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BBenenne. B nacTosmee BpeMss METOAMYECKHE CHCTEMBI MOATOTOBKH K MHHOBAI[MOHHON HHXEHEPHOU
JeSATENbHOCTH MPEANoNaraloT BOBJICUEHHE CTYJEHTOB BO BCE JTAlbl MHHOBAI[MOHHOTO IMKJA, BKIOYas
MOJIydeHUE HeMaTepHalbHOIO MHHOBAILMOHHOIO NpoaykTa. OJHAKO HEBO3MOXXHOCTb IIOJIyYEHHUs B HUX
CTyACHTAaMU MaTepHalbHOT0 MHHOBAIIMOHHOTO MPOAYKTA CHMXKAeT 3>P(PEKTHBHOCTH IOATOTOBKH 3THX
cucteM. llenpio cTaThy SABISETCSA OMHUCAHUE CO3AAHMS METOAMUYECKOH CHCTEMBI NMOATOTOBKU CTYIEHTOB
K MHHOBallUOHHOM HMCCIIe0BATEIbCKOM 1eATeIbHOCTH HA OCHOBE MX BOBJICUEHHUS BO BCE 3TAllbl IIOJYyUEHUS
MaTepHaJIbHOTO HHHOBAIIMOHHOTO NMPOAYKTA C UCIIONB30BAaHNUEM aJJUTHBHBIX TEXHOJIOTHH.

Marepunanabl 1 MeToabl. [Ipy HamucaHUM CTaThU MCIOIB30BAINCH OCHOBHBIE MOJTO0XKEHUS UHTETPUPOBAH-
HOTO MOJX0Aa K OOY4YEeHHIO — HHTErpalysl TEOPETUYECKOr0 M IMPAKTHIECKOT0 00ydYeHUs] MHHOBAI[MOHHON
MXXCHEPHOH AEATENbHOCTH U MEXIUCIUININHAPHAs HHTETPaIUs Pa3IUYHEIX OTpacieil Hayku (IelaroTuKH,
MaTeMaTH4YeCKOro MOAEIUpoBaHus, 3D-MoaennpoBaHus, aJANTUBHBIX TEXHOIOTHHA, HHHOBAaTHKH), a TAKXKe
MIPUMEHSUTICH METO/BI aHAIN3a U CHHTE3a, MaTeMaTHYeCKOT0 B (pU3MYEeCKOTO MOJISITHPOBAHIS MaTepHaIBLHOTO
HWHHOBAIIMOHHOTO NMPOAYKTA, MeJarorHIeCKUil IKCIIEPIMEHT U MaTeMaTH4IecKasl CTaTUCTHKA.

Pe3ynbTaThl nccienoBanus. B pabote co3nana u peann3oBaHa METOAUYECKAs CHCTEMa 00yUeHHs CTYAEHTOB
TEXHUYECKUX By30B HHHOBAIMOHHO UCCIIEI0BATEIbCKON NEATEIFHOCTH, 00€CIIeYHBaIONIasi UX BOBICUCHHE
BO BCE 9Talbl HHHOBAI[MOHHOTO IIUKJIA 33 CYET UCHOIB30BAHUS TEXHOJIOTHH OBICTPOTO MPOTOTUIHPOBAHHUS,
3¢ (EeKTUBHOCTH KOTOPO MOATBEPKACHA PE3YNIbTaTaMU ME1arornyeckoro S3KCIepuMeHTa.

O0cy:x1eHue U 3aKJII04YeHNs. BoINoMHEHHbIE HCClleJOBaHUs IO3BOJIMIIN CO31aTh METOAUUECKYI0 CUCTEMY
00y4eHHs CTYIEHTOB TEXHHYECKUX BY30B MHHOBAI[MOHHOW MCCIIEZOBATEIbCKON AEATEIHHOCTH Ha OCHOBE
UCIIOJIb30BAHHS TEXHOJIOTHH OBICTPOrO MPOTOTUIIMPOBAHUSA, YTO 3HAUUTEIBHO MOBBIMIACT 3G HEKTHBHOCTD
TaKoro 00y4YeHMsI, ITOCKOJIBKY 00eCIeYnBaeT y4acTue 00ydaronixcsi BO BCEX dTanax MojydyeHust MaTepHaib-
HOTO MHHOBAI[MOHHOTO NIPOAYKTA B TEUCHUE N3yUEHNUsS y1eOHOT0 Kypca, BO BpeMsI IPOBEACHUS ayIUTOPHBIX
3aHATHH. Pa3paborannas 11 peanu3alnuu 3Toi cucTeMsl U anipoOupoBaHHas B MOpIOBCKOM TOCyIapCTBEH-
HoM yHuBepcutere uM. H. I1. OrapeBa ogHOMMeHHAas METOANKA 00eCIIeunBaeT PAaKTHIECKYI0 3HAUNMOCTh
paccMaTpHBaeMoTo B CTaThe HCCiIeqoBaHus. JlanpHelee pa3BUTHE MIPECTaBICHHOTO B CTaThe MaTepuaia
BUJIUTCSA B PACIIMPEHUH HHPPACTPYKTYPbl YHUBEPCUTETCKOTO LIEHTPA IPOSKTUPOBAHMUS U IPOTOTUIINPOBAHUS
«Panun IIpo» u npuBieueHue CTyAEHTOB K H3TOTOBJICHHUIO B HEM IPOMBINIICHHBIX U3JCIHMH.

Kniouesvie cnosa: WHHOBAIlMOHHAA MHXKXCHCPHAasA ACATCIbHOCTb, METOANYCCKAA CUCTEMA, TCXHOJIOTUA ObI-
CTPOro NpOTOTUNIPOBAHNA, KOMIIETCHTHOCTD, KOMIIETEHTHOCTHBIN TTOJIXO]T
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Training Higher School Students in Rapid
Prototyping Technology as a Final Stage of Their
Preparation for Innovative Activities

N. I. Naumkin®, G. A. Kondratieva, E. P. Grosheva, V. F. Kupryashkin
National Research Mordovia State University, Saransk, Russia,
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Introduction. The methodological systems of preparation for innovative engineering activity involve the
involvement of students in all stages of the innovation cycle, including obtaining an intangible innovative
product. However, the inability to obtain in students a material innovative product reduces the effectiveness
of the preparation of these systems. The purpose of this study is to create a methodical system for preparing
students for innovative research activities based on their involvement in all stages of obtaining a material
innovative product using additive technologies.

Materials and Methods. For writing the article the authors used the main points of the integrated approach
to learning (integration of theoretical and practical training of innovative research activities and interdisci-
plinary integration of various branches of science (pedagogy, mathematical modeling, 3D modeling, additive
technologies, innovation).

Results. The methodical system of training students of technical higher education institution has been created
and implemented, ensuring their involvement in all stages of the innovation cycle due to the use of rapid proto-
typing technologies. The effectiveness of technologies is confirmed by the results of the pedagogical experiment.
Discussion and Conclusions. The performed researches allowed to create a methodical system for training
students of technical universities of innovative research activities based on rapid prototyping technologies.
This method significantly improves the effectiveness of training. It ensures the participation of students in all
stages of obtaining a material innovative product: during the study of the course, and during classroom sessions.
This method was developed and tested for the implementation at National Research Ogarev Mordovia State
University. It provides the practical significance of the study considered in the article. Further development
of the material presented in the article can be related to the expansion of the infrastructure of the Rapid Pro
university center for designing and prototyping and attracting students to manufacturing industrial products.

Keywords: innovative engineering activity, methodical system, rapid prototyping technology, competence,
competence approach
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BBeaenune
Bompoc moaroToBKW CTYACHTOB

Hematepuanpaoro (HUII) (mayuno-tex-
HAYECKON M TEXHOJOTHYECKONH JOKYyMEH-

K MHHOBAIITMOHHOW MHXEHEPHOU J1eATeb-
HOCTH aKTyaJieH B COBPEMEHHOM o001ie-
crBe. MccinenoBarenu 3aHUMAKOTCI UM
Ha MPOTSKEHUU HECKOJBKUX MOCIEIHUX
net. Haunnas ¢ 2001 r., B MopaoBckoM
roCyZapCTBEHHOM YHUBEPCUTETE ITa TEMA
pa3pabaTreiBaeTCs aBTOpaMH HACTOSIIEH
crarpu. [lo X MHEHHIO, MHHOBAIIUOH-
Has WHXeHepHas mesteiabHocTh (MMJ)
HalpaBjeHa Ha pemeHue MPUKIATHBIX
3aja4 B 00JIaCTH TEXHUKHU U TEXHOJOTHUH
W BKJIIOYAeT B ceOs aHalIu3 CyNIEeCTBY-
IOIIIETO TEXHUUECKOTO YPOBHS, BHIABICHUE
U aHanu3 mpodieM, GOpMyIUpPOBKY 3a1ad,
CHHTE3 TEXHUYECKOTO PEIIEHUS] C HOBBIM
TEXHHYECKUM PE3YIbTAaTOM, pa3paboTKy
OTNBITHOTO 00pas3iia u ero UCIBITaHUE, CO-
3/1aHVE HOBBIX 00BEKTOB, TOTOBEIX K pea-
JMA3aIUy B BHJIE TOBAPHOW MPOIYKIUH —
520

