc Wrpel o tuny Tene- |Yuurtenb cO34a€T KATETOPUU BO-
BU3HOHHBIX LIOY npocoB (1o ¢urypam). Konuuecto
0aJIIOB OMPEEIACTCS CIIOKHOCTHIO
BOIIPOCA.
14|IIpe3enTarus NunuBunyanbHbie ['pynmnoBo# mpoeKT — uccieaoBa-
WJIU TPYNIIIOBBIC TIPe- |HUE CUMMETPUH B apXUTEKTYpe,
3€HTAIlUU C ICMOH-  [pacTEHUSX, )KUBOTHBIX.
CTpauuen pe3ynbTa-
TOB MPOEKTA
15 |Jlornueckas nenouka. |Yuammecs nonydarotr ([Ipumep dpas (yxe npuBeaeH B Mpa-

et ¢ ppazamu. Ux
HE00X0JIMMO BBICTPOUTH
B IETIOYKY C MPUYNHHO-
CJIEICTBEHHOU CBS3bIO.
Yro0bI KaXKIas
npeasiaymas ¢ppassl
ObLTa IPUYKUHOM
MOCTIEAYIOLLIEH.

BUJILHOM Mopsake): 1. 5 HapucoBan
IpsIMOYTOJIbHUK. 2. S Haten cepe-
JTUHBI TPOTUBOMOJIOXKHBIX CTOPOH. 3. S
MOCTPOUIT IPSIMYIO Yepe3 CEPEIUHBI
IPOTUBOINOJIOXKHBIX CTOPOH. 4. S co-
THYJ JTUCT OyMaru BIOJb IPSIMOM. 5.
Yactu npsMOYToIbHUKA COBIAM. 6.
Most ipsiMast IBISIETCSI OCBIO
CUMMETPUHU NMPSIMOYTOJIbHUKA.
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PA3JAEJI «TEXHOJIOT' U

HpuHuunsl 3pPeKTHBHOI0 NPUMEHEHUS TEXHOJIO0IMH
NpPH NPENoAABAHNN H H3YYEHHH MATEMATHKH®

OaHUM U3 CaMbIX MOIIHBIX (PAKTOPOB COBPEMEHHOTO Pa3BUTHUS MaTe-
MaTUKHM KaK HAyK{ W NPENOJaBaHMs MATEMATUKH KaK y4€OHOTO MpeIMeTa
SBJIAETCS IPUMEHEHHE HOBBIX TEXHOJIOTHI. [I[puMeHeHrne KOMIIbIOTEPOB CO-
JMEHCTBOBAJIO CO3/IAHUIO COBEPIIICHHO HOBBIX O0JacTeld MmaTeMaThku. B 00-
Pa30BaHUM HOBBIE TEXHOJIOTUU NOBBICWIIA 3HAUEHUE HEKOTOPBIX UJIEH, cle-
JaJy pelieHue psia 3a1a4d u npoosiem 0osee T0CTymHbIM, Jall HOBbIE CIO-
coOBbI MIpeACTaBICHUsI U pabOThHl C MaTeMaTUYeCKo nHpopMaluen, mpeao-
CTaBJIsisl BO3MOKHOCTh BHIOOpA COJIEPKAHUA U MEJAarOTHYECKUX MOIX0/I0B,
KOTOpPbI€ Mbl HUKOT/Ia HE UMEJIU paHee.

OpHako He Bce, UYTO BO3MOXHO TEXHUYECKHU, CIECYET OCYIIECTBISATh
Ha npakTuke. Ha nponecc 00yueHus OKa3blBalOT BIMSHUE MHOTHE (PaKTOPBI.
Wx cucteMa BKIIIOYAET B ceOs mpernoiaBaTesieid, TEOpuu 00yUyeHus U MOHsI-
TS, POAUTEIIECH, ydeOHbIE MPOTPAMMbI, HHTEPECHI U CTPEMJICHUS YYalIuXcs,
pecypcehl, KyJIbTYPHBIE OKUIAHUS, TEXHOJIOTMH U MHOro€ apyroe. MoxHo
MHOTO TOBOPUTH 00 3THUX (haKTOpax, OJHAKO BIUSHUE KAXKIOTO M3 HHUX
HEJIb3$ MOJTHOCTHIO MOHTH BHE CBS3U C IPYTUMU. DTO 0COOEHHO OTHOCUTCS
K TEXHOJIOTUH, YTO YACTUYHO OOBSCHSET TOT (PAKT, UTO HE CYLIECTBYET 00-
HICTIPUHATOTO MPEACTABICHUS 00 ONTUMAIBHOM NMPUMEHEHUN TEXHOJOTUU
B yueOHOM mporecce. bosee Toro, Bompoc 3akitoyaeTcs 1axe He B TOM, Ka-
KO€ MPOrpaMMHOE 0OecTieueHre Wik TEXHUYECKUEe CPeACcTBa IPUMEHUTD, a
B TOM, KaK Ta UJIM UHAasl TEXHOJIOTUS OyieT padoTaTh B paMKaxX KOHKPETHOU
y4eOHOM TUCIUIUIMHBI, BIUIOTh 10 PACCMOTPEHHUS TOTO, KAKOE BO3/IEHCTBHE
OTJIETIbHBIE BOMPOCHI OKAa3bIBAIOT HA KOHKPETHOTrO yyaiierocs. Kaxxaplil Bo-
POC SIBJSIETCA YHUKAJIbHBIM, U TO, HACKOJIBKO OH 3()PEKTUBEH U YMECTEH,

8 Based on Goldenberg, P. (2000). Thinking (and talking) about technology in
math classrooms. In Issues in Mathematics Education. Education Development Center,
Inc. Retrieved from: http://www2.edc.org/mcc/pdf/iss_tech.pdf.
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CIIEZTyeT OIEHUBATh B KAXKJIOM KOHKPETHOM ciiydae. BaxkeH oTOop maTepu-
ajia ¥ Kak chopMyITupOBaHbI 33/1a4M, a HE TO, C MMOMOIIBI0 KAaKKX TEXHOJIO-
I'Mii OHM pemaroTcs. PemeHue 3amauu ¢ MCMOJIb30BaHUEM KOMIIBIOTEPA,
PaBHO KaK W peIIeHHEe Ha Oymare, MOXKeT ObITh 3(P(HEKTUBHBIM, a MOXKET
IIPOCTO OTHSTH y Bac BpeMs.

Vcrionb3yst HOBBIE TEXHOJOTHH MBI HMEEM BO3MOYKHOCTh CJI€1aTh BbI-
O0p cpeau MHOXKECTBA 3a7a4 M KakuM 00pa3oM OHH OYIyT MPEACTABICHBI.
HekoTtopsie 3amaun CIUIIKOM TPYIHBIE 7S pemieHus Ha Oymare. Hekoto-
pBie 3amauu TPEOYIOT SKCIEPUMEHTAa ¢ MAaTEMAaTHYECKHUMH OOBEKTaMU |
HaOJFOZICHUS 32 peakiuel ’TuX 00bekToB. HexkoTophie 3agaun TpeOyOT BH-
3yaJbHOTO TIPEICTABJICHHS B BUE IPaUKOB, JUATPAMM, TEOMETPUUECKUX
buryp, IBUKYIMUXCA 00bEKTOB B KaU€CTBE OTBETOB HA BOMPOCHI YHAIIUXCS
WM B BUJIE KOMaH]I.

[To TompaenOepry (Goldenberg) (2000), cymiecTByeT HECKOJIBKO
IPUHITUTIOB 3 (PEKTUBHOTO MPUMEHEHHUS TEXHOJIOTHH:

1. Cnenyer y4uThIBaTh pa3InIHbIC POJIU, KOTOPBIC UTPAET TEXHOJIOTHSI.
HeoOxoaumMo BBIOMpATh TEXHOJOTHIO B COOTBETCTBHH C IICISMHU
ypoKa, IpUHUMAass BO BHMMaHWE KOHKPETHBIC HYKIBI KOHKPETHBIX
yqamuxcs. Microsib3yiTe KOMIBIOTEPHI JJ1s pa3BUTHS HAaBBIKOB MBIIII-
JeHus1 60Jiee BEICOKOTO Topsiika. He mpuMeHsiiTe KOMIIBIOTEPHI B Ka-
4ecTBE KapTouek Il 3anomMuHaHus. [IpocToe «go0aBiieHne» TEXHO-
JIOTUW B Ka4E€CTBE CPEJICTBA MOTHUBAIIUM MOXXET OBITh HEYMECTHO U
JaKe BPEIHO TSI poliecca 00ydeHusl.

2. 3agaym NMPUMEHEHHS! TEXHOJIOTUU JTODKHBI COOTBETCTBOBATH IIEJISIM
ypoka. [103BoJIbTe€ TEXHOIOTUH BBITIOHITH CBOIO «Pab0Ty», IPU TOM,
4910 BBI cocpenoTaunBaeTeCh Ha OCHOBHBIX MOHATHAX. Ecnm ynenste
CJIMIIIKOM OOJIBIIIOC BHUMAHUSI METOAMKAM, TPUMEHEHHUE TEXHOJIOTUU
MOKET OBITh HEeONpaBIaHHO. [I[puMeHeHnEe TEXHUUECKUX CPEJICTB HE
JOJKHO OTBJICKATh OT TJIaBHOTO.

3. AHanu3 mpoiiecca, a He MPOCTO 3alOMUHAHWE, MOXET OBITh ecTe-
CTBEHHBIM ITyTEM K IOHUMAHUIO TJIaBHOM ujier. TeXHOIOorus, KoTopas
3aTyIIEBbIBACT JCTAIM W IMEePECKaKWBAaeT K BhIBOJAM, HE NMPUHOCHUT
MOJIB3bI. TEXHOJIOTHS JOJKHA TOMISPKMBATh MPOIECC MBIIIICHUS,
MO3BOJISITH aHATM3UPOBATh, M HE TaBaTh BO3MOKHOCTh YICHUKY TIepe-
CKOYHUTh K pe3yJbTaTy, MUHYS dTalbl pemieHus. TeXHOJIOTUs IpH-
3BaHa IMOMOTaTh YYaIIuMCs B MPOIECCE PAa3MBINIJICHUS HaJ 3aa9CH,
IIPOBEICHUS aHAIKM3a MpoIiecca, MOUCKa J0Ka3aTeIbCTB | T.]I.
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4. TexHomorus IMPpU3BaHa ITIOMOYb YUAIIUMCs PA3BUBATDH CITOCOOBI MBIIII-
JICHUS Ha BBICOKOM YPOBHC. ILOCTI/IFHYTOC B KOHCYHOM HUTOI'C MBIIIJIC-
HHUC CTAaHOBUTCA HE3aBUCUMbBIM OT TCXHOJIOTHH.

5. Yuamuecs q0JIKHBI OBITH OIBLITHBIMH I10JIL30BATEIISIMU TEXHUYECKNUX
CpCACTB. Onu HOJDKHBI IPUMCHATDL UX YBEPCHHO, IIOHHUMAA UX OI'pa-
HHUYCHUA U BO3MOKXHOCTH, a4 TAKKC UMCTH SICHOC IPCACTABICHHUC O
TOM, KaK MOXHO IPHMCHATb TCXHHUYCCKUC CPCACTBA JIA PCHICHUA
CJIOKHBIX 3aJda4.

TexHonoruu NpeaoCTaBIIsSIIOT OTPOMHBIE, YAUBUTEIIBLHBIC, HOBBIE BO3-
MOYHOCTH, PaCIIUPAIONIUE 00JaCTh TOT0, YEMY U KaK Mbl MOXKE€M YUYWTh.
HexoTopble HOBbIE y4eOHBIE MpPOrpaMMbl COAEPKAT BUIECHUE TOTO, Kak
MO>KHO MPUMEHSTH TEXHOJOTHH, a TAKXKE MPEAOCTABIISIIOT PECYPCHI U TOMO-
raloT yYUTEISIM PacIIupsiTh BO3MOXKHOCTH CBOOOIHOTO BJIAJ€HUSI HOBBIMU
cpeacTBaMu 00yueHus. Uto Hy>kHO aenaTh Jj1s1 3Toro? Kontponuposats us3-
MEHEHUSI, COXPAHSA SICHOE MPEJICTABICHUE O TOM, UTO MOKHO CHI€JIaTh C UC-
MOJIb30BAHUEM TEXHOJIOTUHU, YUUTHIBASI KX BO3MOKHOCTH, HO HE pacCMaTpH-
Bas UX KaK pyKoBoJsIIee cpeicTBO. [ maBHOE, 0 uem Bbl 1OJKHBI 1yMaTh —
3TO TO, 4Yero Bl XOTUTE OT y4yammxcs, IpUHUMasi BO BHUMAHUE LEIN KaX-
JIOTO YpOKa M HYXKIbl KOKJI0T0 YUCHHKA, U MIOCTaBUB IIepe]l COO0M 3a1auu,
OLICHUTE, BEAYT JIU Bac TEXHMYECKHUE CPEACTBA K PEIICHUIO 3a/1a4 WIIH OT-
BJICKAIOT OT HUX.

N3y4deHne 3jieMeHTAPHO reoMeTPHH C UCIO0JIb30BaHHEM NMPOrPaMMbI
GeoGebra

[osiBasttoLMECs: KOMIIBIOTEPHBIE IPUIIOKEHUSI, Takue Kak GeoGebra,
JAI0T BO3MOKHOCTh YUYEHHUKAM BCEX KJIACCOB MPUHSATh y4acTHE B MHTEPaK-
THBHOM, OCHOBAaHHOM Ha MCCJIEIOBATEIILCKOM IOJIX0/JI€, PEIICHUH 3a/1a4 TIPU
W3YYEHUU T€OMETPUU 1 TPOBEACHUN U3MEPEHUH, Pa3BUBAsI TPU 3TOM KOMITb-
IOTEPHYIO0 TPaMOTHOCTh. GeoGebra — 310 OeciiaTHOe, MHOTO-TIIaTHhOPMEH-
HO€ JIMHAMUYECKOe MaTeMaTHYEeCKOe MpOoTrpaMMHOE oOecredeHne, npeaHa-
3HaYEHHOE JIJIs1 BCeX ypoBHeW oOyuenus. [IpocToit nsi mprUMEeHEeHHs MaKeT
GeoGebra 00beTUHSIET T€OMETPHIO0, aIredpy, padoTy ¢ TabInIIaMH, TTOCTPO-
eHHe rparKOB U AUArpamm, CTATUCTUKY U BBICIIYIO MaTeMaTHKy. B EBporie
u CHIA sTa nmporpaMma nojay4duiia HECKOJIbKO Harpai, MpUCYXIaeMbIX Mpo-
rpaMMHOMY OOECIIEUEHHI0, CO3/IaBaeMOMY B 00pa30BaTEIbHbIX IEIISIX.
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Kparkue cBenenus o GeoGebra

e JlaeT BOBMOKHOCTb MTOCTPOCHHUS TPa(UKOB, THATPAMM, TAOJIHI] K IPOBE-
JCHUS anreOpanvdecKux eHCTBUN, KOTOPHIE B3aUMOCBSI3aHbI M B TIOJTHOU
MEpE SBIIIOTCS] TUHAMUYECKUMHU

e XapakTepusyeTcsi IPOCTHIM ISl MPUMEHEHUST HHTEphEercoM, UMEIOTIIHM,
TEeM He MeHee, MHOTO d(PPEeKTHUBHBIX (PYHKITUH

e Bxirodaer cpefcTBa aBTOMAaTH3UPOBAaHHOM pa3pabOTKH YICOHBIX Kyp-
COB, MPEIOCTABJISAIONINE BO3MOKHOCTh CO3/1aBaTh HMHTEPAKTUBHBIC y4eO-
HbIE MaTepHAJIbI, TAKHAE KaK BEO-CTPaHUIIBI

e [Iporpamma, paboTaromiasi Ha MHOTHX SI3bIKaX, JIOCTyITHA MUJUTHOHAM
M0JIb30BaTENICii BO BCEM MUpPE

e [Iporpamma ¢ OTKPBITHIM UCXOHBIM KOJIOM SIBJISIETCSI OECIIIIaTHOM

OnnaiiH-pecypcebl

e Odurmansaeiii cait GeoGebra (http://www.GeoGebra.org/) — y3Haiite
oosbiie 0 GeoGebra u 3arpy3ute GeoGebra c 3Toro caiita (OecriaTHOe
porpaMMHOE 00€eCTIeueHUE)

e GeoGebra na xanane YouTube
(https://www.youtube.com/GeoGebraChannel) — oOy4aroniye BUACO U
pUMephl Ucnoiab30BaHus GeoGebra B miKonax

e Caiit ms xpanenus GeoGebra (http://tube.GeoGebra.org/) — monb3oBa-
tenu GeoGebra nenarcs NPUIOKEHUSIMU U TUTAHAMHU YPOKOB

3arpy3ka u ycranoBka GeoGebra na Bamem koMnbroTepe
WIH IJIAHIIETe

WHCTpyKIIUA 1715 MICTIOJIB30BAaHUS Ha KOMIIBIOTEpE:
1. Bxmouure Google Chrome u nepeii-
nuTe Ha ouimanbHblid BeO-cailT Geo-
Gebra http://www.GeoGebra.org/. Q

[I{enkHUTE HA BKIIAJIKy 3arpy3Ku & I
(Downloads). .
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2. Bribepure oqHy U3 OMIUH, TOCTYTHBIX
JUTSI CTAlIMOHAPHBIX KOMIIBIOTEPOB:

a. Ilpunoxenue Chrome — no6aB- Q
JsieT BEO-IIPUIIOKEHUE U HE Tpe- .
OyeT aIMUHUCTPATUBHOTO J10- J.
CTyIla K KOMIIBIOTEPY, HYIKCH 10- GeoGebra Ana nepcoHanbHbIx
CTyll K MHHTCPHETY IIPH HCII0JIb30- KOMMbIOTEPOB
BaHWUH MPUIIOKCHUS

b. Windows, Mac OS X wiu Linux — ®  Chiome Ao
3arpyaet MakeT MporpaMMHOIO
obecrieyeHus, KOTOpOe MOMKET
MPUMEHATHCS 0€3 T0CTyIa K WH-

TEPHETY

> = 6

[IpumMeuanue: B 3TOM Kypce Mbl Oy1eM HC-
M0JIb30BaTh BEO-MPHUIIOKEHHUE.

NHCTpyKIMS K TPUMEHCHUIO TS TUIAHIIIETA!

1. Ilomyuute noctym k Apple Store Ha
ycTporictBe Ha matdopme 10S wu Play
Mapxket Ha ycTpolicTBe Ha miatrgopme An-
droid.

2. IlpoBenute nouck npunoxerus GeoGebra

3. CkauaiiTe mpujI0KEHUE HAa CBOE YCTPOU-
CTBO

GeoGebra ana nnaHWeToOB

4. B kauecTBe aJIbTE€pHATHUBBI BHIUUTE HA Sﬂ pownlead from

Windows Store
oduumanbHblil BeO-cailt GeoGebra, Bb1Oe-

pute onmuio CkayaTh, a 3aTeM BBIOEPUTE " szn'oag;nthe
pp Store
onmuro GeoGebra s rutagmieTa.
ANDROID APP ON
P> Google play
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NHCcTpyKIuA 0 NPUMEHEHUI0 HHCTPYMEHTAJIBLHBIX CPEICTB
10 reoMeTpuu 1Jjis nporpammbl GeoGebra 6a30B0ro ypoBHA

HekoTopble W3 HMHCTpYMEHTaNbHBIX CpeAcTB GeoGebra uMeEOT
HATJISTHBINA XapaKTep U MOHATHBI U 0€3 3HAUUTEIIbHON TEOPETUUECKOU MO/-
TOTOBKH IO TeoMeTpud. (I 3TUX MHCTPYMEHTAIBHBIX CPEJICTB UMEIOTCS
y4eOHbIe UHCTPYKTUBHBIC (DalJIbl ) yUalUXCsl, KaK MOKa3aHO B TaOJHIIE
HUKE. HCTpYKITNU A1 KaXKI0T0 3a/T1aHUS BKIIFOYCHBI B COOTBETCTBYIOIINN
daiin GeoGebra (.ggb). Kaxapiii Tako# ¢aitian MOTUBHPYET yUaIIHXCS K IKC-
NEPUMEHTHPOBAHUIO C HHCTPYMEHTAIBHBIMYM CPEJICTBAMU. 3aJaHUsI CKOH-
CTPYHPOBaHBI TaK, YTOOBI 3aHUMATh KOPOTKHM ITEPHOT BpEMEHH, IPUMEPHO
10 — 15 munyT. B K11acce 3Tv 3a1aHMs MOTYT MCTIOJIb30BaThCS OTACITbHBIMU
YYaIIAMHUCS YUIH KOJIJIEKTHBHO C PUMEHEHUEM MHTEPAKTUBHOM JIOCKH.

