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Mpo6nema BUpTYanbLHOCTU B MHXEHEPHOM obpa3oBaHUMn
M NyTU ee pelleHnsa ANA NoBbIWEHNA KayecTBa o0yyeHus

AHHOmayus. Cmambs nocssiueHa 8ornpocam peweHus npobnems! upmyarnbHOCMU 8 UH-
JKEHEPHOM 06pa308aHUU 8 yCrI08USIX WUPOKO20 MPUMEHEHUST UHQOOPMAUYUOHHBIX MEXHOJIO-
aud. NpumeHeHuUe KoMbtoMepHoO20 ModesnuposaHuUsi 8 y4ebHOM fipoyecce no3eossiem cy-
WeCcCmeeHHO YyCKOPUMb rpouecc 0byyeHUs1 U yMeHbUW UMb 3ampamsi Ha obpa3osaHue. O0-
Hako 803HUKaem ripobriema eupmyarnbHOCMU MOSyYeHHbIX 3HaHUl, MOCKOsbKY 0by4yeHue
rpoucxooum He Ha peasibHbIX hu3u4eCcKUX 0bbekmax, a Ha UX KOMIMbOMEPHbIX MOOESISIX.
lpusodsimcs pe3ynbmamel aHKemupoeaHusi epyrnrbl cmyOeHmMo8 C Ueslbl B8bISI8IeHUS
YPOBHSI supmyarnbHocmu ux 3HaHul. lpednazatomcsi KOHKPeMHbIe CUCMEMHbIE MemoOhb!
ycmpaHeHuUsi eupmyasibHOCmU rosly4eHHbIX 3HaHul 8 rpoyecce 0by4eHUus.

Knroyeenbie cnosa: npobnema supmyanibHOCMU, UHXEHEPHOe obpa3osaHue, obpa3sosa-
mernbHasi cucmema, UHGOPMayUOHHbIE MEeXHOI02UuU, KOMIbMepPHbIe Modenu, aHkemu-
posaHue, pyHOameHmarnbHoe obpa3osaHue, mecmosbil IKCepuUMeHm, apynnogoe rpo-
eKkmHoe oby4eHue, busHec-uHKybamop.

Pa3den: (01) nedacozuka; ucmopusi nedazo2uku u obpasosaHusi; meopusi U MemoouKka
obyyeHusi u eocriumaHus (o npedmemHbiM obsiacmsm).

CyTb npo6nemsbl

B cBa3n ¢ passutMemM cpefcTB MOAENMPOBAHUA HA OCHOBE KOMMbIOTEPHbIX U UHGOP-
MaUMOHHbIX TEXHONOMIA B MHXXEHEPHOM 0Opa3oBaHMKM BO3HMK psg HanpaeleHWIn, KOTopble
Gas3npyloTca He Ha UCNOoNb30oBaHUM PUINYECKUX MOAENen, NOAKPEneHHbIX PU3NYECKUM
9KCMEPVMMEHTOM, @ Ha NPMMEHEHUN B y4EOHOM NpoLecce NPorpaMMHbIX MPOAYKTOB, OMUCHI-
BalOLWMX sBNEHus1, acpdekTbl, 3aKOHOMEPHOCTUN, CUHTE3NPOBAHHbLIE NMYTEM KOMMbIOTEPHOrO
moaenupoBaHus. Takue nabopaTopHble paboTbl NOAYYUN LUMPOKOE PacnpoCTpaHeHMe 1 Ya-
CTO Ha3blBaOTCH «3MNEKTPOHHbIMMY. Ecnun B TpagmunmoHHOM hrn3nM4eckom MOLEenNnpoBaHUU
anpuOpPHO M3BECTHbI MPUHATBIE OOMYLLEHWS, METOL, PELLEHMS MOCTABMEHHON 3a4ayvm u ob-
nacTb afeKBaTHbIX Pe3yNbTaToB, TO KOMMLIOTEPHYO MOAESb XapaKTepuaytoT:

—  BHELLUHSs NpUBrieKaTesibHOCTb, BblpaXatoLLasicsi B MHUMOW NPOCTOTE e€ MUCMOoSb30BaHUs;

—  OTCyTCTBME OAHO3HAYHOIO BNSHMSA OOMYLLEHWIA HA a0eKBaTHOCTb ONMCaHMs 00bLEKTa;

— HeKkoTopas HeonpenenEéHHOCTb pe3ynbTaToB MOAENMPOBAHNUS.

