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BBEJAEHHUE

K uensm gaHHoM paboTbl MOXHO OTHECTU ClefytoLLMe acneKTbl:

paspaboTKa MeTOANYECKOr0 NOCOOMSA MO UCMOb30BAHMIO JUHAMUNYECKON
reomeTpuyeckoin cpeabl GeoGebra 3D npyv MOCTPOEHUUM TFEOMETPUUECKMX
uryp;

nofbop 3afaHnin AN MpefcTaBNeHUs MPakTUYeCKUX BO3MOXKHOCTEW
nporpamMmMHoro npogykTa GeoGebra 3D n ero npuUMeHeHUS B LLKOJSIbHOM
0bpasoBaTeNbHOM NPOLECCE;

noaoop 3agaHnin AN npakTUYecKoro 0CBOEHNS NporpamMmei|.

LleneBas ayautopusi AaHHOrNo Mocobus, B MepBYK Ovepefdb, 3TO CTYAEHTHI
nefarornyecKMxX BY30B W YyuuTend MateMaTuku, (usmkn u  B6anskux um
NpeAMeTHbIX 06nacTeil, B KOTOPbIX YacTO MPUMEHAIOTCA TeoMeTpUYecKme
MOCTPOEHWS.

GeoGebra 3D — 310 cBOGOAHAA 06pa3oBaTe/ibHad MaTeMaTnyecKkas nporpamma,
coeauHsoWasn B cebe reomeTputo, anrebpy u maTemaTUyYecKue WCUUCIEHUS.
GeoGebra 3D - cBobogHo-pacnpocTpaHsemas (GPL)  gmMHammn4yeckas
reoMeTpuyeckasn cpefia, Kotopas 4aéT BO3MOXKHOCTb CO3[aBaTb «XKMUBbIE YEPTEXKMN»
B MNaHWMETPUM,CTEPEOMETPUN, B YaCTHOCTW, [A/1F MOCTPOEHWUA C MOMOLLGHO
LUMPKYNa U nnHeinkn. Kpome Toro, y nporpaMmbl 60ratble BO3MOXHOCTU paboThl €
(yHKUMAMK  (NOCTPOeHMEe TpaguKoB, BbIYUCIEHVWE KOPHER, 3KCTPEMYMOB,
WHTErpasioB M T.4.) 3a CYET KOMaHf BCTPOEHHOro f3blka (KOTOpPbIA, KCTaTw,
MO3BOJIAET YNPaB/ATL U FeOMETPUYECKMMM NOCTPOEHKAMM). [porpamma HanncaHa
MapKycom X0oxeHBapTepoOM Ha A3blKe Java (COOTBETCTBEHHO paboTaeT MefA/leHHO,
HO Ha O60/bLUMHCTBE OrepaumoHHbIX cucTtem). [lepeBegeHa Ha 39 A3bIKOB.
[MOMHOCTbLIO NOAAEPXKMBAET PYCCKNIA A3bIK.

MporpammHan cpega GeoGebra3D MOXeT ObITb ObICTPO OCBOEHa MHOALMU,
NMEOLWUMIN 3IEMEHTaPHbIE HABbIKM PaboTbl HA KOMMbIOTEPE, YTO, HECOMHEHHO,
ABNSAETCA 60/bLUMM MPerMYLLECTBOM [aHHOrO nporpammHoro npogykra. K eule
OfHOMY aprymeHTy B nosb3y GeoGebra 3D MOXHO OTHECTU €& MpPOCTyHo
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NHTErpaumio ¢ OUCHBLIMUA MPUIOXKEHUSAMN — BCe YepTeXW fIerko MOryT yepes
Oydep obmeHa ObITb MepeHeceHbl ANS AafibHEWLIEro WCMo/b30BaHUA Kak B
TEKCTOBble PefaKTopbl, MOAAEPXMBaKOLLME PaboTy C U300paXKeHUAMU, Tak U B
rpaduyeckre pefakTopsl.

AKTyanbHOCTb paboThbl MPOAUKTOBaHA OTCYTCTBMEM PYCCKOA3bIYHOrO pasjena
CMpaBKW; [aHHad KBa/IM(PUKALUMOHHAA paboTa MOXeT MpeTeHA0BaTb Ha PoJib
CNpaBoOYHMKA MO MHOTMM (PYHKUMOHa/IbHBIM BO3MOXHOCTAM GeoGebra 3D Ha
PYCCKOM £13bIKe.

[aHHasa KBaM(MKaunoHHas paboTa cocTouT u3 BeefeHus, Tpex [nas,
3aknoyeHns, Cnmncka MCNONb30BaHHOW  nATepatypbl. B nepBon  rnaee
paccMaTpuBaeTcs  MHTepdeiic  MPOrpammbl,  OCHOBHblE  3/1EMEHTbl  OKHa,
NCMONb3YHOLMECA MHCTPYMEHTbI, KOMaH/bl BCTPOEHHOI0 A3blKa U X NPUMEHEHME.
BTopas rnaea nocBsslleHa pelleHno NPakTUYecKMx 3afay C MCMosib30BaHUEM
GeoGebra 3D, ¢ nogpo6HbIM MOLLAroBbIM OMUCaHWEM BCEX AENCTBUIA. TPEeTbS

rnaea CoaepXXnT Nog60pKy 3afaHni 415 CAMOCTOATE/IbHOTO PeLLeHNS.



IJTABA 1. AIMHAMHWYECKAA TEOMETPUYECKAA CPE/IA GeoGebra
(3DwithJOGL2).

B paHHOM paboTe paccmaTpuBaeTcs paboTa C PYCCKOM Bepcuein cpenpbl
GeoGebra (3DwithJOGL2).