JInst ApyTUX UHCTPYMEHTAIBHBIX CPEACTB, OCOOEHHO OTHOCSIIUXCS K
MOCJICAHUM KJIaccaM HayajlbHOM IIKOJIbI, CAMO UHCTPYMEHTAJIbHOE CPE-
CTBO NIPEACTaBIsACT COOON HOBOE MOHATUE, HATPUMEP, HHCTPYMEHTAIILHOE
cpeactBo [IAPAJUIEJIBHASA ITPAMAS (PARALLEL LINE) unu unctpy-
mentanbHoe cpeactBo [IEPTIEH/IUKYIISAPHASA ITPAMASA (PERPENDI-
CULAR LINE). OTu uHCTpyMEHTAIIbHBIE CPEICTBA MPE/ICTABIEHBI HA YPO-
kax GeoGebra, KOTOPBIE TAKKE BBOAT U PA3BSCHAIOT CBA3AHHOE TOHSTHE.

ba3zoBbie MHCTpYMeHTaNbHBIE cpeacTBa GeoGebra — o0y4aroume
daibl

3arpysute oOydaromue (aiyibl Ha CBOM KOMITBIOTEP. 3aTeM BBITOJI-
HUTE KaXJ0€ 3aJaHUE COTIACHO WHCTPYKIHSIM, UMCIOITUMCS B KaKIOM
daiine.

N IHHEPEMEIIATDH
L JO0yuaronuii_kypc 1 aBu- A.Ilepemeiienne 0OBEKTOB, TaKUX
xeHue A.ggb KaK NpsIMbIE€ UM MHOTOYTOJIbHUKH,
OOyuaronuii Kypc 2 JBU- LETTUKOM.
xeHue B.ggb B. IlepenBukeHue TOUKHU MPSIMOU UIIHA

MHOI'OYT'OJIBHHUKA, ITPUBOAAIICC K
HN3MCHCHHUIO IIPSAMBIX HJIM MHOI'O-
YI'OJIbHUKOB.
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OOyuaronuii_Kypc
3 Touka.ggb

N

2 O0yJaroi_Kypc
_4 npsamas.ggb

m OOyuatromnuii_Kypc 5 oTpe-

30K.ggb

GITI'_

el

OOyuarouuii_Kypc 6 pac-
CTOSIHME JiTuHA.ggb

_)_‘

.--"-:‘
OOy4arouuii_ Kypc 7 MHO-

-

royrojibHuK.ggb

OOyuatomuii_Kypc 8 Tio-
maab.ggb

——10O0yuyaro-
Ui Kype 9 Tekcr.ggb

MECTUTh_YepTex.ggb

v OO6yuaronuii_ kypc 11 00-
l mas_mpakThKa.ggb

TOYKA
[TocTpouTh TOYKY Ha INIOCKOCTH

IHPAMAASA

Hcnonb3ys ABE€ TOUKHU MOCTPOUTH
MPSAMYIO Ha TJIOCKOCTH

OTPE30K

Hcnonp3yiiTe TI00BIC TBE TOUKHU TSI
MIOCTPOCHUS OTPE3Ka MPSMOU Ha
IIJIOCKOCTH

PACCTOSIHUE WJIN JJINHA
Paccunraiite 1 mokaxuTe pacCTOSIHUE
MEXKy AByMs TOYKaMHU, JJIMHY OT-
pe3Ka IpsIMOM UM EpUMETPA MHOTO-
YTOJIbHAKA

MHOI'OYT'OJIBHUK

HauepTure MHOTOyTOJBHHUKHU JTF000TO
pa3Mepa 1 Tuma

HJIOIAAb

Paccuuraite 1 mokaxute rioniaab
MHOTOYTOJIbHUKA WU Kpyra

TEKCT

Co3naitTe SpabIKU 111 paMOK C TEK-
cToM Ha cTtpanule GeoGebra
IHEPEMECTUTDb UYEPTEX

9 O6yuarouuii kypc 10 nepe- [lepenBuHbTE 3KpaHHOE OKHO Ha JIpY-

roe MecTo Ha ob1eit ctpanuiie Geo-
Gebra.

Hcmons3yiiTe 6a30BbIe HHCTPYMEH-
TaJIbHbIE CPEJICTBA JIJISI TEOMETpUYE-
CKUX IIOCTPOECHHUM.
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Ypoxu GeoGebra niist usyueHus 3J1eMEHTAPHOU reOMeTPUM

Berynenue

Kaxnplii ypok BKIIOYACT pa3aTOYHbIA MaTepual JJis YUYalluxcs, SBISIO-

IUHCS HEOThEMJIEMOM YacThIO TIJIaHA YPOKa, a TaKkKEe COOTBETCTBYIOIIUI

baiin GeoGebra. CymecTByIOT, IO KpaitHel Mepe, TP OCHOBHBIE METOIUKH

BKJItOUeHUS GeoGebra B yd4eOHBIN IpoIece:

a) Yuutens ucnoiab3yioT GeoGebra miis co3gaHus “ITUHAMHYECKHUX pado-
YUX JIMCTOB” IS CAaMOCTOATENbHOW paboThl y4vamuxcs. GeoGebra
MPEOCTABIISACT YUUTEIIM UHCTPYMEHTAIBHOE CPEJICTBO JJISl CO3aHUS
WHIUBUYITM3UPOBAHHBIX MHTEPAKTHUBHBIX OOYYAIOIIUX MAaTEpHUaJiOB,
TaK Ha3bIBa€MbIX “‘TMHAMHUYECKUX pab0O4YUX JUCTOB” MyTEM IKCIIOPTA JIU-
HaMHUYECKUX (PUTYp HA BEO-CTPAHUIIBI.

b) MuTepakTuBHBIC NMpE3CHTAIINN, OCHOBaHHBIE Ha GeoGebra, kak B (op-
MaTe “IMHaMHYeCKuX pab0odyuX JINCTOB”, TaK U B BUJIE CTaHIaPTHHIX (haii-
0B GeoGebra, MOTYT OBITh UCTIOJB30BaHbI JJIs UHCTPYKTUPOBAHUS Ma-
JIBIX WM OOJIBIITUX FPYIIN yYaIIuXcs yepe3 MPUMEHEHUE TEXHOJIOTUM UH-
TEPAKTUBHOM JTOCKH, YTO SBJISIETCS OOBIYHOW MPAKTUKOW B HaYaJIbHOU
IKOJIE.

c) O0ydeHne y4eHUKOB NpuMeHEeHNI0 GeoGebra ¢ 1eiabl0 COo3/IaHus CO0-
CTBEHHBIX T'€OMETPUYECKUX MOCTPOCHHI, KOTOPOE MPOBOJUTCS B TO
BpEMsI, K&K OHHM 3KCIIEPUMEHTUPYIOT U PELIAIOT 3a/1aud, CBSI3AHHBIE C
KOHIICTIUSIMU, MPOLIETYypPaMU U MaTeMaTUYECKUMU BBIKJIAJIKAMH, OTHO-
CSIITUMHUCST K TeoMeTpur. Pa3nnuHbie HHCTpyMEHTaIbHBIE cpenicTBa Ge-
oGebra, ucnosib3yeMble JJIsl FEOMETPUUECKUX TTOCTPOCHUN, MOTYT CaMHU
UCIIOJIL30BAThCSl 111 MHCTPYKTUPOBAHUS MPU, HAPUMEP, IKCIICPUMEH-
TUPOBAHUU C UHCTPYMEHTAIBHBIM CPEACTBOM «IapaJlICIbHBIE TPSMBIC)
C LIEJIbIO BBISICHEHUSI CMBICIIA TTIOHATHS «I1apajuIeIbHOCThY.

Bce st MmeToauku ucnonibzoBanus GeoGebra ipe/icTaBlICHBI B IIJIaHE
penieHus 3a7a4 Mo reoMeTPUHU, BKIIOUCHHBIX B JJaHHbIC MaTepualibl. XOTs
BCE OHU MOTYT OBITH IMOJE3HBIMU B 3aBUCUMOCTH OT KOHKPETHBIX IIeei
oOyueHusl, €ClIM OCHOBHASI 11€Jb COCTOUT B TOM, YTOOBI pa3BUBaTh HABBIKU
paboThl ydammxcs ¢ mporpaMMHbIM oOecriedueHueM GeoGebra, xoTopoe
MOET OBITh MPUMEHEHO TAKXKE B CPEIHMX W CTapIIUX KJIaccax IIKOJIBI,
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MIPUOPUTETOM JIOJDKHO SIBJISITHCSI PA3BUTHUE YMEHUS yYalIUXCAd HA4YaJIbHOMN
IIKOJIbI HE TOJIBKO B3aMMOJICUCTBOBATH C JTUHAMUYECKUMU pabOYMMU JIU-
CTaMu, pa3pabOTAHHBIMU YYUTEIEM, HO TAKKE UCIIOJIB30BaTh 0a30BbIE I'€0-
METPUYECKUE TOCTPOECHUS U U3MEPUTENBHBIE HHCTPYMEHTAIIBHBIE CPEACTBA
GeoGebra ¢ 1eibI0 UCCIEIOBAHUS MMOHATHI U pEeLIESHUs 3a/1a4.

OTu Marepuanbl UCIOJIb3YIOT MEAArOTHYECKUEe METOABI U TEXHOJO-
TUH, MPEINOJIATAIOIIAE TAKOW MOJIXO0J K U3YUYCHUIO T'€OMETPUU, KOTOPBIN
COCPENOTOYEH HA KOHUECNTYAJIbHOM ITOHHMMAaHHM NpPEAMETa HAa OCHOBE
HaIpaBJIsieMOM yuuTeJIeM OMCKOBO-UCCIIEI0BATENIbCKOM paboThl BKIIIOYA-
IOIIEH T€OMETPUUYECKUE TOCTPOCHUS, B IPOTUBOIIOJOKHOCTh U3YUYEHUIO Ma-
TeMaTUKH, Ha OCHOBE 3alIOMHUHAHUS MaTepuasia 6e3 riry0oKoro moHUMaHHUsI.

JIPOBM U TUIOIIAD (4 YPOKA)

1. HaxoxJieHue 1nojgoBUH — IPSMOYTOJIbHUKH
Haiinnte kak MOXHO OOJibIlle CIOCOOOB Pa3eauTh MPSIMOYTOJIbHUK
Ha MOJIOBUHBL.

2. HaxoxaeHue noJIOBUH — HECTaHJApTHbIE (PUTYPBI
Pa3niennte Ha MOJOBUHBI pa3inyHble GUTYPBI HENPABUIBHON (POPMBI.

3. Haxoxnaenue tperer — npsAMOYTOJIbHUKH
Haiinnte kak MOXKHO OO0JIbIIIE CIIOCOOOB JACICHUS NPSIMOYTOJbHUKA Ha
TPETH.

4. HaxoxaeHue TpeTeil — HeCTaHIapTHBIE QUTYPHI
Paznenure Ha TpeTu pazuuHbie PUTYPHI HETIPABUILHON (DOPMBL.

1. HaxoxneHue moJJ0BHH — NPSAMOYT0JIbHUKH

BerymiieHue u npeaBapurebHas HHPOPMAaLU

B sTOM ynpaxkHeHun HaiiuTe CrocoO JeieHus MpsiMOYTrOJIbLHUKOB I0-
noJjiam, HO yutute, To Bam motpedyeTcst mposiBUTh TBOPUYECKUHN MOAXOT!
Crnenyer UMETh B BUJY, YTO MOJIOBUHBI IIPSIMOYTOJIbHUKA HE BCET/1a BbI-
JISIAST OJIMHAKOBO (SIBJISIFOTCSL PABHBIMHU ).
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@aiin GeoGebra: 1 HaxoXJeHUE TMOJOBUH MNPSAMOYTOJbHUKU.ZZb

<
s

®

=l

3agaun

Hcnonwsyiite nactpyMentainbHoe cpenctBo OTPE3OK u un-
crpymentanbHoe cpeactBo [IEPEMEIIATD (yka3zarens) st
AKCIEPUMEHTAIIBHOTO HAXOXKJIEHUS] MAKCUMAITLHO OOJIBIIIOTO KO-
JIMYECTBA CIIOCOOOB JIENCHUS IPSIMOYTOJIbHMKA HA JIBE PABHO-BE-
JIMKUE YaCTH — YaCTH, UMEIOIIUE OJIMHAKOBYIO TUIOINIA/Th
HauepTure kaxmaoe peiieHue Ha MpsMOyTroJIbHUKaX Ha SKpaHe
GeoGebra.

IIpoBepbTe cBOIO padoTy

[IpoBepka: Kaxkaasi moJIOBUHA IOJIP)KHA UMETh OJIHY U TY K€
mwiomans. B ITAHEJIN HACTPOMKU CTUIIS VICTIOJIb3YHUTE
CETKY, 4T0o05b1 yOEIUTHCS, UTO TLIOIIAAN OJIMHAKOBBHI.
[IpoBepka: Ecnu Bam Tpebyercs pacnieyaTaTb U BhIPE3aTh
CBO€ pEIIICHUE, CIEAYET BBIPE3aTh €ro BAOJIb MPSMOUN WU TIPS-
MBIX, KOTOpbIe Bbl 100aBMIM, MOCIIE BBIPE3aHUS TOKHO OBIThH
TOJIBKO JIB€ YaCTH.

[TpoBepka: Kakmoe pemnienne 10MKHO ObITh HOBBIM. Eciin Ber
MOJKETE MOJYUYUTh TOT K€ YEPTEXK, IEPEBEPHYB UJIN MIOBEPHYB
yXe uMmeronieecs nzoopaxenue, 3to HE sBnsercst HOBbIM pe-
HICHUEM.

Nmerres i y Bac npyrue pemenusi?

Ecnu Bbl MOKETE IPEACTABUTH IPYTUE PELICHUS, KPOME ITUX 8-
MU, IPOJABUHBTECH BHU3 HA YEPTEHKHOU IJIOCKOCTH, HAUEPTUTE
O0JIBIIIE TIPSIMOYTOJIHHUKOB TEX K€ pa3MepOoB, U MoKaxuTe Bamm
JOTIOJTHUTENIBHBIC PEILICHNUS.

Haneuaraiite n o0cyaure
Korna Bel HaiineTe Bce cmiocoObl pa3iesieHus KaK 100 MHOTO-
yTOoJbHUKA HA TIOJIOBUHBI, pacrieuataite skpan GeoGebra.
Haiinute napTHepa, KOTOPBIN Takke 3aKOHUUII 3Ty padoTy, U
CPaBHUTE Balllk OTPE3KU MPSAMBIX.
CornacHsl Jii BbI IpyT ¢ Apyrom? Hammum iau Bel pa3Hble pe-
meHus?
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2. HaxoskaeHue NOJIOBUH — HECTAHAAPTHBIE (DOPMBI

BceryuieHue u npeaBapuTe/ibHas HHpopManus

B sTom YIPaAXKHCHUN HaﬁﬂHTe croco0 ACJICHUA IIPOU3BOJIBHBIX MHOTI'O-
YT'OJIbHUKOB IIOIIOJIaM, HO YUYTHUTC, TO Bam HOTpC6y€TCﬂ IIpOsABUTHb TBOP-
YEeCKHUU HO)IXOJI! CJ'IGJIYCT HMCTb B BHUAY, YTO IMOJOBUHBI MHOT'OYTOJIb-
HHKa HC BCCIr'la BBITJIAAAT OAUMHAKOBO (SIBJ'IHIOTCSI paBHBIMI/I).

daiin GeoGebra: 2 HaxoXJACHUE ITOJIOBUH.ZEb

@ 3agaua

e lcnonp3ylite nuncTpyMeHTanbHOE cpeactBo OTPE3OK mis
MMOCTPOCHUSA OTPE3Ka MPSAMOU, KOTOPBIM JETUT KaXKIbId MHOTO-
YIOJIbHUK HA PABHBIC ITOJIOBUHBL.

e Umeercs nu Oosee 0JHOTO crioco0a caenarb 3107

e ECau 3TO BO3MOKHO, UCITOJIB3YUTE IPYrol OTPE30K MPSIMOU
TSI TOTO, YTOOBI Pa3AeIUTh MHOTOYTOJIFHUK UHBIM CITOCOOOM.

Pacneyaraiire u 00cyaure

e Korna Brl HalifeTe Bce criocoObl, C MOMOUIBI0 KOTOPBIX MOKHO
pPa3aeInTh KaXKIbIi MHOTOYTOJIBHUK Ha MOJIOBUHBI, paclieya-
Taiite 3kpaH GeoGebra.

e Haiinure nmapTHepa, KOTOPBIM TaKKE 3aKOHYMII BBIITOJITHEHUE
3a1aHus, U cpaBHUTE Bamm otpe3ku npsamMbix. CornacHsel JIx
Bor npyr ¢ npyrom?

e Ecnu Bel BuguTe oTpe3ok npsiMor, KOTOPbIN, Kak Bel mosara-
€Te, B ICMCTBUTEIIbHOCTH HE AEIUT MHOTOYTOJIbHUK Ha T0JIO-
BUHBI, TIOJICITUTECh 3THUM, a 3aTeM 00CyauTe, nmoyemy Bel Tak
CUMTAETE.

3. HaxoxkaeHue Tpereil — NPIMOYTr0JbHUKH

BerymiieHue u npeaBapurebHas HH(POPMAaLUs

B sToM ympakHeHUM HaAWTE CIOCO0 JENeHHS MPSIMOYTOJbHUKOB Ha
TpPETH, HO yuTuTe, TO Bam nmorpedyercs mposBUTH TBOPUECKUN MOIXO!
CrnemyeT UMETh B BUJY, YTO TPETU MPSIMOYTOJIbHUKA HE BCET/Ia BHITJISISAT
OJIMHAKOBO (SIBJISIFOTCSI PABHBIMH ).
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®aitn GeoGebra: 3_HaxoxaeHHe TpeTel MpsAMOYTrOJIbHUKH.ZEb

3amaua

[

B

e licnonb3ylite unctpymeHtainbHoe cpeactso OTPE3OK u un-

ctpymenTaibHoe cpeactBo [IEPEMEIIATD (ykazatens) as
HKCIIEPUMEHTAIBHOTO HAXO0KICHHUSI MaKCUMaJIbHO OOJIBIIIOTO
KOJIMYECTBA CIOCOOO0B JEICHUS MPSIMOYTOJIbHUKA HA 3 paBHbBIC
4aCTU—YaCTH, UMEIOLINE OJUHAKOBBIE TIIOIIAIM.

Hauepture Ka)xap1ii BapuaHT PEIICHUs HA IPAMOYTOJIbHUKAX
Ha 3KkpaHe GeoGebra.

