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ART 186003 YK 378.147:004.9

Xyk Jlapuca BukmopoegHa,

KaHOudam nedaco2udeckux Hayk, doueHm kaghedpbl rpuknadHol mMamema-
muku u uHgpopmamuku @Irb0Y BO «Eneukul 2ocydapcmeeHHbIl yHU8epcu-
mem um. U. A. byHuHa», e. Eney

Krasnikoval arisa@yandex.ru

KOMI'IbIOTepHaFI noaaepXxka Kypca reomeTpumn B By3e

AHHOmMauyus. KomnbiomepHoe moodesnuposaHue s8rsiemcsi aghgheKmueHbIM cpedcmeom
opeaHu3sayuu y4ebHol dessmesibHOCMU CMyOeHMOo8, pacwupstouUUM 803MOXHOCMU aK-
mugHo2o oby4yeHusi. B cmambe paccmampugaromcsi 803MOXHOCMU MPUMEHEeHUsT mpex-
MepHoU KoMbromepHoU epaghuKku 8 rpouyecce ceomempuyeckol rnodaomosku bydyuwux
bakanaepos nedazoauy4ecko2o obpa3oeaHus.

Knro4veeble cnoea: y4ebHo-no3HasamesibHass 0essmesibHOCMb, fpouecc obyyeHusi 2eo-
Mempuu, KoMrbomepHoe ModesuposaHue, 1abopamopHbIl fpakmuKyMm rno ceomMempud,
UHMepakmueHasi mpexmepHas epaghuka.

Pa3den: (01) omodernbHblie 8orpockl cghepbl 06pa3osaHusl.

BaxxHon 3apgaden coBepLUEHCTBOBAHWUA npouecca npenogaBaHnsa reoMeTpun B By3e
SABMSAETCHA YCUNEHNe npuopuTteTa passmuBarolLen pyHKUUM 0By4YEHNS NO OTHOLUEHWUIO K UH-
OpMauNOHHOM Ha OCHOBE MCMOMb30BAHUA KOMMBIOTEPHbIX TEXHOMOIMMM, OOMOSTHAKOLWMX
TpaguunoHHble AngakTnyeckue cpeacrea. B HacToswee BpemMsi cTaHgapTHble MeTObl KOM-
netoTepunsaumm obydeHns, orpaHnYMBaloWLNECs anroOpUTMUYECKUMIN A3bIKaMKn NporpaMmmu-
pOBaHWA, yCTynaT MeCTO UHTErpUpPOBaHHbIM NPOAYKTaM — KOMMbIOTEPHLIM MaTeMaTmnye-
ckum cuctemam (KMC), o6begnHa0LWMM BO3MOXHOCTM KOMMbIOTEPHOW anrebpbl U YHUBEpP-
casibHOM BbluMCNIUTENbHOM cpeabl. K Takum cuctemam, B YaCTHOCTU, OTHOCATCA NakeTbl
Maple, MathCAD, Mathematica, Maxima, no3sonstoLwue pewaTb 4OCTAaTOYHO COXHble 3a-
[ayun, He BOABasiCb B TOHKOCTU MNPOrpaMMmMpoBaHus, KOHCTPYMpoBaTb N UccneaoBaTh reo-
MeTpuyeckne obbEKTbI B pexume guanora.

B oCcHOBY NpoeKkTMpoBaHUA MaTeMaTUYECKNX MNAKETOB NOSIOXKEH MPUHLMI KOMNbIOTEP-
HOMO MOAENUPOBaHUS OeATEeNbHOCTU, HanpaBNeHHOM Ha MOWUCK, OTOBpaxeHne N aHanus
CYLLHOCTHbIX XapaKkTePUCTUK reoMeTpuyecknx ouryp. KomnbioTepHoe MoaenmpoBaHue sB-
NAeTCcs akTUBHbIM MeToA40M OBydYeHus reoMeTpun, NogaepXuBaronM AeATeNbHOCTHbIN
nogxon K ydebHomMy npoueccy M npuaatrolnM KaveCTBEHHO MHYK cneunduky Xxapakrepy
y4yebHO-no3HaBaTeNbHON OEATENbHOCTU CTyaeHToB [1, 2]. Pe3ynbtatoM KOMMNbHOTEPHON
nogaepXkn npouecca obyvyeHnss reoMeTpun ABASeTCs pasBuUTUe NOMMKKU, NPOCTPaHCTBEH-
HOro BooGpaxeHus, PopmMmpoBaHNE KOHCTPYKTMBHbLIX M UCCNenoBaTENbCKNX HABbIKOB [3].

