Ha cerogHAWwHWIA feHb B HALWEM YHUBepcuUTeTe AencTByeT uHTepHeT-noptan (M) Ha ocHose npo-
rpammHoro npogykra «Moodle». 310 MogynspHas 06bEeKTHO-OPUEHTUPOBAHHAsA AUHaMUYeckas oby-
yarwLas cpefa, no3BonsLLas co3faBaTb ANEKTPOHHbIE KYPChbl C NPSMbIM JOCTYNOM K HAM NOJb30-
BaTenen nocpedcTBoM MHTepHeTa. [aHHbld pecypc WIT ucnonb3yeTcs B LENsx MEXCeCCUOHHOro
0By4eHns 1 camoCTOATENBHOM PaboTbl CTYAEHTOB.

Cpenu ocHOBHbIX NpenmyLlecTs UM cneayeT BblAENUTL CredyoLlee - yaaneHHblin 4OCTyN K anek-
TPOHHbIM pecypcam Kypca (paboyen nporpamme, y4ebHO-METOANYECKUM M3L4aHWAM, NEKUUSM, Tec-
Tam, Bugeomatepuanam 1 ap.); Hanuume OBYCTOPOHHEN CBA3N MexOy CTYLEHTOM U npenojasarte-
nem; BO3MOXHOCTb CBOEBPEMEHHOTO MOMyYeHUst MHGOpMaLn (HOBOCTHOM M y4ebHON); oTernexusa-
HWe NoceLLaemMOoCT; MPOBeeHNEe NPOMEXYTOYHOrO KOHTPOIS 3HAaHUM 1 MHOTOe ApYroe.

Mpenopasatenu kadedpbl HauyepTaTeNibHON reOMETPUM CO3AAKT BCE YCNoBUS AN hopMUpoBa-
HWS TBOPYECKWX KaYeCTB Yy CTyAeHTOB. Kaxabli rof CTyAeHTbl U npenojaBaTen MPUHUMatoT akTuB-
HO€ y4acTue B CTYEHYECKNX HayYHO-TEXHNYECKNX KOH(PEPEHLMSIX.

Bcs ata 6onbluas, kponotnueas pabota faeT BO3MOXHOCTb CCPOPMUPOBATL TBOPYECKYHD NWY-
HOCTb CTyZ€eHTa M 3TO CTarno BO3MOXHbIM 6narofaps BbICOKOW MPOGECCHOHANbHOM KOMMETEHLMM
npenogasateneit. OgHUM CoBOM, Ans (POPMMPOBAHKS FPaMOTHOMO TBOPYEEKOrocrneLanucTa, npe-
noaaeaTenu JOMKHbI HAXOAMTLCA Ha NepesoBblX pybexax Hay4YHO! 1 TEXHUYECKOW MbICIKU, BNageTb
COBPEMEHHbLIMU MHHOBALMOHHBIMW TEXHOMOrMAMM 0BYYEHNS.

0 HOBbIX OCHOBAHUAX UHXXEHEPHOW FPAGUKM

Cmopoxunoe.A.N.
benopycckul HayuoHarnbHbI0 mexHUYecKul yHusepcumenm,
2. Munck, benapychb

MogroToBka COBPEMEHHOMO MHXeEHepa Moboi ereluanbHOCTU M cneyranu3aumm npegnonaraet
NpuobpeTeHne CTyAeHTaMU 3HaHWA U YMEHUIAWB 0BNaCTU MHXEHEPHON rpadukn, Kak OCHOBbI TEXHM-
4ecKon rpaMoTHOCTU, obecneynBatoLLen YCAOBUAWKOMMYHMKALMK, NPOdECCMOHamNbHON NPOU3BOACT-
BEHHOW, NPOEKTHOW, UCCNefoBaTeNbCKOMN, TBOPYECKOM AeATENBHOCTM.