Mpw moagenupoBaHnm U3NYECKNX NPOLIECCOB, NPOTEKAOLLMX, HANPUMEP, B BbIYMCIUTENb-
HOWN TEXHWKE, UCNOSb3YIOTCS rpachuyeckme MOAenn B BUAE CXEM U YEPTEXEN OTAENbHbIX Y3I10B
1 BroKOB, KOTOPblE BbIBOAATCS HA MOHUTOP KOMMbIOTEPA WM MO3BOSSIOT OTPa3UTb JreKTpuye-
CKvie, TENIOBbIE, ANEKTPOMArHUTHbIE 1 OpYyrve PeXMMbI NO pe3ynbTataM MOAeNMpoBaHns. 3Ha-
YeHWsi MapamMeTPOoB OS5 ATUX PEXUMOB 3aBUCAT OT NPaBUSbHO 3a4aHHOM Pa3MEPHOCTM BBEOEH-
HbIX UCXOOHbIX OAHHbIX U HE COM3MEPSTCA C NpedenbHO OOMYCTUMbIMK 3HadYeHusmu. Ha
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cxeme, N300PaKEHHON HA MOHUTOPE, MOTYT ObITb OLWNOKN B COEQUHEHMAX, KOHCTPYKUMS y3na
MOXeET ObITb HEe cOBMpaeMon B pearnbHOCTWN, HEe TEXHOSOMMYHOW. MaTtepuarbl, 3anoXeHHble B
KOHCTPYKLMKN, MOTYT He BblOepXunBaTb YCIOBUSA IKCrTyaTaumm Unv noasepraTsesi paspyLleHuto
B Xoae uarotosnieHns. OnbITHBIM cCrieumanucT, obrnagatowmi doyHaaMmeHTanbHbIMU 1 SMNnpuYe-
CKUMW 3HAHUSIMW, B COCTOSIHUW ONpeaeniTb afeKkBaTHOCTb Takon rpadpmyeckon mogenu n npu-
BECTU €€ B COOTBETCTBUE C Ppm3n4ecknm ob6bekToM. CTyAEHT, TOMbLKO NO3HAaOLLMIA OCHOBbI MO-
AEeNMpPOBaHNA 1 NPOEKTUPOBAHMS HA OCHOBE U3y4YeHUs He OObEKTa, a ero Mogenu, nonagaet B
obnactb BUpTyanbHOCTU. MOHUTOP KOMMbloTepa 6ecnpucTpacTHO OTPaxaeT To, YTO «BbIAAET»
KOMMNbOTEPHAA MOAENb, U HE CNOCOBEH CKOPPEKTUPOBATL CyObEKTUBHBIE OLUMOKM, ABMAIOLLN-
ecd crneacTBUEM HeJOCTaTOYHbIX 3HAaHU O ModenupyeMoM obbekTe. B peanbHOCTU Hegony-
CTUMasa BeNMYMHaA MOLLIHOCTU, BblAENSIEMON Ha 3N1eKTPOPaaMoarieMeHTe, BbICOKas HanpshKEH-
HOCTb 3SIEKTPUYECKOrO MNOMs, Ype3MepHas MexaHn4eckas Harpyska NpMBOAAT K OTKasy, a Ha Mo-
HUTOpPE C YCIOBHO N306PaKEHHBIMM 3fIEMEHTAaMM HUYErO HE NPOMCXoaUT. B Takon anekTpoHHOM
nabopartopHoi paboTe 0by4aeMbIn AOIMKEH CaM onpeaenuTb paboTocnocobHOCTL Moaenmpye-
MOro o6bekTa, a eciniv y Hero He XxBataeT 3HaHWU U MPaKTUYECKOro onbiTa, TO OH NMOHEBOsIE 3a-
onyxgaetca B paboTocnocobHOCTN M3ydaeMoro m3genua. B pesynbtate Ha onpenerieHHOM
aTane oby4eHns NponcxoauT NoAMEHa peasibHbIX 3HaHUN O MPOEKTUPYEMbIX O6beKTax UX Mo-
aenamm, obnagarowmmMm pasnuyHbIMU CTENEHSIMU UCTUHHOCTW, M3BbITOYHOCTU, HEAOCTAaTOYHO-
CTW. 3TO NPUBOAMUT K BUPTYasrIbHOCTU MHXEHEPHOTO MbILLSIEHWS,, OCHOBAHHOIO HE Ha UCTUHHOM,
a Ha YCIOBHOM 3HaHUM 06 M3ydYaeMbix 0b6bekTax. BupTyanbHOCTb, B CBOKO O4epenb, Crnocob-
CTBYET OTX0y OT OOBLEKTUBHOCTM 3HAHUN, NMPUYEM CYOBLEKTUBHbIE 3HAHUS O MOAENU u3ydae-
Moro ob6bekTa CMeLLMBaKOTCA C CyObEeKTUBHOCTLIO ee aBTopa. «BupTyanbHbIny cneumanucT Ha
OCHOBE BUPTYyasbHbIX 3HaHWUIA, NMPUXOAS Ha peanbHoe NPOU3BOACTBO, AOMro ByaeT reHepupo-
BaTb BUPTYyasibHble UHXEHEPHbIE peLLeHns, HenpuUrogHble Ans Npou3BoacTBa, 0COBEHHO ecnu
3TW 3HAHWNSA 3aKpenreHbl Y HEro Ha ypoBHe akcuoMm. [Npobnema BupTyanbHOCTW, Ha HaLl B3I,
TpebyeT peLLeHns, OCHOBAaHHOIO Ha CUHTE3e KOHKPETHbIX METOAOB MO ee NPeodoneHunto, C npu-
BreYeHneM OMOaKTUYECKUX N MeTOANYECKUX MPUEMOB, XapaKTePHbIX HE TONBbKO AN UHXEHep-
HOro obpasoBaHNS, HO 41151 Ne4arorMky BbICLLEN LLKOSbI B LEeNTOM. AKTyanbHOCTb 3TOW NpobnemMbl
BO3pacTaeT C KaxabIM rogoM, NocKorbKy NOBCEMECTHO B 06pa3oBaHne BHeOPSOTCA MHGOpMa-
UMOHHbIE TEXHONOMM C HOBbIMM NPOrPaMMHbIMU NPOAYKTaMM A4S MOAENMPOBaHUSA CaMblX pas-
HOOBpPa3HbIX NPOLECCOB, NMEKoLIME OnpeaenéHHble OOMYLLEHUS U OrpaHNYeHUs B npakTude-
CKOM MPUMEHEHUN.