IIpoBepbTe cBOIO padoTy

e [IpoBepka: Kaxxnas Tpers JOJKHA UMETh OJUHAKOBYIO ILIO-

mans. B ITAHEJIN HACTPOMKU CTUIIY HCTIOJIb3YHUTE
CETKY nns Toro, 4To0bl NPOBEPUTH UX PABEHCTBO.
[Iposepka: Ecnu Bam Hy»KHO pacriedaraTh U BbIpE3aTh CBOE
perieHue, Beipe3aiiTe GUrypsl BI0JIb TUHUN WU JIMHUHN, KOTO-
poie Bol 1o6aBumu; mocie BeIpe3aHus JOIKHO ObITh TOJBKO
TPHU 4aCTH.

[IpoBepka: Kaxxioe pelienre 101xHO ObITh HOBBIM. Eciin Boi
MOXETE MOJTYYHUTh TOT K€ YEPTEK, IEPEBEPHYB MU TOBEPHYB
yke umeronieecs nzoopaxenue, 3o HE siBiisieTcst HOBbIM pe-
HICHUEM

Ects in y Bac apyrue pemenusi?

e Ecau Bbl Mmoxxete HailTh OoJbIIe 3TUX 6 peleHnid, PO IBUHb-

TECh BHU3 Ha YEPTEHKHOU MIIOCKOCTU, HAUePTUTE OOJbILIE TIPsi-
MOYTOJIBHUKOB TEX € Pa3MeEPOB, U NOKaKUTE Bamm nomnosn-
HUTEJIbHBIC PELLICHMUS.

Haneuaraiite n o0cyaure
Korna Bel HaitaeTe Bce ciocoObl pa3iesieHUs KaXKJ 100 MHOTO-
yTroJbHUKA HAa TPETH, pacneydaraiite skpad GeoGebra.
Haiinute napTHepa, KOTOPBIM TaKke 3aKOHUYUI 3Ty padboTy, U
CPaBHUTE Ballll OTPE3KHU IMPSAMBIX.
Cornacusl Ji1 Bel IpyT ¢ Apyrom? Hammu i BeI pa3Hble pe-
meHus?
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4. HaxoxkaeHue TpeTeil — HecTaHAapPTHBIE GOPMBI

Beryniienue u npeaBapureabHass HHGpoOpManus

B 3TOM ynpakHeHUU HaliuTe coco0 JIeIEHUs] TPOU3BOJIbBHBIX MHOTO-
YTOJILHUKOB Ha TPETH, HO YYTUTE, TO Bam noTpedyeTcst nposiBUTH TBOP-
yeckuii noaxon! Ciaeayer UMETh B BULY, UTO TPETH MHOTOYTOJIbHUKA
HE BCET/1a BBITJISAIAT OJITUHAKOBO (SIBJISIFOTCS] PABHBIMU).

®aiin GeoGebra: 4 HaxoxaeHUEe TpeTeit.ggb

@ 3agaua

e Hcnonwp3ylte nuucTpyMeHTanbHOe cpeactBo OTPE3OK mis
MMOCTPOCHUS OTPE3Ka MPSAMOU, KOTOPBIM JETUT KaXKIbId MHOTO-
YTOJIbHUK Ha TPETH.

e Nwmeercs nu Oonee ogHOTO crioco0a caenarb 3107

e ECiu 3TO BO3MOXKHO, UCITOJIB3YHTE IPYrOf OTPE30K MPSIMOU
JUISL TOTO, YTOOBI Pa3/ieIuTh MHOTOYTOJIbHUK UHBIM CITOCOOOM.

Pacneuaraiire

e Korma Brl HalizeTe Bce CrTOCOOBI, ¢ TOMOIIBIO KOTOPBIX MOYKHO
Pa3aeInTh KaXKIbIi MHOTOYTOJIBHUK HA TPETH, pacrieyaTranre
skpad GeoGebra.

e Haiinure nmaprHepa, KOTOPbIM TaKKE 3aKOHYMII BBITTOJTHEHUE
3aJlaHusl, U CpPaBHUTE Bamm oTpe3Ku NpsiMbIX.

e (Cornacusl 11 Bel gpyr ¢ npyrom?

e Ecnu Bel BugnuTe oTpe3ok npsiMoun, KOTOpbIN, Kak Bel moara-
€Te, B ICMCTBUTEIIbHOCTH HE JEIUT MHOTOYTOJIbHUK Ha TPETH,
TPU PaBHBIC JI0JIH, MTOJETUTECH ITUM, a 3aTeM 00CyIuTe, T0-
yeMy BbI Tak cuuraere.

YETBIPEXYI'OJIBHUKU (2 YPOKA)

1. Knaccudukanus 4eThIpexyrojibHUKOB
UeTbIpexyroJbHUKU JEIATCSA HA MPSIMOYTOIbHUKH, KBaJpaThl U
poMOBbI. BKiTtouaeT HeueThIpeXyroJbHUKHY.

2. XyJ0KECTBEHHOE U300paKeHUE U3 YEThIPEXYTOJIbHUKOB
Coznaiite Xy/10’KECTBEHHYIO KOMIIO3ULINIO U3 MATH PA3JIMYHBIX Ye-

ThIPEXYTOJIbHUKOB.
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1. Knaccudukanus 4eTbIpexyroibHUKOB
®aitn GeoGebra: 1 _kmaccudukaius 4eTblpeXyroJbHUKU.Zgb

N ‘ CopTHpOBKA 10 BHAAM

e lcnonp3yiite unctpyMeHTanbHoe cpeactso IIEPEMEIIATDH
JJ151 COPTUPOBKH IO BUJIaM MHOTOYTOJIbHUKOB, «II€PETACKHU-
Bas» UX B COOTBETCTBYIOIIUE PAMKH.
. IHocTpoenue

e B npocTpaHCTBe clieBa OT 3all0JHEHHBIX PAMOK, HCIIOJIb3YHTE
uHctpyMeHTanbHOe cpeactBo MHOI'OYIT'OJIBHUK s mo-
CTPOCHUS HOBBIX (DUTYP, KOTOPHIE MOTYT BOUTHU B KaXKIYIO U3
pPaMOK:

a. OauH NpsAMOYTOJIBHUK
b. Oxun KBaapar
c. OnunH pom6
d. OnuH UHOW YETHIPEXYTONHHUK, HE SBISIOMIUICS TIPSIMO-
YTOJIbHUKOM, KBaJI[paTOM UM POMOOM
e. OauH MHOTOYTOJIBbHUK, KOTOPBIN HE SIBISIETCS YEThIPEX-
YTOJIbHUKOM
spc | @ He «ueperackuBaiiTe» 5TH HOBBIE QHUTYpPBI B paMKH. BmecTo
= 3TOTO, UCMOJB3YTE HHCTpyMeHTalIbHOE cpenicTBO TEKCT
JUTSI MApKUPOBKH KaKI0M HOBOM (DUTYpHI, YKa3aB €€ Ha3Ba-
HUE:
[IpsAMOyTOJIBHUK
KBagpar
Pom6
HNHOU 4eThIPEXYTOIBHUK
HeuerbipexyronpHuk

o a0 o

Haneuaraiite n o0cyauTe

e Korga Bel 3akoHUNTE TOCTPOCHUE U MAPKUPOBKY, pacreya-
Taiite ctpanuny GeoGebra.

e Haiinure mapTHepa, KOTOPBIN TaK)Ke 3aKOHYHII paboOTy U pac-
reyarain ee.
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e (paBnHurte Bamu coptupoBKH. CorsacHbl 11 Bel ¢ copTHPOB-
KOl MHOTOYTOJIbHUKOB Baiero naptuepa? Eciu Her, 00cy-
JIATE, Kak Bbl permnim, Kk Kakol paMKe OTHOCUTCSI MHOTO-
YIOJIbHUK, BBI3BABIIIMI PAa3HOTJIACHSL.

e (OOCyIUTE MHOTOYTOJIbHUKH, TOCTPOCHHBIE JIPYT IPYTOM.
[IpoBepbTe, COTIACHBI JIM BbI, YTO OHU OBUIA IPOMAPKUPO-
BaHbI MPABUJILHO.

2. Xyno:xecTBEHHbIC H300paKeHHsl HA OCHOBE YeThIPEXyroJibHUKOB

Hekoropsie xynoxuuku, Hanpumep [laiter Monapuan (Piet Mondrian) uc-
M0JIb30BAJIN OOJIBIIOE KOJIWYECTBO TEOMETPUUYECKHUX (PUTYD, B UaCTHOCTH,
YEThIPEXYTOJIbHUKOB, B CBOUX XYJI0’KECTBEHHBIX MPOU3BEICHUSX.

®aitn GeoGebra: 2 MCKyCCTBO UYETHIPEXYTIIBHUKA

= m — Pucynox Ha ctpanuue GeoGebra
O | I OBbUI IOCTPOEH C UCII0JIb30BAHUEM
O # Pa3IUYHBIX YETHIPEXYTOJbHUKOB.
|
5
ol g Yy,

Ouucrka pado4ero NpocTpaHcTBa

e lcnone3yiite BBIJIEJIUTH BCE u3 mento [IPABKU. 3arem
, ucnonb3yiite knasuiry Y JIAJIEHWE nHa knaBuatype, 4ToObI
O4HUCTUTH cTpanuily GeoGebra.
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", Co31anue
o

e lcnonp3yiite unctpyMeHTainbHoe cpeactso MHOI'OYI'OJIb-
HUK nns co3nanus pucyHka, BKIIFOYAKOIIETO, [0 KpauHEN
Mepe, OJIHY U3 CIeAYIOMUX GUryp:

a. Ilapammemorpamm
b. IlpssMmoyroibHUK
c. Ksagpar

d. Pom6

e. Tpaneuus

e MosxeT oka3aTbcs 0oJiee JIETKUM MOCTPOSHUE PUCYHKA C
BKItOUEHHBIM cpencTBoM CETKA, HO BBIKITFOUHTE €T0, €Cln
BrbI xoTHTE pacnieyaratb CBOM PUCYHOK.

e [locne Toro, kak Bel BeIOpain HHCTpYMEHTAIBHOE CPEICTBO
MHOI'OYT' OJIbHUK, o6patute BHUMaHHUE, 9TO BBl MOKETE
BBIOPATH IIBET MHOTOYTOJIHLHUKOB M €70 HMHTEHCHUBHOCTD [0
TOT0, KaK MPUCTYIUTE K MMOCTPOCHUIO MHOTOYTOJIBHUKOB.

| c- O -

IHAPAJIJIEJIBHBIE U TEPHEHIAUKYJAPHBIE ITPAMBIE
N OTPE3KMU ITPAMBIX (2 YPOKA)

1. NuctpymentansHoe cpeactso [TAPAJIJIEJIBHASA ITPAMAS — ka-

KYI0 (YHKITUIO OHO BBITIOJTHSET?

VYuamuecss HUCHOJIB3YIOT WHCTPYMEHTaldbHOE cpelactBo GeoGebra
ITAPAJIJIEJIBHA TIPJIMAS nins mocTwkeHUs ITOHUMAaHUS ITOHS-
THUSI «IAPAJUICIIBHOCThY Yepe3 SKCIEPUMEHTATbHYIO0 Pa00Ty U HAOJIIO0-

JICHHUE.
2. NucrpymentansHoe cpeactso [IEPIIEHINKYIIAPHAA TTIPAMAS —

KaKyto (PYHKIIMIO OHO BBITIOJTHSET?
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VYuyanuecss MCMONB3YIOT HWHCTpYMEHTalIbHOE cpeiactBo GeoGebra
ITEPITEHIUKYJISIPHAS TIPSIMAS nns gocTuXKEHUST TOHUMaHUS
MOHATHS «IEPICHANKYISIPHOCTE» Yepe3 IKCIEPUMEHTAIBHYIO pa-
00Ty 1 HaOJOICHUE.

1. Hucrpymenrtanabnoe cpenctso ITAPAJIJIEJIBHAS ITPSAMAS — kakyro
(pyHKUHMIO OHO BBINOJHACT?

®aiin GeoGebra: 1 oTkpbITHE MapamienbHOCTh.Zgb

IHocTpoenue
e Ha crpanunie GeoGebra Bl yBuanuTe 4eToipe reoMmeTpude-
CKUX (DUTYPHI:
a. Touka A
b. Touka B
c. Touka C
d. Ipsmas BC
e Ha na"enu HHCTPYMEHTOB UMEETCSI HHCTPYMEHTAIILHOE
— cpenctro [TAPAJLIEJIBHAS TTPSIMA S
e [llenkauTe o MHCTpyMEHTAIBHOMY cpenctBy [IAPAJI-
JIEJIbHAA TTIPAAMAS, uto6s1 BeIOpaTh ero. OOpatrTe BHH-
MaHUE Ha YKa3aHUs 10 MPUMEHEHHUIO 3TOTO0 HHCTPYMEHTAb-
Horo cpenctBa GeoGebra:

lNMapannenbHas npAaMas

YkaxuTe TOUKY U NapannensHyr NpsMyio

e [llenxkuute cHayana o Touke A, a 3aTeM WIETKHUTE N0 Opsi-
Mol BC. byner noctpoena HoBasi mapaijieiabHas npsiMas.

e Ho uto Takoe «nmapaienapHas mpsaMas»?

JKCIEPUMEHT

e lcnons3yiite uactpymeHTanbHoe cpeactso [IEPEMEIIIATH
IJ1S1 IPOBEJEHUS SKCIIEPUMEHTA TyTEM MEPEMEIIECHUS TOUEK
A, B unu C. [lepemectute Takxke ase npsimeie. [IpoBenure
HAOJIIOIEHUSL.
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e Eciu Tpedyercs, UCIOJb3yHTe HHCTPYMEHTAIbHBIE CPEACTBA
YBEJINMYUTD niu YMEHBIIWUTD nis n3ameHeHuss BUANMOI'O
M300paKeHMUS.

Hosoe MMOCTPOCHUE

=Il2]L=]

e licnonp3yliTe nHCTpyMeHTalbHOE cpeactro Y IAJIUTD,
HIEJIKHYB KOTOPBIM IO TOYKE WJIM MPSAMOM JMHUM HA CTPAHULIC
GeoGebra MOXHO yIaauTh OObEKTHI.

a| @ Tenepp ucnonp3yiite uHCTpyMeHTaIbHOE cpeacTBO TOUKA,

MHCTpyMeHTalbHOE cpeacTBO [IPAMAS, a Takke HHCTpyMEH-

tanibHOE cpeactBo [TAPAJUIEJIBHAA ITPAMAS nns no-

CTPOEHHUS COOCTBEHHBIX MapaJlIeIbHBIX MPSAMBIX U TOBTOP-

- HOI'0 IIPOBEJICHUS DKCIIEPUMEHTOB 10 IEPEMELLIEHUIO TOUYEK
WJIU TIPSIMBIX.

N

I

BbIBOaBI

L I/ITaK, 4TO TaKOC IMapauICiIibHas HpHMaH? Hamumure cBou BbI-
BOJbI HUXKE:

2. Uucrpymenrtanabnoe cpeacrtso HHEPITEHIUKYJISAPHASA
ITPSAMAS (Perpendicular Line) — Kakyio ¢gynkumnio
OHO BBINOJIHAET?

®aiin GeoGebra: 2 oTKpBITHE TMEPICHANKYISIPHOCTD.ZEb

IHocTpoenue
e Ha crpanune GeoGebra Bol yBunute 4 reoMeTpudeckue

burypsr:
a. Touka A

b. Touka B
c. Touka C
d. Ilpsmas BC
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e Ha nanenu HHCTPYMCHTOB UMCCTCA NMHCTPYMCHTAJIbHOC

cpeactBo [IEPIIEH/IUKYJIAPHAS ITPAMASL. [llenxk-
HUTE N0 MHCTpYMeHTAIbHOMY cpenctBy [IEPIIEH/IUKY -
JIIPHAS TIPSIMA S, uToOb1 BEIOpaTh ero. O0patute
BHUMAaHUE HA YKa3aHUs [0 MPUMEHEHHUIO 3TOTO UHCTPY-
MEHTaJbHOTO cpenicTBa GeoGebra:

MepneHAuKynsapHas npaMas ‘ 2

YKaXxuTe TOUKY U NepneHAUKYNAPHYH MPAMYIo

[[lenknute cHavana mo Touke A, a 3aTeM LICIKHUTE MO
npsamoi BC. byzer noctpoena HOBasi NEpHEHIUKYIISIPHAS
psMasi.

e Ho uTo Takoe «nepneHAuKyIsIpHas IpsMas»?
IKCIEePUMEHT

e lcnonp3yire nuHCTpyMEeHTANIBHOE cpeacTBo [IEPEME-

IIEHWE (MOVE) nyist npoBeaeHUs SKCIIEpUMEHTA ITyTEM
nepemenienus: Touek A, B umu C (Points A, B, or C). Ile-
peMecTuTe Takxke aBe npsiMbie. [IpoBeauTe HAOIIOICHUS.
Ecnu TpebyeTcs, ncnob3ylTe MHCTPYMEHTAIbHBIE CPEe/I-
ctea YBEJIMUNUTH N3OBPAXEHUE (ZOOM IN) unu
YMEHBIINTH N3OBPAXXEHUE (ZOOM OUT) nnst usz-
MEHEHHUS BUAMMOTO U300paKeHUSI.

New Construction

e licnonp3yite nHCTpyMeHTalbHOE cpeactro Y IAJIATH

OBBEKT (DELETE OBJECT), mienkHyB KOTOPBIM I10
TOYKE WJIH NMPSIMOM JIMHUYU Ha cTpanulle GeoGebra MOXXHO
YAQIUTh OOBEKTHI.

Tenepp ucnosib3yiiTe MHCTpyMEHTaNbHOE cpeacTBo HO-
BAS TOUYKA (NEW POINT), uHCTpyMEHTAIIBHOE CpPE/I-
ctBo [IPAMASA YEPE3 JIBE TOUYKH (LINE THROUGH
TWO POINTS), a Takke HHCTPYMEHTAJIBHOE CPEJICTBO
[MEPITEHAUKYJISAPHAS ITPAMASA
(PERPENDICULAR LINE) nnst moctpoenusi COOCTBEH-
HBIX MEPHEHIUKYJISIPHBIX MPSMBIX U TTIOBTOPHOTO MTPOBE-
JIEHUSI DKCTIEPUMEHTOB I10 MEPEMEIICHUIO TOUEK WU TIpsi-
MBIX.
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BruiBoaBI

e Urak, uTo Takoe nepneHAuKyIsipHas npsimas? Hanumure
CBOM BBIBOJIbI HUXKE:

HPOBEJAEHME KIACCUOPUKALUU ITVIOCKUX OUT'YP
C UCIIOJIb30BAHUEM MAPAJLIEJIEA
N HEPIIEHAUKYJIAPOB (2 YPOKA)

1. TlocTpoeHue napajienorpaMmMoB
3agava Ha TOCTPOCHUE MTOKA3bIBAET NapajlielIbHbIC MPSIMbIE KaK Xa-
PaKTEPHBIN MPU3HAK HEKOTOPHIX YETHIPEXYTOJbHUKOB.

2. IloctpoeHue npsiMOyTroJIbHUKOB
3ajava Ha TOCTPOCHUE TTOKA3bIBAET MEPIICHIUKYJISIPHBIC MPSIMbIE KaK
XapaKTEePHBIN MPU3HAK HEKOTOPBIX YETHIPEXYTOJIbHUKOB.

1. IlocTpoeHnue nmapaJjieOrpaMMoB
IHpeasapureabHas uHGopManus
Kak MbI y3HaeM, 4To onpeaesieHHyo Gpurypy
MO>HO Ha3BaTh napasuiesorpammom? UYro nenaer
reOMEeTPUUYECKYI0 (pUrypy napamuienorpaMmmom?

