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AHHOTaumA

MogepHu3aupa Bbicero o6pasoBaHMsA OTKPbLIBAET nep-
CNEKTMBbI MCNO/Ib30BAHWUA TEXHONOMMIA 06PaboTKM Tpexmep-
HbIX rpadnUecKnx U306pakeHn Npn 0by4eHUN BbICOKOKBA-
NIMOULMPOBAHHbBIX CMNELMANUCTOB B COOTBETCTBUM C BbI30-
BaMu byayLiero. MHpopmaLmoHHoe B3aMmogeiictaue ¢ 3D-
MOAENAMM 06MafaeT AUMOAKTUYECKMM MOTEHLMAZIOM ANA
dopmmpoBaHusa BocTpeboBaHHbIX soft skills (kpeaTnBHOCTL
MbILLIEHMS, YyMEHME paboTaTb B KOMAHAE, ONbIT yrpaBieHua
NPOEKTaMM) 1 NOBbILIEHNA KAYeCcTBa NOArOTOBKM HACTaBHW-
KOB LIMPPOBOI WKOAbI. Lienb nccneaosaHWA — BbIABUTL OCO-
6EHHOCTU Pa3BUTUA HAaBbIKOB KOMaHAHOM PaboTbl ByayLLmMx
nesaroros cpegctsamu 3D-TexHonorMu. Beaylumin metos, —
KOMMNbIOTEPHOE  MOZENMPOBAHME WHCTPYMEHTaMKM  Mpo-
rpammbl Vectary, B Xofie KOTOPOro MO/1b30BaTeNIM CO34at0T
MPOEKTbl HenocpeacTBeHHO B Beb-bpaysepe. HayyHas Ho-
BM3HA: O0DOOCHOBbIBAEeTCA  MOTEHUMAN  MCNOJ/Ib30BaHWA
3D-cpeacTB 4R Pa3BUTMA HABbIKOB KOMaHAHOW paboTbl
obyuatowmxca. TeopeTnyeckan 3HaYMMOCTb — BbIIBAIEHHbIE
BO3MOXHOCTM TEXHOI0MUIA 06PabOoTKM TpexmepHo rpadukm
YTOYHAKOTCA NPUMEHUTE/IBHO K NMOATOTOBKE CTYAEHTOB Nesa-
FOrMYECcKMX cneLpmasbHOCTEN U UX TPYNNOBOM AEATENbHOCTU.
3apelictBoBaHO 74 bakanaBpa QaKy/nbTeTa Nefarorku u
ncuxosiormm  BATCKOro  rocyapCTBEHHOMO  YHUBEpPCUTETA.
Hanpasnenne nogrotosku — 44.03.05 Meaarornyeckoe o6-
pasoBaHue, npodman «Pusmka n MHpopmaTmka», «buono-
A W aHITIMACKUM A3bIK», « PYCCKUIA A3bIK M inTepaTypa». Ans
[OMArHOCTMKM YPOBHA KOMAHA006pa3oBaHNA UCNO/b3yeTcs
MeToamKa Jlopbl CTak. B pesynbTratax MccnefoBaHus npes-
CTaBfieHbl Maen npumeHeHnsa Vectary ons passBuTUA Hasbl-
KOB KOMaHAHOW paboTbl CTYAEHTOB B pamkax «TeopeTunde-
CKOro», «AHanuUTU4eckoroy, «MpakTuyeckoroy», «Metoguye-
cKoro», «JleMoHCTpaLMOHHOro» 3TanoB npu paboTte Hag,
rpynnoBbiMM BUPTYanbHbIMK 3D-npoektamu. MosiydeHHble
pesynbTaTbl — OCHOBa AN COBEPLUEHCTBOBAHMA MPOrPaMm
NOArOTOBKM ByAyLIMX yunuTeNen-npeaMeTHUKOB B KOHTEKCTE
npuoputetoB MHayctpumn 5.0. Mpaktnyeckaa 3HaYMMOCTb:
onpeaeneHbl GakTopbl, BAMAOLWME Ha SPGEKTUBHOCTL Npu-
MeHeHUA cpeacTB 3D-TeXHONOMMI ANa PasBUTMSA HABbIKOB
KOMaHAHOM paboTbl HAaCTaBHMKOB LMPPOBOM LIKOAbI: CTe-
neHb AeTaNbHOCTM NPOPAbOTKM MHCTPYKUMI; UMeroLwmiica
onbIT paboTbl Nosb30BaTeNen CO cpeacTBamm 0b6paboTKm
TPEXMEPHbIX M306PAXKEHMI M KauecTBO paHee YCBOEHHOTO
MaTepuana no NpeaLecTByoLWUM AUCUMNINHAM; MHTEPECHI
6yayLwmx cneumanmcToB B BblbpaHHOM 0bnacTu; onbIT yya-
CTUA B KOMAHAHbIX NPOEKTax. B 3akntoueHMn coopmynmpo-
BaHbl 0COBEHHOCTN KOMaHZHOM paboTbl Hag 3D-moaensamu:
noaAep:KKa rpynnowv OTAEbHOIO YY4acTHUKA B MPUHATUM He-
OPAMHAPHBIX PELIEHN; YCKOPEHME JIMYHOTO M OpraHM3aLm-
OHHOFO POCTA; CHUMKEHWNE TPEBOMKHOCTU U BbIFOPaHUA.