AHanu3 cocTosiHMA BUPTYanbHOCTU 3HAaHUN CTYAEHTOB Ha NpUMepe 3KOHOMMUKO-
TexHonornyeckoro gakynbteTta

Hamun npoBeaeHb! nccnegosanns BAPTYanbHOCTU 3HAHWUIA CTYAEHTOB MO HEKOTOPbIM Ya-
CTO UCMNOSIb3YEMbIM KOMMbIOTEPHBLIM NPOrpPaMMHbBIM MPOAYKTaM, KOTOPbIE MPUMEHSIIOTCSA MpU
N3y4eHUn obLLEeTEXHUYECKUX N crieumanbHbIX AUCUMNINMH 9KOHOMUKO-TEXHOOrMYecKoro da-
KynbTeTa no HanpaeneHusam «VHdopmMaTuka n BblMMCIUTENBbHAA TEXHUKa» N « TEXHOMNOMs
TPaHCMOPTHbIX NpoueccoBy. K TakuM NnporpamMmmHbIM NPOAYKTaM MOXHO OTHECTU:

— TeKcToBble U rpadudeckue pegakropbl (Microsoft Word, CorelDraw);

—  MpuvKNagHble NporpaMMbl MaTeMaTU4eCKUX 1 MHKeHepHbIX pacdeTos (MathCAD, MatLab);

—  MpOrpamMmbl CXEMOTEXHNYECKOIO aHanmaa anekTpudeckux Lenen (OrCAD, MicroCAP);

—  MpOrpamMmmbl KOHCTPYKTOPCKO-TEXHOormveckoro npoektuposanusi (PCAD, Accel EDA);

—  nporpaMmbl NMOArOTOBKM U BbIMyCKa KOHCTPYKTOPCKOM AokyMeHTauwmm (AutoCAD, «Kommnacy).

Ecnun 3apgatbea uenbio onpeaenutb JOCTOBEPHOCTb Pe3yrnbTaToB B 3KCMEepUMEHTaNIbHOM
aHkeTHoM onpoce P = 0,95, To MMHMManNbHOE YMCIO OMNPOLLEHHBIX CTYAEHTOB AOSMKHO 6biThb [1]:

P 0.95

n. = = =
1-P 1-0.95
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Hamun 6b1no onpolwweHo 39 cTyaeHToB B Npedenax KaXkgoro nporpaMMHOro npoaykra.
TunoBble BOMPOCHI, 3afjaHHble CTyaeHTaMm, bbinu:

— [ANng Yero npegHasHa4vyeH NnpoaykT?

—  KaKOBbl OrpaHuyeHust Unn JonyLeHnsd, 3asioXXeHHble B AaHHbIN NPOaYKT?

—  Ans Yero ewe KpoMe OCHOBHOW Lenn NpUMEHEHUST MOXHO MCMNONb30BaTh AaHHbIN
npoayKTt?

—  Kakue maTemaTudeckne moaenv Ucnonb3yTca B AaHHOM NpoayKTe?

—  Kakue hmsnyeckmne npouecchbl ONUCbIBaeT AaHHbI NPOrpaMMHbIA NPOAYKT?

PesynbTaTbl aHKeTHOro onpoca ceBeeHbl B Tabnuuy.

PeaynbTaTbl aHKeTHOro onpoca

HaumeHoeaHue npo2paMMHO20 rnpodykma Hucno npasunbHbix | Yucno HenpasusibHbIX
omeemoes, % omeemos, %

Microsoft Word 90 10
CorelDraw! 79 21
MathCAD 92 8
MatLab 33 67
OrCAD 23 77
MicroCAP 72 28
PCAD 92 8
Accel EDA 31 69
AutoCAD 92 8
«Komnac» 38 62

Takum obpasom, B cpeaHeM 64% ONPOLUEHHbIX CTYLEHTOB NPaBUibHO OLEHUBAIOT
a[leKBaTHOCTb MCMOMb3yeMbIX MakeToB NporpaMMHbIX NPoaykToB 1 36% HaxogsaTcs B 06-
nacTun BMpTyanbHocTh. B kadecTBe TecToBOro akcnepmmenTta 39 ctygeHTam Obino npegno-
XXEHO COMOCTaBUTb 3NEKTPUYECKME CXEMbI YETbIPEX NPOCTENLINX PUNBTPOB U UX aMNu-
TYAHO-4aCTOTHbIE XapakTePUCTUKN, NOCIE Yero ykasaTb NpaBusibHble napbl 0TBETOB. 46%
CTYOEHTOB NpaBuUibHO yKkasanu napbl otBeToB, 15% — HenpaBunbHo U 39% ykasanu gse
napbl NpaBuUbHbIX OTBETOB M3 YETbIPEX.

OTtctoga cneayeT, YTO AOMKHbI ObITb NPUHATEI MEPbI K NPEOAOSIEHNIO BUPTYanbHOCTH
B MH)XeHepHOM 00pa3oBaHUM U K NOBbILLEHNIO KadecTBa O0Oy4eHMs B YCITOBUAX LLUMPOKOrO
NpUMEHeHNa NHPOPMALIMOHHBLIX TEXHOMNOMM B y4eBHOM npoLiecce.