Tali¥, TATEHTOB U JIP.) U MaTepUaIbHOTO
(MUII) (u3menus, TEXHOJIOTUHU, YCIYTH),
WHHOBAaIIMOHHOTO MPOAYKTa U 00ecredn-
BaromuX 3hPEeKT U KOHKYPEHTOCIT0CO0-
HOCTh NMPEnNnpusATHi, rocyaapcrsa [1-5].
Ha ocHOBaHUM BBITOJHEHHBIX UCCIICIOBA-
HHUM UMH ObUTH CHOPMYITUPOBAHBI BaXKHbIC
BBIBOJIHI [2; 6]:

1) nHHOBAIIMOHHAS JIEATEIHLHOCTD BCET-
Jla CIIyXHUJa HHCTPYMEHTOM Pa3BUTHS 00-
IeCTBa, TUYHOCTH U OKPYKAIOIIEH CPeIbl;

2) OCHOBHOI1 3a/1a4eli By3a IBISAETCSI IO~
rOTOBKA KaJpoB, KoMIeTeHTHhIX B U], —
OCHOBBI 00pa30BaHHOTO YEIIOBEYECKOTO
KaIlnuTana;

3) mocnennue noxonenuss ®I'OC BO
MPEJIO0JIararoT 00s13aTeIbHYIO MOATOTOBKY
CTYJEHTOB K HHHOBAIIHOHHOW JIEITEIbHO-
CTH BO BCEX HAIPABJICHUSAX;
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4) mox moxaroroBkoi k MW ]| monmma-
eTcss GOpPMHUPOBAHUE Y CTYIEHTOB KOM-
METEHTHOCTH B MHHOBAIMOHHOW WMHXeE-
HepHot pestensHOCTH (KWW ) — kitacTe-
pa BHYTPEHHUX CPEACTB AESITEIbHOCTH,
a UMEHHO O0yYeHHEe COOTBETCTBYIOUIUM
BUAY JEATEIbHOCTU KOMHOETEHLHUSIM
1 (OpMUPOBAHUE ITCHXOJIOTHIECKOTO KOM-
MMOHEHTa KOMIETEHTHOCTH (MOTHBAIIUH,
CIIEUAIBHBIX CIOCOOHOCTEH, pedIieKcun).

Kak mokazan aHanm3 MMEIOIIUXCSH
HUCCIIEIOBAHUN, CYIIECTBYIOIIUE METO-
JUYECKHE CHCTEMBI IMOATOTOBKH K MU
[1; 2; 7-10] mpeamonaraioT BOBJICUYCHHUE
CTYIEHTOB BO Bce 3Tanbl W]l monyueHus
MHHOBALIMOHHOTO NMPOAYKTA, IPEACTABICH-
Horo tonsko HUII, Ho He oOecreunBarOT
B MOJTHOM Mepe (popMUpoBaHHE y CTYAEH-
ToB MoTHmBamuu Kk MM/ u kommeTeHIIHH
no nonyuyenuto MUII. IlepBbie mONBITKH
00yuenus crynentoB MW J] Ha ocHOBe 10-
nydennss MUII Oblu clienaHbl B guccepTa-
muonHoMm ucciaegosanuu H. H. IllexmaeBoit
[8; 11]. OmgHako OHU OBLIH BHITIOTHEHBI JIJIsI
CTYICHTOB HallUOHAJbHBIX UCCIEI0BATENb-
CKUX YHUBEPCUTETOB B paMKax IpoBeje-
HUS JIETHUX HAYYHBIX IIKOJI U HE MOTYT
OBITH TTIEPEHECEHBI 0€3 COOTBETCTBYIOMICH
aJlanTalnuy B IPyTye By36l. B cBA3M ¢ 2TUM
[EeNBI0 JAHHOU CTAaThbU ABISIETCA aHAIU3
pa3pabOTKU METONMYECKOU CHUCTEMBI 00-
YUEHHUS CTYACHTOB TEXHUYECKUX BY30B
WHHOBALMOHHON HMHXEHEPHOU AesATelNb-
HOCTHU HAa OCHOBE HX BOBJICUCHHS BO BCE
3Tanbl MHHOBanumoHHOro nukia MNJ 3a
CYEeT WCIOJIb30BAaHUS alIUTUBHBIX TEXHO-
JIOTUM — TEXHOJIOTUHM MU3rOTOBICHUS U3Je-
U 10 JaHHBIM MU(DPOBOK MOAEITH ITyTeEM
MOCJIOWHOTO J00aBICHU MaTepuaia. ITo
o0ecreuuT yyacTue o0y4Jaronuxcs B H3ro-
TOBJIEHMHU CUHTE3UpOBaHHOro mmu MMUII
B paMKaX y4eOHOro mpoiiecca U BO BpeMs
ayJUTOPHBIX 3aHATUM U COOTBETCTBEHHO
MOBBICHT 3(Q(GEeKTUBHOCTH (POpMUpPOBaHHS
Y HUX KOMIIETEHTHOCTHU B HHHOBALlUOHHOM
WH)XEHEPHOU AEeATEIbHOCTH.

0630p nuTEpaTypHI
Ha npotshkeHnu BCero BpeMEHH CyIle-
CTBOBaHHS HHKEHEPHOTO 00pa30BaHUsI MHO-
TUMH UCCJIICAOBATCIIIMU YACIAIOCH IMOBBI-
LICHHOE BHUMaHHE MpobieMaM MOATOTOBKU

ACADEMIC INTEGRATION

CTYACHTOB K POo(eCCHOHAILHON JIesITeThHO-
CTH B TEXHHYECKHX By3ax. HemocpencTsenHo
npobiemamu oOydeHus cryaento MINJ]
HavyaJli 3aHUMAThCSl CPAaBHUTEIBHO HEAABHO
(mpumepHO ¢ 1990-x rT.). 3TO B OCHOBHOM
PpaboThI, MOCBSIIEHHBIE TEOPETHYECKOMY 00-
yuenuro MJI npu noiayyeHUn HemaTepuaib-
HOTO MHHOBAITMOHHOTO MpomykTa [12—-14].

Tak, B paborax E. I1. ['pomesoii npen-
CTaBJeHa METOAMYECKas CHCTEMa IMOATO-
ToBKM cTyneHToB Kk UMNJ[ npu obyuenuu
CIIeIMaIbHO CIIPOEKTUPOBAHHON HHTETPH-
poBaHHOW auciumiInHe «OCHOBBI MHXKeE-
HEpPHOI'0 TBOPYECTBA U MATEHTOBEICHU»,
BKITIOUAIOIEl 0CHOBHBIE MOHATHS 00 U,
WHXXEHEPHOM TBOPUYECTBE, METOJIaX pelle-
HUSI U300peTaTeNbCKUX 3ajad, MaTeHTO-
BeJIEHNHU, 00bEKTaX MHTEJIEKTyallbHOU
COOCTBEHHOCTH W HANpaBIEHHOI Hemo-
CpeICTBEHHO Ha (GOPMHUPOBAHHE Yy HUX
KUNJA [6; 9; 12].

Uccnenosanne O. A. JIuHeHKO O Tex-
HHUYECKOM TBOPYECTBE MH)KEHEpa-IPaKTHKa
MOKAa3bIBAET, YTO OOJIBIIMHCTBO U3 HUX HE
BIIaJICFOT U3BECTHBIMHU METOAAMU PEIICHHS
M300peTaTenbCKAUX 3a/1a9 — BAYKHBIM KOMITO-
nentom MNJI, a ecnu u BcTpeyaroTcs cpeau
HUX W300peTarei, TO Yalle BCEero OHU clie-
nanu cBou nzobperenns — HUII, onupascs
Ha COOCTBEHHBIH OIBIT U UHTYHUIUIO, 0e3
JIOJDKHOTO aHallM3a BO3MOXKHBIX peIIeHUH
U CUHTE3a KOHEUHOro pesynbrara [14].

[To muenuto U. A. llapmosa, TBOpue-
CKasi camopeann3anus B mpodecCHOHAIBHOM
WHHOBAaIIMOHHOH AESATENHHOCTH HANPSIMYIO
cBsA3aHa ¢ IpodeccnoHaTbHO-TBOPUYECKAM
CaMOpa3BUTHEM JUYHOCTH CTyIEHTa, Ha-
MIpaBJICHHBIM Ha (POPMHUPOBAHUE MOTHBAIIUU
k nonyuenuto HUIIL. ITpu 3T0M OCHOBHBIMHU
MEXaHHU3MaMH{ BBICTYNAIOT CaMOIIO3HAaHUE,
caMoOpraHu3anus, caMmoo0pa3oBaHue Kak
cTpemiieHHe K Mpo¢eCCUOHATBLHO-TBOP-
yeckoi caMopeanu3anuu — ocHoBbl MU
[[{uT. mo: 14].

OpueHTUpYysICh Ha peann3alnuio OCHOB-
HBIX HalpaBJIEHUW Pa3BUTHUS POCCHUHCKO-
ro WHKEeHEepHOTO oOpaszoBanus [6; 9; 15],
a Tax)kKe WHHOBAIMOHHOTO TMYTH Pa3BUTHSA
skoHOMUKU cTpanbl, H. 1. HaymkuH nipen-
jaraet nepeiTH oT TPAAUIIMOHHBIX METO/IOB
K MHHOBAI[MOHHOM TEXHOJOTHH OOyYeHHs,
OCHOBAaHHOU Ha MHTErpallii UHHOBAIIMOH-
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HBIX METOJIOB M METOJIUK O0y4YeHHUs U TeX-
HOJIOTHI, 00eCTIeYnBaAIOIINX (OPMUPOBAHNE
y obyuatomuxcs KU/ [8; 9].