Kniouesble cnoBa

MHPOPMaLMOHHOE MOLENMPOBAHME, OHMANH-CEPBUC,
negarormyeckoe obpasoBaHMe, HACTaBHUK uUudppoBon
LIKO/bI, rpynnoBas paboTta Hag npoekTom, Vectary

bnaropgapHoctu

ABTOpbI BblparkatoT 6narogapHoctb PIEOY BO «BATCKMIA
rocy4apCTBEHHbI YHMBEPCUTET» 3a NOALEPKKY Neaaro-
FMYECKUX MHULMATUB U aKTUBHOE npumeHeHue 3D-Tex-
HO/I0TMI B 0BYyYeHUN.
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Abstract

The modernization of higher education opens up pro-
spects for the use of three-dimensional graphic image
processing technologies in the training of highly qualified
specialists in accordance with the challenges of the fu-
ture. Informational interaction with 3D models has di-
dactic potential for the formation of demanded soft skills
(creative thinking, ability to work in a team, project man-
agement experience) and improving the quality of train-
ing of digital school instructors. The aim of the study is to
identify the specific features of the teamwork skills de-
velopment among student teachers using 3D technology.
The leading method is computer modeling using the tools
of the Vectary program, when users create projects di-
rectly in a web browser. Scientific novelty: the potential
of using 3D tools to develop students' teamwork skills is
substantiated. Theoretical significance — the identified
potentials of three-dimensional graphics processing tech-
nologies are clarified in relation to the training of student
teachers and their group activities. 74 bachelors of the
Faculty of Pedagogy and Psychology of Vyatka State Uni-
versity are involved. The area of training is Pedagogical
Education 03.44.05, specialization "Physics and Com-
puter Science", "Biology and English", "Russian language
and Literature". Laura Stack's method is used to diagnose
the level of team building. The results of the study pre-
sent the ideas of using Vectary to develop students'
teamwork skills in the framework of the "Theoretical",
"Analytical", "Practical", "Methodological", and "Demon-
stration" stages when working on 3D virtual group pro-
jects. The results obtained are the basis for improving the
training programs for preservice subject teachers in the
context of the priorities of Industry 5.0. Practical signifi-
cance — the factors influencing the effectiveness of the
use of 3D technologies for the development of teamwork
skills of digital school instructors have been identified:
the degree of details in working out instructions; the ex-
isting user experience with three-dimensional image pro-
cessing tools and the quality of previously learned mate-
rial in previous disciplines; the interests of future special-
ists in the chosen field; the experience of participating in
team projects. In conclusion, the specific features of
teamwork on 3D models are formulated: group support
for an individual participant in making extraordinary de-
cisions; acceleration of personal and organizational
growth; reduction of anxiety and burnout.

Key words

information modeling, online service, teacher education,
digital school instructor, group work on a project, Vectary
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Beenenne / Introduction

AKXTyaJIbHOCTB ITpeJICTaBJIeHHOI'O VCC/IeNOBaHVIsl 00y CJI0BIIeHa CIIey FOIMY (PaKTOpaMIL:

1-11 dpaxTop. B maTepuasnax noxiaga sxcriepros FOHECKO “Reimagining Our Futures
Together: A New Social Contract for Education” comep>xaTcs BbIBOIBI 0 HEOOXOAMMOCTHU
MIpOBeleHVIs JOIOJTHUTEeIbHBIX IeVICTBI 110 YKPeIUIeHNIO MeXXTyHapOoIHOIO COTpyAHIYe-
cTBa B cpepe obpaszosanms [1]. DTo Heobxomymo, o BeiBogaM C. KapHm, 111 Toro 4ToObl
HapacTUTb II00AIBHYIO MCCIIeOBaTeIbCKYIO MOIIIb, aKTUBV3POBAaTh BO3MOXKHOCT UeJIo-
BeUecTBa IIperioaraTk Oyayinye n3MeHeHNs 1 OIlepaTBHO Ha HYIX pearnposars [2].

Ha maTdopmax MexmyHapogHOro SKOHOMIYECKOro popyMa OTMeuaeTCs], YTO I
co3maHMs CWIBHOW 3KOHOMMKM oOmectsa Oynmytrero (T. e. Vamyctpum 5.0), cnocoOHOM
Hof/Iep>XX1BaTh IIpoIBeTaHNe 1 POCT, IOJDKHA OBITh Oojlee TecHas Kojulaboparys Mexay
MIPaBUTEILCTBOM, OV3HECOM 1 OpraHM3alMsAMM, VHUIIMVPYIOMIVIMY VMHHOBAIIVIOHHBIE 00-
pasoBaresibHbIe IIPaKTUKM [3].