AnpakTtnyeckme MeToAbl pelleHnUsA Nnpobnembl BUPTYyanbHOCTU O0yYeHus

B TeueHune psaga nocnegHux net HaMu NPOBOAMMACH MHTEHCUBHAS Hay4YHO-NpakTuye-
ckasi AesATEeNbHOCTb NO CO34aHMI0 CUCTEMHbIX METOAO0B peLleHnsi Npobnembl BUPTyarbHO-
CTM Ha BCcex aTanax 1 ypoBHsIX 06y4eHUsi NO yKa3aHHbIM Bbille HanpaBrieHUsM NOArOTOBKM
6akanaBpoB M MarncTpoB. K HUM OTHOCATCS:

— ycuneHue yHaameHTanbHOW NOArOTOBKM MO AMCUMNNMHAM PU3NKO-MaTemMaTu-
4YeCKOro UnKna;

— BBefeHune B nporpammy nabopaTtopHbix paboT Hapsiay ¢ nccnegoBaHMeM KOMIMb-
IOTEPHBIX MOAENEN TECTOBOrO (PU3NYECKOro IKCNEPMMEHTA ANS NOATBEPXKAEHNS afeKBaT-
HOCTW pe3ynbTaToB MOAENNPOBAHNS;

— apganTtauusi nporpamMmm Npou3BOACTBEHHbIX NPAKTKK K 3a4a4aM NpeogorieHns Bup-
TyanbHOCTM 3HAHUKN, NOJSTYYEHHbIX B X04€e TeOPEeTUYECKOro obyyeHus;

— BHegpeHue B y4ebHbIN Nnpouecc MeTOAOOrMM rpynnoBOro NPOEKTHOro 06yyYeHns
(FMO) no peanbHbIM 3aKa3am NPeaNPUATUN;

—  MpuvBfieYeHne CTYOEHTOB CTapLUMX KYpPCOB K NPaKTUYECKON OEATENbHOCTU B paMKax
HWW npwu By3e 1 B G13Hec-nHKybaTope, BXOAALLMX B y4eOHO-HAYYHbIN KOMMIIEKC YHUBEPCUTETA;
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—  OpraHu3aumsi BbiMOMHEHNS BbIMYCKHOW KBanudukaunoHHon paboTsl (BKP) no pe-
arbHbIM NPOEKTaM, BbINOMHAEMbIM B By3e U Ha 6a30BbIX NpeanpuaTUAX ¢ BHeAPEeHNeM pe-
3ynbTaToOB M 4EMOHCTPaUMEN Ha 3aLlmnTe MaKeTHbIX U OMbITHbIX 06pa3uoB.

PaccmoTpum ykasaHHble MeToabl noapobHee.

YcuneHuve cyHaameHTanbHOM NOArOTOBKU NO AucuunivHam ¢pusmko-matema-
TUYeCKOro uukna

YrnybnéHHas dpyHaaMeHTanbHas NoOAroToBKa TEXHUYECKUX CMELMannucToB sSBNsieTcs
OCHOBOW [Nl LUMPOKOro BHeApeHUs MoAennpoBaHusa 6e3 onaceHnsa nonactb B npolecce
o6y4yeHnsa B 06nacTb BUPTyanbHOCTU 3HaHWI oby4atowmxca. TonbKo rnybokune 3HaHms du-
3MYEeCKMX NPOLEeCCOoB, ABNEHUN, 3aKOHOMEPHOCTEN B TEXHUYECKUX U3OENUSAX, OKPYXKaOLLNX
Hac, NO3BOMSAT NPaBUIbHO OLIEHUTbL CTENEeHb aAekBaTHOCTM MoAernen, NpUMeHseMbIX Npwu
N3Yy4YEHUN U NPOEKTUPOBAHUM HOBOW TEXHWUKW. BCceCTopOoHHee 3HaHWe ou3n4eckoro npuH-
uuna gencteus (Pr1), KOHCTPYKTMBHON PYHKUMOHANbHOM CTPYKTYpbl (KPC), rmasHon, oc-
HOBHbIX, BTOPOCTEMNEHHbIX N BPpeOHbIX OYHKUMIA n3genus [2] a0t BO3MOXHOCTb MPOBECTH
npaBuSIbHbIN aHann3 pesynbLTaToB ero MogennMpoBaHus n paboTocnocoBHOCTbL NpeanoXeH-
HOro BapmaHTa KOHCTPYKTUBHOMO UCMOMHEHUs. [py n3yvyeHmm ecteCTBEHHOHaY4HbIX, ObLe-
TEXHUYECKUX U NPOeCcCnoHasrbHbIX AUCUUNIIMH 0coboe BHUMaHUE HYXXHO yaensTb ousn-
4YeCKOMY CMbICITy NPOLIECCOB, NPOTEKaoLNX B U3y4aeMbIX N3gennsax, a Takke TUNnoBbiM u-
3MKO-MaTemMaTUyYeCcKMM Mogensam, NCNonb3yemMbliM B NakeTax npuknagHsix nporpamm (M)
ANa MOAEeNUPoOBaHUs 3TUX U3genuin. Npun nayveHnn aTnx mogenen HeobxoaAnmo TwaTesbHO
N3y4nTb AONYLEHWS, UCNONb3yeMble Npu MogenupoBaHun, n obnacte ageksatHocTw MM,
Kpome Toro, Ba>xHO 3HaTb MOrpeLLlHOCTb PAacCYETOB NPY MOAENNPOBAHUN N KOSNTMYECTBEHHbIE
XapaKTepUCTUKM MaTepuanoB, NpUMEHseMblX B u3genusax. Y CTyAeHTOB AO0SMKHO ObiTb
chopMmpoBaHO ybexaeHue, YTO ecnv B MoAerb MOACTaBUTb HenpaBuilbHble UCXOAHbIE
AaHHble B BUAE (PU3NKO-XMMNYECKNX NapaMeTPOB U KOHCTAaHT, TO pe3ynbTaTbl MO4ENUpO-
BaHus OyayT ganekn ot AeWCTBUTENbHOCTU, XOTA Kakue-To Ynucna 6yayT nonydeHbl. VIHO-
roa, npexge Yyem mopenupoBaTb HOBble U3AEeNUst UK npouecchbl, NPeacTouMT MpPoBeCcTr
LUK nccnepoBaTtenbCkmMx paboT no onpefeneHnto XxapakTepucTuk HoOBbIX MaTepmnanos, Uc-
nosib3dyemMblxX B 3TUX U3genusax. B atom cnyvyae moxeT notpeboBaTtbest pa3paboTka coBep-
LLIEHHO HOBbIX METOAUK ONpeaeneHns 3TUX xapakTepucTuk, paspaboTka unm npmobpeteHune
HOBbIX U3MEPUTESbHbIX CPEACTB.