Ota paboTa Mo3BOJIUT U3YUUTh OJMH MPU3HAK I1a-
pajuIeI0rpaMMOB.

-— 3ajaua HA OCTpPOEHHE

e Ha crpanuue GeoGebra ctposr nBe npsmbie: npsiMas EB u
npsamas BC.

e lcnonb3ys ToapKO HHCTpYMEHTaIbHOE cpeactBo [TAPAJI-
JIEJIbHA A ITPAMASL, moxetre nu Bl nocTpouTts napauiesno-
rpaMM, MyTEM JIOMOJHUTEIBLHOTO TOCTPpOCHUS K psiMoit EB u
npsamoi BC?
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N | JKCNEePUMEHT U BbIBOJbI

e [locne Toro, kak Bel mocTpounTte CBOM MapajuieiorpaMmm, 1c-
noJib3yte nHcTpymentainbHoe cpeactso IIEPEMEIIIEHUE
(ykazarens), st «neperackuBanus» todek E, B u C Ha npy-
M€ MECTa Ha KOOPJAUHATHOMU CETH.

e Ha ocHOBE 3TOro NOCTPOCHUS, ONPEACIUTE, YTO TAKOE MapPaJi-
JIGJIOTPAMM, HUCTIOJIb3YS MOHATUE «I1apaJICIIbHBIE MPSMBIEY:
o [Ilapannenoepamm —smo ¢gueypa, ...

e Kakue apyrue pacnpocTpaHeHHbIE TeOMeTpUIeCKre (PUTryphl
MOHO CO3/1aTh, IIPOBE/IA ONPENCIICHHBIC AEUCTBUS ¢ Bamum
MapajuIesIorpaMmMom ?

e Moxere 11 Bl co3gath npssMoyroiabHUK? [IpssMOyroasHuK —
ATO MPOCTO OCOOBIN BU NTapajuieiorpaMma.

e Moxere 1 Bel co3nare kBaapar? KBaapar — 3To mpocTo oco-
OBIi BUJI IPSMOYTOJIBHUKA.

2. IlocTpoeHue NpsIMOYroJIbHUKOB

IpeasapuresbHas uHGopManus
Kak Bbl y3Haere, 4To onpeesieHHy0 QUrypy MOKHO
Ha3BaTh «NIPAMOYTOJbHUK»?”

Yro menmaet reoMeTpuUecKyro GUTrypy npsSaMOyToJbHH-
KOM?

Dta paboTa MO3BOJIMT U3YYUTh OJWH MPHU3HAK MPSIMO-
YTOJIBHUKOB.

. 3ajauya Ha mOCTpPOEHHUE

e Ha crpanuue GeoGebra umeerca npsimast AB.

e licnonp3ys TONBKO HHCTpYyMeHTanbHOE cpenctso [IEPIIEH /M-
KVIIAPHASA ITPAMAS, moxete i Bbl mocTpouTs mpsiMo-
YTOJIBHUK ITyTE€M JOTOJHUTEIBHOTO MOCTPOECHUS K mpaAMoid AB?
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% | IKCNEPUMEHT U BbIBOBI

e [locie Toro, kak Bel mOCTpOMIN CBOM MPSMOYTOJIbHUK, HCTIOJIb-
3yite nactpymentaibHoe cpenactso [IEPEMEIIATD (ykaza-
TE€Jb) ISl «IEPETACKUBAHUS» TOUEK 110 KOOPAUHATHOM CETH U
MaHUIYJIAMK Balero npsmMoyrojibHUKa.

e Ha ocHOBE JaHHOIO MOCTPOEHUS AANUTE ONIPEAECICHUE MPAMO-
YI0JIbHUKA, UCNOJIb3YS MOHATHE NEPIICHAUKYIISIPHBIX TPSMBIX:
o Illpamoy2onvHuKk — 5mo uemulpexy20ivbHuK, ...

e Moxere nmu Bel moctpouts kBazpar? KBagpart — 3To pocTo oco-
OBII BUJ TPSIMOYTOJLHUKA.

e [locine Toro, kak Bel mocTpouTe NpsIMOYTOJIBHUK U KBaJIpaT C IO-
MOUIBIO NEPIEHUKYIISIPHBI PAMBIX, YTO BBl MOXeTe ckazaTh 00
yIJIaX BHYTPHU NMPSIMOYTOJIbHUKA WU KBajpaTa’?

CUMMETPUA (7 YPOKOB)

1.

OtpaxkeHue
VYuaruecst paboTaroT HaJl TOHATHEM CUMMETPUHU

Haittu cummeTputo
[TocTpouTh OCh CUMMETPHUU JJIs1 JAHHBIX QUTYD

. CummeTpus B npupo/ie

Hailinure cuMMeTpuio B IPUPOIHBIX 00BEKTaX

3aauy Ha CUMMETPHUIO

[lepen yuanumcs cTaBUTCS 3a7adya NOCTPOUTh reoMeTpudeckue Qu-
T'Ypbl, COOTBETCTBYIOIINE KPUTEPHSIM, CBA3aHHBIM C CUMMETPHUEH.
HcKkyccTBO OpUraMu 1 CHMMETPUS

MopenupoBaHu€e U3rOTOBIEHUSI TEOMETPUUECKUX (PUTYpP MYTEM CIIO-
KEHUS U BbIpe3aHusi GUryp u3 Oymaru C 1elibio Co37aHusi 00bEKTOB,
OCHOBAaHHBIX HA CUMMETPUU

Co3znianue 3a1a4u Ha CHMMETPHIO — OJTHA OCb CUMMETPUU
VYyaniuecs: CTpOAT HEU3BECTHYIO (PUTYPY HAa OCHOBE JJAHHOM OCH
CUMMETPUU U YacTh QUrypsl (5 3aJaHni)
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7. Co3naHue 3a1a4il HA CHMMETPHIO — JIB€ OCH CHMMETPHUU
VYyamuecst CTpOsAT HEU3BECTHYIO (DUTYpPY Ha OCHOBE JIaHHBIX OCEH
CUMMETPHH U YacTu GUrypsl (3 3agaHus)

1. OTpaxkenue

®aiin GeoGebra: 1 onpenenenne cumMMmeTpuun.ggb

D

IpeaBapuresbHas uHGopManus
Hcnone3ysa unctpymentainbHoe cpeactso [IEPEMEIIATD
(ykazarens), menkauTe no kHonke-haaxky H[EJIKHUTE,
YTOBbI ITOKA3ATH OTPE3KMN.
[IpencraBbTe, KakOW PUCYHOK ObLIT OBl CO3/1aH, €ciiv Obl B
MOTJIM CO3/IaTh TOYHYIO KOTIHIO KaXI0M (DUTYpBHI, a 3aTeM CII0-
UTh €€ BAO0JIb 0003HAUEHHBIX OPAHKEBBIMU TOYKAMHU TIPSi-
MbIX. JIpyroii cmocod mpencTaBuTh cebe 3TOT MPOIECC — ATO
BOOOPA3UTh OTPAXKEHNE KKION (UTYPHI B 3epKaJie, pacioJio-
KEHHOM BJ10JIb 0003HAYECHHOM OPaHKEBBIMU TOUKAMU TIPSI-
MOM.
GeoGebra BBITIOTHUT OTpakeHue Jy1st Bac.

IHocTpoiika oTpaxxeHu
Bri6epere unctpymenranbaoe cpeactso OTPAXKEHUE OT-
HOCHUTEJIbHO MPSAMOW.
J1y1st Toro, 4TOOBI UCTIOJIB30BATH ATO HHCTPYMEHTAIBLHOE CPE/I-
CTBO, CHauaja KIMKHUTE M0 KpacHOU purype, 3aTeM 0CTO-
POKHO KJIIMKHUTE TIO OTPE3KY MPSMON 0003HAYCHHOM OpaHKe-
BBIMU TOYKaMU, Kacarollencs KpaCHOU (Urypsl.
Hcnone3ys nncrpymentaibHoe cpenctso [IEPEMEIATD
(Ykazarens), KIMKHHUTE 10 KHOMKe-(IaXKy, YTOOBI cnpsamams
OTPE3KU OpPaHKEeBOU NMpsiMou. Tenepp Bbl MOxkeTe BUIETh HO-
BYIO KPAaCHYIO (UTYPY, CO3/IaHHYIO ITyTeM OTpakKeHHS TIEPBO-
HAaYaJIbHOU KpacHOU (PUTYpBI OTHOCUTEIBHO OTPE3Ka MPSIMOH.
Hcnonb3ys uactpymentanbHoe cpeactso IIEPEMEIATD
(Ykazatenh), KIMKHUTE 110 KHOMKE-PIIaXKy, YTOObI cnpsimamb
OTPE3KHU MPSIMOU CHOBA.
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Y e Tenepp ucnonp3yTe HHCTpYMEHTaIbHOE cpeacTtBo OTPA-

- KEHUE OTHOCUTEJIBHO HPHMOPI, yTOOBI CO31aTh OT-
paxeHus octaromuxcs ity puryp. [Ipexae uem Boi Boimorn-
HUTE 3TO JSHCTBHUE C KaKI0U PUrypoi, monpoOyuTe npeacra-
BUTH, KaK OyJI€T BBITJISIIETH MOTyUYHBIIAsiCs GUTypa.

I'ne reomerpusi?

e lcnonws3ys nuncrpymentanbHoe cpeactso IIEPEMEIIATH
(Ykazarens), KIMKHHUTE 110 KHOMKe-(IaXKy, YTOOBI cnpsamams
OTPE3KU OpaHKeBOU npsiMou. Teneps Bel MOkeTe BUIETH BCE
Barmu HOBBIE (DUTYPBI, CO3AaHHBIE TTYTEM OTPAXKEHUSI OTHOCH-
TEJIbHO OTPE3Ka MPSIMOM.

e Kaxnast u3 3TuX HOBBIX QUTYp UMEET MPU3HAK, KOTOPHIN B
F€OMETPUU HA3BIBAETCA OCEBOU CUMMEmpuUeil.

e licnonp3ys unctpyMentaibHoe cpeactso IIEPEMEIIATDH
(Ykasarteinb), KIMKHUTE 10 KHOMKEe-(PIIaKKy, UYTOObI noKazams
OTPE3KHU MPSIMBIX CHOBA.

e OTpe3ku IPSMbIX 0003HAYECHHBIX OPAHKEBBIMH TOYKAMH
HAa3BIBAIOTCS OCAMU CUMMEMPUU KKI0U HOBON (DUTYPHI.

2. Haiiaure 0ceByH0 CHMMETPHUIO
®aiin GeoGebra: 2 HallTU OJHY OCh CHUMMETPUH.ZZb

. IMocTpoenne oceii cuMMeTpun

e Kaxnas u3 3Tux Guryp umMeer 0JJHy OCbh CHMMETPHH.

e lcnons3yiite uactpymentaibaoe cpeactso OTPE3OK mis no-
CTpOeHHUsI HanboJiee TOYHOM OIICHKU TOTO, TJI€ PAaCHOJIOKEHA OCh
CUMMETPHUH TSI TaHHOU (PUTYPBHI.

Hanpumep: cmaunosumcs...
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TIpoBepbTe cBOIO paGoTy

o Koraa Bbl 3aKk0oHYHTE MOCTPOCHHUE BCEX MISCCTH OCEH CUMMETPHH,
HUCnoab3yrTe HHCTpyMeHTaIbHOE cpeacTBo [IEPEMEIIATD
(YykazaTesb) IJis TOTO, YTOOBI KJIMKHYTh KHOMKHU-(IaKKH, YTOOBI
MPOBEPUTH CBOM OTBET.

3. CumMmeTpus B Iipupoae

IIpeasapureabHas uHGopManus
CumMeTpus — 3TO HE TOJIBKO KOHIIENIHS, pacCMaTpuBaemas Ipu U3yde-
HUU reoMeTpund. CUMMETPUS YaCTO BCTPEUYAETCS B MUPE MIPUPOLBI.

®aiin GeoGebra: 3 _cummeTpusi_mpupoaa.ggb

/. Haiigure ocu cummerpuu

e U3yuure kaxnayro kapTUHKY. [locTapaiitech 0OHAPYKUTH CUM-
METPHIO B KaXJI0M MPUPOTHOM OOBEKTE.
e lcnons3ylite nacTpymenTanbHoe cpeactso OTPE3OK,
YTOOBI IOCTPOUTH OCh CUMMETPHUU AJI KaXKI0r0 MPUPOJTHOTO
00BEKTa.
’K' IIpoBepbTe CBOM HIEH

e lcnone3ysa uncrpymentanbHoe cpeactso [IEPEMEIIATD
(YKa3aTeshb), KITUKHUTE 10 KHOMKe-(IaXKy, 4TOOBI TPOBEPUTH
CBOM OTBETHI.

4. 3a1aun HA CHMMETPHIO

®aiin GeoGebra:4 cummerpusi 3amadu. ggb

e Hcnone3yiiTe nim nHcTpyMeHTalibHOe cpeactso MHOI'O-
YT'OJIBHUK wunu unctpymentansaoe cpeactso OTPE30K mis
N 3aBEPIICHUS MOCTPOCHUH C IIEIbI0 PEIICHUS ATUX 3a]1ay.
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Zagaua 1

e [locTpoiite reomeTpuueckyto GUrypy, UMEIOIIYIO MOIAbKO 0OHY
0Cb CUMMETPHH.

e IIpoBeauTe MapKUPOBKY OCHU CUMMETPHUH, UCTIOIL3YSI HHCTPY-
MeHTanbHOe cpeactso OTPE3OK.

3agaua 2

e [locTpoiite reomeTpudecKyro GUTYpy, UMEIOIIYIO HO1AbKO 08€
OCU CUMMETPUH.

e [IpoBeauTe MapKUPOBKY OCel CUMMETPHHU, UCTIOJb3YsI HHCTPY-
MeHTanbHOoe cpeactso OTPE3OK.
3agaua 3

e [locTpoiite reomeTpuueckyto GUrypy €3 oceit CiMMeTpuil.

3agaua 4

e [loctpoiite reoMeTpuUecKyto Purypy, UMEIIyIo foJiee 08yx
OCENl CUMMETPHHU.

e [IpoBeauTe MapKUpPOBKY OCEW CUMMETPHUHU, UCTIOJb3YsI HHCTPY-
MeHTaibHOE cpenctBo OTPE3OK.

[Hocaenyromme nedcTBUs

e Pacneuaraiite yeptexxu GeoGebra v cpaBHuTe Baim nmocrpoe-
HUsl C TocTpoeHus MU Bamero naptaepa. [IpoBepbTe mpaBuib-
HOCTB PabOTHI IPYT JIpyTa.

5. CumMmeTpus B y30pax, CO3IaHHBIX B TEXHMKE OpUTraMu
(AnantupoBano u3 pabouero smcra GeoGebra Jlannans Mentpapaa
(Daniel Mentrard)
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OTH M300paKEeHUS SIBISIOTCS PUMEpPaMU y30POB, CO3/IaHHBIX Ha OC-
HOBe cuMMmeTpuu. Eciu Bel koria-HHOY/Ib M3TOTOBWIM CHEXXUHKY U3 CIIO-
YKEHHOM HEeCKOJIbKO pa3 Oymaru, Bel co3manu y30p, HCIIOIb3YysI CAMMETPHIO.

®aiin GeoGebra: 5 cummMmeTpus_opuramu. ggb

N | Co3naiite

2

Korpaa Bei otkpoere daiin GeoGebra, Bol yBuaute nuct 0y-
Maru, CJI0KEHHBIN JBaKIbI.

Hcnons3yiite nuactpymeHtanbHOe cpenctBo [IEPEMEIE-
HUE nyst Toro, uTo0Ob1 pa3BepHyTh OyMary, HCTIOIb3YsI MOJ3Y-
HOK BBEPXY CTPAHUIIbI:

<-- PazgepHyte Oymary Cnoxuie Dymary -->
L

Teneppb UCOJIB3YHTE MOA3YHOK JJI1 TOTO, YTOOBI CHOBA CIIO-
KUTh OyMary B MaJICHbKUI KBajpar.
Hcnonp3yrite nuncTpyMeHTanbHOe cpeactso [IEPEMEIIE-
HUE nnst Toro, yToObl 3aXBaTUTh U MEPEIBUTaTh MIECTh Kpac-
HBIX TOYEK, YTOOBI «BbIPE3aTh» HOBYIO (UTypy B Oymare.
[TocTapaiiTech npencTaBuTh, Kak OyAeT BhITIsAAETh Bai y3o0p,
Korjaa Bel pa3BepHeTe Oymary.
Tenepp ncnosib3yiTe MOJI3YHOK, YTOOBI pa3BepHYTh Oymary u
IMOCMOTPETH Bamr cuMMeTpUYHBIN y30pP.
[ToakcriepuMeHTUPYITE € pasHBIMU «paspe3amu». Eciau Bl
CO3/IaJIUTE Y30P, KOTOPKII1 BaM 0COOEHHO MOHpPABUTCS, pacIie-
YaTauTe ero.

6. Co3naHue 3a1a4i HAa CHMMETPHIO — O/IHA OCb CHMMETPHH

daiinel GeoGebra: 6 _co3gaTh  cUMMETpUUHYIO (urypy.ggb (Bcero 5
daiinoB, MapKUpPOBaHHBIX 6a — 6¢€)

IpeasapurejbHas uHGopManus

e Ha xaxnoii crpanune GeoGebra umeercs iBa 0OBbEKTa:

1. Ock cummerpuu
2. TlomoBrMHA CHUMMETPUYHOMN (DUTYPBI
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3amaua

e lmest ocb CUMMETPHUH U MOJIOBUHY (QUTYPHI, TIOCTPONTE HENO-
CTAIOLYI0 YacTh (QUTYPBI.

A Hpenoxenus

e lcnonp3yiite uHcTpyMeHTalbHOE cpeacTBo TOUKA u un-
{ S } ctpymenTaibHoe cpeactBo OTPE3OK, uto0bl mocTpouTh
HEJOCTAIONIYIO0 OJIOBUHY CUMMETPUYHOMN (UTYPHI.
Cosem: DTy 3aJ1layy HAMHOTO JIETYE PEIUTD, €CIIU MPEIBAPH-
TEJIbHO BKJIIOUHUTh MHCTpYMEHTaIbHOE cpenctBo CETKA.

N IIpoBepbTe CBOE MOCTPOCHUE
L]

e [locine Toro, kak Bbl 3aKOHUMTE NOCTPOCHUE, MPOBEPHTE CBOEC
pelIeHne, UCO0JIb3YsI HHCTpYMEHTAIbHOE cpeacTBo OTPA-
YKEHME OTHOCHUTEJIBHO ITPSIMOM. TTocie Toro, kak Bel
BBIOEPETE ATO MHCTPYMEHTAIILHOE CPEACTBO, MPOCTO KIMKHUTE
1o uHuu cummeTpun. MuctpymenTainbHoe cpeactBo OTPA-
KEHME OTHOCHTEJIBHO ITPSIMOM co3nacT HemocTaro-
IIYIO MIOJIOBUHY BCel (PUTYPHI.

e [IpoBepsTe, 4TOOBI YAOCTOBEPUTHCS B TOM, 4TO Barie noctpo-
€HHE NEHUCTBUTEIBHO SIBIISIETCS HEJOCTAIOIEH YaCThI0 CUM-
METPUIHOU (PUTYPHI.