Cpeny HOBBIX COLIVMIOJIOIMYECKMX, SKOHOMIUECKMX Y TeXHOJIOTMYeCKVX TeHIeHIINT],
KapOVHAIIBHO M3MeHSIommx cdepy oOpasoBaHms B poccuiickmx Bysax, [. I1. Ananbus,
A. IO. CyBupoBa BBIIeISIOT MCKYCcCcTBEHHBI MHTEIUTEKT, AR/ VR, 3D-Texnonorvm [4]. ITox,
3TV HaIIpaBJIeHN U crcTeMe 0Opa3oBaHVs B 11€JI0OM, ¥ OTAEJIbHBIM YIaCTHMKAM AVAaKTH-
4eCcKOro B3aVMOJIEVICTBUS CJleflyeT OIlepaTUBHO IepecTpanBaThcsd. B yacTHOCTH, coriacHO
BbIBOZIaM, 03ByueHHBbIM Ha World Economic Forum’s Future of Jobs - 2023, BocTpeboBan-
HBIM ITpodeccroHaIaM OyayIIero moTpedyoTcs HaBbIKM, COCTABIISAIONIVIE OCHOBY [5]:

1) >MOIMOHAIBHOIO MHTeJUIeKTa, COBMECTHOM [IeSITeJIbHOCTY ¥ PabOTHI Hall IIpOeK-
tamm. Harpumep, ciocoOHOCTM /TampoBaTh 1 IPMHMMATD PeIleHs], OKa3bIBaTh BIIVISHIIE
Ha KOJUIEKTVB; IPYIIIOBOE MBIITUIEHE; TI0003HATEIBHOCTE;

2) BBIUMCIIUTEIIFHOTO MBIITUIEHNS, IIM(POBOV IPaMOTHOCTL.

2-m1 daxTop. DopMUpOBaHNE TEXHOJIOIMYECKOV IPaMOTHOCTY (MJIVI COOTBETCTBYIO-
VX I POBEIX HABBIKOB Ha YPOBHe HIKO0JIBI), 110 BeiBogaM M. Kitement, K. baprek, mporvic-
xoauT 3 deKTMBHO IIpu IOMOIIM cpeacTs 3D-Mopenposanmus [6]. PakTruecKy MaHUITY-
mvposaHue B 3D-cpefiax moMoraeT IIIKOJIbHMKAM ITOJIyYUTh OIBIT VCCIIeI0BaTeIbCKOV pa-
OOTBI TI0 HECKOJIBKMM AVCLMUIUIMHAM. DTO 00yciIosimBaeT, corstacHo H. A. bymveresors,
H. 1. Ucynosowz, E. A. Mamaesorz, E. B. XapymkeBov1, HeOOXOOMMOCTh y4deTa Ie1aroraMin
111 POBOV IITKOJIbI BO3HMKAOIIVIX HOBBIX TEXHOJIOIMVA C 1IeJIBIO VX IOCIIeAYIOIero MeTOo M-
4JecKy BBIBEpeHHOI'O BHeIpeH!s B 00pa3oBaTe/IbHBbIN IIporiecc [7].

3-11 pakTop. ['pyrma yuensix rop srmmont MuctutyTa o6pasosanms HITY BILD n nmpnu
rofyiepxke OarorsopuresibHoro dponma Coepbanka «Bxitan B Oymyliiee» mpescTasiia pe-
3yJIbTaTHI JIeATeJIbHOCTY 110 MICCIIeJOBaHMIO HaIlpaBJIeHNI IIOATOTOBKM CIIeIaIVICTOB pas-
maHbIX mpodeccuit [8]. VlcciemoBaTe 0TMeYarOT, YTO MHOTHE 3 OCHOBHBIX (TEKYIIIVIX)
HaBBIKOB COTPYAHMKOB OylyT yTpadeHbl. DTO 00yCIIOBIEHO TeM, YTO TeXHOJIOT MY Pa3BuBa-
I0TCsL ObICTpee, yeM KOMIIaHWMM YCIIeBalOT pa3pabaTbiBaTh M MaclITaOMpoBaTh CBOU IIPO-
rpaMMbl OOy4deHMs. B cBsI31 ¢ 3TVIM BO3HMKaeT 00beKTVBHas HeOOXOAMMOCTbD B Ileflarorax:

— BJIA[IEIOIIVIX COBpeMeHHBIMI TeXHOJIOT MMM (B YacTHOCTH, 3D-MomenpoBaHueMm);

— CIIOCOOHBIX K KaJuI000Opaluy, yIrpaBIeHNIO KOJUIeKTYBaMM JIIOLET.

Bosee Toro, kak ormMeueHo paHee B ucciteosanmu E. B. Coboresor, T. H. Cysoposoiz,
M. 0. Yynpakosa, V. FO. Xj106pIcTOBOVI, MHOTME 113 COBpEMEHHBIX LN POBBIX CPELCTB, B
YaCcTHOCTV CEPBUCHI TeMMMKaIy, 00IagaloT HOTeHIIVaIOM [IJIS Pa3BUTIS HAaBBIKOB COB-
MecTHOM pAesiteribHOCTU [9]. B ykasaHHOM paboTe aBTOPBI YTOUHSIOT 3TOT IIOTEHIIMAI
VIMEHHO [IJIs1 IIOATOTOBKY CTYA€HTOB ITeJarOrM4YecKIX CIlelaIbHOCTeL. Y ueHble IIPUBOISAT
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HpUMepPBbl MEeTOAMYECKNX pa3pabOTOK B KOHTeKCTe OCOOeHHOCTeVl OyAyIIyX TPyHOBBIX
pyHKIIMTI HACTaBHMKOB (y4nTeIeN-IIpeIMeTHIKOB) 1I1{POBOV IIKOJIBL.