§1. UHTEP®EVC IPOTPAMMBI
Mpu 3anycke OKHO NPOrpaMmMbl UMeET BUA, MPUBEAEHHbIA Ha PUCYHKe 1.
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MomMMMO NpMBbLIYHOM A9 6ONBLUMHCTBA MPOrPaMM CTPOKM MEHIO, B OKHe
nporpaMMbl pacnonoXeHbl NMaHesib MHCTPYMeHTOB (1), MaHenb 06bEKTOB (2),
O6nactb reoMeTpuyeckmx noctpoeHuii (3) u Ctpoka Beoga (4).[ns OTKPbITHS

nonoTHa 3DHYXXHO MepeiiTh B CTPOKe MeHIO BKMaaKy BUA(PUCYHOK 2)
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Puc 2
lerkum HaxkatveM Mbiwin Ha BKMagky lMonotHo 3DGeoGebranpespalyaetcs B
3DkoHcTpyKTOp (PrcyHOK 3a 1 36)
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[MonoXeHne cBOOOAHBLIX 0OBEKTOB MOXHO M3MEHSATb MPOWN3BOJIbLHO, TOrAa, Kak
MOMOXEHNe 3aBUCUMbIX OOBLEKTOB W3MEHSIETCA TO/IbKO B COOTBETCTBUM C
N3MEHEHNAMUN CBOBOAHbIX.

CTpoka BBOJa COCTOMT M3 [BYX 4YacTeil: HerocpeAcTBeHHO cama CTpoka
BBOAa, a Takke CNMCOK KOMaHA — Bbinagarollee MeHK, B KOTOPOM MOXXHO
BbI6paTb KOMaHAy Ana BBoAa M3 cnuncka. OTobpaxeHne Cnmcka KOMaHg MOXHO
OTK/KOUYUTL B MEHKO Bup,.

OT06paxkeHune MaHenn 06beKTOB, CTPOKK BBOAA MOXXHO OTK/IKOYMUTL B MEHIO
Bua. B 3TOM e MeHI0 MOXXHO BK/IHOUUTL OTOBPaXKeHMe APYroro 3fieMeHTa OKHa
nporpammbl — Tabnuupbl. Takke B MEHIO By MOXXHO BK/IHOUMTL OTOBPaXKEHUe Ha
[NaHenn 06bEeKTOB elLe 04HOro TMMna 06 LEKTOB — BCMOMOTraTe/lbHbIX.

§2. UCITIOJIb30BAHUE UHCTPYMEHTOB A1 IOCTPOEHUH

Mpn 3anycke GeoGebra B 06MacTM  reoMeTPMYECKUX  MOCTPOEHWUM
MPOPMCOBbLIBAOTCA KOOPAMHATHbIE OCKU. TakxKe Npwu XKenaHuM MOXHO NPy NOMOLLN
KoMmaHabl Buna — CeTKa 3adaTb MPOPUCOBbLIBAHME KOOPAMHATHOM CeTKu. [ns
6onee NoAPO6GHOM HaCTPOMKK pabouyerr 061aCTM MOXKHO BbIMNOMHUTL KOMaHAy

HacTpoiikun — IMonoTHo.



3aecb Ha BKnagkax Ocy n CeTKa MOXHO 3aAaTb LBET 06BLEKTOB, CMOCOObI
HayepTaHua. 18 OoCeil MOXHO YKasaTb WX 0003HaYyeHWe, yKasaHue eauHuL
N3MepPeHns U T.4,.

Ha [MaHennm WMHCTPYMEHTOB Pacno/ioXeHbl Pas3/iMyHble WUHCTPYMEHTbI AN
reoOMeTpUYecKnX MOCTPOEHWUIA, pa3buTble Ha rpynnbl, O YeM CBUAETENbCTBYET
Ma/IeHbKWUI1 TPEYTrO/IbHUK B NPaBOM HMDKHEM YI/ly KaXKAON KHOMKW Ha MaHesnw.
Mpn HaXXaTUM Ha HEro pPackpbIBaeTCsA BbIMafatoliee MeHH, M3 KOTOPOro MOXKHO
BblOpaTb HYXXHbIA WHCTPYMEHT. IMpu NOCTPOEHUMN Pa3/INYHbIX FEOMETPUYECKMX
0OBEKTOB MH(hopMaUMa O HUX aBTOMATUYeCKM BHOCWUTCHA B CMMCOK Ha lMaHenu
06BLEKTOB, a CcaMy O06beKTbl OoToOpaxarTcss B O6nacTU reomMeTpUYecKuX
NOCTPOEHUI.

Bce 00bekTbl pa3fenatTca Ha CBOO6OAHble U 3aBuUCUMble. K CBOGOAHBLIM
OTHOCATCA BCe HEe3aBUCKMble OOBEKTbI, TO e€CTb MOCTPOEHHbIE MPOU3BO/ILHO B
06/1aCTV  MOCTPOEHUI. 3aBUCUMble OOBEKTbl CTPOATCA, ONUPasCb Ha YxXke

MMEeIoLLMECS CBOOOAHbBIE UM 3aBUCUMbIE OOBEKTI.
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[Ana  NOCTpoeHWs  pasMyHbIX  0OLEKTOB  ucnonb3yetca  lNaHenb
WHCTPYMEHTOB, WHCTPYMEHTblI Ha KOTOPOM pa3buTbl Ha rpynnbl. PaccmoTpum
nocnefoBaTe/lbHO MMEIOLWMECS B PacnopsXeHUW Mnonb30oBaTeNs WHCTPYMEHTHI
(Puc. 4).