7. Co3naHue 3a1a41 HA CHMMETPHIO — IB€ OCH CHMMETPHH

@aiinel GeoGebra: 7 co3gaTh 3ajady Ha CHUMMETPHUIO.ggb (Bcero 3
daiina, MapKUpOBaHHBIX 7a — 7¢)

IIpenBapureabHas uHGoOpMaLH

e Ha kaxnoii crpanunie GeoGebra nmeercs 18a 00beKTa:
1. JIBe ocu cummeTpuu (IMOKa3aHbl KPACHON MyHKTUPHOM
JIMHUEH )
2. YeTBepTh HEM3BECTHONM CUMMETPUYHOMN (PUTYPHI
3amaua

e Ha ocHoBe gaHHBIX OCell CUMMETPUHU U UMEIOIIEHCS GUTYphI
CO371aTh HEU3BECTHYIO CHMMETPUUYHYIO PUTYDY.
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e Jlpyrumu cioBaMu, OCTPOUTE HEJOCTAIOUIUE ¥4 HEU3BECTHOM

burypsi.

A | PexomMeHaamum
L]

e lcnonp3ylte nHCTpyMeHTAIbHOE cpeacTBO TOUKA u uH-
ctpymMeHtainbHoe cpeactBo OTPE3OK miist nocTpoeHus Helo-

CTalOUIUX YE€TBEPTEH HEU3BECTHOU CUMMETPUUHON (DUTYPBHI.

Cosem: DTy 3aJlayy HAMHOTO JIETYE PEUIUTD, €CIIU MIPEIBAPH-
TEJIbHO BKJIFOUUTh MHCTpyMeHTANIbHOE cpeacTBo CETKA.

IIpoBepbTe cBOE MOCTPOCHUE

e [locine Toro, kak Bbl 3aKOHUMTE CBOE MOCTPOCHUE, TPOBEPHTE
CBOE pEIICHUE, UCIIOJb3Yysl MHCTPYMEHTanbHOE cpeactso OT-
PAXXEHUWE OTHOCUTEJIBHO TTPSIMOIW. [Mocie TOr0, KaK
Br1 BBIOpanu 310 CpeACTBO, MPOCTO KIUKHUTE MO TIEPBOHA-
qaibHOU (Urype, a 3aTeM KJIUKHUTE 110 JUHUU CUMMETPUH.
NuctpymenrtansHoe cpenctso OTPAXXEHUE OB BEKTA OT-
HOCUTEJIbHO ITPSIMOU CO3JaCT HEJIOCTAIOUIYIO YaCTh
BCel (pUrypsoi.

e [loBTOpUTE 3TOT MpoIIECcC, MOKa Brl He co3gaanTe n3odpaxe-
HUE BCEW CUMMETPUYHOU (PUTYPBHI.

e [IpoBepbTe, AEUCTBUTENBHO N1 Balle mocTpoeHue sBIAeTCA
HEJIOCTAIOIIEH YacThI0 CHMMETPUYHON (DUTYPHI.

KIIACCUOUKALUA IVIOCKUX ®UT'YP (1 YPOK)
[IpaBUIbHBIE MHOTOYTOJIBHUKHU

HOCTpOﬁTC IMPaBUJIBbHBIC MHOI'OYT'OJIBHUKH, BBIYYUTC UX HAa3BAHHA U BbIAC-
HHUTC OIIPCACIICHUC IIPABHUIIBHOI'O MHOT'OYT'OJIBHHUKA.

®aitn GeoGebra: mpaBUIbHBIE MHOTOYTOJIBHUKH.ZEb
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IIpaBUIbHBIE MHOTOYTOJIbHUKH

IIpeaBapureabHast HHGOpMALIUS

e OaHO U3 UHCTPYMEHTAIBHBIX cpeacTB GeoGebra, UCToNb3ye-

MBIX JJI1 FEOMETPUYECKUX IIOCTPOCHUM, ATO MHCTPYMEHTAIIb-
HOE€ CPEACTBO [TPABUJIbHBINA MHOT'OYT'OJIBHUK. B
3TOM paboTe BhI coNb3yeTe 3TO0 MHCTPYMEHTAILHOE CPE-
CTBO ISl BBISICHEHHS TOT0, UTO B TEOMETPUU ITOHUMAETCS IO
NPAGUIbHBIM MHO20)20]IbHUKOM.
IHocTpoiiTe NpaBUIBHBIA MHOTOYIOJILHUK C 3 CTOPO-
HAMM
BriGepeTe HHCTpyMEHTabHOE CPEICTBO ITPABUJIBHBIN
MHOT'OYT'OJIbHUK (REGULAR POLYGON).

e (OOpaTuTe BHUMaHHUE Ha YKa3aHHs B CTPOKE MEHIO:

MpaBuNbHbIi MHOFOYTONBHUK
Ykaxute ABe BeplnHbl 1 oGu.l,ee YMUCNO BepLUnH

?

Bri6epuTe HaualbHYI0 TOUKY HEAAIEKO OT BepXa CTPAHUIIBI U
KJIMKHUTE. Bb1OepuTe BTOPYIO TOUKY U KIUKHUTE. Tenepb
Bam Hy>kHO OyJeT BBECTH KOJIMYECTBO CTOPOH Barero muo-
rOyroJIbHUKA:

npaBMﬂbellZ MHOrOyrosibHUK
Bepuithb!

4

o

N3menute 4 Ha 3 u kiukauTe OK.

Br1 MmOkeTe HCIIOIB30BaTh MHCTPYMEHTANIBHOE cpencTBO I1E-
PEMEHIATD ny1st Toro, 4To0OBI 3aXBaTUTh U «IIEPETAITUTHY
1100YI0 BEPIIMHY MHOTOYTOJIbHUKA, MEHSSI TEM CAMbBIM €0
pasMep U pacroIOKEHHUE.

Bri6epute nnctpymentanbaoe cpeactBo YI'OJI u knmukauTe
1o 1eHTpy Baiiero MHOroyronbHUKa Jj1s1 TOTO, YTOOBI yKa-
3aTh BEJIMYMHY BCEX BHYTPEHHHUX YTJIOB, T.€. YIJIOB BHYTPH
MHOT'OYTOJIbHUKA.

Bri6epute unctpymenransaoe cpeactso PACCTOAHUE
NJIN JJINHA n yxaxkute IJIMHBI BCEX CTOPOH Bamero MHo-
rOYrOJIbHUKA.

Hakonel, KIMKHUTE TTO KHOMKe-QIaKKy “3”, 4TOOBI y3HATH
Ha3BaHMUE 3TOT0 MHOI'OYTOJIbHUKA, IOCTPOCHHOTO Bamu.
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BHeceHnue cBeeHMil B TA0JIMIy JTaHHBIX

e B rabnulie 3an0JHUTE CTPOKY JJisi 3-CTOPOHHETO MPaBUJIIb-
HOTO MHOT'OYTOJIbHHKA.

e 3areM yganute Bam MHOTOyroJIbHUK U MOCTPOUTE CIELYIO-
IIIUII MHOTOYTOJLHHUK YKa3aHHBIA B TAOIHIIE. 3aMIOJIHUTE CO-
OTBETCTBYIOIIYIO CTPOKY B TaOJIHIIE.

Tadauna JaHHBIX

Konmuectro BenuunHa BHYT- Anina
Haszsanue CTODOH
CTOPOH PEHHHX YIJIOB p

3

BbiBOADLI
e [locne 3amonHeHUs TAOIHIIBI, KAKOE OmnpeseeHne Bol moxere
1aTh NPAGUIbLHOMY MHO20Y201bHUKY'?
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I11abs10H 17151 cOCTABJIEHHUS IVIAHA YPOKa

Pexomenaaruu: 3amoHATe KaXABIA pasien mabiioHa IIaHa ypoka,
IIPE/ICTaBUB JIaHHBIE, HEOOXOUMBIC JIUIS JTyUIIero MOHUMaHHs X0J1a YPOKa,
a Taxxe mHpopManuio o nmpuMeHeHnn nporpammel GeoGebra Bamu n Ba-
IIMMHM yYE€HHKaMH B XOJi¢ ypoka. B jomonHeHne k 3ToMy 11a0aoHy, Bl
JIOJKHBI MPEJIOCTABHUTH JIBA OTNICIBHBIX (Daiiyia: pa3aTOUYHbIN MaTEpHAa JIs
YYaIInuXCs, KOTOPBIA JTOJDKEH MPUMEHAThCA ¢ mporpammoirt GeoGebra, u
daiin GeoGebra. PazgaTounsrit MaTepualt, Kacaromuics paboThl yJaImxcs,
IPEIOCTABUT UM MHCTPYKIIHHU 110 IPUMEHEHHIO TEXHOJIOTUH, HEOOXOTMMBIX
JUTS. BBITIOJIHEHUST paOOUMX 3aJaHHMK. YKa3aHHs, KOTOPbIC JOJKHBI BBIMOJI-
HATH yYaIlnuecs, TOJDKHBI COJIepKaTh BOMPOCHI, HA KOTOPhIE YYCHHKHU 005-
3aHbI JIJaTh OTBETHI, YTOOBI BHIIIOJHUTH 3aJaud ypoka. Pa3naTouyHsiii MaTe-
pHUa JOJHKCH BBITIIAIETh TPUBIIEKATEILHO U akKypaTHO. OH OyAeT BKIIIO-
JaTh Ha3BaHWE, BCTYIUICHHE U YICOHBIC IIENH JTSI yYaIIuXCs, a TAaK)Ke MECTO
s (paMuIiM 1 UMEHW yYeHWKa W JaThl. Vcrosb3oBaHUE rpadUuecKux
00BEKTOB B TEXHOJOTHUYECKUX HHCTPYKIHSIX 0053aTEIIBLHO.

Nms u pamunius yyenuka: [Tema ypoka:

Y4eOHBIN Mpeamer: Knace: KosnyecTBO
yUALIMXCS:

Tun nporpamMmMsbl 00y4eHusi: 0011e00pa3oBa- IleOI[O.]I)KI/ITeJILHOCTL yYpOKa:
TeJbHBIA KJIACC, THMHA3UYECKHH KJIACC,
KJIACC € Yriry0JieHHbIM u3yyeHuem. Ilpouent
nereii ¢ OB3. IIpoueHT nereii, He TOBOPSIUX
MO-PYCCKH.

Onucanue ypoka (BKJI0YAas JejieHre YYaluuXcs Ha TPYyNIbl):

Hanuwume kpamkoe u yemkoe onucarue npoucxooswe2o Ha ypoke. Odwvsacuume,
Kak yuenuxu 6yoym ucnoavzosams GeoGebra, u kax 6yoem npogooumucs deieHue
VueHurKoe Ha epynnel 80 8pems pabomsi ¢ GeoGebra.
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BbinojiHeHHe rocyiapCrB€HHbIX OﬁpaSOBaTeﬂbHLIX CTAaHAAPTOB HA YPOKE:

Obpamumecs K ¢hedepanrbHOMY 20CyOapCcmEeHHOM) 00pA308aMeNbHOMY CIMAHOAP)
HauanbHo2o 06weeo oopazosanus. Co2nacHo Kiaccy, evibepume coomeemcmesyio-
e mpebosanusi K pe3yibmamam 0C80eHUst OCHOBHOU 00pa308amebHOl npo-
ePAMMbL HAYAIBLHO20 00Ue20 0OPa308aHUsL

O0pa3oBaresibHbIE LEJIH:

Banuwume obpazosamenvhbie yeau (pe3yiomamol 00VUeHUs), KOMOpble YUeHUK 00Jl-
bicer 8bInoIHUMb Ha OaHHoM Yypoke. Kascoas yenwv donoicna 6vimsb 3anucana ¢ Ho8oll
cmpoxu.

Matepuajbl, pecypchbl H TEXHOJIOTHH:

Cocmagbme Cnucok Mamepuaios, pecypcos u mexHoro2utl, mpeoyemuix 0jisi npose-
Oenus 0aHHO20 YPOKA. Bbl 00101cHbl makKoice 6KII0UAMb CCHLIKY Hd, HO KpaliHeu
mepe, 00UH 3aCyAHCUBAIOUULL 00BEPUSL NEUAMHbIU UIU OHLAUHOBBLU Pecypc, UCNOTIb-
Byemblil 011 npedCcmasienus YueOHbIX 3HaHUl Ha YpoKe (3mo modicem Obimb Y4eOHUK
0J151 0AHHO20 KIACca U npeomema, OHIauH pecypc yuebHo2o niana u m.o.). Eciu yua-
wuecs 6y0ym ucnoiv3oeams carimol 8 Mnmepneme, HeoOX00UMO 6KIIOYAMb HA364-
Hue, Komopoe M02l0 Obl UCNONB308AMbCS 8 Kauecmeae 3aKIA0KU, a makice 0elcmea)-
rowyuti aopec URL ona kascoozco catima 6 Mnmepueme.

[MoaroroBKa yuymress:

Obvsacnume (UCNONL3YS HYMEPOBAHHDI CRUCOK) KAMCObLU Ulae, KOMOpblll yuumens
00ICeH BLINOHUMb, YMOObI NOO2OMOBUMBCSL K YPOKY. DMOmM CNUCOK MOdCem
BKIIOUAMb, HANPUMED, NIAH YPOKA, cOOp Mamepuaid, HaxodcoeHue caimos u 3a-
K1aook 6 Unmepneme, pacneuamky KOnUtl pa30amo4yHblx Mamepuanos u m.o.

I[eﬂTe.]'leOCTL Yaalmuxcs:

ObvsicHume, Kakum oopazom yuawuecs 6yoym akmusHo 606J1eUeHbl 8 YPOUHYI0 Oesl-
menvHocms. ObvscHUme, Kak oHU 6yO0ym pabomams 6 X00e YpoKa, 8bINOHAA 34~
Oauu, nocmaeierHvle neped HUMU. JJ0N%CHO ObIMmb 0AHO KpAmKoe ONUCAHUE KAdiC-
0ot uacmu ypoka. (B opuyuanvnom nnane ypoxa smom pasoen 6wl 661 nOOPOOHOL
nowazo60l uHcmpyKyuell K 8bINOJIHEHUI0 0elicmaull 8 xooe ypoka. B amom gop-
mame Oanmuwiil pazoen 001xHCeH OblMb BbINOJHEH 8 BUOE NOBECMBOBANHUS, COCMOS-
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weeo uz 2-3 abzayes. Mznosicerue 0024CHO ObIMb 00OCMAMOYHO NOJIHLIM, HO CHCA-
moim). OcHoBHOE BHUMAHUE 8 YMOM pazoeiie O0IHCHO Oblmb YOeleHO 3a0ayam, Ko-
mopule yuawuecs 00nxicHbl peuiums ¢ ucnoivzosanuem GeoGebra. Onucanue camo
no cebe 001CHO ObIMb 00CMAMOUHBIM, YUMOObL oyeHums ucnoavsosarue GeoGebra
Ha ypoke ¢ yuemom npuHyuna 3¢gexmusnocmu ee npuMeHeHusl.

Ounenka:

Pacckasicume, kakum obpazom Bawu yuawuecs docmuenu yuebHuix yenei 0aHH020
Vpoxa (kak 6 xooe ypoka, max u npu noogedenuu umozos). Onuwume Kpumepuu
OYEHKU YCReUHOCMU YHauuxcs — 3ad Kakue y4eOHvle 00CMUNCeHUs yuauuecs noy-
Yam «OMIUYHOY, «XOPOULOY, «YO0BIeMBOPUMENbHOY, KHEYOOBIeMEOPUMETILHON.
Kax Bvl 6yoeme oyenusams mo, umo yuenuxu eviyuuau? Kpumepuu 0oaxicHvl yemro
coomeemcmeosams yueonvim yeaim u cmanoapmam. Kax Bvi 6yoeme omcaeorcu-
BamMb OOCMUNCEHUsL YHauuxcs 6 oopazogamenvHom npoyecce? Takoce onuwume,
Kak 6yoem ocywecmenamovcs 06pamuas céa3sb ¢ Bawumu yuenuxamu.
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SAK/TIOYEHHUE

3a nocnegnue 20 JeT NPUMEHEHHE TPOTPAMM THHAMUYECKON r€OMET-
puHd, B 4acTHOCTH npuioxenust GeoGebra, B 00pa3zoBaTeIbHOM IPOIIECCE
HAIIJIO MIMPOKOE MPUMEHEHHE B CpEeHUX IKoJax. J(ocTyn kK mporpamMmmam
JUHAMUYECKOW T€OMETpPUU NI MUJIJIMOHOB TpernoAaBaTeieil U yYEHUKOB
IpUBEJ K PA3BUTHI0O MHOTOYUCIIEHHBIX NEAAroru4ecKux MpuéMoB UCIONb-
30BaHMS 3TUX TEXHOJIOTMH B 1IKOJe. B HegaBHee BpeMsi 3TH IMPOTrpamMMbI
CTaJli IPUMEHSTHCS U B HayalbHOMU mIKoJie. B 1aHHOM yueGHOM mocoOuu
MBI pacckazaiid o npuemax npumenenus GeoGebra B npenoaaBaHUM reo-
METPUH B HAYaJbHOH IIKOJIE HA MPUMEPAaxX TEMbl CHMMETPUU U CBOMCTBA
¢uryp. Mbl ipennaraeM 4uTaTeNsIM PACIIUPUTh 3TH UJIEU HA JPYTHE TEMbI

B [IPOrpamMMe Fr€OMETPUH HAYAIIBHOW IIKOJIBI.
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PREFACE

This elective course is offered as part of collaborative project between
Vladimir State University named after A.G. and N.G. Stoletovs and the City
University of New York. The Project is financed by the US-Russia University
Partnership Program (UPP). The UPP is an initiative for mutual cultural and
academic collaboration that connects higher education institutions in Russia
and US with one another and supports the launch of new bilateral partnerships.
UPP is implemented by Eurasia Foundation (US) and National Training Foun-
dation (RF) with funding from U.S. Department of State.

In recent years, there has been growing interest in including geometry
into elementary school mathematics curriculum. Geometry is the basis for de-
velopment of spatial reasoning (visual thinking), as well as logical thinking of
elementary school students. Therefore, the purpose of this course is to deepen
knowledge of geometry and methods of integrating computer technology into
geometry for pre-service elementary school teachers. Within the framework of
this course there will be four 2.5-hour long joint sessions in the form of a webi-
nar with video recording and simultaneous translation. They will be carried out
in a specially equipped computer laboratories. Alongside with the intent to in-
crease the knowledge of pre-service teachers, this course i1s also designed to
enhance modern technology skills in teaching mathematics. At the final stage
of the course pre-service teachers will develop a detailed lesson plan focused
on the topic of symmetry using GeoGebra program and will deliver this lesson
in their classes that will be video recorded.

Student materials can be downloaded from http://bit.ly/GeoGebraUS.




Tentative plan of the course

Date Agenda Homework
February | 1. Presentation of the participants and 1. Identification of the topic
11,2017 purposes of the project and purpose of the lesson,
. Immersion (modeling of an elemen- draft of the GeoGebra task
tary school lesson) — discovery lesson for students
about reflection symmetry 2. Complete GeoGebra tutori-
. Discussion of instructional strategies als from the course brochure
in teaching the topic and using Geo- 3. Complete geometry tasks
Gebra in the lesson (TBD)
. Introduction to the topic of Symmetry
February | 1. Introduction to GeoGebra 1. Plans for GeoGebra intro-
18,2017 | 2. Instructional strategies for using Geo- duction to the students
Gebra 2. Continuation of the lesson
. Modeling of the lesson using con- planning, development of
structions in GeoGebra student task in GeoGebra
. Independent (in pairs) task from the 3. Complete GeoGebra lessons
course brochure + individual counsel- from the course brochure
ing (TBD)
. Lesson planning + individual coun- 4. Complete geometry tasks
seling (+ plans for preliminary prepa- (TBD)
ration of students for the lesson)
February | 1. Principles of effective use of GeoGe- | 1. Finishing lesson task in Geo-
25,2017 bra in class (with examples of differ- Gebra, instructions and ques-
ent pedagogical situations) tions
. Joint discussion of pre-made tasks in | 2. Prepare the draft of lesson

comparison with open design tasks in
GeoGebra

. Discussion of requirements for the

tasks in different level school stu-
dents in GeoGebra

. Development of conceptual questions

for students of different levels of abil-
ity

plan

Prepare a technology-based
portion of the lesson for mi-
cro-teaching

Schedule the date for teach-
ing the lesson




Date Agenda Homework

5.Independent work on GeoGebra task
for students + individual counseling

March 4, | 1. Micro-teaching of the lessons with 1. Final lesson plan + GeoGebra
2017 discussion — 3 groups from each side file with the task in the pro-
2. Review of the requirements to the les- gram + student activity
son plan and video handout
3. Independent work on lesson plans + | 2. Teaching the lesson and
individual counseling video.