IToxoxwue npaen cpopmyrmposassl B padote D. Pepenrr, P. Hemer, b. Pupysa [10].
ABTOpPBI 000CHOBBIBAIOT, UTO I (POPMIMPOBaHIS HaBBIKOB KOMaHIHOM paboTH y 00y4a-
IOIIVIXCS CYIIIeCTByeT MHOXECTBO COBpeMeHHBIX AVUIAKTUYEeCKX CPeCTB 1 PecypcoB, CIIO-
COOHBIX CO3/1aTh JIOIOJIHUTEIIbHBIE YCIIOBYA IS aKTUBM3alMM IT03HaHVA 1 MoTvBaumm. Ho
VIMEHHO B3y asIbHbIV 3D-0IBIT Ha OCHOBe reM1ULIPOBaHHOTO Mypa 00pa3oBaTeIbHOIO
HasHa4YeHMs II03BOJIsIeT O0ecrIeunTh OOYYaroIIMMCs IIOJIHOe MOrpykKeHue B IpoekT. U
KpOMe TOT0, HOIeP>XXMBaTh BBICOKIV YPOBeHb JleTaIn3alum mcciIeqyeMoro oobexra. On-
HaKO OCHOBHOW aKIIeHT B COBpeMeHHBIX Hay4YHBIX VCC/Ie[IOBaHNAX, KaK, HallpuMep, B pa-
6orte H. AGyanbxuep, M. lllacdux, A. Payd, H. Anpinterix, sto nmpumMenenne 3D-monenmpo-
BaHM U1 TIOJITOTOBKM CIIELIMaINCTOB cpephbl CTPOUTEILCTBA, apXUTEKTYPhl, MEIUIIMHEI
[11]. Vi, uto npogeMoHcTpuposaro C. Copoyp, M. A3us, BKIIIOUeHMe TPeXMepPHOIro MO-
HeIMpoBaHMs B oOydyeHMe Iearoros IOAAepXiMBaeT pasBUTHE MX IIPOCTPAHCTBEHHOTO
MBIIIUTEHVIS VI TIOJTy YeH e OIIbITa Bu3yamsanyn [12].

VTaK, c omHOVI CTOPOHBI, HaBBIKM PaOOThI ¢ MTHHOBALVIOHHBIMI TEXHOJIOTVISIMVI, OITBIT
Kojutabopaumn 1 yrpassieHvst 3D-IipoekTaMm - BaXKHbIe YHVBEPCATbHBIE HAaBBIKM [T BOC-
TpeOOBaHHBIX HACTAaBHMKOB 1y poBort mKojIbl. C gpyrovt ctoponsl, 1 3D-MoneniposaHme
KaK BUJI, IesITeJIbHOCTY 00J1ajiaeT IMaaKTNIecKM IIOTeHIIMaJIoM B IUIaHe pa3BUTV HaBbl-
KOB KOMaH/IHOVI paOoThl. I'mmoTesa ncciienoBaHms: BKIIOUeHMe 3jleMeHToB 3D-Momernpo-
BaHMs B IIOTOTOBKY CTYAEHTOB IlelarorMuecKux CIielyaabHOCTell obecrieunT JOIOoIHN-
TeJIbHbIe YCIIOBVS ISl Pa3BUTHUS Y HUX BOCTpeOOBaHHBIX HAaBBIKOB PaOOTHI B KOMaHJIe.

Llere pabOTHI — BBIIBUTH OCOOEHHOCTY Pa3BUTVL HABBIKOB KOMaHIHOM paboTe y Oy-
AyIIVIX Hearoros cpeacrsamu 3D-Texnonormm.

3agaun McCIemoBaHVIS:

—  YTOYHUTH IpoOJIeMbl IpUMeHeHMs cpeAcTs 3D-MonempoBaHms IIpy 0OydeHmm
I1e/1aroroB I POBOTI IIIKOJIBL;

—  ommcaTh BapMaHTbI OpraHM3aly KOMaHIHOV paOoThI CTyIeHToB 1o 3D-monenn-
POBaHMUIO C yYETOM CIelPVUKN MX IOATOTOBKY;

—  BBIABUTH (PaKTOPHI, BIIVSIONIVIE Ha KauecTBO IIpMMeHeHMs cpencTs 3D-Monerpo-
BaHM, 11 POpMMUpPOBaHN HaBBIKOB KOJUIabopaiyy y OyayImx e1aroros;

—  9KCIepUMeHTaJIbHO IPOoBepuUTh 3PPeKTUBHOCTE IpelaraeMoro BapuaHTa aes-
TeJIbHOCTY 110 3D-MoperpoBaHMIo.