BBeaneHue B nporpammy nabopaTtopHbIX paboT Hapsgy ¢ uccnegoBaHMEM KOM-
NbIOTEPHbIX MoAeNen TeCTOBOro (puan4yecKkoro aKkCrnepumeHTa Ansa noaTBepXaeHUsA
afeKBaTHOCTU pe3ynbTaToB MOAENMPOBaHUA

Mpobrnema BUpTyanbHOCTU BHeCNa HOBble TpeboBaHNA K COBpEMEHHOMY MaTepuarnb-
HOMY OcHalleHuo nabopatopui Ans npoBefeHus nabopaTopHbIX NPaKTUKYMOB. Tenepb
TMnosas nabopaTtopHas paboTa Npu MCNOMIb30BAHUM KOMMbIOTEPHBIX MOAenen Ans nsyde-
HUSA pasfiMyHbIX NPOLLECCOB OOMMKHA coaepaTb MOAYIb PU3NYECKOro SKCrepuMeHTa, Ko-
TOPbIA Ha3bIBAeTCA TeCTOBbIM. Llenib TeCTOBOro akcnepuMeHTa — nNogTBepAnTb afeksaT-
HOCTb pe3yribTaToB, MOSfy4eHHbIX Npu nccnegosaHumM mogenu. Moaynb usndeckoro Te-
CTOBOrO 3KCnepumMmeHTa TpebyeT MEHbLUMX BPEMEHHbIX U MaTepuarbHbIX 3aTpaT, OH NpoLle
no MeToauKe N3MepeHuUn, HO OH MO3BONSAeT NoaTBepaAuUTb afeKBaTHOCTb MCMOSib3yeMOon
KOMMbIOTEPHOM MOAENWU B 30HE, NpUHagnexawen obnactn npuMMeHeHns mogenu, un yoe-
ANTb 1UccrnegoBaTens B NpaBOMEPHOCTU ero AenCTBUA NO nccnegoBaHuio obbekra. Oco-
OeHHO 3P PEKTUBHBIM ANSA NPEOAONEHNS BUPTYanNbHOCTU 3HAHWUI, NOSTYYEHHbIX B XO4€ Bbl-
nonHeHns nabopaTtopHbIX paboT, ABNSETCHA TECTOBbIN AKCNEPUMEHT B Cllydae NpUMEHEHNS
NUHENHbIX Modenen UM TUMOBbLIX HENMUMHENHLIX. B 3TOM cnydyae nonagaHue pesynbTaTta
N3MepeHNsa B 30HY NpeanonoXuTernbHO U3BECTHOW 3aBUCMMOCTU MPSIMO JOKa3blBaeT afek-
BaTHOCTb MOAENMN.
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H3Y4HO-METOANHECKA
SAEKTPOHHbBIZ XKYPHaA

3amMeTuM, YTO OQHOBPEMEHHOE NpUMeHeHne PU3NYeCKoro TECTOBOro aKCNepuMeHTa
n MoaenupoBaHus B nabopaTtopHbiX paboTax noBblwaeT HarnsagHoOCTb 0By4yeHns u CTUmy-
nupyeT pasBuTne MogenmpoBaHnda B NPOeKTUpoBaHUU. B npakTuke nHxXeHepHoOn gesrtenb-
HOCTW MOAennpoBaHue CyLLeCTBEHHO COKpalllaeT CPOKM pa3paboTku U BHEOPEHUA HOBOW
TEXHWKN U YMEHbLLIAEeT 3aTpaTbl Ha MPOEKTUPOBaHME. DTOT BbIBO ABMSETCS MPaBOMEPHbIM,
ecnu peweHa npobnema BMpTyanbHOCTU 0ByYeHUs.