[aHHas ctaTbs nocesdeHa 0630py BO3MOXHOCTEN peanuaaumm metoga KOMnboTep-
HOro MOAENVPOBaHMUS B NpakTuke obyyeHus reomeTpum byaywmx 6akanaBpoB negarornye-
ckoro obpasoBaHu4.

OpraHusaumsa yyebHon gestenbHoCTM ByayLmx ydmtenen MateMatmukn ocyLecTBNa-
eTCHa HamMu B paMkax flabopaTopHOro npakTukyma no peLleHno reoMeTpudeckux 3agad B
cpepe KMC Mathematica. MNpeumyLLecTBo 1labopaToOpHbIX 3aHATUIN B CPABHEHUM C OPYTUMUA
OpraHM3aumoHHbIMKM bopMmamMn 0By4eHUs COCTOUT B MHTErpauumn TeopeTuKo-mMeToL0Morm-
YEeCKMX 3HAHUIN M NPaKTUYECKNX YMEHUN B €MHbIN NpoLecC AesaTenbHOCTM y4ebHo-uccne-
A0oBaTeNbCKOro xapakrepa. Tem cambiM nabopaTopHbIM NpakTUKyM obecneymBaeT eauH-
CTBO cofepXaTenbHOM 1 npoueccyasibHOM CTOPOH 0OBYYEeHUS, MbICIINTENBHOW U NpaKTuye-
CKOW OesATENbHOCTH.
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MOoXHO BbIOENUTL criegyolime amaaktmyeckne pyHkumMm nabopaTtopHOro npakTukyma
Nno reoMeTpun ¢ NPMMEHEHNEM KOMMNboTEPHON cnucteMbl Mathematica:

—  MOmueayUOHHO-cCmuMynupyrowas yHKUUs — pa3BuTue No3HaBaTesNlbHOro UHTe-
peca, BHYTPEHHeNn MOTMBaLUKN K U3YYEHUNIO Kypca reoMeTpumn, YTo obecneynBaeTcsa co3aa-
HMEM CUTYyauun BKIKOYEHUSI CTYOEHTOB B OEATENbHOCTb NO MCCreaoBaHuio U npeobpaso-
BaHUIO MoJeren reoMmeTpudecknx o6 bEKToB;

— obyyvarouwjas hyHKyUsI — ONTUMU3ALMS NpoLiecca YCBOEHWSI reOMeTPUYeCcKnX 3Ha-
HWI (3akpenneHue, yrnybneHne, cuctemaTnsaums; NpoBepka Hay4HO-TEOPETUYECKUX MO0~
XEHU aKCnepuMeHTanbHbIM NyTem);

— passusaroujasi hyHKUUSI — pa3BUTME NPOCTPAHCTBEHHOMO N NOMMYECKOro MblLuse-
H1a ByayLmx yumTenen matemMaTuku;

—  pegriekcusHas byHKUUs — nabopaTopHble 3aHATUNA ¢ npumeHeHnem KMC Mathe-
matica cnocoBCTBYIOT OCO3HAHWUIO CTYAEHTOM cebsi kak cybbekTa aeaTenbHoCTH, hopmu-
poBaHMO NOTPEOHOCTN aHaNM3npoBaTb, KOHTPONMPOBATbL M KOPPEKTUPOBaTb CBOW AeW-
CTBUS, OLEHNBATb UX pe3ynbTaTbl.

OctaHoBuMCcAa nogpobHee Ha MOTUBALMOHHO-CTUMYIMpPYOLWen pyHKumM nadopartop-
HOro NpakTUKyma rno reoMeTpun. BaxxHenLwmnm acnekTom opraHnsaumm y4ebHon gedaTenbHo-
CTU SAABMSIETCA NepeBoA NOCTaBMEHHbIX NpenogasaTtenem uenen B nobyxaeHnsa passuBato-
LLIEeNCS JIMYHOCTU, B €e BHYTPEHHUE YCTPEMIIEHNSA — MOTUBbI. TONbKO Toraa 06 beKTUBHO 3Ha-
ynmasl Lernb y4eHUs CTAHOBUTCHA NIMYHOCTHO 3HAYMMOW, CYyOBbEKTUBHO NPUHATON CTYAEHTOM.

