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AnemMeHTbl Npo6reMHoro oéy4yeHuss reomeTpumn
B paMKax nfabopaTopHOro npakTukyma

AHHOMauyusn. B cmamee rnpedcmassieHbl HEKOmMopble Memoou4yecKue acrnekmal peweHust
npobnembl akmusu3ayuu y4ebHo-rno3HasamesibHol dessimenibHocmu 6yOywux ydyumeneu
Mamemamuku 8 ripouyecce obyyeHusi ceomempuu. B kauecmee aghghekmueHoz20 cpedcmea
peanusayuu cospeMeHHbIXx 0bpazosameribHbIX MexHonoaul npedcmasieHo KOMIMbmep-
Hoe modernuposaHue eeomempuyeckux obbekmos 8 cpede cucmembl Mathematica.
Knroyeeble cnoea: y4yebHo-rnosHasamersibHasi 0esimesibHoCcmb, rpobriemMHoe obyyeHue,
KOMrbromepHoe modesniuposaHue, nabopamopHoU rnpakmuKym rno 2eomempuu, rnpobrem-
Hasi cumyauyus.

Pa3den: (01) omOernbHbie 8orpockl cchepbl 06pa3osaHus.

O PEKTUBHOCTL 00y4YeHMsI B By3e B 3HAYMTENbHOW CTENEHM 3aBUCUT OT TOrO,
HaCKOSIbKO aKTMBHO MpoTekaeT y4ebHo-no3HaBaTefNbHaa OesaTenbHOCTb cTyaeHToB. C
TOYKWN 3PEHUSA MCUXONOrMYECKON TEOPUN CYLLLHOCTb 00yYeHUs NpeacTaBnsaeTca Kak yrnpaBs-
neHve BHeLWHen (MpakTU4YecKom) N BHYTPEHHEN (MbICITUTENbHON) aKTUBHOCTbLIO YYaLLUXCS,
B pesyrnbTaTe KOTOPOW Yy HUX (hopMMpPYIOTCS onpeaeneHHble 3HaHNS, YMEHUS, HABbIKW.

PeweHune npobnembl akTusnsaumm y4ebHo-nNo3HaBaTeNbHON OeATenbHOCTN ByayLmx
yuynTenemn martemaTuku npegnonaraet KOHCTPYKTUBHOE COBEPLUEHCTBOBAHME OpraHu3aum-
OHHOM M TEXHONOMMYECKON CTOPOH 06yYeHusi. OpraHn3aLmOHHbIA acnekT COCTOUT B CTUMY-
NMPOBAHUN MbICITUTENBHOW AEATENbHOCTU CTYAEHTOB NyTEM NPUMEHEHUS aKTUBHBIX METO-
A0B 0by4yeHUus. TeXHONOrMYECKNA acnekT peLLeHns ykasaHHOW NpobniemMbl 3aknovaeTcs B
NCMNoNb30BaHUN HOBbIX OUAAKTUYECKUX CPEACTB — MHAOPMALMOHHBLIX KOMMbIOTEPHbIX TEX-
Honorun (UKT).

CnegyeT OTMETUTb, YTO B HACTOSLLIEE BPEMS B CUCTEME BbICLLErO MaTeMaTUYECKOro
obpasoBaHns HabngaeTca NpoTMBopeYne Mexagy HeobXxoaMMOCTbIO ee OpueHTaumMm Ha
aKTUBM3aumo y4ebHO-No3HaBaTENbHON OEATENBHOCTU yYaLLMXCA U HEAOCTAaTOYHOM pa3spa-
OOTaHHOCTBLIO METOAUKM NCMONb30BaHMSA NCUXOMOro-negarormyecknx n NporpaMmHbIX BO3-
moxkHocTen VKT ¢ aton yenbto. OCHOBHOWM OMAAKTUYECKOW 3a4aden NPUMMEHEHUST KOMMbHO-
Tepa no-npexHemy octaeTcs Bu3yanusaumnsa ydebHoro matepmana n opraHnsaumsi yiebHom
AEATENbHOCTU Ha PEenpoayKTMBHOM YPOBHE. HegocTaTOuHO uccrneaoBaHbl BOMPOCHI MC-
NOJSIb30BaHUSA KOMMbIOTEPHbIX TEXHOOMMA B COMETaHMUM C aKTUBHBbIMUM MeTogamMn oby4eHuns.