N3yuas Teopur M NpakTHUKy pa3BU-
THS TBOPYECKOTO MOTEHUIHMala OyAyIHX
HHXeHepoB, I. B. [moroBa oTMeuaeT, 4To
3a pyOekoM HET TaKoTo YHHBEPCaIbHOTO
Y IPOJIYKTHBHOTO CPECTBA PELISHUS H30-
OperareiabCcKUX 3a/lad M Pa3BUTHUSA TBOD-
YeCKHUX CIIOCOOHOCTEHM, KaKuM B Hallei
cTpaHe sBiseTcs Teopus permieHus u30-
OpeTaTenbCKHX 3aJad, HO MCIOJIb3YyeTCs
00JBIIOE KOTHYECTBO PA3IUYHBIX IBPHCTHU-
yecKuX MeTooB [16]. CTyaeHTOB 3HAKOMSAT
OJTHOBPEMEHHO CO MHOTHUMH W3 HHUX, 00-
YUYeHHE 3aKaHUYUBAETCS CAMOCTOSITEIbHBIM
pelIeHneM TBOPYECKHX 3a/1a4, IIPU KOTOPOM
y4anuics MOXKET CaMOCTOSTEIHHO BHIOH-
pare Metonsl cuHte3a HUIL. Ins srtoro,
o mHeHuto H. JI. Kypunesoii, Heobxoau-
MO pa3BUBAaTh TBOpPYECKHE TEXHHYECKHE
CIOCOOHOCTH O0yYarONUXCs, HAYUHAS CO
IKOJIBHOM ckaMmbH [17].

U. B. BumnsikoBa Harbolee miogoTBop-
HbIME Tpu 00yuenuu NN ][ Ha ocHOBe pete-
HUSA U300peTaTeNbCcKuX 3a1ad ompeenseT
CIIeIYIOIMEe METOIbI O0yUEHUS:

— (hopmupyromue, IpeayCcMaTpUBaroIIre
paBHOBECHE METOIOB KaK MOJAEPKHBAIOIIIE-
T0, TaK ¥ IIPOTUBOACHCTBYIOIETO O0YYCHHUS;

— TBOpYECKHE, IPOEKTHBIE, BOCIIUTHIBA-
IOIEro U OUaJoroBOT0 OOy4YeHHUS, aKTUB-
HbI€, Pa3BUBAIOIINE METO/bI, MEaroTuKy
COTPYAHUYECTBA;

— IMarHOCTHYECKHE, BKIIOYas pEUTHHT
YCIIEBa€MOCTH, IBPUCTUUECKUE METOJIHI,
TEKYIIUH U UTOTOBBIH KOHTPOIH [12].

WNuTepecusiit onsiT Hapabotan B Ka-
3aHCKOM TOCYAAapCTBEHHOM TEXHUYECKOM
YHUBEPCUTETE, ONMUCAHHBIN B paboTe
JI. U. T'ypre. Im Oblna mpejioxkeHa KOH-
LENLUs METO0JIOTMUECKOH COCTaBISOLIEH
MHOTOYPOBHEBOW NMOATOTOBKH B TEXHOJIO-
TUYECKOM YHUBEPCUTETE, COCTosAmMas U3 6
B3aMMOCBS3aHHBIX DTAINOB, YYUTHIBAIOIUX
YPOBEHb U cTeneHb noaroToBku k NN/
[18]. I'maBHOI 11e7TbI0 TAKOU ASATETLHOCTH
BBICTyIaeT (OpMUpOBaHNE Yy 00yJaIOIHX-
Cs1 METOAOJIOTHUUECKON KyIbTYPhI, TO3BOJIS-
IOIIeH UM CaMOCTOSATENbHO aHAIU3UPOBaTh

U CHHTE3MPOBAaTh HOBBIE TEXHUYECKHUE
00vexTsl — HUII, a Takxke mpoeKTupo-
BaTh COOCTBEHHYIO TPAEKTOPHIO O0yUeHUS
U poQecCUOHAIbHON eI TeIbHOCTH.

B cBoeM nccnenoBanuu H. M. Axucu-
MOB TPEIJIOKHII Tepesl pa3paboTKoN Tex-
HOJIOTUH 00yYeHUS CTYyJEeHTOB WHHOBAIIH-
OHHOU M H300peTaTeIbCKON MesITeTbHOCTH
B IIEPBYIO OYEpE/Ib MOATOTOBUTh yUHUTENEH
IIKOJI U MPEeToJaBaTesieil YHUBEPCUTETOB,
Brnanerorux UMJI. dns atoro on pa3pabo-
TaJl ¥ YCTIEITHO Peayn30Bal METOANYECKYIO
CHUCTEMY UX MOJTOTOBKH B N1€JarOrH4eCKOM
yHUBepcuteTe!'.

B pa6ore A. B. babukoBa u ero copart-
HUKOB TOBOPHUTCSI 0 HEOOXOAMMOCTH CO3/1a-
HUS LIEITOCTHOW CUCTEMBI MHHOBAaLIHOHHOTO
WH)XEHEepHOTO o0pa3oBanus. [y moBwIte-
HHS €T0 KadecTBa, M0 MHEHUIO aBTOPOB,
CJEeAYyeT MCIOIb30BaTh COBOKYITHOCTH IIe-
JATOTHYECKUX TIOJXO/I0OB U METO/IOB — WHTE-
TPUPOBAHHYIO TeXHOIOTHIO 00ydeHuss MU /|
Ha ocHoBe monyuenus HUII [19].

Paznuynble moaxoasl B KOHTEKCTE MH-
HOBAI[MOHHOTO MH)KEHEPHOT'0 00pa3oBaHus
HCCIIEYIOTCS U IpYyTMMH aBTopamu. Tak,
H. B. CocHuH paccmaTpuBaeT KOMIIe-
TEHTHOCTHBIN IOJIXOJ W €T0 BHEIpPEHHE
KaK pacuiupeHne BO3MOXHOCTH TOATO-
ToBKH ctyneHToB Kk MMJI [20]. ITo mHe-
Huto b. JI. ArpanoBuua, yCIoBUSIMH JJis
YCIIEIIHOTO Tepexo1a K HHHOBAIIHOHHOMY
WH)KEHEPHOMY 00pPa30BaHHIO SBISIOTCS
OOHOBJICHUE COJIepKaHUs HAa 0a3e 3HAHUM
MHPOBBIX HHPOPMAIHOHHBIX PECYypcoOB
U OPUEHTUPOBAHHUE Ha HUX 00yYaroMIMuXCs,
WHTETPUPOBAHUE TPEANPUHUMATEIHCKUX
uneu B Kypeol u ap. [21; 22]

3a pyOexxoM BOIMpPOCAMH MOATOTOBKHU
k MW ]I Havanu 3aHMMAThCSl TOPa3ao paHb-
e, 9eM B POCCHUHCKHUX By3axX M Take Ha
npumepe nonyuenuss HUIL. Cuuraercs,
YTO HawmOOJBIINX YCIIEXOB B 3TOW 00na-
ctu nocturnu B CHIA, BenukoOGpuranuu,
Anonuu, I'epmanun [16]. HecmoTps Ha
HEKOTOpBIE pa3Inyusl, 00enpru3HaHHBIMU
WHHOBAIIMOHHBIMH METOJlaMHu OOy4deHUs
B HUX CUMTAIOTCS KOHTEKCTHOE O0ydYeHHe,
o0yueHMe B KOMaH/e, 00yUISHIE Ha OCHOBE
COOCTBEHHOTO OTIBITA, TPOOIEMHO-OPHCH-

' Anucumos H. M. TexHosuorus o0ydeHus: H300peTaTeIbCKOM M HHHOBALMOHHOMN JeATENbHOCTH. M. :

IIpomereit, 1997. 142 c.
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THUPOBaHHOE O0Y4YE€HHE M MEXIAUCIUILIH-
HapHBIN Tonxof [2; 16]. HemocpenacTBeHHO
JUIsE TOATOTOBKM oOyuaromuxcs k M ]|
B BEAYILIMX YHUBEPCHUTETAaX MHUpa peaiu-
3yetcs koHuenmnus CDIO («3amymars,
CIIPOEKTUPOBATh, BHEJIPUTH, PadOTaTh) —
Conceive, Design, Implement, Operate).
DTa KOHIeNnus OblTa mpeaTokeHa B Mac-
Ca4yCEeTCKOM TEXHOJIOTMYECKOM HHCTUTYTE
COBMECTHO C y4acCTHEM M3BECTHBIX MHXKE-
HEPHBIX yueOHBIX 3aBeneHuil llIBenuu.
B Heii BriepBbIe TOBOPHUTCS 0 HEOOXOAUMOCTH
o0ydeHus cTyneHToB nonydeHuro MUII.