Mpn nomoLm MHCTpymeHTallepemellaTb (pUC.5) MOXHO BbloMpaTh 0ObEKTHI
(rpynnbl 06bEKTOB) N U3MEHATL UX MOMOXEHNE HA KOOPAMHATHOW NIOCKOCTUW. N4
TOro YT0ObI BbIJENNTL CPa3y HECKO/IbKO 00BLEKTOB, HY)XKHO HEe OTMYyCKas KaBuLn

Ctrl nocnegoBatesibHO YKa3aTb Ha HUX MbILbHO.
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[nsi NOCTPOEHNSA TOUKM HYXXHO BblOpaTb MHCTPYMEHT Touka (puc.6) 1 yKaszaTb
MeCTO Ha Mn0CKOCTM. Toyka Mo yMONYaHMIO 0603HaYaeTCsi 3arsaBHON GYKBOM
NaTUHCKOrO andasBMTa W Ha NAOCKOCTM 3ajaeTcd Mapoli kKoopguHat. [Mpu
HaBe[ieHNN Kypcopa MbILlK Ha 06/1aCTb MOCTPOEHWIA OH NPUHUMAET BUJ, KPECTUKa,

OKO/I0 KOTOPOro OTOBpaXKatoTcsl TeKyLUMe KOOpAMHaTbl. TOYKa Mo YMOMYaHMio

NMEET CUHWUIA LIBET.
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THO 3D

[o"" Touka Ha ofbekTe
X [MepeceyeHne OByY 00bLEKTOR

L] CepeOunHa MNM LeHTp
‘/’ MpuEpenuTs / CHATE TOYKY

.Z KomMnneKcHoe Yyucno

Puc 6

[na NOCTPOeHMS TOUYKM Ha KakoM NMG0 00beKTe WCMOoMb3yeTcd (hyHKUUA
Touka Ha 06bekTe (pyc 6). Bblompas 3TOT 3/IEMEHT HYXXHO MOMHWUTb YTO TOYKY
MOXHO TOCTaBUTb TONIbKO Ha OObEKTe, OHA He CMOXET MOKMHYTb rpaHuLbI
00beKTbl. [lepemellaTb TOYKY BHYTPU O0ObeKTa BO3MOXHO. Takasa Touka
OKpalU1BaeTCA B CUHWI LIBET.

[N9 NOCTPOEHMs TOYeEK, ABMNAOLLMXCA NepeceveHnem [BYyX O0OBEKTOB, MOXHO
NCMO/Mb30BaTb UHCTPYMEHT lMepeceyeHne ABYyX 00beKTOB (puc.6). Bbibpas aToT
WHCTPYMEHT, HY>KHO YyKa3aTb [Ba 00BLEKTA, TOUKU NEepecevyeHns KOTOpbIX HYXXHO
MOCTPOUTL. TakuMe TOYKM OYAYT OKpalleHbl B Cepblid LBET U OyayT ABASATHCA
3aBMCUMbIMN 0ObEKTAMM,

[ns NOCTPOeHUs cepeAnHbl OTPe3Ka HY>KHO BblOpaTb MHCTpyMeHT CepeanHa

nnn UeHTp (puc.6) 1 ykasaTb MO0 [Be TOYKM — KOHLbl OTpe3Ka, b0 OTPe3oK,



cepefVHy KOTOPOro TpebyeTtcs MOCTPOUTL. [py MOMOLUM TOTO >Ke MHCTPYMeHTa
MOXHO MOCTPOUTb LEHTP reOMeTPUYECKOn Urypbl, Hanpumep anaunca.

[na Toro 4tobbl MPUKPENUTL WM CHATb MPUKPENJIEHHYKD TOYKY MMEETCH
QYHKUMAMpUKpennTb / CHATL TOUKY (puc 6).

dyHKUMA KomnnekcHoe 4ucio (puct)no3BoniseT BCTaBNATb TOYKY Ha
BbIOpaHHYHO NIOCKOCTb. TOYKa OKPALLMBAETCS B CUHWIA LiBET.

WHCTpymeHThI Npamaa no gsymMm Toukam, OTpesoK no AByM Toukam, Jlyy
Nno AByM TouKaMm, BekTop no gBymMm Toukam (puc.7) CTPOAT MpsMYIO, OTPE3OK,
Y4 W BEKTOpP COOTBETCTBEHHO MO YKasaHWUIO Ha [Be TOYKW, u4epes
KOTOPLIENPOXOAUT HYXXHAA /IMHUA. MOXHO BblGUpaTb TOYKM, KOTOPblE YXKe

MMEKOTCS Ha YepTexke, MO0 yKasblBaTb Mbllbto, rAe GyayT pacrionaraTbCsi 3TU

)]

b TlaHenes obb
/ MpAmMan no OBymM TOYKam

TOYKMN.