ApanTtauusa nporpaMM Npou3BOACTBEHHbLIX MPAKTUK K 3aAadvyaM npeofoneHusi
BUPTYyaribHOCTU 3HaHUMN, NOJNTYYEeHHbIX B XoA4e TeopeTUYeCcKoro odbyyeHus

OcHoBHOW 3afa4yen NPOM3BOACTBEHHbIX NPAKTUK pasfIMYHOro B1uaa ABNseTcsl 3HakoM-
CTBO C pearnbHbIMX YCNOBUSMWN MPOM3BOACTBA HOBbIX TEXHUYECKUX U3AENUn, C MeTogamm
NX UCMbITAHUN, OCOBEHHOCTAMM MPOEKTUPOBAHUSA U C IKOHOMUYECKMMU OCOBEHHOCTAMM
npeanpusaTui. MNMpaktuka urpaet 6onbLUY Porb B NPeoAoNeHNN BUPTYyarbHOCTN 0By4veHuns,
MOCKOSbKY AAET BO3MOXHOCTb CTYAEHTaM HarnsgaHoO 03HAaKOMUTLCSI C OCOBEHHOCTAMM TEX-
HONMOMMYECKUX MPOLIECCOB, TEXHOMOMMYHOCTBIO KOHCTPYKUWUKM, PONbi CTaHAapTusaumm B
NPOEKTUPOBAHUKN 1 NPOMU3BOACTBE HOBbIX U3genun. Ocobbl adhdeKkT B 3TOM HanpasrieHum
AaéT paboTa cTygeHTa Ha KOHKpeTHOM paboyem mecTe. [ns peweHus npobnembl BUPTY-
anbHOCTWN B XO4e NPOXOXAEHNA NPaKTUKN HaMu npegnaraeTcs B 3aaHUN Ha NPakTUKy OT-
paxaTtb nsydyexHme Orf, KoC, pyHkumin nsgenui, npon3BoguMbix Ha NpeanpusTum, Mapiu-
PYTHbIX 1 ONepauMOHHbIX TEXHONOMMYECKMX KapT No U3roToBIEHUO N cbopke nsgenus, pe-
Xnmbl 06paboTkn MaTepuarnos M T. N. TO NO3BOMSET B AanbHeNLWeM NpaBuibHO 3a4aBaThb
HayanbHble N rPaHNYHbIE YCIOBMSA NPU MOAENNPOBaHMM, NOHUMATb W OLEHNBATb TEXHUYE-
CKMe peLleHusi B Xo4e KypCOBOro 1 AUNIIOMHOrO NPOeKTUPOBaHUS.

BHeapeHue B y4eOHbIM NpoLecc MeToA0N0rMu rpyrnnoBoro nNpoeKkTHoro ooyye-
HusA (FMO) no peanbHbIM 3aKa3amMm NnpeanpUATUN

MoapobHo meTtogonormna MO onucaHa B [3]. 3TOT KOMNNEKCHbIN METOA, MHXEHEPHOTO 00-
pa3oBaHWsA CyLLIECTBEHHO COKpaLLaeT CPOKN adantaumm BblNMyCKHUKOB TEXHUYECKMX BY30B K CO-
BPEMEHHbIM YCMOBUSIM MPOEKTUPOBAHMUA M MPOM3BOACTBA HOBbLIX M3denui. Hamu HakonneH
BOCbMUIIETHUI ONbIT BHeApeHus [M10 B y4ebHbIn npouecc. MO uyenecoobpasHo NpUMEHSITL
HaumHas c |l kypca obydeHns Ha KOHKypcHom ocHoBe. B rpynnbl [T10O otoupaetcs go 30% ot
cocTaBa CTy[EeHTOB M3 Yucra Hambosee TanaHTMBbIX U YCNeLHbIX Mo pe3yribTataMm obydeHus.
O6saszaTensHO yYnTbIBAETCA XenaHue ctygeHTa ydactesosath B [T10. MiHauBmayaneHble rpynnbl
cTyaeHToB B pamkax [T10O coctodat u3 3—4 YenoBek, Kaxkaown rpynne BblAaéTca NpoeKTHoe 3a4a-
HVEe Ha pearbHy0 Temy Mo 3aka3aM 6a30BbIx NPEANPUATUI, Ha KOTOPbIX CTyAEHTbl NPOXOoaunu
NPaKTUKy. 3aHATMS rPYNMN NPOXOAAT B paMKax pacnucaHus OAuH pas B Hedesnto Lenbli y4ebHbIN
A€eHb B creumansHO 060pyaoBaHHbIX ayAUTOPUSAX, OCHALLEHHBIX KOMMbIOTEPHBIMU CPeaCTBaMM
NPOEKTUPOBaHNS U NabopaTopHbIM U3MepPUTENBHBIM 0B0pYyaOBaHMEM OS89 MaKeTUPOBAHUS U
ncnbitTaHMn. Kak npasusio, B MHAMBUAYaNbHOW rpynne CTyAeHTOB Ha3Ha4yaeTCsl rfaBHbIW KOH-
CTPYKTOpP, TEOPETUK, TEXHOIOT. 3aHATMA B pamkax MO cogepxat n TeopeTUHeCKUn KOMMOHEHT
B COOTBETCTBUM C UHAMBMAYANbHBbIM y4ebHbIM nnaHom rpynnbl. CtyaeHTol rpynn MO moryT go-
nonHUTENbHO 3aHuMaTbes B pamkax CKB, nabopatopuit, HAW npu kadeapax v cakynbTeTax.
Bcst paboTta 3aHMMaeT gBa ceMecTpa, B KaXKOyH 9K3aMeHaALMOHHYHO CECCUIO KaXaas MHaMBUAy-
anbHas rpynna sawmiaeT NPOMEXYTOUHbIA UIN OKOHYaTESbHbIN NPOEKT nepes KOMUCCUEN, B
KOTOPYHO BXOASAT 3aKa34Mku — NpeacTaBuTeny NpeanpuaTin n HayydHble pykosogutenu 10. Ko-
MUCCUS BbICTABNSIET OLEHKN Y pEKOMEHAYET NPOEKThI K fanbHenwen paspadoTke. [Ans matepu-
anbHOro CTMMynupoBaHus y4ebHon geatensHoCcTn B pamkax MmO y4acTHMKM NPOEKTHBIX rpynmn
nosnyyarT JonnaTty K CTUneHaum u3 BHEOKOMKETHbIX cpeacTB kadeap, cpeacTs, BbliaENSEMbIX
3aKasymkamy NPOEKTOB UK U3 cTuneHamanbHoro dpoHaa. CTyaeHTbl, YCNELWwHo 3almMTuBLLIne
NPOEKTbI, MOTYT Y4aCTBOBAaTb B KOHKYpCE MPOEKTOB AN BU3HeC-UHKybGaTopa 1nm NpoaoiKUTb
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H3Y4HO-METOANHECKUIA