O0630p nureparypsl / Literature review

BeiBompl yuensix Centre for the New Economy and Society moarsepxiator, uro co-
BpeMeHHble I POBble TEXHOJIOIMIM Pa3BMBAIOTCS HACTOJIBKO CTPEMUTEIbHO, YTO Ha Jie-
TaJIbHYIO OLIeHKY BceX 3peKTOB M IOCIIe[ICTBUI VX BHeIpeHMs IIPOCTO He XBaTaeT Bpe-
Menn [13]. C. Honmesnep, I1. demupuoriy, V. borpexun, I'. bac, H. Japykbaca 3axo-
uaioT, yto VIHgyctpusa 5.0 3HaMeHyeT coOoV IHIMpOKOMacIITabHyIO TpaHcOpMaluio B
IIPOMBIIIUIEHHOM CeKTOpe, 0OyCIIOBIIEHHYIO MHTerpaliyelt epegoBbIX TEXHOIOTUI B IIPO-
VI3BOJICTBEHHBIE ITpoIiecchl [14]. ABTOPBI apryMeHTMPYIOT, YTO HEIOCTAaTOUHBI YPOBEHD
111 POBOVI TPAMOTHOCTH COTPYAHMKOB Ha JIFOOOM YPOBHE CIePXXMBaeT PacKphITHE IIOTeH-
Iyasla OpraHM3alyyl B I1eJIOM. DTV BBIBOABI Ha KOHKPETHOM IIpVIMepe IIPOeKTVPOBaHIS
VHQPOPMAIIVOHHOV MOJIEIIV TPV CO3IaHMM CJI0KHBIX BIM-TIpoeKTOB mpenpms T 1j1d 1ie-
pepaboOTKM TT0JIe3HBIX MCKOoIIaeMbIx oaTsepxkaaeT A. V1. Beperuims [15].
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OnHako, kak obocHoBbIBalOT A. Bakap, C. bekralll, MMeHHO HaBBIKM COTPYIHMUKOB K
paboTe B KOMaH/Ie 3HAYNTEILHO BIIVSIIOT Ha OpTaHM3allIOHHbIe 1 TeXHIUYecKye pellleHNs B
paMkax Hudposon TpaHcdopmarim [16].

B. Cravikuc, P. Bypb6anT 060CHOBBIBAIOT, YTO V¥ BBICOKOKBAIM(PUIIMPOBAHHBIX CIIEIIN-
IVCTOB HeoOXommmo OopMMpOBaTh TaK Has3blBaeMble «VHTerpPUpOBaHHBIE HAaBBIKII»
(Integrated STEM (ISTEM) Skills): crtocoGHOCTM K HellpeprIBHOMY 0OyUeHVIO, MaTeMaTH-
yecKoe VI BBIUMCIINTEIbHOE MBIIIIeHe; MBIIIUIeHVe, HallpaBjleHHOe Ha oDecriedeHuie gesi-
TEJTBHOCTU C TeXHNYeCKnMm oobekTamm [17].

[NepcrieKTMBHBIMU B IUIaHe HOAAEPKKM LM POBLIX MHHOBALIWI 1 IIOATOTOBKM MHXe-
HepoOB, CIOCOOHBIX K IIPOPBIBHBIM OTKpPBITMAM, II0 BbiBomam H. A. Bymimernesor,
H. . Vicynoson, E. A. Mamaeson, E. B. Xapymxeson, ssisgerca 3D-mMonenposaHue n
3D-nieuats [18]. CpopMymmpoBaHHbIe aBTOpaMI BBIBOIBL Pa3BMBAIOT VI MOATBEPXKIAIOT U
X. ITnpcon, A. 1y65 [19]. Yuenste onpenersior, uto 3D-MopemposaHme - HoBast 0Opaso-
BaTesIbHasl TEXHOJIOIMS, KOTOpasi MOAr0TaB/IMBaeT BBIITYCKHVKOB K HOBOMY TeXHOJIOIVJe-
CKV CIPOEKTVPOBaHHOMY MUPY.

M. Kiemenr, K. baprek ormeuarot, uro obiageHne ocHoBamu 3D-MopenmpoBaHMs
CTaHOBUTCH XXM3HEHHOV HeoOXxoamMMocThio. I1o 1x BbIBOIAM CileflyeT, YTO OHO W3 IIPOsiB-
JIeHUV M poBM3aLYL IIPOM3BOICTBA — PacTyIINUI MHTepeC Hay4YHO-IIeJarorm4eckoro co-
obmrectsa x 3D-mopenmposanmio [20]. V1 yka3aHHBI MHTepec Ha IpaKTHKe IIPOSIBIISeTCS B
TOM, uTO paboTa c 3D-MomensiMy CTaHOBUTCS HEOTHEMIIEMOV YacThi0 YUeOHBIX IIPOTPaMM
(TaXke Ha ypOBHe Ha4daIbHOVI IIIKOJIbI). YdeHble OVCBIBAIOT OIIBIT VICIIOJIb30BaHVs MHCTPY-
MEHTOB IIPOrpaMMHOro oOecriedeHvist M1 nedatyt 3D-Momeser, mpoBeeHns MX VICIIBITa-
HVS, aHaJI3a. ABTOPBI IIPEICTABIISIOT VI CIIOCOOBI MOIePHM3ALIMY MOJIesIell B 3aBUCMOCTI
OT pe3yJIbTaTOB VICIIBITAaHMSL.

OnHo 13 I1aBHBIX TeHIEHIIUI B Pa3BUTUM TexHos10rmy 3D-MonenmpoBaHs, 110 Bbl-
BoraM Y. lllymen, siBiisieTcs yBerrdeHme ee gocTymnHocTr [21]. Panee mtst cosmaHmst citox-
HBIX TPEXMEPHBIX O0BEKTOB 11 aHMMAIIMV OT IOJIb30BaTesIell TpeOoBaICh PyHIaMeHTaIb-
Hble TeopeTMUYecKre HaBBIKM ¥ YMeHVe IporpaMMmmposarb. KpoMe Toro, HeoOXommmbl
OBUIV MOIITHBIE KOMITBIOTEPHI U IOPOrOCTOsAIe TporpaMmel. Ho ¢ mossreHnem oHIaliH-
CepBICOB ¥ 0OJIAUHBIX TEXHOJIOTMI Bce OO0JIbIlle paspabOTUYMKOB, 1O BeiBoAaM I'. Mepkas,
3. Bapon Cebuyk, MOI'yT HPOBOAWUTH ITpOEKTHpOBaHWE U MOAeIMpPOBaHUe IngaKTide-
CKOTro HasHaueHMs [22]. DTo Kacaetcs, coryiacHo J1. JIvi 11 coaBT., 11 1eATeJIbHOCTY CTYIeHTOB
C IeJIarorm4ecKmM IpodmsieM IIOAroToBKM [23].