B 1997 r. 8 CIIA Obln crienuaibHO
OTKPBIT 3JIUTHBIN VHKEHEpHBIN KOJIEHXK
®. B. OnuHa Ay NOATOTOBKHU CTYAEHTOB
k UN]I. B HEM Bce oOpazoBaTebHEIE TIPO-
TpaMMBI CTPOSTCS Ha MHTerpaunu GyHaa-
MEHTaJIn3alnuu, npodeccuoHaaIn3anum,
NpeaNpuHIMaTENbCTBA U TYMaHUTapH3a-
[IUH HHXKCHEPHOTO 00pa3oBaHus’,

Eiie onuH uHTEpECHBIM MOAXO/ K ATOU
npobieme B 3apyOeKHBIX CTpaHaX — MOJTo-
TOBKa MUTHBIX cienuainuctoB (3TC). Tak,
B Kananckom yauepcurete TopoHTo pea-
nu3yercs nporpamma noarotosku 9TC —
«IIpeanpuHUMaTENBCTBO, JIUAEPCTBO, HUH-
HOBAIlUM ¥ TEXHOJOTHUHU B HHKEHEPHOU
Hayke». AHajnoruusas nporpamma c 2006 r.
JIEeUCTBYET B BEIyLIEM HH)XEHEPHOM BYy3€
Mupa — MaccauyceTckoM TEXHOJIOTHuYe-
CKOM MHCTHUTYTE B BUJe cnenunaibHoi [Ipo-
rpaMMBbl HH)XEHEPHOTO JUAEPCTBA UMEHHU
Bepuapaa M. Topaona’.

Mpbl cunTaeM cnpaBeIJIMBON MO3UIIUIO
y4eHbIX Tenb-ABHUBCKOTO YHHUBEpPCHUTETA
u MeXIyHapoJIHOTO HCCIeq0BaTeNbCKO-
ro LEeHTpa HaHOTEXHouorui B Mspaunie
K. JI. JIeBkoBa u O. JI. durosckoro, mpea-
Jaralomux IBYMEpPHBIH MeTon oOydeHUs
B IpoIecce MOATOTOBKHM MHHOBALIMOHHBIX
unxenepos?. ChopmynupoBaHHoe UMHU
NPOTUBOPEUUE, UTO «MHHOBAIUOHHOMY
CIIEIMANIUCTY Halo OBITh KOMIIETEHTHBIM
B IIIPOKOM TIepedHe 00J1acTel 3SHaH!A U, IPU
3TOM, MIPOLIECC YCBOCHHUS HOBBIX 3HAHUI HE
JTOJIKEH BBIXOIUTBH 32 JOIYCTUMBIE BpEMEH-

HBIE U MICUXO0JIOTHYEeCcKHe mpeaens» [LuT.
no: 12, c. 66], oHu pa3pemuiu MEeTOI0M
aHaJIOTHM.

Oco3zHaBast He00X0IUMOCTh (POPMUPOBa-
Hus y crynearoB KM/, mpodeccopcko-nipe-
[0/1aBaTeNbCKUN cocTaB MOpIOBCKOIO rocy-
napcTBeHHOTO yHHBepcuTeTa M. H. I1. Ora-
pesa (mamee — MI'Y um. H. Il. Orapesa)
ITOCTOSHHO paboTaeT HaJ| COBEPIIEHCTBOBA-
HUEM 00pa3oBaTeILHOTO MPoIecca B By3e.
PerpocnexktuBa co3gaHus pe3ylbTaToOB
MHHOBALlMOHHOM Ie1arornyeckoi nesremb-
HOCTH B 3TOH 00JIaCTH NpeACTaBlIeHa HUKE.

B nepuon ¢ 2005 no 2008 r. H. 1. Haywm-
KMHBIM ObllIa CO3JaHa U BHEIPEHA B yueO-
HBIIl IpoLleCC TEXHUYECKUX BY30B CTPaHBbI
HHTErpUPOBAHHAS II€AArOTHYECKasi TEXHO-
J0rus NOATOTOBKHU cTyneHToB K MW/ mpu
00y4eHNUN OONIETEeXHUYECKUM TUCIHILIH-
HaM, BKJIIOYasi 0Oy4eHHe B OJIMMIIMAJAHON
1 Hay4qHO-HUCCIIeI0BaTEeNLCKOU cpene [6; 8; 9].

B 2010 r. Oblnu 3aBepiIeHBI HCCIIe-
nosanus E. II. I'pomeBoii mo co3naHuio
TEXHOJIOTUH O0ydeHus cTylaeHToB k MU ]|
B paMKax 00y4eHHsI CTIEUAIILHO CIIPOCKTH-
POBaHHOW MHTETPUPOBAHHOMN TUCIIUTIITUHBI
OUTull, orpakaromield 0CHOBHBIE ITAIThI
WHHOBAIIMOHHOTO MpOoIecca MOIydeHUs
HUII [6; 15]. B 2015 1. ObIH BBHITIOJIHE-
Hel uccnenosanusg H. H. IllekmaeBoi 1mo
CO3/1aHUI0 TEXHOJIOTHH MOJTOTOBKHU CTY-
nenToB k MU/l B paMKax T€OPETHUYECKOTO
obyuenus nucuumuae ONMNJ] u npakTu-
yeckoro o0ydenuss UMNJ] npu monydeHnu
MMUII B BBIE3AHBIX Hay4HBIX IIKonax [l;
23]. Kpome atoro, Ob1H pa3zpaboTaHbI
Y pealn30BaHbl METOAUKH IPAKTHIECKOTO
obyuenus MMJl B pamkax BBIC3THBIX Ha-
YYHBIX CTYAEHUYECKHMX IIKOJ; aKTUBHOTO
oOyuenuss UM /1 (nenoBble ”HHOBaLIMOHHbBIE
urpel «®@upma-1, 2», «Koncrpykropckoe
010po»); megarorndyeckue TEXHOJIOTHUH,
MpecTaBICHHBIC B BUJE 00pa30BaTeNbHbIX
yCIyr Ha KoHKypce «CTo JTy4IInX TOBapoB
Poccum» u ap. [24-26].

Cpenu mepeyuciIeHHbIX CUCTEM U Me-
TOJOB OCOOBI MHTEpEC MPEeNCTaBIsAET

2 Miller R. K. From the ground up: Rethinking engineering education for the 21% century // Symposium
on Engineering and Liberal Education, Union College, Schenectady, New York, June 4-5, 2010.

3 URL: http://gelp.mit.edu (nara o6pamenuns: 29.11.2017).

4 Jeskos K. JI., @uzoeckuii O. JI. IByMepHBbIiA METO 00yUYEHHUS B IIPOLIECCE MOATOTOBKYA HHHOBAIIMOHHBIX
HHXeHepoB // Briciee TexHIUeckoe 00pa3oBaHNe KaK HHCTPYMEHT HHHOBAI[HOHHOTO PAa3BUTHSA : IPOTrpaMMa
¥ COOPHHUK JOKJIaJIOB HayYHOH IIKOJIBI C MeXKAYHapoaHbIM yuactueM. Kazanp : KHUTY, 2011. 160 c.
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METONMYECKasl CUCTEMAa IMOJATOTOBKHU CTY-
nentoB kK UNJI Ha 0OCHOBE MCMOIb30BAHUS
COBPEMEHHBIX TEXHOJOTHI MPOU3BOJCTBA
WHHOBAI[MOHHBIX IPOJYKTOB, 00eCIeunBa-
101I1asi BO3MOXXHOCTh JOBEJEHUSI HOBATOP-
CKOH maeu 1o Bomomnenus ee B MUII, Bo-
BIIEYEHUS UX BO BCE TANBI IPAKTHIECKOH
WHHOBAIMOHHOW NEATETHHOCTH, B YUEOHBIX
aAyIUTOPHUSIX BO BpeMsI MPAKTUIECKUX 3aHS-
TH#, B YaCTHOCTH B paMKax OOydYeHHS ajl-
TUTHBHBIM TexHonorusM (AT). Aranus cy-
LIECTBYIOIIUX UCCIIEI0OBAHUH IO mpodiieMe
oOyuenus AT mokazan HeI0CTaTOYHOCTh UX
HAy4YHO-METOJUUYECKOTO COMPOBOXKIACHUS.
B HUX ommMCHIBalOTCSA OpraHHU3aI[MOHHBIC
MeponpusTus npu odbyuernuu AT, cpeau
KOTOPBIX MOKHO BBIJICIIUTH:

1) otkpreiTHE cnenuanbHOCTEH B CIIO
YUpEeXKACHUAX Ha OCHOBE pa3paboTaHHOTO
OI'OC CIIO no cneunansHocTH 15.02.09
«AITUTUBHBIC TEXHOJOTHN;

2) oOyueHHEe B paMKaxX HOBBIIICHUS
KBaJM(pUKAIMKU U JTOTMOTHUTEIBHBIX 00pa-
30BaTEIbHBIX MIPOTPaMM;

3) oOy4eHue Ha TPOU3BOJICTBE B PAMKaX
CTEeNHaTbHO OPTaHN30BAHHBIX KYyPCOB;

4) obyuenne AT kak pabounm rpodec-
CHAM B JIULESX;

5) oOyueHue 6akaIaBpOB U MAarkuCTPaH-
ToB AT B By3ax B paMKax y4eOHBIX JHUC-
IUILUINH;

6) moaroroBka k AT B paMkax OJHO-
MMEHHBIX Mpoduieiit MarucTparypsl u Jp.