Snow days makeup: March 18, March 25

Scholarship requirements for the participants:

1. Completion of geometry tests and attitude surveys before and after the
course.

2. Attendance of all course sessions.

3. Development of a lesson plan with focus on topic of symmetry with stu-
dent activity handout for the task completed in GeoGebra.

4. Presentation of a lesson fragment at the workshop (micro-teaching in
small groups).

5. Delivery of a lesson at the school with video recording.

6. Submission of sample students’ work on GeoGebra task.



THE GEOMETRY LEARNING AND TEACHING

This section describes some topics of geometry and discusses instructional
strategies in teaching geometry in elementary school. The geometry is a disci-
pline of mathematics where we can develop foundations for logical and algo-
rithmic thinking, spatial reasoning, and mathematical literacy. The use of ge-
ometry concepts in mathematics fosters development of children’s concrete
thinking based on manipulation of physical objects (pre-school), visual think-
ing using drawings and images (elementary school), and abstract/logical think-
ing (secondary school). Consistent introduction of geometry tasks into teaching
mathematics starting at young age results in development of children’s levels
of thinking, increases their motivation and interest in learning geometry, and
leads to deeper understanding of geometry material.

On the other hand, lack of understanding of definitions and properties of
mathematical objects, as well as inability to correctly interpret geometric im-
ages leads to misconceptions that children commonly have in elementary
school.

This section of the brochure focuses on the topic of symmetry. As a refer-
ence you will find the table that describes main types of symmetry taught in
elementary and secondary school curriculum (table 1). The section discusses
most common children’s misconceptions along with recommendations for their
remedies. Tasks offered in this section could be completed with paper and pen-
cil, as well as with computer technology. In the appendices you will find de-

tailed introduction to the topics of parallelogram and translation (appendix 1),
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student activity to model right angle (appendix 2), and instructional strategies
that pre-service teachers can use in their teaching (appendix 3).

While this publication focuses on the topic of symmetry, the instructional
strategies and technology could be applied for learning and teaching of other
topics of geometry.

Symmetry and Most Common Children’s Misconceptions in Elementary
Geometry

Take a look at the pictures. What do they have in common?

All these objects have at least one line of symmetry. Tablel provides de-
scription of the main types of symmetry that are taught in school mathematics
curriculum.



Table 1. Types of symmetry

Type of symmetry.
Definition

Construction of
symmetric points

Characteristic
property.

Examples of shapes
with elements of
symmetry

Central symmetry
Two points are sym-
metric about a point,
called center of sym-
metry if this center is

the midpoint of the
segment that connects

these points.

Al

Movement of a
plane that has
only one sta-
tionary point.

A circle, the center
of the circle is the
center of symmetry.
A parallelogram, the
point of intersection
of diagonals is the
center of symmetry.

Line (reflection) sym-
metry
Two points are sym-
metric concerning
some straight line
(axis) if they are lo-
cated on the perpen-
dicular to this line at
equal distance from it

Movement of
the plane that
has the set of
stationary
points which is
a straight line

A circle, a diameter
of a circle is the axis
of symmetry.
An equilateral trian-
gle, 3 altitudes are 3
axes of symmetry.
A rectangle, 2 medi-
ans are 2 axes of
symmetry.

A rhombus, diago-
nals are 2 axes of
symmetry.

A square, 2 medians
and 2 diagonals are
4 axes of symmetry.

Mirror symmetry
(about the plane)
Two points are sym-
metric about a plane if
a segment connecting
these points is perpen-
dicular to this plane
and the points are
equidistant from it.

Movement of
space, the set
of stationary
points of
which is a
plane

The right rectangu-
lar prism has 5
planes of symmetry:
3 median sections
and 2 diagonal ones.




Rotational symmetry
A point is obtained
from another point by
rotating around a cen-
ter by a given angle.
Both points are located
on the same circle, so
that the center of rota-
tion is in the center of
the circle. The seg-
ments connecting
these points to the cen-
ter of the circle form
the angle of rotation.
The direction of the
rotation is set as clock-
wise or counterclock-
wise.

The center of rotation
is called the center of
the n'™ order symmetry
of the figure if it
matches itself when
rotated by an angle of

around the center

of rotation.

\
.__ ———————————
X

Lj

7/

Translational sym-
metry or slide
Movement of the
plane that transfers
points of the plane in
the same direction by
the same distance.

On the plane
movement of
the plane that
has only one
stationary
point — the n'"
order center of
symmetry.
In space move-
ment of the
space that has
the set of sta-
tionary points
which is a
straight line.
Rotation is
carried out
around this
line.

A right triangle has
the 3™ order center
of symmetry.

A square has the 4"
order center of sym-
metry.

A snowflake has 6"
order center of sym-
metry.

This property
refers only to

¥« unbounded fig-

ures.

A border is a stripe
between two parallel
lines filled with con-

gruent figures.

Parquet is tiling of a
plane with congru-
ent non-overlapping
figures.




We are interested in acquisition of mathematical concepts by elementary
school children. How do children perceive material while studying the “Poly-
gons” unit? Do children see symmetry in geometry, in mathematics in general,
and in the world around them? Consider the most common children’s miscon-
ceptions in geometry.

Misconception 1: Square is not a rectangle.

Realizing that a square is a rectangle is somewhat difficult for elementary
school children. The reason is the fact that the majority of children have already
acquired holistic image of a square and a rectangle but they are lacking the
ability to identify the definitive attributes of a figure to make this connection.

In this case, it is very important to plan the sequence activities for the
children aimed at identifying the definitive attributes of a rectangle and a
square'. For example, a teacher can use an envelope with a set of different ge-
ometric figures painted in different colors. First it is necessary for children to
recognize the name of these shapes, e.g., polygons. Then teacher offers stu-
dents to show and name polygons that have three angles and three sides, four
angles and four sides, five angles and five sides, etc. After that, children can
keep only quadrilaterals on their desks. The next step is for students to classify
quadrilaterals they have by the number of right angles. After several attempts
some students will guess that quadrilaterals with exactly three right angles do
not exist. While accomplishing the task given by the teacher the children first
try to approximate which angles could be right and then check their assump-
tions with the help of the right-angle model®.

This sequence of activities results in identifying quadrilaterals that have
four right angles. They are called rectangles. Among rectangles it is possible to
identify those with all sides equal. They are called squares. The relations be-
tween the notions polygon. quadrilateral, rectangle, square are presented in a
diagram below.

Squares

Rectangles

Quadrilaterals

Polygons

! Detailed information on properties of a quadrilateral see in Appendix 1
2 Practical work «Right angle model» see in Appendix 2

12



This diagram may be used for different games, for example the game
“Where is my place?” Two students are given equal numbers of different pol-
ygons (one gets blue figures, the other — red). The student who is the first to
place his/her shapes correctly on the diagram is the winner.

The game may be played in a different way. One student gets several
geometric figures. First, he/she shows picks one of the figure to show it to the
class, except for his/her partner. Student then describes the figure by its prop-
erties. The partner guesses the name of the figure and places it on the diagram.
The main rule of the game: the figure must be described in such way that the
choice of its placement is unambiguous. For example, a student describes a
figure as follows: “five sides and five angles”. The choice is unambiguous — it
1s a pentagon, it is placed in the “Polygons” part of the diagram. Then he pro-
poses such description: “four sides and four angles”. In that case the choice is
ambiguous. It could be any quadrilateral, or a rectangle, or a square. Or such
description: “four sides and all of them are equal” (the choice is ambiguous as
well). It could be a square or a rhombus that can be placed in the “Quadrilat-
erals” part of the scheme. In the process of playing this game the students begin
to understand what are the definitive attributes of a geometric figures.

Task. Create games that you can use in your class for children to identify
the relations between geometric figures, and to learn their definitive attributes
and names.

Misconception 2. Position, orientation, or size of a figure change its de-
finitive attributes.

Children believe that orientation and proportions change definitive attrib-
utes (or characteristic properties) of a figure. For example, consider popular
misconceptions about triangles:

* Triangles have one vertex in the upper part and two vertices at the bot-
tom.

* A triangle is always based on one of its sides or, in other words, one of
the sides is the bottom of a triangle.

Here are some popular misconceptions about rectangles:

 The shape of a rectangle is always extended.

* A rectangle has two long sides and two short sides.

13



Usual position of a square and a rectangle Unusual position of a square
and a rectangle

There are many ways that teachers can help children overcome these mis-
conceptions. For an elementary school student, the most accessible and produc-
tive way of acquisition of knowledge and skills is his/her own practical experi-
ence. Here 1s an example of hands-on activity that can be used in this case. The
teacher hands out tracing paper and a sheet of paper to the children. There are
outlines of four figures on the tracing paper: parallelogram, rhombus, square
and rectangle (it is enough to have one of each type). On a sheet of white paper
the teacher has the arbitrarily placed quadrilaterals of the same size as on the
tracing paper (in the sense, they are differently positioned). Using tracing paper
a student gets convinced that the sheet is filled only by the same quadrilaterals.

A similar hands-on activity can be done with just one figure, a rectangle.
Rectangles and squares are scattered across a sheet of paper. With the help of
tracing paper or a right-angle model (Appendix 2) a student confirms that these
figures are rectangles. Then, using a model for measuring segments (a ruler)
he/she makes a conclusion that some of the presented rectangles are squares.

Task. Use multi-colored rectangles and squares. Create a design for a
scarf and a shawl. Make a fairy-tale train where each car contains three or four
rectangles, only vertices of the rectangles could be the wheels of the train.
Think how to complete these tasks in the program GeoGebra.

Misconception 3. Students believe that if areas of two shapes are the

same, their perimeters will also be the same.

This misconception is clearly observed when working with composite
shapes of equal areas. Assume that a geometric figure is composed of shape A
and shape B. Children believe that rearranging A and B to make a different
shape will preserve not only area, but perimeter as well. For example, a right

14



triangle is cut out of rectangle and moved to form a parallelogram. Children
will immediately assume that perimeter of a parallelogram is equal to the pe-
rimeter of a rectangle.

—— A

Recall some important concepts of the theory of measurements. The areas
of a composite figures composed of the parts with equal areas are equal. The
perimeters of these composite figures can be different. Figures having equal
area do not necessarily have equal perimeters. Figures having equal perimeters
do not necessarily have equal areas. There are figures that have equal perime-
ters but their linear dimensions are different. There are figures that have equal
areas but their linear dimensions are different.

Task. Two triangles have equal areas. Does it mean they are equal? Ex-
plain your answer. Use GeoGebra program to illustrate your answer.

Task. Given points A and C on the line £ and point B on the line /. Lines
k and [ are parallel. Point B moves along line /, taking position Bi, B2, B3, etc.,
while points A and C remain stationary. What can you say about triangles
ABI1C, AB2C, etc.? Create the dynamic illustration for the task in GeoGebra.

Task. A square is cut along its diagonals. How many convex polygons
different from a square may be composed from the four triangles that have been
formed? Show your solution.

Misconception 4. Students sometimes find more lines of symmetry than

exist.
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Like prev1ous misconceptions, this one is connected with visual percep-
tion of the figure image. For example, in a rec-
tangle a student can erroneously identify diag-
onals of a rectangle as lines of symmetry.

This misconception can be easily re-
solved using easily available materials. Stu-
dents can be given rectangular sheet of paper
to fold along the presumed lines of symmetry. If after folding the halves of the
sheet match the line of symmetry was found correctly. Alternatively, students
can use computer technologies to model the problem, specifically, dynamic ge-
ometry software such as GeoGebra.

In conclusion, it can be shown that any regular polygon with # sides has
n lines of symmetry.

Task. Find all lines of symmetry for given regular polygon. Explain why
these lines are lines of symmetry for this polygon. Why are you sure that you
have found ALL symmetry lines?

Tasks on the Symmetry for elementary school students and pre-service
teachers

1. Complete the second part of the picture and color it. Check if the con-
struction is correct with the help of tracing paper.’

i\

3 L.G. Peterson. Student’s book. Mathematics. 2 grade. Yuventa. 2013.
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2. a) Draw a circle with a radius of 5 cm on a sheet of paper. Cut this circle
out. Fold the circle in half. Draw a line with a red pencil along the crease.
What have you noticed? b) Fold the circle in half twice. Draw a line with
a blue pencil along the new crease. What have you noticed?*

3. Construct figures symmetrical to the given ones with the given line of
symmetry [.°

1 ] |
-------

4. a) Construct a triangle symmetrical to the triangle ABC about side BC,
and then slide the image 8 units to the right. Descrlbe the 1 inverse transfor-
mation.® b) Draw a square | | | |
ABCD with the side 3 cm |
long and construct a square |7
symmetric to it about side
CD.

5. Cut out of paper models of the following shapes: parallelogram, rectan-
gle, thombus, square, right isosceles triangle, acute isosceles triangle,
and circle. Use folding to find their lines of symmetry. Sketch the lines
of symmetry of these figures on paper.

* L.G. Peterson. Student’s book. Mathematics. 2 grade. Yuventa. 2013.
SL.G. Peterson. Student’s book. Mathematics. 3 grade. Yuventa. 2012.
¢ ibid.

17



6. Construct a circle symmetrical to the given one about a) the center O, b)
a line a.

7. Construct a segment 4’B’ symmetric to the given segment AB: a) about
the midpoint M of the segment, about one of the ends of this segment,
about point O that does not belong to 4B, b) about the perpendicular
bisector of the given segment 4B, about the line passing through the
point B, about the line that does not have any points in common with the
segment AB.

8. Split the set of letters of the alphabet into groups with the following char-
acteristic properties: a) having the center of symmetry, b) having the cen-
ter of symmetry of some order n#1, ¢) having the line of symmetry, d)
having several lines of symmetry.

Appendix 1. Some information about parallelograms’

The set of parallelograms includes the subsets of rhombuses, rectangles, and
squares. Students have to review the topics of triangles and circles on their own.

General properties of parallelograms

A parallelogram is a quadrilateral with opposite

two parallel lines KL and MN are intersected by two

L N
P 2 / C/ 3 sides parallel.
/ / A parallelogram (ABCD, fig.1) is formed if any
A D
R
K / M/ > other parallel lines PQ and RS.

Figure 1

Properties of sides and angles of a parallelogram

. . In any parallelogram (ABCD, fig.2) opposite

> sides are equal and opposite angles are equal.
Diagonal BD divides ABCD into two triangles
</  ABD and BCD, which are congruent (by ASA). Specif-

A ically, BD is their common side, £1 = 24 and £2 = £3
Figure 2 (as alternate interior angles). From equality of triangles

7 The material is taken from classical mathematics book: A.P. Kiselyov. Elementary
geometry. Teacher’s book. — M. Prosvescheniye, 1996
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it follows that AB = CD, AD = BC and £A4= £C. Opposite angles B and D are
equal as well, as they are sums of equal angles.

Note. Equality of opposite sides in a parallelogram is sometimes ex-
pressed in other words as follows: parallel line segments contained between
parallel lines are equal.

Consequence. Parallel lines (AB and CD) are always equidistant from
one another.

Actually, if from any two points M and N on line CD we drop perpendic-
ulars MP and NQ on line AB, these perpendiculars are parallel and consequently
figure MNQP is a parallelogram; hence MP = NQ i.e. points M and N are equi-
distant from line 4B.

Characteristics of parallelograms
If in a quadrilateral: 1) Two pairs of opposite sides are equal in length,
or 2) One pair of opposite sides are parallel and equal in length, then such
quadrilateral is a parallelogram.
1. Given quadrilateral ABCD (fig. 3) with sides AB=CD and BC=AD. Prove
that this figure is a parallelogram, i.e. AB||CD and BC||AD
After drawing a diagonal BD, we will have two
triangles that are equal (SSS), since BD is their
common side, AB=CD and BC=AD (by con-
dition). Therefore, 21 = 24 and £2 = £3 (an-
gles opposite to equal sides are equal); conse-
quently AB||CD and BC||AD (if alternate inte-
rior angles are equal, the lines are parallel).
2. Given BC=AD and BC||AD in a quadrilateral ABCD (fig.4). Prove that
ABCD is a parallelogram, 1.e. AB||CD.

C

Figure 3

Triangles ABD and BCD are equal as BD is B c

their common side, BC=AD (by condition) and N

£2 = £3 (as alternate interior angles). From

equality of triangles it follows: 21 = 24, con- AN\

sequently AB||CD. . 0
Figure 4
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Property of diagonals of a parallelogram
In a parallelogram ABCD (fig.5) diago-

nals are bisected.
Triangles BOC and AOD are equal, as
BC = AD (as opposite parallelogram sides),
21 =£2 and £3 = £4 (as alternate interior an- .

gles). From equality of triangles it follows: OC = Figure 5
= 04 and OB = OD.
The center of symmetry

The point of intersection of parallelogram diag-
onals is the center of symmetry of the parallelogram.
Draw any line MN through this point (point O, fig.6). )
This line intersects the side BC at point Q and side AD B a / c
at point P. Points P and Q are symmetric about point 2

O, 1.e. these two points are on opposites sides of point A

O and equidistant from it. The proof is based on the AW D
fact that triangles OAP and OCQ are congruent ' /

(ASA), as AO = OC (by property of parallelogram di- )
agonals), the angles at the common vertex O are equal

(as vertical) and 21 = £2 (as alternate interior angles).
Therefore, OP = OQ.

If in any figure there exists a point having specified property, then such
point is called the center of symmetry of this figure: consequently, in the par-
allelogram the intersection of its diagonals is the center of symmetry.

If the figure having the center of symmetry is turned around this center
by 180°, then the figure will coincide with itself, as any two symmetric points
(i.e. P and Q, A and C) after such rotation will swap positions. Symmetry about
the center is called central symmetry as opposed to the symmetry about a line
is referred to as /ine (or reflection) symmetry.
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Special cases of parallelograms: rectangle, rhombus and square

A rectangle is a parallelogram with all right angles. Since rectangle is a
parallelogram, it has all properties of a parallelogram; for example, its diago-
nals are bisected and the point of their intersection is the center of symmetry.
However, a rectangle has its own specific properties which will be indicated in

the following two theorems:

1. In a rectangle (ABCD, fig.7) diagonals
are equal.

Proof: Right triangles ACD and ABD are
congruent (SSS) as 4D is their common side and
AB = CD (as opposite sides of parallelogram).
Therefore, AC = BD.

2. A rectangle has two mutually perpen-
dicular lines of symmetry (it can be verified from
studying fig.8).

Figure 7

M

N

Figure 8

A rhombus 1s a parallelogram with all equal sides. Of course, a rhombus
has all properties of a parallelogram, but it has the following two specific prop-

erties:

1. Diagonals of a rhombus (ABCD, fig.9)
are mutually perpendicular and bisect rhombus
angles.

Triangles ABO and BOC are congruent
(SSS), as BO is their common side, AB = BC (as
all sides of a rhombus are equal) and A0 = OC
(as the diagonals of any parallelogram are bi-
sected). Therefore, £1= £2, i.e. BD 1L AC and
£3= ¢4, 1.e. angle B is bisected by the diagonal.
From equality of triangles BOC and COD we
will see that £C is bisected by the diagonal, etc.
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2. Each diagonal of a rhombus is its axis of sym-
metry.