dopmMmpoBaHue no3HaBaTesnbHbIX MOTUBOB 06ecneymBaeTCcs COBOKYNHOCTbIO METOAN-
YeCKnx NPUEMOB, NMCUXONOrMYeCKUM MeXaHU3MOM BO3LENCTBUSA KOTOPbIX SIBMASETCH nepe-
XMBaHMEe BHYTPEHHErO NPOTUBOPEYMA MEXAY 3HAHNEM N HE3HAHMEM, CTUMYNMpPYIOLLIEE Mo-
3HaBaTeNbHY akKTMBHOCTb. B TpaguumoHHOM npouecce 0byvyeHus reoMeTpum Takum npu-
€MOM BbICTYyNaeT UCmopu4YHOCMb — NPUBEYEeHne CBeAEHNA N3 NCTOPUN BO3HUKHOBEHUS
reomeTpudecknx obbekToB. Hanpmumep, npu 3HAaKOMCTBE C pPasfiMyHbIMU TUMaMW MAOCKNX
NMHWIA ByayLWUM yunTenam matemaTukm 0yaeT MHTepeceH TOT hakT, YTO 3HAMEHUTLIN acT-
poHoMm [bkoBaHHM [lomeHuMko KaccmHu nonaran: nuHUS, 3afdaHHasi ypaBHEHWEM
(x* +y?)? —2c*(x* —y*) =a* —c*, TouHee npencTasBnaeT opouTy 3emnu, yem annunc. fJax-
Haga runoTesa He noaTBepAuiacb, 0OOHAKO BBeAEHHas YY4€HbIM KpmBas — oBan KaccuHu —
cTana npeamMeTOM MHOIMOYMCIEHHbIX UCCreL0BaHUN.

B pamkax nabopaTtopHOro npakTukyma no reomeTpun BO3MOXHOCTU pa3BUTUS NO3Ha-
BaTENbHOIo MHTEepeca 3Ha4YMTENbHO paclumnpsoTcs. Bo-nepBbix, 3ToMy cnOCOBCTBYIOT HO-
Bble yCcrnoBus y4ebHon geatenbHOCTN — UuHmMepakmusHocms cpedbl Mathematica u susya-
Jnu3ayusi reomeTpuyecknx ob6bekToB. Hanpumep, 4na nnnctpaumm Lmknovabl (MMHum, o6-
pa3oBaHHOW BEPLUMHON KaTSALErocs kBagpaTta) MOXeT ObITb MCNonb3oBaHa rpaduyeckas
ranepes KMC Mathematica (puc. 1).
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Bo-BTOpbIX, HA NabopaTopHbIX 3aHATUAX MO reoMeTpun y Byaywmx yuutenemn nosisns-
eTCa BO3MOXHOCTb OCywW,ecmersisime nouck Heobxoanmbix matepuanoB B 6a3e AaHHbIX Cu-
ctembl Mathematica, 4To cnocobcTByeT hopMMPOBaHMIO NOTPEOHOCTN B MOMCKOBLIX AeN-
cTBUAX. Tak, CTyAeHTbl MOTryT HaUTU M aHUMUPOBATL NOBEPXHOCTb, UMEIOLLYIO CEASTOBYIO TOYKY
(puc. 2), M1 NPOCMOTPETL CEPUI0 TONOMOrMYEeCKnx NnpeobpasoBannii uunuHapa (puc. 3).

Table[Plot3D[Sin[2 x] Sin[2 y] Cos[t].{x,0,Pi}.{y,0,Pi},
PlotRange—{-1,1},BoxRatios—{1,1,1},Ticks—None],{t,0,Pi,Pi/24}]

Puc. 3

B-TpeTbux, paboTtasi ¢ anekTpoHHbIM okymeHToM KMC Mathematica, 6yaywue 6aka-
naBpbl UMEIT BO3MOXHOCTb caMOCmMOsImesibHO KOppeKkmupogame C80H 0esimesibHOCMb —
aHanu3anpoBaTb U MUCNpaBNATb AOMNyLlEeHHble ownbku — Bnarogaps Hanuuuio obpaTHOW
CBSA3W, B pe3ynbTaTe Yero COBEPLUEHCTBYIOTCA HaBbIKM CAMOKOHTPOsS. Tem cambiM yCcTpa-
HAETCS OHa U3 MPUYMH OTpULATENbHOro OTHOLWEHUS K y4ebe — Heycrnex, 00yCrnoBMeHHbIN
HenoHMMaHneM cyTu nNpobnemsl, Nnpobenamm B 3HaHUSIX.