Takum oOpa3oM, BBHIIIOJIHEHHBIN aHa-
W3 WCCIEAOBAHUN IO paccMaTpUBaeMoun
nmpo0ieMe MO3BOJNSET TOBOPUTH O TOM,
YTO 3Ta mpobieMa aKTyalbHa HE TOJBHKO
B POCCUHCKOM WH)XCHEPHOM 00pa30BaHUH,
HO ¥ 3a pyOexoMm. Efo 3aHIMAarOTCsI MHOTHE
yUeHBIe, 1 B OCHOBHOM J3TH HCCJIEIO0Ba-
HUsI OCHOBaHBI Ha MOJATOTOBKE CTYICHTOB
K WHHOBAIIUOHHOH JIEATEIILHOCTH TIPH TO-
JyYEHUH HeMaTepUalbHBIX WHHOBAI[MOH-
HBIX MPOAYKTOB. DTO HECKOJBKO CHIKAET
appexTuBHOCTL 00yueHus nx MU/, mo-
CKOIIbKY He 00ecTieurBaeT X y4acTHe B U3-
roroBieHun MUII — BaxxHOM 3Tare MoiIHo-
ro HUKJIa MTHHOBAIITMOHHOW NESTEIHHOCTH.
B cBs131 ¢ 3TUM BO3HHUKAET HEOOXOIUMOCTh
pa3pabOTKH HOBBIX BBICOKO3((EKTHUBHBIX
WHTETPUPOBAHHBIX METOAUYCCKUX CUCTEM
U MEeJarorHu4eCKUX TEXHOJIOTUW MOATO-
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ToBKHM oOyuatomuxcs k UNJ] Ha ocHOBe
00y4eHHUS BBICOKOTEXHOJOTHYHOMY IpO-
HU3BOJCTBY MHHOBAIMOHHBIX MPOAYKTOB,
B YaCTHOCTHU aJJUTHUBHBIM TEXHOJOTHSM,
KOTOpBIE 00ecIieyar BOBJICUEHUE CTYIECHTOB
B IIporecce 0Oy4eHus BO BCE ITAITBl HHHO-
BamuoHHOTO Ikjiaa U JI.

MartepuaJjibl 1 METOABI

OcHoBoOMOJMATAIOUIUMU METOJ0JIOTH-
YECKUMHM M METOJIWYECCKHMU TOAXO0JIaMHU
B JIJAaHHOM HCCJIEIOBAHUM SIBISIOTCS HH-
TETPUPOBAHHBIHN, BKIIFOUAONIUN WHTErpa-
LU0 TEOPETUUYECKOTO U MPaKTHUYECKOrO
00y4YeHUs MTHHOBAIIMOHHOW JAeSTeIbHOCTH,
Y MEXJIUCHHUILUITMHAPHBIN, OCHOBAaHHBIN Ha
WHTETPalUU 3HAHUW pa3InuHBIX OTpaciiei
Hayku (Memarorukd, MaTeMaTHYECKOTO
MopenupoBaHus, 3D-monenupoBaHus, aj-
JUTHUBHBIX TEXHOJOTHUM, HMHHOBATHKH).
B nanHoMm pasznerne ocoboe BHUMaHUE yiie-
JIIETCS POJIM MCTIOJIB30BaHUS aIUTHBHBIX
TEXHOJIOTHIA B y4eOHOM Iporiecce. SABnssachk
COBPEMEHHOM TEXHOJIOTUEH U3TOTOBICHUS
OpPUTHMHANBHBIX n3Aenuii, AT BeICTymaroT
B HallleM ciy4dae yHHBEPCAIbHBIM TeX-
HUYeckuM cpeactBoM oOydenus (TCO),
00ecreqnBaroINM BOBJICYEHNE CTYICHTOB
BO BC€ dTaIlbl MHHOBAIIMOHHOTO ITUKJIA TI0-
nyuenuss MUIL.

Kak ObLIO TOKa3aHO B MPEIBIAYIIUX
uccinegoBanusax [25], naunbonee s3dpdex-
TUBHO MOXHO OCYIIECTBUTH MOJATOTOBKY
CTYJ€HTOB K HHHOBAIIHOHHOW JIEITEIbHO-
CTH Ha OCHOBE BOBJIEYCHUS UX BO BpeMs
00y4eHHUs BO BCE dTAIbl HHHOBAIIHOHHOTO
nukira MNUJ] (mukira monydeHusl MaTepH-
aJTbHOTO WHHOBAITMOHHOTO MpoaykTa). Ha
Ham B3N, Haubosee 3hPEeKTHBHO 3TO
MOXXHO peaju30BaTh MPU OOyYECHUH HUX
AJJIUTUBHBIM TEXHOJOTHSIM.

AJUTUBHBIE TEXHOJOTUH — TEXHO-
JIOTUH, NosABUBIIKECS B KoHIle 1980-x rT.,
B OCHOBE KOTOPBIX JIE)KUT H3TOTOBJICHHE
00beKTa MO AAHHBIM IMUPPOBONW MOIENH
ITyTEM MTOCIOWHOTO TOOABICHHS MaTeprala
[27]. B HacTosimiee BpeMs OHH TTOTYYIHIN
IIMPOKOE TPUMEHEHUE B PA3HBIX OTPACIIAX
MPOU3BOJCTBA: MAaIIMHOCTPOCHHUH, aBHA-
CTPOCHUH, TOPHON TPOMBIIIIECHHOCTH,
MEIUIUHE, CTPOUTEILCTBE U Ap. biaro-
Japs CHUKCHUI0O UX CTOMMOCTH OHM TaK-
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K€ MOJIYYUIH IHUPOKYIO MOMYyJISIPHOCTH
U B MOBCEIHEBHOMN XU3HU TBOPUECKUX
U YBIIEYEHHBIX JroAel. B By3ax, meHTpax
HWHXXEHEPHOIO TBOPYECTBA U APYTUX YUPEK-
JEHUSIX UX ITUPOKO UCTIOJB3YIOT B KAYECTBE
coBpemenHbix TCO.

[Ipumenenne 060pyIOBaHUS ITHX TEX-
HOJIOTHH TO3BOJISIET HE TOJIHKO MOJIEITH-
poBaTh, HO W pEajJn30BHIBATH B paMKax
y4eOHOTO TpoIecca BCE dTAalbl HHHO-
BAallMOHHOTO I[MKJa OT T€HEPUPOBAHUS
WAeu A0 €ro U3rOTOBJIEHUS NPHU HEMO-
CPEICTBEHHOM YUYaCTHUH B HUX CTYACHTOB.
B mporecce oOyueHust aJIUTUBHBIM TEX-
HOJIOTUSIM CTYACHTHI IMOJYYarT BO3MOXK-
HOCTb OBJIaJIeHUS TAKUMH KOMIIETCHITHSIMH,
Kak pa3paboTka HIen — IPOEKTUPOBAHHE,
3D-monenupoBanue — co3ganus 3D-mo-
nenei; 3HaHWE peBEepC-MHKHHUPHHTA;
yME@HHEe M3roToBleHus (medars) 3D-u3ze-
JUH, 3HAaHUE 3TAll0OB MHHOBAIIMOHHOT'O MPO-
LlecCCa U €To MPAKTUYECKOE NMPUMEHEHHE,
a TaKkKe MOTYT HarsIAHO U3YUYUTh COAEP-
J)KaHME HAyYHOTO W MPOU3BOACTBEHHOIO
3TanoB WHHOBAIMOHHOTO IHKIa (Uaes —
3D-monens — 3D-neuaTh — OpOTOTHUN —
nopaboTKa — U3Aeaue — THPAKUPOBAHHE)
B TEUYCHHUE ayAUTOPHOTO OOyUEHHUSI.

s aToro Ha 6aze MI'Y um. H. I1. Ora-
peBa Obu1 co3naH LleHTp mpoexkTupoBaHUsA
U OBICTPOrO MPOTOTUMHPOBaHUs «Pamuy
[Ipo». OH ocHallleH BBICOKOTEXHOIOTUYHBIM
ob0opynoBanuem AT: 3D-ckanep Shining3D
Optiscan-plus DM, 3D-npuntep Project SD
3000, 3D-npuntep 3D Systems ProJet SD
3500, BakkyMHO-tuTheBas cuctemMa HVC-1,
yCTaHOBKAa CMENIMBAaHUSA M JTO3UPOBAHHS,
xommpeccop RD 30/50 Red Verg u ap.

Omnupasich Ha BO3MOKHOCTH OTMCAHHO-
ro IMEHTpa W IUAAKTUUECKUEC TMOJTOXKCHUS
paHee cO3/1aHHbIX aBTOPaMHU METOINYECKUX
cuctem oOyuenus UMJ] qis moarotoBku
crynentoB k UJ| Ha ocHoBe AT, Obina
CIIPOEKTUPOBAHA W BHEJPEHA B y4YCOHBIH
MIPOIIECC MATUCTPAHTOB (HATIPABICHHUS IO~
TOTOBKHU «ATPOHHKEHEPHS» ) TUCIHUILIIHA
«TexHonmoruu u cpencTBa OBICTPOTO MPOTO-
THIIUPOBAHUS B MAITMHOCTpPOCHUM». [Ipu
9TOM TJIaBHOE BHUMaHUE ObIJIO 0OpamieHo
Ha UCIIOJIb30BaHUE MHTETPUPOBAHHOTO
U MEXJIHUCIUIIIMHAPHOIO MOJX0J0B K 00-
YYCHUIO, @ TAKKE ObLIH UCITOIb30BAHBI M-
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TOJbI aHAJIN3a U CUHTE3a, MATEMaTU4E€CKOTO
u ¢usuyeckoro moaenupoBanus MUII,
IEeJaroru4eCKUN 3KCIIEPUMEHT.