Diagonal BD (fig.10) is the axis of sym-
metry of rhombus ABCD, as through reflection
AABD over line BD, it overlaps with ABCD. The
same can be said about diagonal AC.

A square can be defined in several ways:
it is a parallelogram with all sides equal and all
right angles; or it is a rectangle with all equal B
sides; and lastly, it is a rhombus with all right
angles.

Figure 10

Therefore, a square possesses all proper-

ties of a parallelogram, a rectangle, and a rhom-
bus. For example, a square has four lines of
symmetry (fig.11): two, passing through the
midpoints of opposite sides (same as a rectan-

gle), and two, passing through the vertices of

Figure 11

the opposite angles (same as a rhombus).
Translation (slide)
Consider an arbitrary figure F, for exam-
ple, a triangle (fig.12). Select two arbitrary
points A and B on this figure. Imagine that figure

F moves in the plane in the direction specified =
by the arrow in such way that points 4 and B (as
well as the segment 4AB) slide along the line xy
passing through these points. Neither the shape
of the figure F nor the size of it changes. Figure 12

Notice that during this motion all the points of figure F will be moving
in the same direction along lines parallel to the stationary line (xy) along which
sliding is carried out and furthermore these points will move the same distances.
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Consider an arbitrary point C on the figure F and connect it with point 4
(fig.13). Let segment AB move (by sliding along xy) to position 4'B".

Then segment CA will move to
some position C'4’, and neither length of
this segment, nor size of angle o, formed
by AC and 4B will change. Consequently,
in quadrilateral A4'C'C two opposite sides
A'C" and AC will be equal and parallel,
therefore this quadrilateral will be a paral-

lelogram by definition. Therefore, CC'=
=AA"and CC'||AA'. Thus, any point C of
figure ' moves along the line, parallel to

Figure 13

the line xy by the same distance equal to
AA".
Such motion of figure ' when all its points move along the lines parallel
to some stationary line is called translation (or slide).

In translation of figure F' any
segment MN that belongs to figure F’
(Fig. 14) moves parallel to itself.
Since MN 1s translated to M'N’,
quadrilateral MM'N'N will be a par-
allelogram, because MM'and NN'are

parallel and equal; consequently, f "
MN|IM'N'". Any segment that is par-

allel to the direction of translation

(e.g. PO), slides along itself during Figure 14
translation.
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Appendix 2. Modeling right angle activity

Draw a straight line from a given point. This geometrical figure is called
a ray. If you draw two rays from the same point, then these rays will enclose a
part of the plane that form a geometrical figure called an angle. Therefore, an
angle 1s a part of the plane bounded by two rays starting from the same point
called the vertex of an angle.

Children should be first introduced to the concept of an angle by learning
about right angle. This section provides description of hands-on activity for
modeling the right angle. Students get sheets of the paper different in size with
uneven edges. In the middle of the sheet a point i1s drawn. The children should
fold the paper so that the crease passes through this point. Then they fold the
paper once again so that crease lines overlap. As a result of folding the crease
lines form a right angle. Students can then compare their models by overlaying
the paper in order to conclude that all right angles are equal to each other. The
teacher can model the steps as she/he guides the students through the steps of
the activity.

In order to fully understand the results of this activity, it is necessary for
children to have correct understanding of the magnitude of an angle. At this age
it is sufficient to use the method of comparing the angles by overlaying them
along with students’ notion of a ray.

With the model of a right angle students can complete various exercises:
they overlay this model on angles, notebooks, books and they see for them-
selves that these angles are right; they draw right angles on square grid and
unruled paper. Students find right angles on various objects. It is necessary to
draw right angles in various positions on plane. Teacher can provide loose-leaf
paper with rays drawn on them and students are offered to draw rays to form
right angles. Students draw them with the help of the model of a right angle and
by means of a right triangle.

Students can also use GeoGebra program to draw right angles. They can
verify equality of right angles by sliding them on top of each other.
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Appendix 3. Instructional techniques for teaching mathematics

Instruc- Description Examples
tional
Technique
Setting up goals (motivation)

Element of |The teacher finds a different [We view the photos on which a half of a

surprise perspective on the topic that |butterfly, a half of a snowflake, a half of a
even ordinary becomes person, a half of a car , a half of an umbrella
amazing are shown. Children, can you say what ob-

jects are shown here? What is missing?
Addition of |A teacher adds fantasy char-|Winnie the Pooh comes to the lesson with

a fantasy el-

acter or event to real events

swollen left cheek, because he went to get

ement some honey, and got stung by the bees. He
asks children to figure out how to make his
picture, that does not show swelling. Do
you think you his face is symmetrical? Can
it help?

Explanation of the new material

Connecting |The teacher introduces the- |In order to introduce properties of the re-

theory to ory through a practical task |flection symmetry, the teacher provides stu-

practice which is obviously useful. |dents with paper, pencil and a mirror and
asks them to observe reflection of a drawing
in the mirror.

Watching |1. Without task Presentation of video: symmetric architec-

video seg- |2. With the task given be- [tural structures, animals, birds, technical de-

ments on the
topics being
studied

fore viewing
3. With the task given after
the viewing

vices, reflection in water, etc.
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Elaboration of the new material

5 |Peer review [Students compile a series of |Students working in small groups exchange
questions about the material |their questions with another group.
studied at the lesson.
6 |Review with|Students develop questions |We have studied the topic symmetry of a
extension |that extend acquired rectangle. What questions can you ask
knowledge to new ideas about a symmetric figure that is not a rec-
tangle to find out whether it is symmetric?
7 |Student ex- |Students prepare their own |The class may be split into groups, each of
amples examples for the new mate- [them receives its own task, for example
rial. consider lines of symmetry for
1 — triangles, 2 — quadrilaterals, 3 — circles
8 |Short story [Develop a short story using |What have we learned today?
the terms from the list as What concepts were introduced to you?
well as words and word Prepare presentation about your exploration
combinations such as “be- |of the symmetry of the figure you were as-
cause of”, “s0”, “if... then”, |signed.
then tell your story to the
class.
Homework
9 |Integrating |Using creativity students Create your own symmetric figures.
creativity  |elaborate learned material |Create incomplete picture for a partner to
use symmetry and guess the image.
Games
10j«Yes-no» |The teacher asks pupils to  |Teacher thinks of a symmetric figure. Stu-
game guess about a thing he dents ask questions about properties of a

meant. The pupils try to find
answers asking questions.
The teacher answers only
“yes” or “no”.

figure until they guess the figure.
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11

“The third

In the set of different figures

Problem: to identify the figure that does not

wheel” students identify one that  [fit into the set and explain the choice, or to
game does not fit. create the task for peers by selecting the el-
ements of the set.
Task: Put the figures that have line of sym-
metry into the first box, all the other figures
put into the second box. Describe what fig-
ures got into the second box.
Summative Assessment
12|Chain ex-  |Explanation of one student
planation [is interrupted by the teacher
at any point and another stu-
dent is offered to continue
explanation.
13|Game show |Assessment in the format of [Jeopardy with categories as figures, and
the game show questions about symmetry and properties,
with scores corresponding to the complexity
of the game.
14|Presentation |Individual or group presen- |Group project — exploration of symmetry in
tations of projects with architecture, plants, animals.
demonstration of results
15|Logical se- |[Students get set of phrases. | Example of set of phrases (given in correct
quence They need to sequence them |order here): 1. I drew a rectangle. 2. I found

in logical order using cause-
effect relationship. Each
previous phrase must be the
cause for the next one.

midpoints of opposites sides. 3. I drew a
line through midpoints of opposite sides. 4.
I folded paper along the line. 5. Parts of rec-
tangle overlapped exactly. 6. My line is line
of symmetry for rectangle.
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TECHNOLOGY APPLICATIONS

Principles of effective use of technology

in teaching and learning mathematics®

One of the strongest forces in the contemporary growth and evolution of
mathematics and math teaching is the power of new technologies. In math,
computers have fostered entirely new fields. In education, they’ve raised the
importance of certain ideas, made some problems and topics more accessible,
and provided new ways to represent and handle mathematical information, af-
fording choices about content and pedagogy that we’ve never had before.

Not everything that can be done should be done. Student learning is af-
fected by a complex system: teachers, educational theories and beliefs, parents,
curricula, students’ interests and aspirations, resources, cultural expectations,
technology, and more. There is much to say about all of these considerations,
but the impact of each cannot be fully understood except in relation to the oth-
ers. This is especially true of technology, which partially explains why there is
no single, universally accepted view of the best use of technology in class-
rooms. Moreover, the right questions about technology are not broad ones about
which hardware or software to use, but about how each works in a certain cur-

riculum, right down to its effect on how individual problems are posed to the

8 Based on Goldenberg, P. (2000). Thinking (and talking) about technology in math
classrooms. In Issues in Mathematics Education. Education Development Center, Inc. Re-
trieved from: http://www2.edc.org/mcc/pdf/iss_tech.pdf.
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student. Each of these is its own unique case to judge as effective and appro-
priate or not. It is the problems that are posed, not the technology with which
they are attacked, that make all the difference. With computers, as with pencils,
some problems are great and some are a waste of time.

With technology, what changes is the pool of problems to choose among
and the ways they can be presented. Some problems are too hard to be posed in
a pencils-only classroom. Some lessons require students to experiment with
certain mathematical objects and see how they respond. Some require visual
representations — graphs, diagrams, geometric figures, moving images — that
respond to students’ questions, answers, or commands.

Per Goldenberg (2000), there are several principles of effective use of
technology:

1. Be aware of the different roles of technology - technology needs to be
chosen to fulfill the classroom goals, right down to the particular needs
of particular students. Use computers to teach higher-order thinking
skills. Don't use computer "as flashcards". Merely adding technology as
a motivational tool only could be irrelevant or even detrimental to student
learning.

2. The purpose of using technology should correspond to the purpose of the
lesson. Allow technology to do "labor" while focusing on concepts.
When focusing on procedures, use of technology might not be appropri-
ate. Technology should not be a distraction.

3. Analyzing the process can be a natural route to understanding (rather than
just memorizing) the main point. Technology that obscures the details
and skips directly to the answer is no help. The nature of thinking asked
of students should be supported and not shortcut by technology. Tech-
nology should be used to help students think about a problem, analyze a

process, generate a proof, etc.
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4. Technology should help students develop ways of thinking (higher-order
thinking) about the problem - thinking that eventually becomes inde-
pendent of the technology.

5. Students should be power users of technology, e.g. use it with confidence,
understand its limits and capabilities, and have clear view of how they

can use technology to solve challenging problems.

Technology affords important and exciting new capabilities that expand
the options for what and how we teach. Some of the newer curricula both es-
tablish a vision for the use of technology and provide re-sources that help teach-
ers gain power and fluency with these new classroom tools. What’s to be done?
Keep change under control. Keep a clear vision of what is desired of the tech-
nology, responsive to but not governed by changes in what is possible with the
technology. Think foremost about what you want for your children — the goals
of the particular classroom, and the needs of each particular student — and after
deciding on your goals, then assess whether the tools are bringing you closer or

distracting you away.

Elementary Geometry using GeoGebra

Emerging computer applications such as GeoGebra offer the opportunity
to engage students at all grade levels in highly interactive, inquiry-based prob-
lem solving within the study of geometry and measurement while developing
technological literacy. GeoGebra is free and multi-platform dynamic mathe-
matics software for all levels of education that joins geometry, algebra, tables,
graphing, statistics and calculus in one easy-to-use package. It has received

several educational software awards in Europe and the USA.

30



Quick Facts

Graphics, algebra and tables are connected and fully dynamic

Easy-to-use interface, yet many powerful features

Authoring tool to create interactive learning materials as web pages

Available in many languages for millions of users around the world

Free and open source software

Online resources

e Official GeoGebra Web Site (http://www.GeoGebra.org/) - learn more
about GeoGebra and download GeoGebra here (free shareware)

e GeoGebra YouTube Channel (https://www.youtube.com/GeoGebraChan-
nel) - video tutorials and examples of GeoGebra use in schools

e GeoGebra Sharing Site (http://tube.GeoGebra.org/) - GeoGebra user share

apps and lesson plans

Downloading and Installing GeoGebra on your computer or tablet
Instructions for use with the computer:

1. Start Google Chrome and go to offi-
cial GeoGebra website

http://www.GeoGebra.org/. Click on

Downloads.
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2. Select one of the options available for

Desktops:
a. Chrome App — adds web app

and does not require administra- 0

.

GeoGebra for Desktops

tive access to the computer, re-
quires access to internet when
using the APP

b. Windows, Mac OS X, or Linux

— downloads software package

Chrome App

that can be used locally

> < g9

Note: in this course we will use web app.
Instructions for use with the tablet:

1. Access Apple Store on 10S device or Play
Store on Android device.

2. Search for GeoGebra APP
3. Download APP to your device.

. . . GeoGebra for Tablets
4. Alternatively, access official website, select

(e Download from

downloads options and chose option GeoGebra 8 Windows Store
for tablets. prv———
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Tutorials for the Basic GeoGebra Geometry Tools

Some of the GeoGebra tools are intuitive and will be understandable
even without much formal background in geometry. For these tools, there are
tutorial files for students as indicated in the table below. The instructions for
each tutorial are embedded within the GeoGebra (.ggb) file. Each such file en-
courages students to experiment with the tool being addressed. These activities
are designed to take only a short amount of time, generally about 10-15
minutes. In the classroom, these tutorials can be used by individual students or
collectively at an interactive whiteboard.

For other tools, especially in upper elementary grades, the tool itself rep-
resents a new concept, for example, the PARALLEL LINE tool or the PER-
PENDICULAR LINE tool. These tools are introduced within GeoGebra les-

sons that also introduce and teach the related concept.

Basic GeoGebra Tools — Tutorial Files

Download tutorial files to your computer. Then complete each tutorial

following instructions provided in each file.

N MOVE
~ tutorial 1 move A.ggb A. Move complete objects like lines or
tutorial 2 move B.ggb polygons.

B. Move points in a line or polygon, thus

altering the line or polygon.

33



tutorial 3 point.ggb

—tutorial 4 line.ggb

tutorial 5 segment.ggb

tutorial 6 dis-

tance length.ggb

= tutorial 7 polygon.ggb

— tutorial 8 area.ggb

ABC
tutorial 9 text.ggb

~ tuto-

a

POINT

Construct a point on the plane

LINE

Use any two points to define a line on the
plane

SEGMENT

Use any two points to define a line seg-
ment on the plane

DISTANCE OR LENGTH

Compute and display the distance be-
tween two points, the length of a line seg-
ment or the perimeter of a polygon
POLYGON

Construct polygons of any size and type
AREA

Compute and display the area of a poly-
gon or circle

TEXT

Create text box labels on the GeoGebra
page

MOVE GRAPHICS VIEW

Move the display window to other loca-

rial 10 _move graphics viewtions on the overall GeoGebra page.

.ggb
tutorial 11 prac-

Altice with all.ggb

Use the basic construction tools to create

geometric art.
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GeoGebra Lessons for Elementary Geometry
Introduction

Each lab activity includes a student handout, essentially the lesson plan,
and a related GeoGebra file. There are at least three basic strategies for inte-
grating GeoGebra into the teaching- learning process:

a) Teachers use GeoGebra to create “dynamic worksheets” for individual in-
struction. GeoGebra provides teachers with a tool for creating personalized
interactive instructional materials, so called dynamic worksheets, by export-
ing dynamic figures into web pages.

b) Interactive GeoGebra-based presentations, whether in dynamic worksheet
format or simply standard GeoGebra files, can be used for small or large
group instruction via the interactive whiteboard technologies now found
commonly in elementary schools.

c¢) Students can be taught to use GeoGebra to make their own geometric con-
structions as they experiment and problem solve with concepts, procedures,
and mathematics related to geometry. The various GeoGebra geometric con-
struction tools can themselves become instructional tools, for example, ex-

perimenting with the Parallel Line tool to discover the meaning of “parallel.”

All of these strategies for using GeoGebra are represented in the range
of geometry activities included in these materials. Though all can be useful
depending upon specific learning objectives, if a primary goal is to develop
students’ skills with the GeoGebra software that can be extended throughout
middle and high school, then having elementary students not only interact

with teacher- developed dynamic worksheets but use the basic GeoGebra
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geometric construction and measurement tools to explore concepts and solve
problems should be a priority.

These materials use the methods and techniques that promote a philoso-
phy of learning geometry that centered on conceptual understanding through a
pedagogy based on exploration and guided-inquiry through geometric con-
struction as opposed to learning mathematics as memorization without deep

understanding.

FRACTIONS AND AREA (4 LESSONS)

1. Finding Halves — Rectangles

Find as many ways as possible to divide a rectangle into halves.

2. Finding Halves — Non-standard Shapes

Divide miscellaneous, non-standard shapes into halves.

3. Finding Thirds — Rectangles

Find as many ways as possible to divide a rectangle into thirds.

4. Finding Thirds — Non-standard Shapes

Divide miscellaneous, non-standard shapes into thirds.

1. Finding Halves - Rectangles

Introduction and Background

In this activity you will find a way to divide rectangles in half, but you
might have to be creative! Remember, the halves of a rectangle don’t neces-
sarily have to look exactly alike (be congruent).
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GeoGebra file: 1 _finding halves rectangles.ggb

=
0

®

The Challenge
e Use the SEGMENT tool and the MOVE (pointer) tool to

experiment finding as many ways as you can to divide the
rectangle into 2 equal pieces -- pieces having the same area.
e Draw each solution on the rectangles on the GeoGebra

screen.
Check Your Work

e Test: Each half should have the same area. Use the GRID
from TOGGLE STYLE BAR to make sure the areas are the
same.

e Test: If we were to print and cut out your solution and cut
it out along the line or lines you added, there should only be
two pieces after cutting.

e Test: Each solution must be a new one. If I can flip or ro-
tate a solution you already have and get the same diagram,
then it is NOT a new solution.

Do You Have More Solutions?

e If you can find more than these eight, then move down on
the drawing pad, draw more rectangles of the same dimen-
sions, and show your additional solutions.

Print and Discuss

e When you have found all the ways you can to divide each
polygon into halves, print the GeoGebra screen.

e Find a partner who is also finished and compare your line
segments.

e Do you agree with each other? Did you find different solu-
tions?
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2. Finding Halves — Non-Standard Shapes

Introduction and Background

In this activity you will find a way to divide some polygons in half, but
you might have to be creative! Remember, the halves of a polygon don’t nec-
essarily have to look exactly alike (be congruent).

GeoGebra file: 2_finding halves.ggb

The Challenge

Use the SEGMENT tool to construct a line segment that divides
each polygon into equal halves.

e s there more than one way to do this?

e If possible, use another line segment to divide the polygon in an-
other way.

Print and discuss

e When you have found all the ways you can to divide each poly-
gon into halves, print the GeoGebra screen.

e Find a partner who is also finished and compare your line seg-
ments.

e Do you agree with each other?

e Ifyou see a line segment that you think does not really divide the
polygon into halves, fair shares, and then discuss why you feel
that way.

3. Finding Thirds — Rectangles

Introduction and Background

In this activity you will find a way to divide rectangles into thirds, but
you might have to be creative! Remember, the thirds of a rectangle don’t nec-
essarily have to look exactly alike (be congruent).
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GeoGebra file: 3_finding_thirds rectangles.ggb
Pz The Challenge

&

Use the SEGMENT tool and the MOVE (pointer) tool to experi-
ment finding as many ways as you can to divide the rectangle
into 3 equal pieces -- pieces having the same area.

Draw each solution on the rectangles on the GeoGebra screen.

L_ Check Your Work

Test: Each third should have the same area. Use the GRID from
TOGGLE STYLE BAR to make sure the areas are the same.
Test: If we were to print and cut out your solution and cut it out
along the line or lines you added, there should only be three
pieces after cutting.