C. Copoyp, M. A3us oTTaJIKMBaIOTCs OT TOT'O, YTO APYTOVI BAXKHOVI Hay YHOVI TeHIEHITVe
ABJIIeTCA yBeJIdeHvie CKOPOCTM 1 IIPOM3BOANUTeIbHOCTH B paboTe ¢ 3D-moperzamu [24]. Hosble
JITOPUTMBI ¥ TeXHVKV ONTVMM3ALUN IO3BOJISIOT paboTaTh ¢ OoJiee CJIOKHBIMM OOBeKTaM U
crieHaMM Oe3 HOTepyt KadecTBa. ABTOPBI OHVICHIBAIOT COBMECTHBIVI IHTEPAKTVBHBIVI OIIBIT O0Y-
yeHsl Iefaroros cpeacrsamy 3D-riepcoHakent (aHMMMpPOBaHHBIX). VccirenoBaHye OITBep-
AVUIO TIOBBIIIIeHVIe YPOBHA Pa3sBUTIA IIPOEKTHOTO MBIIUICHVSI YYaCTHVKOB B3aVIMOJIEVICTBIS.
DTV BBIBOAIBI CXOXKM € 3aKyoueHvsiMy, niostydeHHbMY Y. X. Yanr, FO. JIvH, o aupakTiaeckoM
MOTeHIIMasle MOe/V IIpoOIeMHOro oOydeHnst Ha ocHOBe 3D-UTphl B IUIaHe MOTMBALIUN CTY-
JIeHTOB ¥ IIOBBIIIIEHN VX YAOBIIeTBOpeHHOCTM 00ydeHveM [25]. ABTOpbI 0OOCHOBBIBAIOT 3Ha-
4JyTesIbHOe II0JIOKUTeIIbHOe BivisiHve 3D-MomermpoBaHyd Ha IIOBBIIIEHVIe YCIIeBAEMOCTV VI
HOJIyYeHVe yIOBJIeTBOPEHHOCTY OT IIPU3HaHA Tpyda.

M. C. Mapmxmn, H. Y. lepacuzn, A. Mycraamasl apryMeHTUPYIOT, UTO COBPeMeHHBIV
CHeIMaJIVCT HOJDKeH MMeTh CPOPMUPOBAHHBIN HAaBBIK BU3YaJIbHOV KOMMYHUKaImmM [26].
ABTOpPBI TOKa3bIBAIOT, UTO 0e3 CIIOCOOHOCTV IPeNICTaBIIATh Uaen rpadpudeckt BO MHOTTIX
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rpodeccusix OyyImero nopo TPyaHo Oy/eT KaueCTBeHHO U OIlepaTVBHO BHIIIOJIHUTE pa-
Oory (aHaAIMTMKY, AM3arH, mpownsBojacTBo, oOydenwme). JI. E. Casuu, JI. M. I'aburoBa,
P. P. MyxamMeTIIVH MCCIIeyIOT KOMIIETeHTHOCTHYIO MOJIeJIb CIIeIa/IVICTa C HO3UIIUN CU-
cremHoro noaxoza [27]. M. Yxoy nokasbsiBaeT, 4To Ilefaroru cpegcrsamu 3D-mMopeniposa-
HMS Ha IpaKTHKe MOTYT CO3[aBaTh BBICOKOKAaueCTBeHHBbIe yueOHble pecypchbl IS IIOM-
Aep KKV MeTOAVKM IIpeliojaBaHNs MHOCTPAHHOTO s3bIKa [28].

@. JIombapn, X. [da Kocra, V. Jlaypa nipemjiaratoT MeToaM4YecKmi1 ClieHapuil, ojjiep-
JKaHHBIVT OpUTMHAIBHEIMY 3D-Momertsimu. ABTOpbI 000OCHOBAHHO TOBOPSIT O HEOOXOIVIMO-
CTM HOATOTOBKM I1eJaroros K IIPVMeHEeHMIO TaKMX MeTOAMYeCKNX pelleHunil (MMeHHO Ha
yPOBHe IIOATOTOBKM B BhIcIleM yueOHOM 3aBemenum) [29]. K. C. IIun, K. Yo, Ix. X. Pro,
M. [Ix0 BBICKa3bIBAIOT U JOKa3bIBAIOT IIPEIIOJIOKEeHNe O TOM, YTO oOpa3oBaTe/IbHas cpeia
Ha ocHoBe 3D-MopenpoBaHms gBisieTcs 3pPeKTVBHOM B IUIaHe MOoJTy4YeHus: 00ydarom-
MMC BOCTpeOOBaHHBIX YHUBepcaJIbHbIX HaBBIKOB [30] DTa cperia K TOMy e IeMOHCTPU-
pyeT, uTo paboTa C TpexMepHBIMI MOJIeJISIMI I103BOJIsIeT YMEHBIINUTD 3aTpaThl 11 paboTaTh
B Oe3omacHoM BupTyasibHOM mnpocTtpaHcTse. K. ITatw, C. Anep, IIx. JIoHOoH oTMeYaloT,
YTO HOBBIe TEXHOJIOIMM IIpeyIaraloT BO3MOXXHOCTb CO3/IaHMs HeOPOIMX 3aXBaThIBAIOIIIVIX
MYJIBTUMEANITHBIX CPell, KOTOPbIe MOTYT ITO/JIEP>XKVMBATh TUIIBI 00y4YeHs], OpVMeHTUPOBaH-
HbIe Ha OIIBIT (PU3MUIECKOTO IPOEKTNPOBAHMS U CTponTesTbcTBa [31].