.
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THO 3D
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‘,f' OTpeaok No ABYM ToUKam

/{ My4 No OBYM TOYEaM

/' BekTop No OBYM TOUKAM

Puc 7
[na NOCTPOeHUs MNpPAMON, NepneHAMKYNAPHON [aHHOW, HYXXHO BblOpaTh
WHCTPYMeHT [lepneHauMKynapHas npsamas (puc.8), ykasaTb MpaMyr0 Ha
MIOCKOCTK, NepreHANKYNApHas K KOTOpOi OyfeT MOCTPOeHa, a Takke TOuKY,
yepe3 KOTOpyK OyfeT MpOXOAUTb HoBas Mpamas. AHaIOMM4YHbIM - 06pa3om
cTpouTCA npamas, napasnenbHasd [AaHHOW, MpyM  MOMOWM  MHCTPYMeHTa

[NapannenbHas npsamas.
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[Ond  NOCTPOeHWs  MPOM3BOJILHOIO  MHOrOYrO/lbHMKAa  MCMO/b3YeTCs
NHCTPYMEHT MHoroyronbHuK (prc.9). Ana nocTpoeHust Urypbl ¢ ero NOMOLLIbHO
Heo6XoAMMO nocnefoBaTeNlbHO YKa3aTb BCE BEPLUMHbI MHOIOYro/ibHMKa, a 3aTem

yKas3aTb Ha BePLUMHY, C KOTOPOI HAUMHANOCh NMOCTPOEHME.
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Puc 9
BapnaHTbl  NOCTPOEHWA  OKPY)KHOCTM  HECKOSIbKO.  Hanpumep  pyHKUuA
OKpY>XHOCTb Mo Touke 1 ocu (puc 10) no3BONSET MOCTPOUTb OKPYXXHOCTb B
HY>XHOW OCW, HO C HEW3BECTHbIM Paguyc, TO €CTb MPOU3BOJIbHYHD OKPY>KHOCTb.
BTopas ¢hyHKumMA faHHO noArpynnbl 3T0 OKPYXXHOCTb € LLEHTPOM, pagnycom U
HanpasnieHnem (puc 10) f[aeT BO3MOXHOCTb MOCTPOEHMSI OKPYXXHOCTb C
(PMKCMPOBAHHbLIM LIEHTPOM, Hanpas/eHVeM W C 33faHHbIM LeHTpoM. [na Toro
4TOObI BOCNO/b30BATLCA AAHHOW (PYHKLMEN HY>XXHO MbILLKOW YKa3aTb rae AO/HKeH
ObITb LIEHTP, NOTOM Hanpae/eHVe paguyca 1 B NOCNELHIOK OYepeb BECTU pasmep
paguyca. [locnegHas (YHKUMA [aHHOW MoArpynnbl  eflaeT  BO3MOXHbIM
MOCTPOEHME OKPY)XXHOCTU MO TPeM To4ykaM Ha /1t060M MOBEPXHOCTU OCW.

HasbiBaeTcs gaHHas PyHKUMA OKPYXXHOCTb Mo Tpem Toukam (puc 10).
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é CEPY#HOCTE C UEHTPOM, PAOKMYCOM W HANPABMNEHUIM
O CEpY#HOCTE NO TREM TOYKAM
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Puc 10
[daHHaa nogrpynna ¢yHKUUA AaeT BO3MOXKHOCTb MOCTPOEHUSA MIOCKOCTEMN.
®dyHKuMA T1NoCKOCTb 4epe3 Tpu ToukM (puc 11) MO3BONSET MOCTPOUTH
NI0CKOCTb Ha NHO60OM OCK Yepe3 Nobble TPYU TOUKK. MI0CKOCTb OKpalLMBaeTCs B

cepblii ugeT. Plane (puc 11).

TonotHa |
| | [MnocKkocTe Yyepes 3 TOYKK

H —| 5
.~—.\i"._ Plane
Puc 11
MNepneHAKynapHaa NI0CKOCTb, [lapannenbHas NAOCKOCTb. [laHHble
(PYHKLMX NO3BONAKOT NOCTPOUTL MIOCKOCTU NEPreHANKYNAPHbIE 1 NapafiebHble
COOTBETCTBEHHO. [1/19 MOCTPOEHWUA NepneHanKYNapHON MNOCKOCTU BblOMpaeTcs
TOYKA MbIWbD W MEPreHANKYNsapHas npsmMas K AaHHOW Touku. [110CKOCTb
CTPpOMUTCSA  aBTOMATMYecKn. [ns  MNOCTPOeHWs  napasie/lHON  MI0CKOCTY
BblOMpPaeTCa ToYKa WM napasnenbHas naoCKOCTb, OCTa/lbHble AENCTBUA TaKue e

KaK 1 Npy NOCTPOEHNM NepneHANKYNSPHO nnockocTy (puc 12).

ABC

i 30 A
| =% | [MepneHOgWKyNApHaA NNOCKOCTE
LT

MMapannensHaA NNocKoTh

Puc 12
CaMbIMV BaXKHbIMKW (PUrypaMun B TeOMETPUM SBNSKOTCA NUpaMnaa 1 nNprnsma,
MO3TOMY faHHas nogrpynna (yHKUUA WMMEHHO Ans 3Tux uryp. PyHKUUK
Mupammga v MpraMa No3BONSKT CTPOUTL AaHHble (DUIYPbl Yepe3 NH06ble TOUKY

1 B NHO6GOM NNOCKOCTU OcK KoopamHart (puc 13).

12



*@ Bhl0aBNTE MMpaMUOY WU KOHYC

*@ Bhl0aBMTE MNPH3MY U LMAWHOP

Puc 13
C nomoLbio (yHKUMIIBbIgaBUTbL NupaMmay WM KOHyC 1 BblgaBuTb Npusmy
AN UMANHAP (prc 13) BO3MOXHOCTM NMOCTPOEHUS YBENNUMBAIOTCS B ABOMHE.
MocneaHss noarpynna MyHKLMA KOTOPYO X0Uy NPeACcTaBUTb 3TO (YHKLMK
Cdpepa no Touke n ueHTpy, Cdepa no ueHTpy n paguycy, Cone n Cylinder
(puc 14). Kak BMAHO MO Ha3BaHWAM 3Ta NOArpynna creuuvannsvpyeTtcs no

CTPOEHUIO Chepryeckmx uryp.