Test: Each solution must be a new one. If I can flip or rotate a
solution you already have and get the same diagram, then it is

NOT a new solution.

& Do You Have More Solutions?

If you can find more than these six, then move down on the
drawing pad, draw more rectangles of the same dimensions, and

show your additional solutions.

Print and Discuss

When you have found all the ways you can to divide each poly-
gon into thirds, print the GeoGebra screen.
Find a partner who is also finished and compare your line seg-

ments.

Do you agree with each other? Did you find different solutions?
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4. Finding Thirds — Non-Standard Shapes

Introduction and Background

In this activity you will find a way to divide some polygons into thirds,
but you might have to be creative! Remember, the thirds of a polygon don’t
necessarily have to look exactly alike (be congruent).

GeoGebra file: 4_finding_thirds.ggb

The Challenge

Use the SEGMENT tool to construct a line segment that divides
each polygon into thirds.

e s there more than one way to do this?

e If possible, use another line segment to divide the polygon in an-
other way.

Print and Discuss

e When you have found all the ways you can to divide each poly-
gon into thirds, print the GeoGebra screen.

e Find a partner who is also finished and compare your line seg-
ments.

e Do you agree with each other?

e If you see a line segment that you think does not really divide the
polygon into fourths, four fair shares, and then discuss why you
feel that way.

QUADRILATERALS (2 LESSONS)

1. Classifying Quadrilaterals
Sort various quadrilaterals as rectangles, squares, and rhombuses. In-
cludes non-quadrilaterals.

2. Art from Quadrilaterals
Create a design using five different quadrilaterals.
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1. Classifying Quadrilaterals
GeoGebra file: 1 _classify quadrilaterals.ggb

| Sort
k|
e Use the MOVE tool to sort the polygons by dragging them into
the correct containers.

. Construct

L

e In the space to the left of the now filled containers, use the POL-
YGON tool to construct new shapes that could go into each of
the containers:

One rectangle

One square

One rhombus

/a0 o P

One other quadrilateral that is not a rectangle, square, or
rhombus

¢. One polygon that is not a quadrilateral
sgc | ® Do not drag these new shapes into the containers. Instead, use
— the TEXT tool to label each new shape with its name:
a. Rectangle
b. Square
c. Rhombus
d. Other quadrilateral
¢. Non-quadrilateral

Print and Discuss

e When you have finished your constructions and labeling, print
the GeoGebra page.

¢ Find a partner who has also finished and printed.
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e Compare your sorting. Do you agree on all the polygons? If not,
discuss how you decided which container the disputed polygon
belonged in.

e Examine each other’s constructed polygons. See if you agree

that they are labeled correctly.

2. Art from Quadrilaterals

Some artists like Piet Mondrian used a great deal of geometry in their
art, especially quadrilaterals.

GeoGebra file: 2_art quadrilaterals.ggb

= El /= The design on the GeoGebra page
was constructed using various quad-
[] rilaterals.
[
[
al
I ' ‘ O | |
= | Clear the Workspace
e Use the EDIT menu to SELECT ALL. Then use the DELETE
p key on the keyboard to clear the GeoGebra page.
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Create

e Use the polygon tool to create a design that includes at least one
of each of the following:
a. Parallelogram
b. Rectangle
c. Square
d. Rhombus
e. Trapezoid
e [t may be easier to design with the GRID turned on, but turn if
off if you decide to print your design.

¢ Once you have selected the POLYGON tool, notice that you can
select a color and color intensity for your polygons before con-
structing them.

| #f c~

. pog
00|
O]

.- -
-
QOOoonO

O

PARALLEL AND PERPENDICULAR LINES AND LINE SEGMENTS
(2 LESSONS)

1. The Parallel Line Tool — Just What Does It Do?
Students use the GeoGebra Parallel Line tool to discover through exper-
imentation and observation the meaning of "parallel".

2. The Perpendicular Line Tool — Just What Does It Do?
Students use the GeoGebra Perpendicular Line tool to discover through
experimentation and observation the meaning of "perpendicular".
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1. The Parallel Line Tool — Just What Does It Do?

GeoGebra file: 1 _discover parallel.ggb

Construct

One the GeoGebra page you will see four geometric objects:
a. Point A
b. Point B
c. Point C
d. Line BC
e On the Tool Bar there is a PARALLEL LINE tool.
e Click on the PARALLEL LINE tool to select it. Notice the in-

structions for this GeoGebra tool:

Parallel Line
Select point and parallel line

e C(lick first on Point A and then click on Line BC. This will cre-
ate a new, parallel line.

e But just what is a parallel line?

Experiment

e Use the MOVE tool to experiment by moving Points A, B, or C.

Move the two lines as well. Make observations.

e Ifneeded, use the ZOOM IN or ZOOM OUT tool to change your

View.

44



New Construction

e Use the DELETE OBJECT eraser tool to click on the points and
lines on the GeoGebra page and delete them.

a'| ® Now use the POINT tool, the LINE tool, and the PARALLEL

LINE tool to create your own parallel lines and again experiment

N

by moving points or lines

i\

Conclusions

e So just what is a parallel line? Write your conclusions below:

2. The Perpendicular Line Tool — Just What Does It Do?
GeoGebra file: 2_discover perpendicular.ggb

Construct

e One the GeoGebra page you will see four geometric objects:
a. Point A
b. Point B
c. Point C
d. Line BC
. e On the Tool Bar there is a PERPENDICULAR LINE tool.
Click on the PERPENDICULAR LINE tool to select it. Notice

the instructions for this GeoGebra tool:

Perpendicular Line
Select point and perpendicular line
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e C(lick first on Point A and then click on Line BC. This will cre-
ate a new, perpendicular line.

e But just what is a “perpendicular line?”

Experiment
5| Exp

e Use the MOVE tool to experiment by moving Points A, B, or C.
Move the two lines as well. Make observations.

a | ® If needed, use the ZOOM IN or ZOOM OUT tool to change your

— View.
<]

s I New Construction

e Use the DELETE OBJECT eraser tool to click on the points and
lines on the GeoGebra page and delete them.
' a/| & Now use the NEW POINT tool, the LINE THROUGH TWO
POINTS tool, and the PERPENDICULAR LINE tool to create

v your own perpendicular lines and again experiment by moving

_— points or lines.

Conclusions

e So just what is a perpendicular line? Write your conclusions

below:
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CLASSIFY 2D FIGURES USING PARALLEL AND PERPENDICULAR
(2 LESSONS)

1. Constructing Parallelograms
Construction challenge highlights parallel lines as attribute of some

quadrilaterals.

2. Constructing Rectangles
Construction challenge highlights perpendicular lines as attribute of

some quadrilaterals.

1. Constructing Parallelograms

Background

How do you know if a certain shape can be called “a paral-

lelogram?”
What makes a shape a parallelogram? D

This activity will explore one attribute of parallelograms.

_«—| Construction Challenge

e On the GeoGebra page there are two lines constructed: Line EB
and Line BC.
e Using only the PARALLEL LINE tool, can you construct a paral-

lelogram by adding to Line EB and Line BC?
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N ‘ Experiment and Conclude

e Once you have constructed your parallelogram, use the MOVE
(pointer) tool to drag Points E, B, and C to different locations on
the grid.

e Based on this construction, define parallelogram using the con-
cept parallel lines:

o A parallelogram is a shape that ...

e What other common shapes can you make by manipulating your
parallelogram?

e Can you make a rectangle? A rectangle is just a special type of
parallelogram.

e (Can you make a square? A square is just a special type of rectan-

gle.

2. Constructing Rectangles

Background

How do you know if a certain shape can be called “a rec-
tangle?”

What makes a shape a rectangle?

This activity will explore one attribute of rectangles.

. Construction Challenge

e On the GeoGebra page there is the Line AB.
e Using only the PERPENDICULAR LINE tool, can you construct
a rectangle by adding to Line AB?
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’ N ‘ Experiment and Conclude

e Once you have constructed your rectangle, use the MOVE
(pointer) tool to drag points and manipulate your rectangle.

e Based on this construction, define rectangle using the concept of
perpendicular lines:

o A rectangle is a quadrilateral that...

e Can you make a square? A square is just a special type of rectan-

gle.

¢ Since you constructed your rectangle and square with perpendic-
ular lines, what can you say about the angles inside the rectangle

or square?

SYMMETRY (7 LESSONS)

1. Reflections
Students develop concept of symmetry

2. Find the Symmetry
Construct a line of symmetry for given shapes
3. Symmetry in Nature
Find symmetry in natural objects
4. Symmetry Challenges
Student 1s challenged to construct shapes that meet criteria with regard
to symmetry
5. Folded Art from Symmetry
Simulation of folding/cutting paper to create design based on symmetry

6. Create Symmetry Challenge — One Line of Symmetry
Students construct mystery shape given line of symmetry and piece of
the missing shape (5 tasks)
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7. Create Symmetry Challenge — Two Lines of Symmetry
Students construct mystery shape given lines of symmetry and piece of
the missing shape (3 tasks)

1. Reflections
GeogGebra file: 1 _define symmetry.ggb

N ‘ Background

e Using the MOVE (pointer) tool, click on CLICK TO SEE LINE
SEGMENTS checkbox.

e Imagine what design would be created if you could make an ex-
act copy of each shape and then fold it over along the dotted or-
ange lines. Another way to think about this process is to imagine
a reflection of each shape in a mirror located along the dotted or-
ange line.

e GeoGebra will do this reflecting for you.

Y Construct Reflections

e Select the REFLECT ABOUT LINE tool.

e To use this tool, first click on the red shape then click carefully
on the dotted orange line segment touching the red shape.
Using the MOVE (pointer) tool, click the checkbox to turn off

the dotted orange line segments. Now you can see your new red

Ed

shape created by reflecting the original red shape along the line

segment.

Using the MOVE (pointer) tool, click on the checkbox again to

=]

turn on the line segments again.
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\» e Now use the REFLECT ABOUT LINE tool to reflect the re-
maining five shapes. Before you do each, try to imagine what

the resulting shape will look like.

Where’s the Geometry?

e Using the MOVE (pointer) tool, click the checkbox to turn off
the dotted orange line segments. Now you can see all your new
shapes created by reflecting along the line segment.

e Each of these new shapes has a characteristic that geometers call
symmetry.

e Using the MOVE (pointer) tool, click on the checkbox again to
turn on the line segments again.

e The dotted orange line segments are called the line of symmetry

of each new shape.

2. Find the Symmetry

GeoGebra file: 2_find single line_symmetry.ggb

Construct Lines of Symmetry

e FEach of these shapes has a single line of symmetry.
e Use the SEGMENT tool to construct your best estimate of where

that line of symmetry is for shape.

For example: becomes...
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N ‘ Check Your Work

e When you have finished constructing all six lines of symmetry,
use the MOVE (pointer) tool to click the checkboxes to check
your answer.

3. Symmetry in Nature
Background

Symmetry is not just a concept found in the study of geometry. Sym-
metry is often found in the natural world.

GeoGebra file: 3_symmetry nature.ggb

Find Lines of Symmetr
g

e Examine each picture. Try to discover symmetry in the natural
object presented.

e Use the SEGMENT tool to construct a line of symmetry for each
object from nature.

N ‘ Test Your Ideas

e Using the MOVE (pointer) tool, click on the checkbox. This will
display the actual lines of symmetry.

4. Symmetry Challenges

GeoGebra file: 4 symmetry challenges.ggb

/- e Use either the POLYGON tool or the SEGMENT tool to com-

plete your constructions for these challenges.

=
b
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Challenge 1

e Construct a shape with exactly one line of symmetry.
e Label the line of symmetry using the SEGMENT tool.
Challenge 2

e Construct a shape with exactly two lines of symmetry.
e Label the lines of symmetry using the SEGMENT tool.
Challenge 3

e Construct a shape with no lines of symmetry.
Challenge 4

e Construct a shape with more than two lines of symmetry.
e Label the lines of symmetry using the SEGMENT tool.
Follow-up

e Print your GeoGebra sketches and compare your constructions
with a partner’s constructions. Check each other’s work for

correctness.

S. Folded Art from Symmetry

(Adapted from a GeoGebra worksheet by Daniel Mentrard)
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These 1mages are examples of designs created from symmetry. If you
have ever made a folded paper snowflake, then you have created a design using

symmetry.

GeoGebra file: 5 folded art from symmetry.ggb

N ‘ Create

&2

When you open the GeoGebra file, you will see a piece of paper
folded twice.

Use the MOVE tool to unfold the paper using the slider at the top
of the page:

=-- Unfold the Paper Fold the Paper -->

Now use the slider to refold the paper into a small square.

Use the MOVE tool to grab and drag the six red points to “cut” a
new shape in the paper.

Try to imagine what your design will look like when you unfold

the paper.

Now use the slider to unfold the paper and see your symmetrical
design.

Experiment with different “cuts.” If you create a design you es-

pecially like, then print it.

6. Create Symmetry Challenge — One Line of Symmetry

GeoGebra files: 6 create_ symmetry challenge.ggb (total of 5 files, la-
beled 6a — 6¢)

Background

e On each of the GeoGebra page there are two objects:

1. A line of symmetry
2. Half of a symmetrical shape

54



Challenge

e Given the line of symmetry and half of the shape as clues, create
the missing half of the shape.
A Suggestions

e Use the POINT tool and the SEGMENT tool to construct the
m missing half of the symmetrical shape.
Hint: This challenge is much easier if you turn on the GRID before
beginning.

Y Check Your Construction

e After you have completed your construction, check your solution
using the REFLECT ABOUT LINE tool. After selecting this
tool, just click on the original shape and then click on the line of
symmetry. The REFLECT ABOUT LINE tool will create the
missing half of the overall shape.

e Check to see if your construction is indeed the missing half of
the symmetrical shape.

7. Create Symmetry Challenge — Two Lines of Symmetry

GeoGebra files: 7 create_symmetry challenge.ggb (total of 3 files, la-
beled 7a— 7c¢)

Background

e On each of the GeoGebra page there are two objects:
1. Two lines of symmetry (dashed red)
2. One fourth of a mystery symmetrical shape
Challenge

e Given the lines of symmetry and of the given shape as clues,
create the mystery symmetrical shape.
e In other words, construct the other % of the mystery shape.
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A Suggestions

| e e Use the POINT tool and the SEGMENT tool to construct the
% missing fourths of the mystery symmetrical shape.
Hint: This challenge is much easier if you turn on the GRID before

beginning.

N Check Your Construction

e After you have completed your construction, check your solu-
tion using the REFLECT ABOUT LINE tool. After selecting
this tool, just click on the original shape and then click on the
line of symmetry. The REFLECT ABOUT LINE tool will cre-
ate a missing piece of the overall shape.

e Repeat this process until you have created an image of the entire

symmetrical shape.

e Check to see if your construction is indeed the missing part of

the symmetrical shape.

CLASSIFY 2D FIGURES (1 LESSON)
Regular polygons

Construct regular polygons, learn their names, and discover the definition of

regular polygon
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Regular Polygons

&) [=]

cm

Background

One of the GeoGebra geometric construction tools is the REGU-
LAR POLYGON tool. In this activity, you will use this tool to

discover what geometers mean by a regular polygon.

Construct a Regular Polygon with 3 Sides

Select the REGULAR POLYGON tool.

Notice the instructions in the menu bar:

Regular Polygon
Select two points and enter number of vertices

Select a starting point near the top of the page and click. Select a
second point and click. Now you will be asked to enter the num-

ber of sides for your polygon:

€7 Regular Polygon B4

FFFFFF

OOOOOOOO

Change the 4 to a 3 and click OK.

You can use the MOVE tool to drag any vertex of the polygon,
changing its size or orientation.

Select the ANGLE tool and click on the center of your polygon
to label the size of all of the interior angles, the angles inside the
polygon.

Select the DISTANCE OR LENGTH tool and label the lengths
of all of the sides of your polygon.

Finally, click on the “3” checkbox to see the name of this poly-

gon that you have constructed.
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Add to the Data Table

e Complete the row in the data table for a 3-sided regular polygon.

e Then delete your polygon and create the next regular polygon in

the table. Fill in that row in the table.

Data Table

Number of Sides

Name

Size of Interior
Angles

Length of Sides

N | N | B W

10

Conclusions

e Having completed the table, how would you define a regular

polygon?
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Lesson Plan Template

Instructions: download this lesson plan template and complete each sec-
tion of the lesson plan template providing details necessary to better under-

stand the flow of your lesson and how you and your students use GeoGebra.

Student Name: esson Title/Topic:

Subject Area: Grade Level: Number

of students:

Type of classroom (general education, ICT, [Time Allotment:

self-contained, etc.):

Description of Lesson (include grouping of students):

Write a brief, yet concise, description of what occurs in this lesson. Explain how students

will use GeoGebra and how students will be grouped when working with GeoGebra.

State Curriculum Standards met in this lesson:

Go to the NY state curriculum standards and select the grade content/level appropriate
standards that are being met in this lesson. Copy and paste here, including standard

code.
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Instructional Objective(s):

Write the instructional objectives (learning outcomes) that the student should meet in this

lesson. Start each objective from a new line.

Materials, Resources and Technology:

List the materials, resources and technology required for the lesson. You should also in-
clude a reference to at least one reputable printed or on-line resource used for subject
knowledge presentation in the lesson (this could be a textbook for a given grade and sub-
ject, curriculum on-line resource, etc.). If students will be using websites, include name
that could be used for bookmarking and valid URL address for each website.

Teacher Preparation:

Explain (use the numbering tool) each task that the teacher has to complete to get ready
for the lesson after this lesson plan has been created, including activities such as gather
materials, bookmark websites, make copies, schedule labs, gather parent permissions (for

fieldtrips), etc. List each task separately.

Student Participation:

Explain how the students are actively involved during the lesson. Explain how the stu-
dents move through the lesson and complete the tasks required of them. Make sure to pro-
vide a brief description of each part of the lesson (In a formal lesson plan, this would be a
step by step guide to the instructional procedures that occur during the lesson. In this for-
mat this section should be in a narrative consisting of 2-3 paragraphs, complete, but con-
cise.) The main emphasis on this section is on tasks that students complete with GeoGe-
bra. This description on its own should be sufficient to evaluate the use of technology in

the lesson against the principles of the effective use of GeoGebra.
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Assessment/Evaluation:

Describe the evaluation process (both formative and summative) that you will use to
measure whether the students have successfully achieved the instructional objectives.
What are the criteria for achievement, and performance level? How will you assess what
students have learned? The criteria should directly align to the instructional objectives
and standards. How will you monitor student progress? Also describe your plan for

providing feedback to your students.

In addition to this template you will provide two separate files: student
activity handout for the use with GeoGebra and GeoGebra file. Accompanying
student activity handout will give the students instructions on using technology
to complete the activity’s tasks. In addition to the tasks, the directions for stu-
dents to follow should include the questions that students are to answer to com-
plete the objectives of the lesson. The handout should be attractive and neat,
include title, introduction and learning goals for students, and place for student
name and the date. The use of a related graphic for technology instructions is
required. Refer to GeoGebra Lessons for Elementary Geometry for example of

student activity handout and corresponding GeoGebra file (if applicable).
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CONCLUSIONS

Dynamic Geometry software such as GeoGebra has been widely adopted
in the last 20 years and a vast amount of creativity has been brought to bear on
applying it to the educational process. Wide exposure of dynamic geometry
software to millions of creative minds, both teachers and students, has resulted
in a plethora of pedagogic uses for the tool in school. Recently these tools found
their way to the elementary schools.

In this student teaching manual we introduced instructional strategies for
using GeoGebra in teaching elementary geometry, specifically using topics of
symmetry and properties of geometric figures. We suggest the readers to ex-

pand these ideas to other topics in the elementary geometry curriculum.
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