HakoHeu, npumeHeHne KMC Mathematica cnocobcTByeT peanusauuun rpukiadHoU
HarpaesieHHocmu 0by4yeHUs1 reoMeTpUn — YCTaHOBIIEHMIO coaepXXaTeNbHON 1 MeToa0Mn0rm-
4YecKoMn CBA3M Kypca C npakTukon. Hanpumep, npu naydeHnn napameTpudeckun 3agaHHbIX
NANOCKUX NUHUIA ByayLwimMM yunTenam npegnaraeTcs BbIBECTU YpaBHEHUSA U NOCTPOUTb hu-
rypy Jlnccaxy, Habniogaemyto Ha 3kpaHe 3MeKTPOHHOro ocuunnorpada, Korga Ha ero
Bxoapbl X, Y nogatTca cMHyconaarnbHble CUrHanbl C KpaTHbIMY YacToTamu (CM. puc. 4).

JTabopaTopHbIN NPaKTUKYM peanu3yeTcs Hamu B nNpoLecce U3ydyeHust Kypca no Bbl-
6opy «PeweHne 3agad aHanuTu4eckon n anpdepeHunanbHOM reoMeTpun ¢ NPUMEHEHNEM
cuctembl Mathematica», 4ONONHSAKOLWEro OCHOBHOW Kypc reoMmeTpuun. [[naBHon yesbro OaH-
HOU OucyuniuHbl ABNAETCA COBEpPLUEHCTBOBAHME reoOMeTpUYECKON NoAroToBkM ByayLumx
yuyntenen mateMaTmkm Ha OCHOBE NPUMEHEHNSA MeTOAa KOMMNbIOTEPHOrO MOAENNPOBAHNS.

3
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ParametricPlot[{Sin[2 t],Sin[3 t]},{t,0,2 Pi}]

Puc. 4

PaccMoTpyM OCHOBHbIE BO3MOXHOCTM KOMMNBIOTEPHOW NOAOEPXKKM 0ByYeHUs reomeT-
pun Ha npumepe nabopaTopHOro 3aHATUA No TeMe «KaHOoHUYecKul periep U cornpoeoxoa-
rowut mpéxepaHHuK Kpusoly. Llenbto 3aHAaTuA ssnsetca obobLieHre n cuctemaTmnsaums
3HaHUW No AndpdoepeHumarnbHOM reoMeTpun KpMBbIX, a Takke hopMmpoBaHme yMeHNA pe-
WwaTb 3aa4n pasnnyHbIX TUNOB C NPUMEHEHNEM MOHATUA KaHOHUYECKOrO penepa n conpo-
BOXJAOLLLEro TpEXrpaHHMKa.

HayvarnbHbil aman nabopaTopHOro 3aHATUA NOCBALWEH paboTe Hag NOHATUSIMU Kaca-
TENbHOW K KPMBOMW, rMaBHOM Hopmann, buHopmanu. MNpenogasartens npeasnaraeTt CTyaeH-
TaM 0OBbACHUTbL B3aUMHOE pacrnosioXXeHne ykasaHHbIX MPsiMbIX B MPOU3BOSIbHOM TOYKE Npo-
CTPaAHCTBEHHOM JNWHUM U chenaTb Ha [OCKe COOTBETCTBYIOLWMMA YEpPTEX C YKasaHMEM

HanpaBnsIOLWMX BEKTOPOB 7,7, B (puc. 5).