B coBpemeHHbIX YCNOBUAX HEMPEPLIBHOFO YCKOPEHHOTO COBEPLLEHCTBOBAHUS TEXHWUKW 1 TEXHOMO-
M, GypHOrO pas3BUTMS CPEACTB MHAPOPMALMOHHBIX TEXHOOMMIA U KOMMBIOTEPHBIX METOA0B 06paboT-
Kn rpadouyeckon MHgopmaLmm Bce bonee Bospactaet BOCTPEOOBAHHOCTL CNeLManmcToB B 06nacTsx
MPOMBILUIEHHOCTMW, CTPOUTENbLCTBA, APYMMX 0bnacTsx 4esTenbHOCTH, CBOBOAHO Brafetowmx n uc-
NOMb3YHOLLMX CUCTEMbI UHKEHEPHON KOMMBIOTEPHON rpacouku B NPOGECCMOHANBLHON AEATENBHOCTH.

CerogHs B NpoheCCHOHANBHOM MPaKTUKE NPOEKTUPOBAHWS (B KOHTEKCTE CO3AaHUs NPOEKTOB HOBbIX
n3genuin, 06BbEKTOB, NPOLECCOB W T.N.) CreunanicTbl B OCHOBHOM YXe HE MCMOMb3YHT TPaaULMOHHbIE
(“pyyHble”) MeTomb! BblMEpPYMBaAHS kapaHaalloMm. OgHako, NOAroToBKa WX B By3ax BO MHOMOM BCeE elle
OPWEHTMPOBaHa Ha 3T MeTodbl M CpeacTBa. Ho [eno BOBCE He B UCMOMb3yeMbIX CPEACTBAX, @ B HEMo-
HAMaHUM (MW HEXERaHM MOHMMATB!) NPUHLMNMANBHOMO OTNINYUS BO3MOXHOCTEN, NPefoCTaBnseMbIX
COBPEMEHHbBIMU<KOMMBITEPHBIMU CPEACTBAMU TPEXMEPHOTO FEOMETPO-TPAPUUECKOr0 MOLENMPOBAHNS
OT TPaAMLMOHHOIO (“ArIocKoro”), NyCTb AaXe W KOMMbOTEPHOMO, 0TOBpaxeHns 06 LEKTOB MpK 06 BLEMHOM
(TPeXMepHOM) Mx CyLLeCTBOBaHWW. [1paKTuka 0CO3HAHUS HEBO3MOXHOCTW CyLLECTBOBAHUS MPOEKTH-
pyeMOro 00bEeKTa MHaye Kak B CO3HaHUM YesioBeka, u ee pusndeckon Mogenu, npueena K “oTrop-
XEHUIO" HOBOTO MOHATUSA “BUPTYyanbHas TpexMepHas Mogernb’ AN MHOTUX npenogaBaTesien MHxe-
HePHOM rpadouky (M He TOSbKO MHXEHEPHOM rpadukn).