D. ®epewnty, P. Hemer, b. ®upysa ucciienyror crermdmky paboTsl BUPTYyaIbHBIX IIPO-
eKTHBIX KOMaH/], KaK TPy CIIeLasIICTOB, IIPUBJIeUeHHBIX Il oOecrieueHns peaIv3alim
WUTPOBOTO IIPOEKTA, HO PV 3TOM TePPUTOPUAIIBHO OTHeJIeHHBIX ApyT OT npyra [32]. Urpo-
Bble MeXaHVKI B TPeXMEPHBIX MIUpaXx II03BOJISIOT peasn30BaTh CIeAYIOITyI0 MHHOBAIIIO B
oOpa3oBaHMI: eC/IV paHBIIle 3JIEMEHTHI UT'PhI IIEPEHOCIIN B pabouee IIPOCTPAHCTBO, TO Te-
Iepb pabodee IIPOCTPAHCTBO II€PEMENIAIOT B BUPTYIbHYIO BCEJIEHHYIO. 3HAaUMMOCTh yKa-
3aHHOV pabOoTHI I TPOBOAVMOTO VCCIIEIOBAHMS 3aK/TIOUAeTCsl B TOM, UYTO paccMaTpuBa-
eTcsl IMeHHO KOMaH/IHasl pabota B 3D-mHbopMalMoOHHBIX BUPTYaJIbHBIX Mupax. P. Vba-
Heec, A. Ile JIa Kpyc, I1. Dpmura oT™MedaroT, 4To Ipu yIIpaBIeHUV BUPTYaIbHBIMU IIPOEKT-
HBIMM KOMaHZIaMM JIujepaM cjiefyeT oOecrieunBaTh 3PPeKTUBHBIN CIIOCO0 oOMeHa MH-
dopmarimen mexuay mx wieHamm [33].

IO. B. AmermmHa paccMaTpuBaeT poJlb KOMaHIHON paboThl B popMUpOBaHMI OOIIVIX
KoMmeTeHIM1 cTygeHToB VT-crieryasibHOCTeV 1 BbIeIIseT cileAylollye KIoueBble IIpo-
0J1eMbl OpraHM3aly TaKoW AesATeJIbHOCTI: HU3KUM YPOBeHb MOTMBALIUV CTYAE€HTOB K He-
IIpepBIBHOMY B3aVIMOIEVICTBIIO B TeUeHVie ceMecTpa ¥ OlleHKa pe3yJIbTaTOB KOMaHIHO pa-
6otsI [34]. BeiBogam D. @epeHrr, P. Hemer, b. @upysa [35] n FO. B. Amenmmnoii [36] wacTiaHo
poTuBopedaT B cBomx m3blcKaHMax [Dx. Xan, [1. ITapk, M. Xya, P. H. Yaruinc o Tom, uro
HeMHOTVe VICCIIeZIOBaHs IIPOIeMOHCTPYPOBaJIN JoKa3aTe/IbcTBa TOr0, YTO IPyIIIIOBas pa-
OoTa peBOCXOAUT MHAVMBUAYAJIbHYIO PabOTy B OTHOIIEHNM TBOPUYECKO JAesiTeIbHOCTHU B
KOHTEKCTe BbICIIero oopasosanms [37].

M. Terwta, IT. Terwia, I'1. [IIMevikasl mertatoT BaXKHBIVI BBIBOI O TOM, UTO OTHOITIEHME CaMVIX
y4uTesier K COBpeMeHHBIM TeXHOJIOTVISIM UI'paeT BaXKHYIO POJIb B 0011Iet 3ppeKTMBHOCT IIpY-
MeHeHs 3D-Texrororni [38]. bortee Toro, kak mokasemsatoT E. B. Cobornesa, H. J1. Kapasaes, ko-
MaH/IHasl paboTa Hajl, BUPTYaIbHBIM IIPOEKTOM OTBeYaeT TPpeOOBaHVISIM IVPPOBOV IIIKOJIBI 11
criocoOCcTBYeT MpodecCOHATIBHON cCaMOpeasT3allyy BBIITYCKHMKOB BY30B, TOJIBKO eCJI OHa
IPaMOTHO ¥ YeTKO CIUIaHMPOBaHa, HAITPaBJIIeTCs U IOJIep KMBaeTcs IIperoasaresieM [39].

BrlrtostHeHHBIVI aHaIN3 JIUTEPaTY Pl IT03BOJIsIeT OOBEKTVBHO 3aKJIFOUNTD!