BMHOpMEN b

HOpM3nEHa

MNAOCKPECTE
CONPpUEaCcaaWaAcA

Ao CROETE

B T

A3BHAA HopmManb

RacaTeleHaA

Puc. 5
Yyawumeca gatT onpegeneHne KaHOHNYECKOro pernepa KpMBOM U HanoMuHarT dop-
N [ i I
MYIbl AN OTbICKAHUSA ero BEKTOpOoB (7 =T(); ﬂ=¥; V= [,6’,2']). B cBoto ovepenp
IF'(t) F,r]
negaror oTMeYaeT, YTO KacaTenbHas, rnaBHas Hopmarb U BuHopmarnb 06pasyroT MoosuX-
HbIU Mpu3adp NPOCTPAHCTBEHHOW KPUBOW B 3aJaHHOWN €€ TOUKe.
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BaxxHon 3agaven npenogaBaTens Ha Ha4yanbHOM 3Tane 3aHATUA aBnseTca popmMmpo-
BaHWe y CTyQEHTOB MONOXUTENbHOM MOTMBaUMN, 00ycrnoBnuearoLlen 0CoO3HaHUe N NPUHS-
TME MU uenun yyebHon geatenbHocTu. byayuwmum yuyntenam 6ygeTt MHTepecHO y3HaTb, YTO
NOHATUE KAHOHMYECKOro penepa CBA3aHO C MMEHEM (hbpaHLy3CKOro MatemMaTtumka, npodgec-
copa JlnoHckoro yHuBepcuteta »KaHa ®pegepuka OpeHe (1816-1900), HaweLwero cooT-
HOLLUEHNA MeXay HanpaBnsaLWUMN KOCUHYCaMUX KacaTenbHOW, Hopmanu u buHopmanu. Me-
TOA4 conpoBoXpatowero TpéxrpaHHuka 6oin passut . Japby, J1. Sunepom, 3. KaptaHowm.
[MoHATME NMOABWXKHOIO TPM3Apa UrpaeT CYLLECTBEHHYHO POSb B NPUMOXeHUaX anddeper-
unanbHOM reoMeTpum — reoMeTpuyeckon ontuke (B hopmynmpoBKax OCHOBHbLIX 3aKOHOB
NPEeIoOMIIEHNST N OTPAXEHUS CBETOBbLIX NIyden) U MexaHuKe (Mpu N3ydeHnn peakummn, Uchbi-
TbIBAEMbIX MaTepuasibHON TOYKOWN, OBUXYLLLENCS MO rnagkon NNHUN).

OpraHunsoBaB NOBTOPEHNE OCHOBHbIX MOHATUA NO TEME, YCTPaHMB Npu HEOBXOAMMOCTH
npo6enbl B 3HaHMAX M OWUMOOYHbIE NpeacTaBneHns, npenogasaTens npeanaraet cTygeHTam
cneayoLme TUNoBble 3agaun: 1) Ha NOCTPOEHNE NPOCTPAHCTBEHHOM NIMHWUK; 2) HA MOCTPOEHNE
KaHOHMYECKOro penepa KpMBOW; 3) Ha NOCTPOEHNE COMPOBOXAAIOLLIEro TpexrpaHHuka. B npo-
uecce nx pelweHns bygylime yumTens aktyanuanpytoT COOTBETCTBYHOLLME NPpeaMETHbIE YMe-
HUSI; 3HAKOMATCA € PyHKUMOHaNbHbIMM Bo3MOXHoCcTs MM KMC Mathematica, nossonstowmmm
3HaAYMTENBbHO CHN3UTbL TPYAOEMKOCTb BbIYUCIIMTENBHOMO NPOLIECCa U COCPEOOTOMUTLCS Ha rpa-
dmyeckom pesynbTate. Y CTyAeHTOB NOSIBNSAETCA BO3MOXHOCTb «yBUAETb» NUHUK, SIEMEHTbI
NOABWXHOIO TPU3Apa, CONPOBOXAAILLErO TPEXITPAHHUKA B TOYKE KPMBOM, MOCTPOUB UX KOMIMb-
toTepHble Moaenu. PelueHne ykasaHHbIX 3a4ay yyYallumecs OCyLLECTBIIAOT B OKHE CBOEro A0-
KymeHTa B cpeae Mathematica. lNpenogaBatens okasbiBaeT KOHCYSTbTAaTUBHYIO MOMOLLIb MO BO-
npocam paboTbl B Cpeae KOMMbOTEPHON CUCTEMBI.

3apaya 1. [locmpoumbs 8UHMOBYHO JTUHUIO U €€ NPpoeKyuU Ha KoopOUHamHbIe MiiocKocmu.

Mpn peweHnn [aHHOM 3agadm  WUCNONb3yeTcs Takad BO3MOXHOCTb MakeTa
Mathematica, kak co3daHue ceomempuyecko2o obpa3sa. durypa (BUHTOBAsS NUHUSA), 3a4aH-
Has B 3HAKOBO-CMMBOJSIMYECKOM BUAE OYHKUMSIMU, BU3yanuanpyeTcsa n HabnogaeTtca B an-
HamMuKe NOCpPeACcTBOM nepexoda U3 rpaduyeckoro pexxuma B CMMBOMbHbIA. [pyrasi BO3-
MOXHOCTb — uccriedogaHuUe ceolicme 2eomempuyeckoao obbekma rnymem rnocmpoeHusi
€20 npoekyul — obecneunBaetcsa dyHkunen Shadow nognaketa "Graphics3D'. Ha puc. 6
¢ nomoLlbo Shadow[g] nocTpoeHa BUHTOBAA NMMHUSA 1 TPU €€ NPOEKLNN Ha B3aMMHO Nep-
NeHANKYNAPHbIE NITOCKOCTH.