Jlormka Kypca MHXEHepHON rpadukn B TEXHUYECKMX By3ax NOCTPOEHa Ha 0BbEKTUBHON Heobxoam-
MOCTU MOATOTOBKW ByAYLLErO MHXEHepa K peLueHnto Hanbomnee YacTo BCTPEYAOLLMXCSA NPaKTUYECKNX
3apay. MpoasukeHne obyyeHns No MeTogy “BOCXOXAeHMs abCTpakumii’ npegnonaraet nocneaoa-
TENbHOE PacCMOTPEHWe METOLOB pelleHns 3aday OT MOCTPOEHUS TPEXMEPHBIX KOOPAWHAT TOYeK K
OnpeseneHuno HaTypasbHbIX BENIMYMH OTPE3KOB U MIOCKMUX PUryp, pacnonOXeHHbIX B MPOCTPAHCTBE.
[anee nepexop K peLeHnio NO3NLMOHHBIX 3a4ay NPUBOANT K OCBOEHWIO METOLOB NOCTPOEHMS JIMHUIA
nepeceyveHns NMOBEPXHOCTEN PasfINYHbIX reoMmeTpudeckux Ten. OCBOeHWe MeTOLOB PELUEHUS KOM-
NNEeKCHbIX 3aAay Ha onpeaeneHne 3Ha4YeHU pacCTOSHIA, YrIOB, TOYEK KacaHWs NOBEPXHOCTEN U T.A.
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6e3ycrnoBHO cnocobCTBYET M Pa3BMTUIO NPOCTPAHCTBEHHBIX NPEACTABNEHMI, BOOBPaXeHWiA CTyaeHTa
N hopmMUpyeT ero cnocoBHOCTU K OCBOEHMIO MPadUUUOHHbIX 0BLLETEXHUYECKUX W CreumnanbHbIX auc-
uMnnuH. Mexgy Tem, 3agayun, TpaguuMOHHO pellaeMble METOAAMU HavepTaTenbHOW reomeTpun
(TeopeTn4eckon OCHOBbI MHXEHEPHON rpacdukm), a 0cobeHHO Te, KoTopble 6onee Bcero BocTpebosa-
Hbl B MHXEHEPHON NPaKTUKe, HECPABHUMO 3 MEKTUBHEE PELLAIOTCA METOAAMMU TPEXMEPHOTO KOMMb-
OTEPHOrO reOMeTPO-rpadonyeckoro MoOAeNMpPOBaHuS.

TpaanumnoHHble MeTodbl pelleHns y4ebHbIX 3aaay UHXEHEPHON rpaduku, a Takke 3agad no ob-
LETEXHUYECKUM AUCUMMIIMHAM, OCHOBaHbl Ha MOCTPOEHWUM rpadimyeckon NPOEKLMOHHON  MOAENH,
MOZENK YCIOBMI 3aZa4u CO CXEMATUYECKUM NPUIOXXEHNEM CUIT, MOMEHTOB, peakLmii onop n ap., T.e.
pacyeTHOW Mogenu. B kayecTBe anbTepHaTUBbI BO3MOXHO MOCTPOEHWE MOZENN KBA3MpeanbHbIX yC-
NOBMIA NS NOCneayoLwero aBToMaTM3NPOBaHHOIO pacyeTa pesynbTaToB MHXEHEPHOro aHanusa (Ha-
npuMep, No METOAY KOHEYHbIX NEMEHTOB). TPaAMULIMOHHO MOMyYaeM TOSbKO PaCHETHYIO CXEMY AJ1S
aT0ro. PelleHne 3agaun no TPagULUMOHHOM TexHonoru Tpebyet GonbLIOr0 06bema BBIYUCTIEHNI,
WHTEPNPETaLMKN, OCO3HAHWS U peanu3alnn B BUOE TEX e NPOEKUMOHHbBIX YEPTEXEN.

[py MCNONb30BaHMM COBPEMEHHBIX CUCTEM UHXEHEPHON KOMMLIOTEPHOM rpatuKi MOXHO C UX No-
MOLLbIO CTPOUTb TOYHbIE MOAENU B BIUAE NPOEKLMOHHBIX KOMMAEKCHbIX YepTexei. Tpu Takom npume-
HEHUU KOMMbBIOTEPHBIX CUCTEM WHXEHEPHON rpadovkn MEHSIETCS, B OCHOBHOM, TOSIbKO MHCTPYMEHT.
Jlorvka YepyeHust U pelleHns 3agay octaeTcs HenameHHoW. OAHAKO yoke TP 3TOM MOXHO M HYXHO
MCnonb3oBaTh NPeaoCTaBNsieMble HOBblE BO3MOXHOCTU. Kpome BBEAEHNS TOYHOCTM reOMETPUYECKMX
NOCTPOEHMI (METPUYECKO onpeaeneHHocTu!), BO3MOXHO Gonee adhheKTUBHOE CO3AaHMe MNOCKMX
NPOEKLMOHHbIX MOAEnei (3a CYET UCNOoNb30BaHUS CPEeACTB KOMMPOBAaHMS, 3epKasibHOro otobpaxe-
HWS, NOCTPOEHUS MaccuBOB, NPeobpa3oBaHuil, UCNONb30BaHUs.6510k0B, aTpubyTOB, CroeB 1 Ap.).