Pe3yabTarhl Hccieq0BaHUS

Pe3ynpraromM HacToOsIIIETO HCCIEAOBa-
HHUS SBISETCS pa3padOTKa METOIHYECKOH
CHCTEMBI MOATOTOBKH CTYJEHTOB TEXHH-
yeckux yHupepcureToB kK M1 JI Ha ocHOBE
BOBJICUCHUS MX BO BCE ATAIlbl HHHOBAIIMOH-
Horo 1ukia MUJI B mpouecce o0yueHus aj-
JUTUBHBIM TEXHOJOTHIM. B cooTBeTCTBUU
C U3BECTHBIM ainroputmowm [1; 7; 11] aTo
MPOEKTUPOBaHUE HAYMHAEM C pa3paboTKu
MeJJaroruIeCcKoi MOJIETN CUCTEMBI, KOTOpast
mpejcTaBieHa Ha pucyHke 1. Paccmorpum
€€ OCHOBHBIE KOMIIOHEHTHI.

IleneBoil KOMIOHEHT CIPOEKTUPOBAH
Ha OCHOBE aHalim3a npodeccrnoHalIbHBIX
U o0pa3oBaTeIbHBIX CTAHIAPTOB U OTpa-
JKaeT HavaJbHBIH 3Tam MPOCKTHUPOBAHUS
Mojnenu. llenpro Hamero mcciaenoBaHUS
sIBiseTCS (OPMUPOBAHUE Yy CTYACHTOB
KWW, nns dyero pemaercs 3agada OB-
JMaJeHus CTyJeHTaMH €e KOMITOHEHTaMH.
Kak BHAHO W3 CXEMBI, CETOAHS BaXXHOU
0COOEHHOCTHIO IPOEKTUPOBAHUS METO-
IUYECKON CHUCTEMBI SBISETCS B3aMMO-
nelictBue paboronareneid u obpasoBa-
TEeIbHBIX OpTaHU3allUi, pealinu3dyeMoe
B BHJE yuacTus paboTomaTesneil B pa3pa-
00Tke po(deCcCUOHANBHBIX CTaHIAPTOB;
HWTOTOM BBICTYIIalI0OT OCHOBHBIE Tpodeccro-
HaJbHBIE 00pa3oBaTeIbHbIE TPOTPAMMEBI
(OIIOII). DT0 0O6CTOATENHCTBO MOI-
TBEPKAAETCS YCUICHUEM POJIH CIlelHa-
JMCTOB-TIPOU3BOACTBEHHUKOB B COCTaBE
roCyIapCTBEHHBIX 3K3aMEHAIIMOHHBIX
komuccuii. TeM caMbiM peanu3zyercs He
TOJILKO HE3aBHCHMas OI€HKa KayecTBa
MOJITOTOBKY BBIMTYCKHUKOB BYy30B CO CTO-
poHBI paboToaaTeseil, HO U TpeOOBaHUS
MpoQeCcCUOHANBHBIX CTAHIAPTOB.

KonuentyanbHbIii KOMIIOHEHT MOJEITU
OTpa)xkaeT CofepKaHHWe THUIIOTEe3Bl HCClie-
JIOBaHUS O TOM, 9TO 3P(HEKTHBHOCTD IMO-
TOTOBKH CTYJE€HTOB TEXHUYECKHX BY30B
k MNJ] moBeIcHTCS, eciu oHA OyneT oc-
HOBaHa Ha BOBJICUCHUU MX BO BCE 3TAIlbI
WHHOBaMoHHoro nukina MW/, opranuso-
BaHHOTO Ha OCHOBE TEXHOJOTHI OBICTPOTO
MPOTOTUITUPOBAHUS.
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ofecneuHBaeTcs 3a CHeT BOBISHUSHHA HX BO BCe 3TAlbl HHHOBAIIHOHHOTO ITHKIAa Ha OCHOBE
TeXHOIOTHH OBICTPOrO IpOTOTHNHpOBaHHA / Concept stage. Teaching students innovative
engineering is ewsured by involving them in all stages of the innovation cycle based on rapid
prototyping technology
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I

3. Cogep:xkaTe/IbHBIH / Informative stage
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Designing course content tools
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4. IIpomeccyaabHO-TeXHoOJIOrHYeckHH / Process-technological stage

1.®opMHEpOBaHHE IPOSIEMATHKH / 4. Co3jaHHe IpoToTHIIA / Prototyping
Formation of problems T "™
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2. TeHepanua, oGey:EIeHHe, 000D HOel / [+ 43 Cozganae 3D-MOIeNTH NPOTOTHIA /
Generation, discussion, selection of ideas Creating a prototype 3D models

O6paTHadg CBA3b (THOKOCTE, KOPPEKTHPOBKA H VIPAaBIAeMOCTh KOMIOHEHTaMH MOJETH)
Feed-back (flexibility and controllability by components)
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5. PeduiekcHBHO-oNeHOYHBbIH. KpHTepHH ypoRHA chopMuporaHHOCTH KT /
Reflective-evaluative stage. Criteria for the level of the formation of competence in innovative engineering activities

P u c. 1. Ilenarornyeckast MOAEIb METOANIECKOH CHCTEMBI
Fig. 1. Pedagogical model of methodological system
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ConepkaTebHbIil KOMIIOHEHT CITY)XKHT
JUIS co37aHusi 00pa30BaTEeIbLHON Cpebl,
B KOTOPO# peain3yeTcs paccMarpuBaeMas
Mojesib. OH SBISIETCS Pa3BUTHEM JTOTO
KOMIIOHEHTA B MOJIEJSAX, TIOAPOOHO ONTUCaH-
HBIX HAMU B IPEABIIYIIUX HCCIEIOBAHUIX
[1; 11] m BrTrO9aromux (hyHAaMEHTAIbHBIC
3aKOHBI, TOHATHS, HAYIHO-TEXHHYECKHE Te-
OpUH, 3aKOHBI Pa3BUTHS TEXHUKH, METOIBI
WH)XEHEPHOTO TBOPYECTBA U €r0 MHTCH-
cu(UKalMU, OCHOBBI MHTEJJICKTyalIbHOM
COOCTBEHHOCTH U ITATEHTOBEAECHUS.

OTINYUTEIBHON 0COOEHHOCTHIO ATOTO
KOMIIOHEHTA ABJISIETCS TO 0OCTOSITENLCTBO,
YTO B €r0 paMKax, OMUpasch Ha COAEpKa-
HHUE paHee M3ydYaeMoil o0ydaromuMucs
nucrumuimael O 1, Hamu OBLTO cIpoeK-
TUPOBAHO COJIEPXKAaHHWE HOBOW JUCIUILIHU-
vl «TexHOomOrNMM M cpeacTBa OBICTPOTO
MPOTOTUIIMPOBAHUS B MAIIIHO CTPOCHUT.
Ee monynpHas CTpyKTypa BO B3aUMOCBSI3H
¢ monyisamu aucuumumasl OUNJ u no-
CTUTaEeMBIMH PE3yJIbTaTaMU MPEACTaBICHA
B Tabm. 1.

Tabnuma 1. CTpyKkTypa cofep:KaTeJbHOT0 KOMIIOHEHTA
Table 1. Structure of the content component

DTamnsl /
Stages

VYuebubie MOxynu /
Training modules

dopmupyembie komnoneHTsr U] /
Formed components of innovative engineering activities

Ipenmectytomas aucuumanaa OUNJL / Previous courge in

1. ITocranoBka apo- 1. Texunueckas cu- 1. CmocoOHOCTH OCBAaMBATh IOTOBEIE peuieHusd, HOBYO TEXHHU-

6aembl (3amaumn) /
Formulation of the
problem (tasks)

2. CuHTE3 TeXHH-
YEeCKOTO pemeHus /
Synthesis of techni-
cal solutions

crema / Technical
system

2. MeToasl aKTHBH-
3aI[UU TBOPYECKOTO
Mblnienust / Meth-
ods of activating
creative thinking

1. Metonsl perieHus
n300peTaTesbCKIX
3amaud / Methods for
solving inventive
problems

2. APU3/ ARIZ

Ky u texHonoruu / The ability to master ready solutions, new
technology and technology.

2. CnocoOHOCTB omnpeneneHus ycinoBui koHkypenuuu / The
ability to determine the conditions of competition.

3. ToroBHOCTH paboTars B koManse / The ability to determine
the conditions of competition.

4. CrocoOHOCTb HCIOJIb30BATh MHCTPYMEHTAJIBHBIE CPEICTBA IS
pemrenus 3ama4 / The ability to use tools for problems.

5. Brnagenue 3nanusimu / Knowledge.

6. Cioco6HOCTH cTaBuTh 3a7ady / The ability to set a task

7. CriocoOHOCTh CHHTE3UpOBaTh pelieHue, nzobperars / The
ability to synthesize a solution, to invent.

8. CriocoOHOCTH ONepaTUBHO IPUHUMATD PEIIEHHE i TOTOBHOCTh
HecTH 3a Hero oTBeTcTBeHHOCTH / The ability to make a decision
promptly and be ready to bear responsibility for it

Nsygaemast qucuuiuinaa « TeXHOIOTHHE U CPEACTBA OBICTPOTO MPOTOTHIIMPOBAHHSD) /
Course in “Technologies and means of rapid prototyping in engineering”

3. TIpoekTupoBanue
uznenust (3D-moxe-
nupoBanue) / Prod-
uct Design (3D Mod-
eling)

4 .U3roroBiue-
HUE NpOTOTHIA
(3D-nmewatn) /
Prototyping (3D
printing)

5. HUsroroBueHue
U TUPAXUPOBAaHHE
TFOTOBOTO H3IEIHS
(MHII) / Production
and printing of fin-
ished products (IIP)

1. KomnslorepHoe
npoekTupoBanue /
Computer-aided de-
sign

2. TpexmepHoe Mo-
nenuposanue / 3D
modeling

3. TpexmepHOE cKa-
Huposanue / 3D
scanning

3D neuars u3genmnii /
3D printing of prod-
ucts

BakyymHoe nuThe B
CUJIIMKOHOBEIE (hop-
MBI — THPaXHPOBa-
uue / Vacuum mold-
ing in silicone molds
— product replication

ACADEMIC INTEGRATION

9. CtocoGHOCTBIO pa3padaTeIBaTh KOMIIBIOTEPHBIE MOJIEIH HCCIIe-
nyemsbix mponeccos u cucteM / The ability to develop computer
models of the studied processes and systems.