ABC

.
Tr"

Ciepa no LeHTRY W TOYKE

ﬁi&

. Ciepa no UeHTRY U paguycy

§3. IOCTPOEHUA TEOMETPUYECKUX ®UTYP ITPU IOMOIIIM KOMAHJHOH
CTPOKH
MocTpoeHns B GeoGebra (3DwithJOGL2) Takke MOXHO BbINOAHATL MNPW

nomowy CTPOKM BBOAA, WCMNONbL3YS KOMaHAbl BCTPOEHHOro Asblka. [nAa
BbINO/IHEHNSA KOMaH/Abl, eé HY>KHO BBeCcTM B CTPOKY BBOJa W HaKaTb KIaBuLLY
Enter.

13



PacCcMOTpUM  HeKOTOpble  TakMe  KOMaHAabl,  MCNo/b3ylowmecs  npu
reoMeTpUYeCKmnX NOCTPOEHMSX.
1. [locTpoeHue TOUKHU

[Na NoCTpoeHWs TOYKW [LOCTaTOYHO BBECTU €€ KOOpAMHATbl B KOMaHAHYH
CTPOKY.

MNpumep:

(2,6)

[na ABHOro YyKas3aHMA WMeHM TOUKM MOXHO [M0/Ib30BaTbCA ClieAyHoLLEN
KOMaH/0i:

<UmA> = (X,y) — CTPOMUT TOUKY C KoopauHaTtamu (X,Y)

MNpumep:

A=(2,5)

[MprMeyaHre: ecnn Touka A y>Ke UMeeTCd Ha NIOCKOCTU, TO eé KoopAnHaThI
M3MEHATCA HA Te, KOTOpble yKa3aHbl B KaYeCTBe NapameTPOB AaHHON KOMaHApbl.
Takum o06pa3om, [aHHasd KOMaHZa MOXXET WCMO/b30BaTbCA He TOMbKO A1
MOCTPOEHUSI HOBbIX TOYEK Ha MJIOCKOCTU, HO W AN WU3MEHEHUS KOOpAMHAT
NMeroLLMXCS.

TakXke cMHTaKcMc KomaHaHoro fAsbika GeoGebra (3DwithJOGL2) pgonyckaet
1CMNONb30BaHNe CMMBOMA . BMECTO ‘=" B JaHHOW KOMaH[e.

Mpumep:

A:(2,5)

[Na NOCTPOeHWA HEKOTOPbIX 3aBUCUMbIX TOYEK WCMONb3yeTcA KOoMaHaa
TouKa[<napameTpbI>]. PacCMOTpUM eé NnprMMeHeHMe NoapobHee.

TOYKA[<0ObEKT>] — CTPOUT MPOM3BO/IbHYO TOUKY 3a[laHHOI0 0ObEKTA.

Mpumep:

Toukalc]

B paHHOM npumMepe C — HEKOTOpas OKPYXXHOCTb Ha 4yepTexe. B pesynbrarte
BbINO/IHEHNA AaHHOW KOMaH/bl Ha OKPY>XHOCTU € OyfeT OTMeYeHa TOUKa.

[pumepbi:

Touka[(9,8),(1,3)]
14



[JIABA II. UCITIOJIb3OBAHMUE GeoGebra (3D with JOGL2) IIPH
FTEOMETPUYECKHUX IIOCTPOEHUAX

[MocKoNbKY MOCTPOEHME NPOCTENLUNX FreOMETPUYECKMX (PUIYP PacCMOTPEHO B
npeablayLwein rnase nNpuv ONUCaHUM WMHCTPYMEHTOB, TO B [AaHHOW [/laBe OHU
paccmartpueatbCa He 6yayT. [JaHHasa rnasa fBASETCA NPaAKTVKYMOM MO OCBOEHWIO
cpeabl GeoGebra (3DwithJOGL2) Ha npuvmepax pelleHUs KOHKPETHbIX 3aaad.
3agaun nogobpaHbl TakmMm 06pa3oM, 4TOObI OHM B MOJSIHOW Mepe OXBaTblBa/I
BO3MOXHOCTW reOMeTPUYECKMX NMOCTPOEHUI C MCnonb3oBaHveM cpefbl GeoGebra
(3DwithJOGLZ2).

§1 IOCTPOEHUE O BEMHBIX ®UT'YP

1. [TocTpoeHue NpU3MBbI

3apadya. MNMoctpouts Nnpmusmy ABCDEA;B,C;D;E;.
PeLleHwue:
Bbibupaem (hyHKUMO MNpr3mMan oTMedaeM 5 ToUeK Ha KOOPAMHATHOM OCU Kak
NoKasaHo Ha puUcyHke 15
e

puc 15

Haxvmass no ocM z Ha HYKHYH HaM BbICOTY TMOMyYuM  NpuUsMy
ABCDEA;B;C;D;E;.(pvic 16)
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2. [locTpoeHne nupaMU bl

3afaya. Noctponts Nupammngy SABCDE.
PeLleHwue:
Bbiburpaem pyHKUMIO NMnpamuga n oTMmeyaem 5 ToUeK Ha KOOPAMHATHOM OCK

KaK Moka3aHo Ha pucyHke 17
14z

puc 17

HaXkrmasa no ocu z Ha HY>KHYHO HaM BbICOTY M NOcC/e NepernMeHOBaHNA TOYKN Ha

ocu znonyumm nupammgy SABCDE.(puc 18)

16



puc 18
3. HOCTpoeHI/Ie MNpAMOYTOJIbHOI'O Iapasuiejaenuieaa
3agaya. NoctponTb NpamoyronbHblii napannenenuneg ABCDA;B,C,D;.
PeLLeHue:
Mpn nomoLy CTPOKM BBOJA CTaBUM 4 TOUKM Ha NNOCKOCTb XOYU OfHY TOUYKY Ha

NnocKocTb XYZKaK NoKasaHo Ha pucyHke 19

puc 19

[Mocne BbINOMHEHMS BbllEYKa3aHHbIX LWaroM Bblovpaem onuuio  [pusma
coefvHaem Toykm AB,C,DNOTOM HaXMMaeM Ha TOUYKYA;U MONyYyaem

npsMoyrosnbHbI napannenenunes ABCDAB,C,D;.(puc 20)

17



puc 20

4. I[locTpoeHue BUJIMHAPA

3afaya.llocTpouTb UMANHAP C pasuycom 2.