Mo Hawemy MHEHWIO, METOAMKA aKTMBM3aunn y4eOHO-No3HaBaTENbHOWN OEeATENbHO-
cTn Byaoywmx yyutenem mateMaTukm OofmkHa OblTb OCHOBaHa Ha CUHTE3e NPOo6sIeMHOro
00y4yeHns 1 KOMMbITEPHOrO MoaenvpoBaHus. pu 3ToM uenecoobpasHo MCMNoNb30BaTb
KOMMbIOTEPHbIE MOLENWN, BbINOMHEHHbLIE C NMOMOLLLIO NPEeAMETHO-OPUEHTUPOBAHHbLIX Cpea,
OTNIMYAIOLLMXCA B3aMMOCBSA3bI0 MPOrpaMMHbIX (BU3yanu3auusi, aHMMauns, WUHTepakTUB-
HOCTb) M NCUXONOro-neaarornyecknx (HarnsagHOCTb, AMOLMOHANbHOE perynuposaHue, ob-
paTHas cBA3b) Bo3amoxxHocTen. K nogobHeim cpeacteam VKT oTHocATCA maTemaTtnieckmne
nakeTbl — yHUBepcarnbHble BblYUCNTESbHbIE Cpeabl AN peleHns 3agay MaTtemMaTuyeckon
HanpaBnNeHHOCTM NpU 3a4aHnK YCNOBUIM Ha A3blKe Nonb3oBaTens.
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Ha kadenpe npuknagHon matemaTukm n nHpopmatukm ENY um. U. A. byHnHa BHea-
peHa B NpakTuKy Metoguka obyyeHust reoMeTpumn ¢ nogaepxkon naketa Mathematica B
paMKax 3rieKTUBHOro Kypca «[ononHuterbHble BOMpochbl AnddepeHumansHOn reomer-
puny. Popmon opraHnsaunm y4ebHon AesaTenbHOCTM CTYAEHTOB BbiCTynaeT nabopaTopHbIN
NPaKTUKyM, UHTETPUPYIOLLUA TPAOULMOHHYIO OYHKLIMIO NPaKTUYECKOro 3aHATUA (hopMupo-
BaHWE YMEHWUN N HABbIKOB) N BO3MOXHOCTWN KOMMNbIOTEPHOrO MOAENUPOBaHUS B cpeae Cu-
ctembl Mathematica (HarnsagHOCTbL 3TaNoOB peLleHns 3aga4dun, rpadmuyeckoe npeacraBneHve
Nony4YeHHbIX pe3ynbTaToB). TemM cambiM B paMkax fiabopaTopHOro npaktukyma obecneuym-
BaeTCHA eQUHCTBO coAepXaTenbHOM 1 NpoLeccyanibHOM CTOPOH 06yYeHns:, EQUHCTBO MbIC-
NUTENbHON N NPaKTUYECKON OeATENbHOCTU. 3aHATUS NO reoMeTpUmM NPOBOASTCH B KOMIMbHO-
TEpPHOM Kracce, rage y Kaxgoro ctygeHta csoe paboyee MecTo 1 cBon paboymi kaTanor.