[MoyeMy e cerogHs CyLecTBYIOT Kak Obl ABE METOAMKIA. OBYYEHIS UHXEHEPHOW rpadmke — Tpaau-
LMOHHasA 1 KoMMbtoTepHas? Hammuo nepexofHbin nepuog OT: UHXEHEPHON rpacuki TpaauUMOHHON K
koMnbtoTepHon. OHaKO NPOLLECC 3TOT ropasao COXHEE, YEM KaXEeTCA Ha nep.blil B3rnsd. [leno B Tom,
YTO KaK npu 0B6y4eHUn No TpaaMUUMOHHON (BYMaKHOM) TEXHONOMK, TaK U C NPUMEHEHWEM TEXHOMOMMM
KOMMbIOTEPHON, CYTb ena MOXET NPaKTU4ECKN He MeHSATbCA. MOXHO pellaTh 3adaqn Ha KOMMboTepe
MO TaKUM Xe anropuTMam U C Takom xe “HeBPEXHOCTBIO”, Kak 3TO Aenaetcs TpaauUMoHHo. Beab kom-
nbloTep, Gnarogaps COBPEMEHHbIM WHTEPAKTUBHLIM MeTo4am paboTbl C HUM, JonyckaeT cBoboaHoe
‘prcoBaHne” faxe COBEPLUEHHO TOYHO OMPEeAeneHHbIX' B COOTHOLIEHUSX U pasMepax reOMeTPUYECKNX
(hopm. bonee TOro, HeMOHMMaHNE Ha3HaYEHUS-CUCTEM UHXEHEPHON (TOYHOMN) KOMMBbIOTEPHOW rpachukm
NPUBOAMUT MHOTAA K NPOU3BOSIEHOMY <PUCOBAHMIO” YepTEXEN (M Aaxe TPEXMEPHBIX rpaduyeckmx Moge-
nei), nmbo nNpu 3TOM UCNONb3YIOTCH, CUCTEMbBI UMIKOCTPATUBHOM rPachukK, 41 3TOF0 COBEPLUEHHO He
nNpeaHasHaveHHble. Takas npakTuka, No.Halemy yoexaeHuto, yBoaNUT CTYAEHTOB B CTOPOHY OT OCBOE-
HWS Hambonee 3 dEKTUBHbLIX. METOLOB PELUEHUS reOMeTpo-rpadouiecknx 3agad M NOHUMaHMS nep-
CMEKTMB Pa3BUTUS NPAKTUKIA NPOEKTHON MHXEHEPHON OEATENBHOCTH.

[MpUHUMNIMANBEHO HOBbIE BO3MOXHOCTM FEOMETPUYECKOrO MOAENMPOBAHUS OTKPbIBAET TPEXMEPHOE
KOMNbIOTEPHOE FOMETPO-rpagrieckoe MoOAenNMpoBaHue, KOTOPOE 3a4acTy0 BOCMPUHUMAETCS U Tpak-
TyeTcs TOMNbKO Kak.CPEACTBO BW3yanu3auun, HEKOen MHTepnpeTauun obbekTa, NpeacTaBeHHOro B
BMAE MPOEKLMOHHOrO YepTexa. KoHeuHo, Mbl oTgaem cebe OTYET B TOM, YTO cerofgHst obLyecTso,
NPOMBbILLNEHHOCTb, HE FOTOBbI K MOMHOMY OTKa3y OT YepTexa Kak cpeacTBa KOMMYHUKaLMKU, HOCUTENS
WH(OPMaLMKW By TPAAULMOHHON “0OKYMEHTanm3npoBaHHON” hopme. OgHaKo roToBUTb CNeLManmcToB
“3aBTpaLUHErodHs’, No Hawemy ybexaeHuto, HyxHo ObIno “elue BYepa’.