<<RealTime3D"
<<Graphics Graphics3D"
g:=ParametricPlot3D[{16 Sin[t],16 Cos]t],4 t} {t,-7,7}];
Shadow[g]

Puc. 6
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3apavya 2. Halimu KoopOUHamHble B8E€KMOpPbl KaHOHUYEeCKo20 pernepa JuHuUU
X =2(t -sint), y = 2(1—cost), z =8cost u nocmpoums MOOBUXXHbIU MpPU30P 8 rPouU380sIbHOU

mouke.
PeweHue ocyliectenseTtca cpegcreamm cuctembl Mathematica: 1) BBoautcsa paguyc-

o T
BEKTOp KpuBOW r(t) ; 2) BbIYMCAAIOTCA KOOpAMHATHI r(f) B TOYkKe 5 (BbIOMpaeTcs npowms-

I (O I N
BOJ'IbHO); 3) BbIHUCIIAKOTCA KOOpAuHaTbl €OdUHUYHbIX BEKTOPOB T=m, ZW
r r,r

V= [[;’f] 4) cosgaeTcs reomeTpuyeckunin obpas ¢ nomoLlbo oyHkLmMmM ParametricPlot3D.

B npouecce pelueHunsa 3agavm CTyaeHTbl MCNOMb3YT BO3MOXHOCTb UBMEHEHUS 10710~
JKEHUSI 2e0MempuyecKo20 obbeKkma rno OmMHOWEHUK0 K moyke HabrnrodeHusi C MOMOLLbIO KO-
MaHabl <<RealTime3D", nossonstowen Bpawatb TPEXMEPHbIN OOBEKT U OOHOBPEMEHHO
ynpaenaTb ero pasamepamun. Ha puc. 7 nsobpaxeH crton-kagp BpawleHns 3agaHHON NNHUK

T
BMeCTe C NOABUXHbIM TPU3APOM B TOHKE tO:E.

<<RealTime3D’

%

Puc. 7

3apava 3. [locmpoumb conpogoxoarwuli mpéxepaHHUK 8UHMOBOU JIUHUU
x =3cost,y =3sint,z =4t 8 moyke to=Tr.

PelweHne 3agaym ocyllecTensieTcs B cpeae cuctembl Mathematica: 1) HaxoxaeHue TOYKK
Mo(-3,0,41T), COOTBETCTBYHOLLEN 3HAYEHMIO NapamMeTpa to = TT; 2) HaXOXXAEeHNe KOOPAMHAT BEKTO-

pOB KaHOHMYECKOro pernepa: f(o,—g,g), v(1,0,0), B(O,g,g); 3) nocnegoBaTtensHoe nocTpoe-

HME BUHTOBOM NHUK (g1), conpuKacaroLLencst NIockocTn (g2), HopMarnbHOM nnockocTu (g3),
CNpAMIIAOLLEN NNOCKOCTU (g4) NO MX NapaMeTPUYECKUM ypaBHEHUAM (CM. puc. 8).

B npouecce peweHus aton 3agadm B cucteme Mathematica nmeetca BO3MOXHOCTb
uccredosaHusi ceolicme eeomMempuyeckol huaypbl 8 3a8UCUMOCMU OM U3MEHEHUU 8XO0-
Osiux 8 e€ ypasHeHue napamempos. Tak, MeHss 3HaYeHust napameTpa to, CTyaeHTbl «Npo-
CNEeXMBaT» ABMKEHME CONPOBOXAAILLErO TPEeXrpaHHMKa BAOSTb BUHTOBOW JIMHUN.

OTmeTnM, 4TO Ha HavyanbHOM 3Tane nabopaTopHOro 3aHATMA NpenogasaTenem npu-
MEHSIIOTCSA NPEUMYLLECTBEHHO OOBACHUTENBHO-UNNKCTPATUBHBIA U PENPOAYKTUBHLIN Me-
Toabl 0by4eHusi. B TO xe BpemMsa MeToa KOMMNbOTEPHOro mogenvpoBaHusa B cpege KMC
Mathematica HaxoguT LWMPOKOE NPUMEHEHKE: OT BU3yanu3aunm NnpoCTpaHCTBEHHOM KPUBOW
N 9NeMEeHTOB COMPOBOXJaKLLEero TpExrpaHHUKa 40 UccrnegoBaHna B3aMMHOIO pacrosoxe-
HUA TPEXTPAHHMKA U JIMHUU B 3aBMCUMOCTM OT TEKYLLIMX KOOPANHAT TOYKMN.