OTMeTUM, 4TO TPaANLMNOHHOE N3yyYeHne auddepeHumnanbHON reomeTpum IMHKUKA U No-
BEPXHOCTEN OPUEHTUPOBAHO Ha 3HAKOMCTBO C Pasfnn4HbIMU (hopMamMmn aHaNIMTUYECKOro 3a-
AaHns uUryp Ha nriocKOCTU U B NPOCTPaHCTBE, UccrneaoBaHMe X CBOMCTB cpeacTBamu Ma-
TemaTudeckoro aHanmsa. HarnagHoe npeacraBrieHMe reomeTpuyeckon nHgopmaumm npu
9TOM BbI3bIBaET onpeaeneHHble TPYAHOCTU, HanpumMep NoCcTPOeHne KpUBbIX nopsgka n > 2,
NOBEPXHOCTEN BTOPOro nopsgka, napameTpudeckn 3afaHHbIX KPUBbIX U MOBEPXHOCTEN B
€BKNMOOBOM MpOCTpaHcTBe. PyHKLMOHANbHbIE BO3MOXHOCTM naketa Mathematica nosBso-
NS0T NPeoAosieTb NPOTUBOPEYME MEXY Hanmymem obLLIMPHOro annapara aHasIMTUY4eCcKoro
nccneoBaHnst reoMeTpuyeckmx OObEeKTOB U 3HAYUTENBHOW COXHOCTBLIO rpaduyeckoro
npeacTaBneHus npouecca n pesynbTaTtoB 3TOro uccrnegosanus [1]. MNoaBnaeTcsa BO3MOX-
HOCTb ObpalleHnst K TEM acnekTam reoMeTpu4ecKkom Hayku, KoTopble paHee Oblnn Hepo-
CTYMNHbI OyOyLLUMM YYUTENAM MaTeMaTUKN U3-3a CIIOXHOCTU, HEJOCTaTOYHOWN HarnsigHOCTH,
rPOMO34KOro MaTeMaTM4ecKoro annaparta Ans onucaHus. Tak, B pamkax nabopaTtopHoro
npakTMKyMa n3y4yaroTCcsl reomeTpuyeckme MecTa To4YeK, MOBEpPXHOCTWM BTOPOro nopsjka,
acMMnTOThbl U 0COBbIE TOYKN KPUBBIX, CONMPUKOCHOBEHWNE KPUBbLIX N-rO Nopsiaka, ornbatoLas
CeMencTBa KpMBbIX, 9BOSIKOTA N 3BOSbBEHTA, CreuunarnbHble napameTpusaunm noBepxHo-
CTEN, MOAENUPYIOTCSA NPOCTPAHCTBEHHbIE NIMHUK, UCCREAYTCA reoMeTpuYecKkne CBOMCTBA
NOBEPXHOCTEN BPALLEHUS.

Beaoywmm npuHumMnom obyyeHus reomeTpum B pamMkax nabopaTtopHOro npaktukyma
BbICTyNaeT NpUHUMN NpobnemMHOCTH, COrfnacHO KOTOPOMY YCBOEHME 3HAHUN N HaYarnbHbIN
aTan opMMPOBAHNSA HABLIKOB MPOUCXOOAT B NpoLecce OTHOCUTENbHO CaMOCTOATENbHOIO
peLueHns y4awmmMmncsa cuctemsl 3agay-npobnem nog obwmm pykosoactsom negarora. MNpu-
MEHEHMe TexHosorMm npobnemHoro obyyeHnss obecneymBaeT NogaepXKy NMOMCKOBOW ak-
TMBHOCTU y4YaLLUXCs, CNocoBCTBYET OBNAageHUIO MMM HaBblKaMy TBOPYECKON y4ebHO-No3Ha-
BaTenbHON geaTenbHoCTH [2].

MNepeuncnmm npuvembl NPobrnemMHoro obyvyeHus reomMeTpun, UCNosib3yemMble Hamu B
npouecce NoAroToBKM DyayLLUMX yYuTenen MatemaTukun: cosgaHue npobnemMHbIX cuTyauun,
rpynnosoe obcyxaeHne BO3MOXHbIX MOAXOAO0B K paspeLleHnto npobrnemMHon cutyaumm u
Bbl6Op Hambornee pauMOHanNbLHOrO BapuaHta, MeTod NPoBEeMHOro U3NoXeHnsa y4ebHoro
mMaTepuana, aBpucTnyeckasn 6eceaa, npobneMHO-NOMCKOBbIE CaMOCTOATENbHbIE PaboThbl.

OcTaHoBMMCS Ha OAHOM M3 MPUMEPOB CO34aHUsA NPOBIeMHON cuTyaunmn npu opmMmm-
pPOBaHUU NOHATUSA rNAAKON NUHUMN.