HOBble CrieuuansHoCTH, cneyuannaummn, Hossle TpeboBaHMs K NOArOTOBKE CreLunanncToB peanu-
3yl0TCS B HOBbIX Y4eOHbIX AucUMNMHaX, TPEOYIOWMX HOBOTO NOAX0AA B PELLEHWUN UHXEHEPHbIX 3a-
[ad.‘Hanpumep, NpoekTMpoBaHue peknaMHbIX 0BbEKTOB N0 HOBOW TEXHONOMN TPEXMEPHOTO reoMeT-
PO-rpaduyeckoro MOAENMPOBaHNS MOXHO BECTM C y4eTOM 0TOBpaxeHns Byayuiero obbekta B NCEB-
[opearnbHbIX YCoBMsX, B POTOPEAnMCTUYeckoM 0ToOpaxeHUn, C HaHECEHMEM Ha OBBEKT NPOeKTK-
POBaHMA TEKCTYpbl MaTtepuana, UBeTa 1 TeHen, Heobxoaumoro OCBeLleHMsl, (DOHOBOTO OKPYXEHMS,
NEepPCneKTUBHOMO W ANHAMUYECKOro 0ToOpaxeHns 1 T.n. XOTs, CnpaBeanvBoCTA paau, Cneayet cka-
3aTb, YTO ¥ METOAbI NPenogaBaHNs U MeTOAbl PELLEHNs 3a4ay B TPAAMLMOHHBIX Y4eBHbIX Qucumunu-
HaX HYXOalTCs B NEPeOCMbICNIEHUM 1 nepepaboTke C y4eTOM BO3MOXHOCTEN CMHTE3a M aHanu3a Ha
OCHOBE TPEXMEPHOTO MOLENMPOBAHNS.




Ha ocHoBe MHOroneTHux uccnegoBaHuin npobnembl [1, 2], Mbl NPULLAK K BbIBOAY O HEOTNOXHOIA
Heo6Xx04MMOCTM nepexoaa K NPUHLMI1anbHO HOBOW METOAMKE NpenofaBaHns MHXEHEPHON rpadonkm,
NOCTPOEHHOW Ha OCHOBE reOMEeTpUM, HepasaeneHHON Ha HauyepTaTENbHYO U aHaNMTUYECKyLo, A0NON-
HEHHY0 reOMEeTPUEN BbIYUCTIUTENBHON N 0O BEANHEHHYIO B €AMHYIO LLENOCTHYIO AUCLMMANHY.

TpagnumnoHHas HXeHepHas rpadmka yxe TPaHCHOPMUPYETCSH B UHKEHEPHYH 2e0Mempur U
KoMnbromepHyr 2pagpuky. Tak yxe CErogHs WUMEHYeTCs HOBas CrneumanbHOCTb NOATOTOBKM Cre-
L1anmncToB BTOPOrO YPOBHS BbICLUErO 0Bpa3oBaHus (MarucTpaTypbl), XOTS U 3TO Ha3BaHKEe Mbl Obl
YTOUHWUNU TaK: UHXEHepHasi 2eoMempusi U KOMNbomepHoe ModesnupoeaHue, YTo B NOMHOW Mepe
COOTBETCTBOBASIO Obl €€ COAEpKaHMIO.