PeLleHwue:

[n8 NOCTpoeHNs uunmMHapa ectb onuus LimnuHap. Belbrpaem aTy Onuuio n Ha
OCW ZBbIOMPaEM ABe TOUKM MOC/e Yero BbIMAET OKHO C 3arMpocoM Ha pagnyc Kak Ha

pucyHke 21

[ ¥ Cylinder [

Paguyc

puc 21
BBoavM 3HayeHne paguyca n UMeeM LUANHAP C AaHHLIM pagnycom.(puc 22)
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5. [locTpoeHune KoHyca
3afaya.l1ocTpouTb KOHYC € pagnycom 3.

PeweHue:
[na nocTpoeHns KoHyca ecTb onumsa Cone. Bblbrpaem 3Ty onuuio 1 Ha ocu
ZBbIGMPaEM [1BE TOUKM MOCNE YEro BbIAAET OKHO C 3arpOCOM Ha pagnyc Kak Ha

pUCYHKe 23

el ] =

puc 23

BBOAMM 3HaUYeHVe paanyca 1 MMeeM KOHYC ¢ AaHHbIM paaunycom. (puc 24)

19



puc 24

6. IlocTpoenue mapa
3afadva.llocTpouTs LWap ¢ pagmycom 3.

PeLleHwue:
LLlap MOYXHO MOCTPOUTbL C MOMOLLbHO ABYX ONUWMIA. MepBas U3 HUX Ha3blBaeTCA
Cdpepa no LeHTPY 1 ToUKe. Mprn 3TOM HY>KHO BbIGpaTb TOUKY LieHTpa 1 Apyryto
TOYKa KOTOPOI BYAeT ABNATLCA KpaiiHeil TOUKoii cthepa. BTopas dyHkums Cdepa
MO LEHTPY 1 paguycy . B aTom criyyae Hy»KHO BblOGpaTb TOUKY LIEHTpa 1
BbICKaKMBaeT OKHO C 3arpoCoM BBECTM pafMycC KakK NnokasaHo Ha pUcyHKe 25

4T Z
O Senn o e RIS ) 5

Paguyc
| [a]|

[ OK H OtmeHa ]

puc 25

Mocne BBOAA 3HaUYEHMS paauyca CTPOUTLCS cihepa(puc 26)

20



puc 26

§ 2. IOCTPOEHME IIJIOCKHUX CEYEHUI

1. [locTpoeHue ceyeHUsA NMPaAMUAbI

3agava l

Ha pebpax AB,BC n CD
TeTpasgpa ABCD oTmeyeHbl
To4kn M,N n P (puc 1).
[MocTpouTb ceveHune
TeTpasgpa nnockoctoto MNP.

Puc. 1

PeLueHwne
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Puc. 2

3agava 2

Puc.3

PewueHne

[NocTponm CHadana npsamyto,
no KoTopou nnockocts MNP
nepecekaeTcs C MIOCKOCTbIO FpaHu
ABC. Touka M saBnseTcs o6Luei
TOYKOI 3TUX NNOCKOCTEN. NS
MOCTPOEHMS eLLe OAHOIN 06LLEN TOUKN
npogomknm otpeskn NP 1 BC 1o nx
nepeceyeHns B Touke E (puc.2),
KoTopas 1 6yaeT BTOpPOW 06LLeN
Toukoii nnockocterr MNP 1 ABC.
CnepoBatefibHO, 3TW NJIOCKOCTU
nepecekatoTcs no npsmoin ME.
MpsamasME nepecekaeT pebpo AC B
HeKoTopoK Touke Q.
YeTbipexyronsHuk MNPQ — nckomoe
CeyeHue.

Touka M nexxut Ha 60K0BOI

rpaHn ADB TeTpasgpa DABC (puc.3).
MocTponTb ceveHme TeTpasgpa
M/IOCKOCTHHO, MPOXOAALLEN Yepes TOUKY
M napannensHo ocHoBaHuMo ABC.
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Tak Kak ceKyLasa njaocKoCTb
napannensHa nnockoctn ABC , To OHa
napannensHa npaMmbIMAB, BC n CA.
CnepfoBatenbHO, CEKYLLAs NIOCKOCTb
repecekaeT OOKOBbIE rpaHy TeTpasgpa
no NPAMbIM, Napansie/ibHbIM CTOPOHAaM
TpeyronsHuka ABC. OTclofa BbITEKaeT
crefyroLmii cnocob nocTpoeHus
MCKOMOTO ceveHus. lNposeaém yepes
TOYKY M npamyto, napainenbHyo
oTpe3ky AB, n 0603Ha4yMm 6ykBamu P 1
Q TOYKM NepeceveHns 3To NPAMON ¢
6okoBbIMK pebpamn DA n DB (puc. 4).
3aTem 4yepe3 ToUky P nposegem Puc.4
npamMyto, napannenbHyr oTpesky AC , u
0603Ha4nMM 6YKBOM R TOUKY
rnepeceyeHnss 3TOM NPAMOi C pedbpom
DC. TpeyronsHMkK PQR — nckomoe
CeyeHue.