MpobrnemHas cutyaumsi — 3TO HEKOTOPOE MHTENNEeKTyanbHoe 3aTpyAHEHNE, BO3HMKa-
loLLlee B crny4vae, Korga yyalnncs He 3HaeT, kKak 06 bsCHUTbL BO3HMKLLEE siBfieHUe, hakT, He
MOXeT LOCTUYb Lenv n3BecTHbIM emy cnocobom. CosgaHue npobneMHon cutyaumm npea-
rnonaraeTt NOCTaHOBKY NO3HaBaTENbHOM 3a4a4n, NOBYXAeHNe yqaLmMxcs K aHanuay )akTos
(cpaBHEHUIO, NPOTMBONOCTABMNEHUIO, NpeaBapUTeENbHOMY 0606LEHNIO), K BbIABKEHUIO M-
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noTes, a Takke opraHnsaumto nccriegoanus. [Ana cosgaHnsa npobrneMHbIX cuTyaunin B oby-
YeHU reoMeTpUn HaMKU MUCMOMNb3YKTCA MeTOAbl ONarorM4eckoro N3noXxeHnsa (nokas yva-
LLMMCS NOTUKM HAyYHOrO OTKPbITUS MyTEM MOCTAaHOBKM NPOGEMHbIX BOMPOCOB, BblABUXE-
HUA N JoKasaTenbCTBa rMNoTes), 9BPUCTUYECKUX 3aaHuUi (OTKPbITUE HOBOrO 3HaHUSA ca-
MUMU yYaLLMMUCS MO PYKOBOLCTBOM NpenogasaTtens B npouecce pelleHus 3agady).

B ocHOBHOM Kypce reomeTpuun TpaguunoHHO BBOOUTCS NOHATUE rMaaKon anemMeHTap-
HoOW NHKMK knacca CK (k 2 1).

OnpepeneHune. 3rieMeHTapHasa NUHUS Yo, 3aJaHHas napameTpuyYeckKuMn ypaBHEHU-
amm x = (X(t), y = y(t), z = z(t), tel, Ha3biBaeTca rnagkon NuHMen knacca CK, ecnu dpyHKLMM
X(1), y(t), z(t) umetloT B NnpomexyTKke | HenpepbiBHbIE NPOM3BOAHBIE A0 Nopsiaka K BKNOYn-
TenbHO, NPUYEM B KaXXgou Touke tel:

F(t) = 0 (1)

3aTtemM npuBOAATCA NPUMEpPbl rMagkux (BUHTOBas NIMHUS, CMHycouaa) WU Hernagkux
(TpakTpnca) anemMeHTapHbIX JIMHWUNA, KYCOYHO-rNagkon NiMHuM (OBObIKHOBEHHAA UMKnounaa).
Mpn aTOM rMagkoCcTb onpeaensieTca nposepkon ycnosus (1).

Mpn npobnemHoM MHTEpnNpeTaunmn Toro e y4ebHoOro Mmatepuarna npenogasaterb He
coobulaeT 3HaHUIM B FOTOBOM BMAe, a NobyXaaeT yyawmxcs K uX caMoCTOATENTbHOMY MO-
ncky. NpumeHeHne naketa Mathematica MoxeT okaszaTb CyLleCTBEHHYIO NOALEPXKKY B pa-
06oTe Hag NOHATUEM FMafKon ANIEMEHTAPHON NTIUHUN.

PaboTa Hag yka3aHHbIM MOHATMEM HAa4YMHAETCA C BbINOSTHEHNA CneayoLwWero 3agaHus:
«lMocTponte Mogenu NMHWUIA, 3a4aHHbIX NapamMeTpuyeckn. YTo obLuero y aTux nuHnin? Yem
OHM CYLLEeCTBEHHO pasnuyarnTca?»

1) x=t,y=sint,z=0,teR

2) x=t?,y=t}z=0teR

3) x=t*,y=t}z=0teR

BbInonHMB NocTpoeHne 3agaHHbIX ouryp, yyalmecs 3aMmeyatroT, YTo BCE TPU NIMHUK
3rieMeHTapHble, NPOXOAAT Yepe3 Hadano koopauHat. OgHako «noBedeHuMe» NUHUA B

Havyane koopauHaTt pasnuyHo. BTopas kpuBasi uMeeT 13nom Tuna ocTpus, a nepeas u Tpe-
TbSl HE UMET OCOBEHHOCTU B 3TON To4ke (CM. puc. 1).