6
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Ha nouckoeo-uccrnedosamernisckoM amare nabopaToOpHOro 3aHATMSA NpenogaBaTtenb
opraHm3yeT NpoLece peLleHns 6oka reomeTpuyecknx 3agay pas3Horo ypoBHSA TPYAHOCTM.

3adaya pernpodykmugHo20 yposHs. [Tocmpoums NOG8UXHbLIU Mpu3adp 0115 Kpueol Bu-
guaHu X =acos’t,y =acostsint,z=asint.

OTa 3agayva aBnsieTcst TMNOBOK, €€ peLleHne MOXXHO NpeaCcTaBUTb B BUAE anropuTMun-
4YeCcKoro npaswuna, U3BeCTHOro CTy4eHTaM: BBOAUTCSA paanyc-BeEKTOP KpMBOM [(t) ; BbIYMCNS-

v
HOTCA KOOpAMHaThbI I’(t) B TO4YKe E (Bbl6|/|paeTC$I I'IpOI/I3BOJ'IbHO); BbIYUCTIAOTCA KOOPANUHATDI

re) - (|FF"| - 75

T()’ p= % V= [,B,z']; nocnegoBaTenbHO CTPOATCA NO NapamMeTpUYECKUM ypaB-
(1)) lF.7]

HeHuaM KpuBasi Buemanu (g1), kacatenbHas (g2), GuHopmans (g3), Hopmanbs (g4) (cMm. puc.
9). YuebHas gesaTenbHOCTb CTyQEeHTOB NPU 3TOM HOCUT PENPOAYKTUBHbLIN Xapaktep: dop-
MUPYETCHA YyMEHMEe COCTaBMsATb N peann3oBbiBaTh NaH peLleHns 3agadun.

3adaya peKoHCmMpyKMU8HO-8apuamueHo20 ypoeHs. [locmpoums cornpukacaroulyrcs
U HOPMasIbHYIO MI0CKOCMb Kpueol z = X* +Yy*,y = X 6 moyke (3,3,18).

PelueHne HaunHaeTCcs C BbISIBIEHUSA CTPYKTYpbl 3a4a4m (AaHHbIX, ICKOMbIX, OTHOLLE-
HUN MeXOY HUMN) U COOTHECEHUS €€ C MMeLNMNCS 3HaHUAMU. CTyaeHTaM U3BECTEH CMo-
cob NOCTPOEHMS KacaTenbHON U HOPManu K NnapaMeTpuyeckn 3agaHHOW KpMBOKW, B AaHHON
Xe 3agade TpebyeTcs He3HauMTENbHAA NepecTporka 3Toro cnocoba — cHavana nepenTn K
NPOU3BOJSIbHOW NapamMmeTpu3auum NUHUK, a 3aTeM BOCMOMb30BaTbCA opMynamun Ass
HaxOoXOeHus HanpaBnALNX BEKTOPOB MCKOMBbIX nriockocTten (cMm. puc. 10). YuebHasa ges-
TENbHOCTb CTYAEHTOB NPWU pPeLUeHUn AaHHOW 3ajadn XapakTepusyeTcsl HU3KONPOOYKTUB-
HbIM YPOBHEM: Y OyayLimx yuntenen popmmpyeTcs ymMeHne CTaBuUTb LiefNb, BbiCTpanBaTtb
nporpamMmy YMCTBEHHbIX JENCTBUN, OCYLLLECTBMASATb KOPPEKLMIO MbICAIMTENBHOIO Noucka.

T =
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Puc. 10

3adavya 3spucmu4yecko20 yposHs. BbissicHUMb 83auMHO€ PacriofioXeHue enasHbIX
HopMmarsiel Kpueol x =t,y =sint,z = —cost 80 ecex eé moykax u rnockocmu yOz.

B npouecce opraHmsaumm geaTenbHOCTU CTYAEHTOB MO peLleHnto nogqobHom 3agaydm
peanusyeTcs NpobnemHbin MeToq obyveHnsa. CpopmynuposaHHas npobnema BknoYaeT B
cebsa aBe 4acTHble: 1) KakOBO B3aMMHOE PacrosioXeHWe rnaBHOWM HOpManun KpUBOW B AaH-
HOW TOouYKe 1 NnockocTn yOz? 2) 3aBUCUT NN 3TO PaCnoSIOXKEHNE OT KOOPAUHAT TOYKU FINHUN?
[nsa ycnewHoro peleHns NOCTaBfeHHON 3a4ayn cTygeHTam HeobxoaMMo BbIOBUHYTH M-
noTe3y O nNapannenbHOCTU FMaBHOW HOpManu KpmBon n nnockoctn yOz; cocTaBuTb NnaH
NpPOBEpPKN rMNoTe3bl (MOCTPOUTL HOPMarlb, HANTU CKanNspHOE NPOM3BEAEHNE BEKTOPOB V U
i , BBIICHUTb €ro 3aBUCUMOCTb OT KOOPAMHAT TEKYLLEN TOYKN KPUBON).
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Puc. 11