3agaya 3
MocTponTe ceveHne nupammnabl ABCD nnocKoCTbiO, NPOXOAsLLEN Yepes

Toukun K, L, M (puc.4,a; 5,a; 6,a).

/h \‘\\'\\
y N
w

6)

Puc.4
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2. IlocTpoeHue cedyeHUA NPAMOYToJIbHOIO napaJsuiesjenumnesa

3agava

Ha pebpax napannenenunega gaHbl Tpu To4kn A, B n C. MoctpounTb
ceyeHue napannenenunnega niockocteio ABC.

PeLueHne
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[oCTpOeHMe NCKOMOTo CeYeEHNS

3aBMCUT OT TOr0, Ha Kakux pebpax o A =
napannenenunesa nexar Touku A, Bu s —( |
C. PacCMOTpWUM HEKOTOpbLIE YacTHbIe \

cnyyan. Ecav Toukn A,B 1 C nexar Ha \/ |

pebpax, BbIXOAALLMX U3 OLHOWA L/ '. \ |
BepLUMHbI (purC. 5), HY>XHO NPOBECTU \ hsansa \ e
oTtpe3kn AB, BC n CA, n nonyumTtcs | &y b
MCKOMOE CeyeHMne — TPeyronbHIK ABC. | g [/’
Ecnu Toukn A, B n C pacnosioxeHbl
TakK, KaK MoKa3aHO Ha PUCYHKe 6, TO
CHa4yana Hy>KHO NpoBecTy 0Tpe3Kn AB U
BC, a 3aTtem 4yepes TOUKY A NpoBecTH
npamMyto, napannensHyo AB.
MepeceyeHns aTUX NPAMbIX C pebpamu
HVDKHEW rpaHn JaroT Toukn E n D.
OcTaeTca nposecTn 0Tpe3oK ED, n
MNCKOMOE CeYeHne — NATUYTO/IbHUK
ABCDE — nocTpoeHo.

Bonee TpyaHbIiA cnyyaid, Korga
faHHble Touku A,B 1 C pacnonoXKeHsl
TaK, Kak NnokKasaHo Ha pucyHke 7. B
3TOM C/ly4ae MOXHO MOCTYNNTh Tak,
CHayasia NoCTpoUM NpAmyo, No
KOTOPOW CeKyLLas NaoCKoCTb
nepeceKkaeTcs C NJI0CKOCTbI HUXKHETO
OCHOBaHus. [na 3TOro nposeaem
npamMytoAB 1 NPOACIHKUM HUKHEE
pebpo, nexkalliee B TOM Xe rpaHu, Yto u
npsimast AB, 10 nepeceyeHmnst ¢ 3TOM
npsimoii B Touke M. [anee yepes TOUKY
M npoBefeM NpAmMYto, NapasinefbHyo
npsiMoBC. 3T0 1 ecTb NpsiMas, no
KOTOPOW CeKyLasi Na0CKOCTb
nepeceKkaeTcs C NJI0CKOCTbI HUXKHETO
OCHOBaHuA. JTa NpaMas NnepeceKkaeTcs C
pebpammn HUXHEro OCHOBaHMA B TOUKaX
E n F. 3aTem yepes TouKky E nposegem
NPSAMYI0, NapannefibHyo NPsamMorAB, n
nonyynm Touky D. HakoHeu, npoBoam
oTpeskn AF n CD, 1 nckomoe ceyeHue
— wectnyronsHnK ABCDEF —
MOCTPOEHO.

Puc.5

Puc. 7



IJTIABA 111. TPAKTUYECKHE 3AJAHUA

B faHHOl rnaBe NpUBOAATCA MPaKTUYeCKMe 3afaHus A1 CaMOCTOSTENbHOrO

peweHns B cpene GeoGebra pa3HOI CNIOXHOCTH.

BapuaHTt 1
1. 1.MocTtponTe npnuamy ABCDEA;B;C;DE;.

2. B npuame nNOCTPOEHHOM BbIlle HaWAUTE TOYKY MepecevyeHnsa ero
anaroHanen ACu B;D.

3. MocTtponte nupamuay SABCDE n el ceyeHMe NAOCKOCTbIO, NpoxoaAallen
yepes eé BepLlnHy N To4Kn A u D.

4. N306pa3nTte TeTpasap DABC v NOCTPOITE CEYEHMSA 3TOro TeTpasape
NJOCKOCTbIO, NPOXoAsLLEeln Yepes TOYKY M napansienbHO NI0OCKOCTU rpaHu
ABC, ecnu: a) Toukn M aBnsieTca cepeanHon pebpa AD; 6) Touka M nexut
BHYTpuW rpanun ABD.

5. UN306pa3uTte napannenenunen ABCDA;B;C;D; v nocTpoiiTe ero ceyeHue: a)
nnockocTtbio ABC;; 6) nnockoctbto ACC;.

6. Ha pebpax TpeyronbHOM Nnpammnabl B3ATbl TPM TOYKM, KaK MOKA3aHO Ha

PUCYHKax 2a,6,B,r. MocTpoiiTe ceyeHne NMpamunapbl NA0CKOCTbIO, Yepes Tpu

TOYKUN OTMEeYEeHHblIe TOYKHN.

Puc.2a Puc.26
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PUIC.28 Puc. 2r

7. N306pa3unTe TpeyroibHy NMpammnay, OTMETbTE B NMIOCKOCTAX TPEX ee
rpaHen No TOYKe N NOCTPOMTE CeYeHME NMPAMUAbI NOCKOCTbIO,
NPOXoAALLEN Yepe3 3TU TPU TOUKMW.