Takum 0bpasom, NyTb pas3BUTUS MHXEHEPHOM rpadukin AN HAC COBEPLUEHHO/OYEBUAEH — 3TO
TpaHchopmaLms ee B TPEXMEPHOE BUPTYaribHOE reoMeTpo-rpadpuyeckoe MoaenNMpoBaHme, 0GHOBaH-
HOe Ha WHTErpUpPOBAHHOM reOMEeTPUM, Ucnonb3ytolen Hanbonee ahEKTUBHBIE METOAbI PeLIeHUs
reOMETPUYECKUX 3afay — aHaIUTUYeCKne, rpadouyeckne, YUCNEHHbIE, BEKTOPHbIE, BbIYMCTUTENBHON
reoMeTpuu, B NI0BOM MX COYETaHUM, MPUBOASLLME K ONTUMAnNbHOMY pesynbTarty.
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[pakTuka npenoaaBaHns UHXEHEPHOW, rpacukn TPAAMLMOHHO OCHOBAHa Ha peLleHun reoMeTpu-
yeckux 3agady. MeTofbl peLleHus, B,CBOIO 04epelb, OCHOBaHbI HA TEOPETUYECKUX MONOXKEHNUSAX Ha-
yepTarenbHor reomeTpun. OCBOEHNE METOLOB HaYepTaTENbHON rEOMETPUM NPK PeLeHNN 3akad Ha
NPaKTUYECKNX 3aHATUSX CBOAUTCALK MOCTPOEHMIO YCMOBWIA 33[@4M W BbINOSHEHUIO ONPeaeneHHON
nocrneaoBaTenbHOCTY AeNCTBIAV TI0 YCTaHOBMEHHbIM anropuTMam — peLleHnto 3aaadun. Bee gencrsus
Npu peLeHnn 3agayuv BeIMOIHAKOTCA B OCHOBHOM TPaAMLMOHHBIMU rpadouyeckumi MeTogamu, T.e. ¢
NPUMEHEHVEM YePTEXHBIX UHCTPYMEHTOB Ha Bymare. Takum 0Bpasom, Hanuuo TUNWYHAs CUTyaLus
0By4eHNs MHXEHePHOM fpathuke B TeXHWYeCKuX By3ax. HO onpaBaaHHa nu Takas npaktuka? Begpb
CYLLECTBYET, XOTH W OFPaHUYEHHO, anbTepHaTMBa Takon MeToauke obyyeHus. PeannayeTcs oHa noka
nmbo Kak LOMONHUTEnbHas (Mocne W3yyeHws TpaguumoHHoMW), NMbo kak napannenbHas (ogHOBpe-
MEHHO C U3y4eHneM TpaauLMOHHON).

Ha'ocHoBe aHanu3a BO3MOXHOCTEN OAHOM U3 Hanbonee pacnpoCTPaHEHHbIX U COOTBETCTBYHOLLMX
TPAOMLMOHHLIM NPeLCTaBNeHnsIM O reOMEeTPUYECKOM MOLENMPOBaHUM CUCTEM KOMIMbIOTEPHOW rpa-
(hVIKiA, Mbl NPULLAK K BbIBOZY O BO3MOXHOCTW U HEOBXOAMMOCTH CO34aHus LLenoCTHoro nabopaTopHo-
ro NpakTuKyma Ans NpakTuieckoro 06y4eHust CTYAEHTOB TEXHUYECKMX BY30B MHXEHEPHON rpachuke.

PaspaboTaHa nepsas 4acTb Takoro NpakTukyma, npefHasHayeHHas [f1s OCBOEHWS Ha npumepe
BbINOMHEHWS KoMnnekca nabopaTopHbIX paboT, M3y4YeHNs METOAOB PeLleHNs 3afad WHXEHEPHOM
rpacukn B nepeom y4ebHom cemectpe. [locrienoBaTenbHOCTb U CoaepaHne y4eBHbIX TEM Mbl
YMbILLUMEHHO OCTaBWUM NPaKTUYECKU TaKUMU XKE, KaK OHW U3Y4alTCs TPaaULUMOHHO, HO METOAbI pe-
LEeHNs 33fa4y MCMONb30Banu HOBblE, OCHOBAHHbIE HA TPEXMEPHOM KOMIMLIOTEPHOM reoMeTpo-rpa-
(PMYeCKOM MOZEeNMpoBaHUK. Ha KOHKpETHbIX NpUMepax paccMaTpuBaeTCs MeToamuka peLleHus 3agay
NOCTPOEHMS 1 BbINONHEHWS NpeoBpa3oBaHui, yka3aHbl MCMONb3yeMble npoLeaypbl, nocnegoBarens-

65