10. Cnoco6HOCTh IpoekTHpOBaTh / Ability to design.

11. CiocoOHOCTE pa3pabaTbiBaTh MPOEKTHI PeaTn3aliil HHHO-
Bal[Mil C HMCIIOJIb30BAHUEM TEOPHH PELICHHS HEeCTaHAapTHBIX
nmkeHepHbIX 3a1a4 / The ability to develop projects for the
implementation of innovations using the theory of solving
non-standard engineering problems.

12. CriocoGHOCTh KOHCTPYKTHBHOT'O MBILIUICHUS, aHAIH3a
u cuntesa / The ability of constructive thinking, analysis and
synthesis

13. Cr1ocoOGHOCTh M3TOTABIMBATh MaTepHaIbHbBIE IPOAYKTHI
C HCIoJIb30BaHueM BeicOkuX TexHosoruii / The ability to produce
material products using high technologies

14. CiocoGHOCTH K MPEACTABICHUIO PEIIEHHUS B KOHEYHOM BHIE /
The ability to represent a solution in a finite form.

15. CiocoGHOCTh OTpeAesaTh TCHASHIIMH pa3BUTHS 00beKTa /
The ability to determine the development trends of the object
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Kakx BugHO M3 TaOIMIBI, OHA HOMOJ-
HUTEIBHO BKIIOYAET cojepkanue 3D-mo-
nenupoBanusa, AT, U3TOTOBIEHUS MaTe-
pUaIbHOTO MHHOBALIMOHHOTO MPOJYKTa
B BHUJE HU3JENUs, €ro0 TUPAXUPOBAHUE
u ux arpubyToB. B oCHOBe ero mpoekTu-
POBaHUS TOJIOKEHA WHTETpaIus TeOpeTH-
YeCKUX 3HAHWW M MPaKTHIECKUX HABBHIKOB
nonyuenus HUII ¢ npakTukoi mostyueHus
MMII Ha ocHOBE aAINTUBHBIX TEXHOJIOTHM,
C HMCTIOJIb30BAHUEM IPUHITUIIOB TCHEPaTH-
3anuu, cTpykrypusanuu, MIIC u enuHcTBa
(hyHIIaMEHTAIBHOCTHU U TTPO(ECCUOHATLHOM
HaIpaBJICHHOCTH.

B ocHOBY mpoekTHpOBaHUs MpoIleC-
CyaJbHO-TEXHOJOTHYECKOTO KOMIIOHEHTA
MOJIEJH TTOJIOKEHA HHTETPaIlnsl HECKOIBKAX
oOacreli 3HAHWH (TTearOTHKY, HHHOBATHKH,
aIIATUBHBIX TexHonorwui, 3D-moxenupo-
BaHUA # Jp.). OH TPaJIUIIMOHHO BKJIIOYAET
METO/bI, POPMBI U CPENICTBA OOyUEHHS, TIea-
TOrMYECKHE TEXHOJIIOTUU O0YUCHHUS, a TAKIKE
BBICOKOTEXHOJIOTHYHEIC Cpe/ICTBa 00yUCHUS
[28]. DTO mO3BOJIAET BOBIEKATh CTYACHTOB
BO BCE€ 3Tallbl HHHOBAIIMOHHOTO IHKJIa
(Tabm. 1). DTOT KOMIIOHEHT pean3yeTcs
B LleHTpe mpoekTrpoBaHUS 1 OBICTPOTO MPO-
torunupoBanu «Panua-Ilpo», cozmanHoM
B MI'Y um. H. I1. Orapesa. Bce ¢popmel 3ans-
TU 1O BbILIEYKAa3aHHOW AUCUUTIIMHE HOCST
HCCIIEAOBATEIHLCKUI XapaKTep U MOCTPOCHEI
Ha UCIOJIb30BAaHUU 3JEKTPOHHBIX PECYPCOB
rno0anbHOU ceTu MHTEepHET, 000pynoBaHUSL
Lentpa, mporpaMMHBIX I'padUUECKUX pe-
TakTopoB. CaMOCTOSTENHHO BBITIONHSS 33/1a-
HUS, CTYICHTHI HE TOJBKO TITyOXKe U MOJTHEE
OBIIQJICBAIOT 3HAHUAMHU 3D-TEXHOIOTHH, HO
¥ IPpHOOPETAIOT YMEHUS B IPOCKTHPOBAHIH
u cozgann CAD Mopenei, a cie10BaTelIbHO,
" oBllaJieBaroT KomrmoneHTamu KM/,

PeduexcuBHO-TMAarHOCTUYECKUA KOM-
MMOHEHT MOJICIHU TMPEACTaBIseTCs pa3pado-
TaHHOUM aBTOpaMu METOAUKOHN MOABEACHUS
WUTOTOB IMEAAaroru4ecKoro 3KCIepUMEHTa
Y TIPE/IIToNaraeT JUarHOCTHKY U CaMOTHarHo-
CTUKY ypoBHs chopmupoBanHoctn KNUN/J|
1 peain3yeTcs uepes CUCTeMy 3aaanuii [29].

DTOT KOMIIOHEHT OBLI peaam30BaH
B paMKax MpOBeACHMs 00ydarolero sramna
MeJaroruYeCKOTO AKCIIEPUMEHTA, B XOJE
KOTOpPOTO CpaBHHBajach 3p(HEeKTUBHOCTH
¢opmupoBanust komnonentos KN no
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U nocie o0ydeHUss MaruCTPaHTOB JHUCIIH-
inHe « TeXHOIOTUN U CpeAcTBa OBICTPOTO
MPOTOTUIUPOBAHMS B MAIIMHOCTPOECHUM».
Ero pe3ynbrarsl npeacTaBiaeHsl Ha puc. 2.

1

— )
S= 0,
§=10,07 14

13
12

11
10

. — 110 oGyuenwmst / before training
I:I — nocie oGyuenms / after training

P u c. 2. [luarpaMmma U3MEHEHUS CPEAHETO I1OKa-
3arens KUNU/ (na pucynke uuppamMu 0603HaYCHBI
xomnonenTs! KMNJT)

F i g. 2. Diagram showing the change average
competence in innovative engineering activities (in
figure shows the components of the competence in

innovative engineering activities using digits)

KonnuectBennas orieHka ypoBHs cop-
MHUPOBAaHHOCTH Y CTYACHTOB KOMIIOHCHTOB
KHUNJ onpenensiack no cpeaHeMy NOKa-
3aTeII0 JUHAMHYECKUX psAnoB C, BEIYUCIIS-
eMoMy 1o opMyIIe:

C=(a+2b+3c)/ 100,

rae a, b, ¢ — yAenabHBIA BEC CTYJCHTOB
UMEIOMUX COOTBETCTBEHHO HU3KUU (1),
cpennuii (2) u Beicokuii (3) ypoBeHb NOJ-
roToBkH, %.

[Tokazarens Temma pocra (K) mo Kax-
noMy komnoHeHTy MU]I Bbluncasics no

bopmyne:
K=C,/C,

Tae Cﬁ u C,, — COOTBETCTBEHHO 3HAYCHHE
ToKaszaTesieH 0o M nocie dKCIepuMeHTa.

N3 nuarpammbl (HymMmepamus KaxIou
OCH COOTBETCTBYET HyMEpaIllMi KOMIICTCH-
uuu B Tabnune 1) BumaHO, YTO:

1) ypoBeHb BlIaZieHHs CTYIEHTaMH BCEMU
KOMITETCHIIUAMU MPAKTUYECKU OJIUHAKOB;

2) 10 CpaBHEHUIO CO 3HAUCHUSIMU MTOKA-
3arens C 1o skcriepuMenTa (B cpeqaeM C =
2,5) Mo BCeM KOMIIETECHIUSAM y CTYICHTOB
MTOCJIE SKCIIEPUMEHTA OH BHIPOC JI0 CPETHETO
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3nHaueHus C = 2,9. Ha onucanHoii guarpam-
M€ TPUBEACHBI 3HAUeHUs Kod(duireHTa
Temna pocra (K, = 27 %), cTenenu moi-
Hotel hopmuposanus KUWU/ (11, = 94 %),
ko3 uuueHTa HepaBHOMEPHOCTH (op-
MupoBaHUs komnereHnui (6 = 0,07), mox-
TBEpXKAAIOLINe BHICOKYIO 3((HEKTUBHOCTD
peanu3anuy CUCTEMBI.