SAEKTPOHHbBIA XXYPH3A
paboTy Hag NpoeKTamMun Ha NpeanpuUaTUM 3akasymka B nepuog, npesamnniioMHON NPaKTUKA U Bbl-
nonHeHus BKP. Npu aToM pellaeTca 3agadva TpyaoyCcTpomcTBa MoSoabIxX creumanmctos. AHa-
N3 YCNELLHOCTN pa3BUTUS NIMYHOCTM CTYAEHTOB — ydacTHUKOB [T10 nokasbiBaeT, YTo Y HMX Mpo-
Briema BUpPTYanbHOCTM 3HAHUI peLlaeTcsi MOSIHOCTHIO NPU YCNOBUM MPUMEHEHUS Ha MNaaLInX
Kypcax BbILLEN3IOXEHHbIX AVAAKTUYECKMX METOA0B.

NMpuBneyeHne CTyAeHTOB CTapLMX KYPCOB K NMPaKTUYECKOW AeATeNIbHOCTU B
pamkax HAU npu By3e n B bM3Hec-mHKyb6aTope, BXxoAsieM B y4eOHO-Hay4YHbIN KOM-
nrnekc yHuBepcuteta

Mo Hawemy rnyb6okomy ybexaeHuto, Ha Kaxxaom TeEXHUYECKON Kadeape AomKHa ObiTb
XoT4 6bl 0ogHa HayyYHas nabopaTtopusi, CTyaeH4Yeckoe KoOHCTpykTopckoe 6topo (CKB), nabo-
patopus 10, a B By3e gomkeH ObiTb GusHec-nHkybaTop Ansa pasBuTUS UWHHOBALMOHHOM
aeatenbHoCcTU. brusHec-uHKybGaTop B HalWeM crnyyae — 3TO YacTb y4ebHoro kopnyca, 060-
pyLoOBaHHaAsA cneunannu3npoBaHHbIMM MOMELLEHUSMU C YUCIIOM KOMMbIOTEPHbIX paboumnx
MECT paBHbIX YMCIY YNeHoB paboyen rpynnbl, OPrTEXHUKON, BbICOKOCKOPOCTHLIM VIHTEpPHEe-
TOM, KOTOpble npegocTaBnaTca paboyen rpynne GecnnaTtHO 3a CYET yHMBepcuTeTa Ha
Bpemsi, onpeaensemoe gorosopom. OT6op uneHoB paboumx rpynn OCyLLECTBMSETCA Ha
KOHKYPCHOM OCHOBE, Kak npasusio, u3 yucna rpynn MO, 3awmntnsumx ceom npoektbl. Mak-
cvmansHoe BpeMsa paboTbl O4HON rpynnbl cocTaBnAeT 3 roga — nocnegHnn rog obydeHns
Ha GakanaepuaTte u 2 roga obyyeHus B maructpaType. 3a 3TO BpeMsa NpPOoeKT paboyen
rpynnbl JOMMKeH BbITb JOBEAEH A0 BbICOKOW CTENEHN rOTOBHOCTU K BHEAPEHMUIO HA Mariom
npeanpusTMM, OpraHM3oBaHHOM 4rneHamu paboyen rpynnbl, HA NPeaNnPUATAN 3akas4vumka
UNn B TEXHUKO-BHELPEHYECKOW 30He pervoHa. [Ana otpaboTknM TEXHONMOrMYHOCTU NPOEKT-
HbIX peLleHnn B TEXHUYECKOM By3e MOXEeT (DYHKLMOHMPOBATbL TEXHOMOrMyeckumn bmusHec-
NHKyBaTop, coaepkaLunin COBPEMEHHbIV NapK CTaHKOB 1 060pya0BaHWS A5 U3roTOBMEHUS
ONbITHbIX 00pa3LoB nsgenui. B TexHonornyeckom 6mMsHec-uHKybaTope OKOHYaTENbHO «OT-
cenBaloTCA» BUPTYyarnbHble U HETEXHOMOIMMYHbIE PeLLEeHNS, ABNAOLWMNECA CNeaACTBUEM «OeT-
CKMx BGonesHeny» paspaboTaHHbIX KOHCTPYKUUN. PUHAHCMpOBaHME AeATENbHOCTU BM3Hec-
NMHKY6aTOpPOB OCYLLECTBASETCS 3a CYET HaKMagHbIX PACXOA0B OT BbIMNOSIHEHUSA HaYYHO-UC-
cnefoBaTernbCKUX U OMbITHO-KOHCTPYKTOPCKUX paboT, rpaHToOB, XO340roBOPHbLIX paboT u
ApYrnx BHEOIOIKETHBIX CTOYHUKOB 4OX040B BY3a.