3adaya 8bICOKONPOJYKMUBHO20 YPOBHS. [Joka3zamb, Ymo 8ce a/1a8Hble HopmMmarsu 8uH-

. z
moeoli NUHUU fiexxam Ha MosepxHocmu y = (x—1)th. BbisicHUMb ¢hopMy U 10SI0KEHUE

amou rogepxHocmu.

Llenb gaHHOM 3aa4m 3aaHa B LOCTATOYHO CIOXHBIX YCIIOBUSAX €€ AOCTMKEHWUS, Crnocob
peLleHNsi IPSIMO He BbIBOAUTCS U3 MOSIOXKEHUN 3aa4m, a KKOHCTPYUPYETCSI» Ha X OCHOBe.

Ha koHmpornbHoM amare nabopaTopHOro 3aHATMS npenogaBaTenb OCyLlecTBNsAeT
NMPOBEPKY 3NEKTPOHHBIX JOKYMEHTOB C PELUEHHbIMW 3aJadvamu (B CUIy CrIOXKHOCTM 3agad
ohOpMIATb UX peLleHne B TeTpaan HeobasaTenbHO), 3a4aeT KOHTPOSIbHbIE BONPOCHI, Bbl-
CTaBnsgeT OTMETKM.

Ha umoezoeom samarne 3aHATUS neparor o6bsaABAsSET OTMETKNU, aHanuanpyet paboTy
CTYOEHTOB B ayaMTOPMK, YKasbiBas HA HEAOCTATKN M TUNNYHbIE ownbkK. Bonblioe 3Have-
HWe Npy 3TOM MMeeT NobyXaeHne CTYAEHTOB K CaMOOLieHKe U pednekcun nytém nocrta-
HOBKM CneayoLLmMx BONpocoB: «4YTo HOBOro Bbl OTKPbINK Ang cebsa?y», «Kak Bbl oueHnBaeTe
cobCcTBEHHYO paboTy Ha 3aHATUN? [MpoaHanuanpymnTe CBOM yCnexm n Heygaun B TEYEeHue
3aHATUA», «Kak Bbl cobrnpaeTtech ncnornb3oBaTh MNOMyYeHHbIE 3HaHUA N YMeHUa B ByayLien
npodeccuoHanbHOM AeATENbHOCTU?»

MeTopg komnbloTepHOro mogenvpoBaHus B cpege KMC Mathematica BbicTynaeT adp-
hEKTMBHBLIM CPEeCTBOM COBEPLUEHCTBOBAHUSA reOMEeTPMUYECKON NOArOoTOBKN ByayLmnx yyun-
Tenen marematuku. MynbTUMeOUNHbIE BO3MOXHOCTW KOMMbIOTEPHON CUCTEMbI CNocob-
CTBYIOT pPa3BUTUIO NO3HABATENbHOIO MHTEpPeca, AeNnatoT NPoLEecC YY4eHNs yBneKkaTenbHbIM,
pa3Hoobpa3HbIM. BO3MOXHOCTb 3KCMEPMMEHTUPOBaHWS, UCCNedOoBaHUS reoMeTpUYecKmX
0O6BHEKTOB MO3BOMSET BbISBNATL CYLLECTBEHHblE B3aUMOCBS3M B CTPYKTYpe 3adauun U Ha
3TOM OCHOBE CTPOUTb coAepxaTefibHble 0606LLeHNs, KOHCTPYKTUBHbIE BbIBOAbI, CMOCO6-
CTBYSA TEM CaMbIM Pa3BUTUIO Y CTYOEHTOB FNIOrM4ecKoro MbilneHus. B 1o e Bpems BO3MOX-
HOCTb HarnNs4HOro NpeacTaBneHus CroXHbIX reoMeTpuYecknx opm B COOTBETCTBUN C aHa-
NUTUYECKMMU paccyxaeHnsmMu obecnedmBaeT pa3sutue y byayLumx yumtenen npocTpaH-
CTBEHHOIO BOOGpaXxeHus.
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