Plot[ain[x], {=x,-10,10} AspectRacin—sAutonatic]

TN

Lraphics-
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Ha ocHoBe npoBeaeHHOro aHanm3a BO3HUKaEeT NpeasioXkeHne pasbntbs MHOXXECTBO 311EMEH-
TapHbIX NUHUIA Ha «rMagKkMe» 1 «Hernagkuey. Ho no kakomy npusHaky 3To MOXHO caenarb?

Ecnu npogomkutb «HabnogeHney» Hag AaHHbIMK ourypamm, MOXHO OTMETUTb, YTO
KacaTenbHble BEKTOPbI BO BTOPOM U TpeTbeM cnydasix npu t =0 HyneBble, B NEPBOM Xe
nmeem r'(0) = 0. Takum obpasom, ecnm r'(t) = 0, TO NMHMA B AaHHOW Touke rmagkas. O6-

paTHOe He Bceraa BEepHO.
MpenoaasaTenb NpeanaraeT CTyAeHTaM NPOBEPUTL BblABMHYTOE NpeanoroXeHne Ha
APYruX npumepax:

4) uuknovpa X~ a(t-sint),y=a(l-cost),z=0

X=acost;y=asint. z = a=const>0;b=const¢0;tel_

5) BWHTOBas NUHUSA bt rpe

Onupascb Ha KOMMbIOTEPHYO MOAEnNb (CM. puc. 2), CTYAEHTbI OTMEYatoT crieaytoLlee
CBOWCTBO LIMKIOMAbI: OHA ABMSETCS AfieMEHTapHON SIMHUEN (TaK Kak roMeomMopHa npsiMon),
HO He aABnsieTcH rmaakoun. B Todkax t = 2ak7r(k = O;il;iZ;...) ycrnosue 1'(t) # 0 He BbINOMNHAETCS.
B TO e Bpemsi 4iCnoByHO MPSIMYD MOXHO MOKPbITb CYHETHLIM MHOXECTBOM MPOMEXYTKOB
(2a(k —1)7;2akz), BHYTPM KaXaoro 13 KOTOPbIX ypaBHEHUs! 4) onpeaensioT rMaaKyo UHII.
[MoaToMy LMKIOMAY MOXHO OTHECTU K KYCOYHO-TNaaKUM NIMHUAM. BUHTOBast NIMHUA, 04eBUOHO,
ABNAETCS rnagkon. AHanMTU4eCkn aToT hakT NOATBEPKOAETCA HepaBeHCTBOM (1).

ParametricPlot [(2 (t—-Sin[t]),2 (1-Cos[t]l)l,it,0,8A
Tl AspectRatliosAutomatic]

[ I

5 10 15 mE0 5 1] 5
=Zraphl cs -

Puc. 2
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[anee cnegyet BbISCHUTBL BONPOC O paBeHCTBe I'(t) = 0. ABNAeTcs Niv OHO KpuTepmem

HapyLLEeHWs rNagKkocT anemMeHTapHon nuHun? Ha npumepax 2), 3), 4) ybexgaemcs, 4to
3TO yCrOBME He rapaHTUpyeT CyLeCTBOBaHNA OCOBEHHOCTUN JIMHMUM B TOYKE.

lMpoBeneHHasa nogrotoBuTenbHas pabota ¢ KOMMbLIOTEPHBIMU MOAENAMU FINHUIA NO3-
BONSAET CTyAEeHTaM CaMOCTOATENbHO AaTb OnpeaeneHune rnagkon 3fieMeHTapHON NUHUK,
chopmynupoBaTtb ycroBue rnagkoctu. ocne atoro npenogasaTtesic MOXET NepenTn K
CTPOromMy gokasaTenbCTBY COOTBETCTBYIOLLUX TEOPEM.
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