3aBepiuast 3TOT pas3nes, OTMETUM, 4YTO
pa3paboTaHHas ¥ MpeCcTaBIeHHAs MTeJaro-
TUYecKas MOJIENb, IBIASICH HEOTheMIEMOI
YacThIO METOJUYECKOI CHCTEMBI ITOATOTOB-
KU CTYIEHTOB TEXHMYECKUX yHUBEpPCHUTE-
ToB kK MIJ[ HAa OCHOBE BOBJICUECHUS UX BO
BCE 3Tanbl MHHOBAaMOHHOTO Iukia MW/
B IIporiecce 00ydeHHs aJAUTUBHBIM TEXHO-
JOTUAM, HaIJISIAHO JEMOHCTPHUPYET €IHH-
CTBO U B3aUMOJACHCTBUE €€ KOMIIOHECHTOB.
OnucanHasl CTPYKTypa COIEP>KATEIbHOTO
KOMITOHEHTa (pHc. 1) HIUTIOCTpHUPYET BOBIIE-
yeHue 00ydJarnuxcs B MPOIecce ayauTop-
HOTO U3Y4YeHUS TUCIUIUINHBI « TeXHOJIOT I
U cpeCcTBa OBICTPOTO MPOTOTUIIHPOBAHHMSI
BO BCE€ 3Tallbl MHHOBALIMOHHOTO IHMKJIA
UNJ1, peanusys MHTErpaluo TeOpeTUYE-
CKOTO W TpakTtudeckoro obydenus M.
Bricokas adpdexTuBHOCTh Takoro oOyde-
HHUS MOATBEPXKAAETCSH CTATUCTUYECKUMU
JTAHHBIMU ITeIarOTHYeCcKOro HKCIIEpUMEHTa
OpPTraHM30BaHHOTO B paMKax pe(IeKCUBHO-
JIMarHOCTHYECKOTO KOMIIOHEHTa MOJIEIH.

O6cy:x1eHue U 3aKJII0YEeHUs

OnucaHHBIE B CTaTb€ HMCCIEAOBAHUS
MO3BOJIMIN TEOPETHYECKH 0OOCHOBATH,
CO3/1aTh U pean30BaTh HOBYIO A pekTus-
HYI0 METOJHYECKYI CUCTEMY O0ydeHHS
CTyIeHTOB TexHu4Yeckux By30B UM JI. OHa
obecredynBaeT BOBJICUCHHE 00YUJarOIIIXCS
BO BCE dTalbl HHHOBAIlMOHHOTO LUKJa
NJI ¢ nonyyeHrueM MaTepuajlbHOIO UHHO-
BallMOHHOTO MPOJYyKTa — M3TOTOBJIEHHE
(nedats Ha 3D-npUHTEpE) HA OCHOBE CUH-
TE€3MPOBAHHOTO HOBOTO PEUIEHUS, CIIPOEK-
THPOBAHHOTO M CMOJICTUPOBAHHOTO WMU
n37enusl B TEUCHUE U3YyUYEHHS y4eOHOTO
Kypca BO BpeMs ayAUTOPHBIX 3aHATHI. DTO
3HAYUTEIbHO MOBHIMAET d)PEKTHBHOCTH
MoJAroToBku cTyaeHToB k MNJI, mockonbky
obecrmeunBaeT pean3auio MK TUCITUTLIH-
HapHOIO MOAX0/a K 00y4eHHUI0 U HHTEerpa-
LU0 TEOPETUUECKOTO M MPAKTUYECKOTO

ACADEMIC INTEGRATION

00yueHMS MHHOBAITMOHHOH JIESTEIHHOCTH,
YTO MOJATBEPKAACTCS KOJIUYESCTBEHHBIMHU
pe3yibpraTaMy NeJaroru4ecKoro dKCIepH-
MEHTa: CTaOUIBLHOCTHIO YPOBHEH BIaICHUS
CTyIEHTaMHU Pa3JUYHBIMU KOMIIOHEHTaAMHU
KHUUNI, pocToM cpeaHero 3HaueHus moka-
3arens C, a st OTAEIBHBIX KOMIIOHEHTOB
MaKCUMaJIbHOTO 3HAYeHUS PAaBHOTO 3 TpHU
ko3 dunnenre remna pocra K = 27 %
U CTeTIeHH OJTHOTHI hopmupoBanust KN J|
11, =94 %.

B Hacrtosmee BpeMs B By3e Mpoaodi-
JKarOTCsl HadaThle WCCIIEAOBAaHUS, HANIPAB-
JIGHHBIE Ha MOUWCK HOBBIX METOJOB U TEX-
HOJOTHH, 00€CIeUnBaOIINX MOBBINICHUE
3 (HEeKTUBHOCTH MOJNTOTOBKH CTYICHTOB
k U]l u nepexaukamuuecs ¢ NociaeIHu-
MH 33/1adaMy YHUBEPCUTETA B pean3ainu
CTparerun Hay4YHO-TEXHOJOTHUECKOTO
pa3Butus P® u HanuonanbHOW TEXHO-
JOTMYEeCKOW MHUIMATUBBI. B yacTHOCTH,
9TO TEXHOJOTHUU Ha OCHOBE BCTPaWBaHUSI
B 0a30BbIC JUCIUIIIMHBI THOKOTO yueo-
HOTO MOAYJS TEOPETUUYECKOU MOATOTOBKHU
k UN/; BcTtpauBaHnus B 6a3oBble IHC-
LUUIJIUHBL MOAYAS MPAaKTUYECKOU mon-
rotoBku k MUJI; oOyueHus momydeHUro
MMUII npu n3ydyeHUH aaAUTUBHBIX TEXHO-
nmoruii [29]; pa3pabaTeiBaeTCS METOIHYE-
ckas cucrtema obydenus MNJ], B ocHOBY
KOTOPOM IMOJOXKEHA mapagurma o ToM,
«...9TO TIaBHBIM MHHOBAI[HOHHBIM IPO-
JIYKTOM By3a SIBJISIETCS BOCTPEOOBaHHBIN
NPEeANPUITUIME U OOIIECTBOM B IIEJIOM
00pa30BaHHBIM MHTEIICKTYaJbHBIA Yelo-
BEUYECKUM KanuTam» [24].

B pamkax BBINIONTHEHHOTO HCCIENO-
BaHUS TOJNYYEHBl BaXXHBIE MPAKTHUECKUE
pe3ynbTaThl, CpeIu KOTOPBIX MpOTpaM-
Ma oOydeHus nucruruinae « TexHomoruu
U CpelCTBa OBICTPOTO MPOTOTUIIUPOBAHUS
B MaIlTHHOCTPOCHUW ; METOANKH 00y ICHUS
3D-MoaenupoBaHuI0, aITUTUBHEIM TEXHO-
JOTUSIM, OBICTPOMY HPOTOTHIIHPOBAHUIO,
JTUTHIO B CUIIMKOHOBBIE (DOPMBI H JIp. ITO
MMO3BOJIUT B OnmkaiimeM Oyaymiem pas-
paboraTh W peann3oBaTh MAarucCTEPCKYIO
nporpamMmmy «MHHOBaTHKa. AJIIUTHBHBIE
TEXHOJOTUHA W HOBBIE MaTEpHAJbl», 4TO
0o0ecrmeynuT moATOTOBKY KaapoB JJIsl MH-
HOBAIIMOHHOTO BBICOKOTEXHOJOTHYHOTO
MPOU3BOJCTBA MIECTOTO0 TEXHOJOTHUYE-
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CKOTO YyKJaJia, TeCHO MEepPeKINKAIOIIErocs
C COIMANIbHBIMH TIOTPEOHOCTSMU OOIIECTRA.

Oco0eHHOCTBIO MTpeAsiaraeMoi CTaThu
SABJISIETCSI TO 0OCTOATENBCTBO, UTO B HEH
BIEpBBHIE NpEIJIOXKEHA M YCHEIIHO pea-
NU30BaHA UHTETPAIUs TEOPETUUECKOTO
u mpaktudeckoro odyuenus UNJ] u mex-
IVCIUTUTHHAPHAS HHTETPAINS PA3IIHIHBIX
oTpacieil HayKH B peajJbHOM y4eOHOM
nponecce, 4YTo CyHIeCTBEHHO MOBBINIAET
3(p(HEeKTUBHOCTh MOATOTOBKH CTYICHTOB
k UN]JI. Onucanneie B paboTe METOABI

W TOAXOJBI C BEICOKOW CTETIEHBIO BOCIPO-
WU3BOAMMOCTH MOTYT OBITh pealn30BaHBI
B JIpYTHX By3aX CTpaHbl. DTO 0COOCHHO
BaXKHO TIPHU Mepexoje K HUPPOBOH IKOHO-
MHUKE CTpaHBl, TaK KaKk ONMHCAaHHBIE B pa-
00Te ¥ 3a7efICTBOBaHHBIEC B IIPOM3BOJICTBE
WHHOBAIMOHHBIX MPOJYKTOB a/IIUTUBHBIC
TEXHOJIOTHH SIBIISIIOTCS] OJIHUMH M3 OCHOB-
HBIX TEXHOJOTHH SKOHOMHUKH OyayHIeTo,
U MOTpeOHOCTh B (OPMHUPOBAHUHU Y CTY-
JEHTOB KOMIIETEHIIUH BIaACHUS UMU OyleT
TOJIBKO BO3PAacTaTh.
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