OpraHu3auus BbINOJSIHEHNA BbIMYyCKHOW KBanudukaumoHHom pabotbl (BKP) no pe-
anbHbIM NPOeKTaMm, BbINONHAeMbIM B By3€ U Ha 6a30BbIX NpeAnpuUATUsX C BHeAPEeHUEM
pe3ynbTaToB U AeMOHCTpaLMen Ha 3almuTe MakeTHbIX U ONbITHbIX Obpa3uoB

PaccmoTpeHHble Bbille OuAakTUYeckne MeToAbl pelleHus NpobrnemMbl BUPTyaribHOCTU
npakTnyeckn obecneunBaroT YCroBus A BbICOKOrO YPOBHA OpraHnsaumm BbinonHeHus BKP ¢
NCMNONb30BaHMEM CUCTEMHOWN TEXHOMNOMMK, pa3paboTaHHON HaMn N paccMoTpeHHon B [4]. Oc-
HOBHOWM OCOBEHHOCTBHIO 3TOW TEXHOSNOMM ABNAETCA rapaHTUPOBaHHAsA CTeneHb HOBU3HbI OObeK-
TOB NMPOEKTUPOBaHUSA, 06YCOBMEHHAA KPUTUKOWN aHANOroB 1 MPOTOTMNA, a Takke NPUMEHEHNEM
COBPEMEHHbBIX METOAOB Hay4YHO-TEXHMYECKOro TBopYecTBa. Hannune coBpeMeHHon NponsBoa-
CTBEHHOM 6a3bl B TEXHOSOMMYECKOM BU3HEC-MHKyDBaTope NO3BOMSET BY3Y HE 3aBUCETb OT YCIlOo-
BMI NPOM3BOACTBA 3aKa34MKOB MPOEKTHbIX paboT B YAaCTV U3rOTOBIIEHNSA MaKETHbIX U OMbITHbIX
0obpas3suoB n3genuu, paspadbaTbiBaeMbix B pamKax AUNIIOMHOro NpoekTupoBaHus. 3awwmrta BKP,
CoMnpoBOXaaeMas AeMOHCTpaUmMen n3aenus, paspaboTaHHOro BbiMyCKHUKOM Y U3rOTOBIIEHHOIO
Nno AOKyMeHTaumu, pa3paboTaHHOM MM, BCeraa Bbi3blBAET MOBbILLEHHbIN MHTEPEC CO CTOPOHbI
4yneHoB [OCydapCTBEHHOM 3K3aMEHaLMOHHOW KOMUCCUM U NPUCYTCTBYHOLWMX. Hamun npeario-
XXeHa Tpaguums OCTaBnsTb AENCTBYOLWME 06pa3subl n3genun Ha kadpeape B nabopatopum 10,
a B AanbHenwem — B My3ee Kadeapbl Ans UCNosfb30BaHNS B y4eOHOM npoLecce B KayecTBe
HarnsagHbIX Nocobuin. Taknum obpasom, creayoLwme NoKONeHNsa CTyaAeHToB 0byyatoTca Ha u3ge-
numsax, paspaboTaHHbIX NX NPeALleCTBEHHUKaMM.
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HaYYHO-METOANHEeCKIIA
SAEKTPOHHBIA >KyPH3A

BbiBoabl

1. CdopmynumpoBaHa akTyanbHasa npobrnema BUpTyanbHOCTU MHXEHepPHOro obpaso-
BaHMWs1, BO3HMKaOLAA Npy LUMPOKOM MCMNOMb30BaHNN MHAPOPMALMOHHBIX TEXHOMNOMUA U KOM-
NblOTEPHOIrO MOAENMPOBaHUA B y4ebHOM npoLecce.

2. [peanoxeHa n anpobupoBaHa MOAeNb Pa3BUTMS TEXHUYECKOTO By3a Ha OCHOBE
ANOAKTUYECKUX U OpraHM3aumoHHbIX METOO0B NPeoaosieHns BUpTYyanbHOCTN 06pa3oBaHus.

3. PaccMoTpeHbl OCHOBbI OpraHvM3aumm rpynnoBoOro NPOEKTHOro oby4eHnst B TEXHW-
4YeCckoM By3e 1 CnocoObl B3auMogeNCTBUS ero ¢ busHec-nHkybaTopamu.
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Virtual problem in engineering education and its solutions for increase of quality of education
Abstract. The paper is devoted the problem of virtuality in engineering education in the widespread use of
information technologies. The use of computer simulation in educational process allows speeding up the learn-
ing process and reducing the cost of education. However, the problem of virtuality of acquired knowledge
appears since learning is not held on real physical objects, but on their computer models. The survey among
students aims to show virtuality level of their knowledge. The authors offers specific system solutions of virtu-
ality of acquired knowledge in learning process.
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