8. N306pa3uTte napannenenunen ABCDA;B;C;D;  OTMETbTE BHYTPEHHIOHO
TOYKYy M rpaHun AA;B;B. MNocTpoiTe ceyeHme napannenennneaa,
npoxoasdllee yepes To4Ky M napansienibHO: a) NJIOCKOCTM ocHoBaHUA ABCD;
6) rpaHu BB;C;C; B) nnhockoctn BDD; .

9. M306pa3uTte napannenenunen ABCDA;B;C;D; n otmeTbTe TOYkM M u N
COOTBETCTBEHHO Ha pebpax BB; n CC; . MocTpoiTe TOUYKY nepeceyeHus: a)
npamoi MN c nnockocTtbto ABC ; 6) npamoit AM ¢ nnockocTtbio A;B;C; .

10.1306pasute napannenenunen ABCDA;B;C;D; 1 NOCTPONTE €ro ce4eHusn
nnockoctbio BKL, rae Touka K — cepeanHa pebpa AA;, a TouKa L — cepeaunHa

pebpa CC;.
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BapuaHTt 2

1. NMoctpounTte npusamy ABCDA;B;C;D;.

2. B npusme noOCTPpOEHHOM Bbille HaWguMTe TOYKY MepecevyeHns ero
anaroHanen ACm B.D.

3. N3o06pa3nTe TeTpasgp KLMN. MNocTponTe ceveHme 3Toro TeTpasapa
M/IOCKOCTbIO, NpoxoasLuent Yepes pedpo KL n cepeanHy A pedpa MN.

4. Ha pebpax AD 1 BC nupammabl ABCD oTmeudeHbl Toukn K n M. TocTponTe
TOUKY nepeceyeHns npsMoin KM ¢ NIoCKOCTbHO, MPOXOASALLEN Yepe3 TOUKK
A, B n cepegunny DC.

5. W3obpasnTte napannenenune ABCDA;B;C.D; 1 nocTponTe ero cevyeHuns
nnockoctamu ABC,; n DCBy , a TakXXe 0TPe30K, N0 KOTOPOMY 3TU CeveHUs
nepeceKkaroTCs.

6. lMocTpoiiTe ceveHme TPeYrosibHOW NMpamMuabl MNI0CKOCTbIO, NPOXOAALLEiA
yepes TpM OTMeYeHHble Touku (puc.7,a,6,8,r). ECiv 0TMeYeHHas Touka

HaX0AMTCA He Ha pebpe, TO OHA NIEXXUT BHYTPW BUAVMMON rpaHn Npamnbl.
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Puc. 7
7. WN3o06pasnTte nupammngy ABCD, oTmeTbTe Ha pebpax CD n AB Touku K n M.

MocTpoiiTe ceyveHne NUpammabl NIOCKOCTbIO, NPOXOASLLE Yepe3 TOUKM K 1

M 1 napannensHou AD.

8. M3o6pa3nTte napannenenunes ABCDA;B,;C,;D; 1 nocTpouTe ero cevyeHus

MOCKOCTbLIO, NPOXoAsLLei Yepes: a) pebpo CC, 1 TOYUKY nepeceyeHus
AnaroHane rpaHn AA;D;D; 6) TOUKY nepeceyeHns AuaroHasein rpaHm

ABCD napannensHo nnockoctn AB;C; .

9. N3o06pa3nTte napannenenunes ABCDA;B,C,;D; 1 nocTpoiTte ero cevyeHus

M/IOCKOCTbIO, NPoXoasLlein yepes amaroHanb AC OCHOBaHWA napasnesibHo
AnaroHann BD;.
10.M306pa3uTe napannenenuneg ABCDA;B;C,D; 1 nocTpoiiTe ero ceveHns

MI0CKOCTbIO, NPOX0AsLLei Yepes ToUukKn By, D, 1 cepeanHy pebpa CD.
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3AK/IIOYEHHE

B faHHOI KBanM(rKaLMOHHOK paboTe:

pa3paboTaHO  PYCCKOSI3bIYHOE  Mocobue AN 03HAKOM/IEHUA  C

BO3MOXHOCTAMWU  npumeHeHus cpefbl GeoGebra (3DwithJOGL2) B

reOMEeTPUYECKNX NMOCTPOEHUSIX;

NoAapo6HO onucaHbl KOMMOHEHTbI OKHa nporpammHon cpeabl GeoGebra

(3DwithJOGL2);

OnucaHbl  MHCTPYMEHTbI,  WUCMONb3YIOWMECA NPU  FEOMETPUYECKNX
MOCTPOEHUSX;

PacCMOTPEHbI MPOCTEMLLIME MPUMEPbI  UCMOJb30BaHNA  CYLLECTBYHOLLMX
NHCTPYMEHTOB;

noApo6bHO onucaHbl KOMaHAbl BCTPOEHHOr0 f3blka AJ19 FeOMEeTPUYECKMX
MOCTPOEHWI, PaCCMOTPEHbI MPUMEPbI MCNO/b30BaHNA TaKUX KOMaH[,;

NpuBeAEHbl MPUMEPbI PELLeHNA NPaKTUYEeCKUX 3afaHuin ¢ MOAPOGHbLIM
MoLIaroBbIM OMWCaHWEM [ENCTBUA Ha MNpumepax 3afa4y M3 LWKOMbHOro Kypca
reoMeTpum.

npvBeeH psf NPaKTUYECKUX 3afaHnii 41 CaMOCTOATENIbHOTO PeLLEHUS.
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