— U3y4deHMe U IIpuMeHeHVe cpefcTB 3D-MopemvpoBaHs Iy pellleHNs IIpaKTiJe-
CKMX 3a7la¥ B TepMMHax M@ poBM3amm 1 TpaHcdopMariny Ipy o0yueHnn — BaXKHBIV I1ar
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B IIOZITOTOBKE BOCTPeOOBAHHBIX ¥ BBICOKOKBAIMI(PUIIMPOBAHHBIX CIIEIVAIVICTOB (B TOM
4yICITe VI TIearoroB);

—  wmHQOPMALIMOHHAS IeSITeJIbHOCTD I10 ITPOEKTUPOBAHUIO TPEXMEPHOIO OOBeKTa
AVIaKTIYecKOro Ha3sHAYeHMs VIMeeT CBOIO CIIeIM(VIKy, KOTopas HaKjIa/IbIBaeTcs VI Ha 0CO-
O6eHHOCTV KOMaHIHOM padoTe! ¢ 3D-MomersmuL;

— npumeHeHne 3D-MoeMpoBaHVIS IS pelleHns 3a/3a9 M IIPOeKTOB B paMKax KO-
MaHJTHOVI JIeSITeJIbHOCTVI VIMEeeT OIlperieleHHble IIpo0sIeMbl, Cpeay KOTOPBIX — HeoOXomu-
MOCTH MOTVIBALIMV CTYAE€HTOB K HEIIPEPHIBHOMY B3aIMOZIEVICTBIIIO B XOJI€ BBIIIOJTHEHIS IIPO-
€KTa VI OIleHKa pe3yJIbTaTOB KoJUIaboparimm.

Mertononornueckas 0asa mncciaemosanms / Methodological base of the research

ITpu xomangHOM 3D-MoOmemMpoBaHUM MCIIOJIb3yeTcs IulaTdopMa Vectary. DTo OH-
JIaviH-Cpeia, II03BOJISAIOIIas CO3/JaBaTh, pedaKTUpoBaTh 1 MyOsmKoBaTh 3D-mmpoekTsl. [es-
TeJIbHOCTB 110 3D-MopemmpoBaHMIo peasn3yeTcs B paMKax AUCHMUIUIMHBI «CoBpeMeHHBIe
vH@pOpMalIMOHHbIe TexHoIorMn». KoMaHp!l mociefoBaTelIbHO paboTaoT ¢ MHCTPYMeH-
TaMU CepByca, 0OCYXIaI0T M3y4YeHHBIN (PDYHKIMOHAI 1 00pa3oBaTe/IbHbIE BO3MOXHOCTN. B
UTOre 00CY>KIEHVIs — JIMIHBIV BBIBOJ, KKIOTO CTyAeHTa O AVIAKTIYeCKOM IOTeHIIVasle I
pellleHMs 3a7a4 B KOHTeKCTe Oymayimert IpodecCHMOHAIbHOM IedTerabHOCTH. i mop-
nepxku 3D-mopenvipoBaHus IIperiofaBaTeIIMy Kypca ObUIi pa3paboTaHbl MHCTPYKINN
Pa3HOIO YPOBHS CJIOKHOCTM (TEKCTOBOe OIVcaHMe ¢ Jo0aBiIeHreM 1M300paskeHNI1 IIpuMe-
POB-00pas3IIoB, C BUI€OKOMMEHTaPVSIMMN).

B ombITHO-3KCIepuMeHTasIbHOM paboTe (Hatee - ODP) 3americtBoBaHO 74 cTyneHTa
daxyspTeTa IIeJarorKy 1 ICUxXoJIormm Bsarckoro rocygapcrseHHoOro yHmusepcuteTa (Poc-
cuvickasg Peneparntyst). Hampasinenne - 44.03.05 Iemarormyeckoe obpasosaHme, IIpodin
IoAroToBkm «dmsmka mn MHcpopMaTMKa», «broIorsa v aHIJINIICKU SI3BIK», «PyCCKVM SI3BIK
u mureparypa». Cpegnuit BospacT - 20 jteT (65% - meBymiku, 35% — Mosozable jroan). Bee
oOyuaroryecs - CTyJIeHThI TpeThero Kypca OakajiaBpumara.

1 AMarHOCTMKM YPOBHSI KOMaHA00Opa3oBaHMS MCIIOIb3yeTcss MeToamKa JIoper
Crak. OHa BKJIIOYaeT MHCTPYMEHTHI OLIeHKV JIMYHOV 1 KoMaHAHoM 3ddextrsHOCTA [40].
OcHoBHast wmes:: KaXIbll Y4YacTHUK AaHKETMPOBAaHMS BBIIIOJIHSET WVHAVBUAYIBHYIO
OILIeHKYy pabOThI KOMaH/IbI (depe3 oIlvicaHe COOCTBEHHOTO OIIbITa U BocrpusATne). YeTsipe
pasmerna Meronukn: «CIipaBeyMBoe OTHOIIEHMe», «[OTOBHOCTb OTBeUYaTh 3a pe3ysIbTaT»,
«Cucremsbl», «Texnonorum». ITpegycMoTpeHsl 1 pakTOpbl YCKOpeHMs paOOThL B KOMaHJIe.
B pasmene «CrpaseymiBoe OTHOIIEHMe» 3TO (PakTOpbI: popMUpOBaHME OTHOIIIEHVI,
yIipaBjleHVie KOHQIIMKTaMy, YKpeluleHte 1eocTHOCTU. Pasern «['oToBHOCTh OTBeUaTh 3a
pe3yJibTaT»: JoBepue K KojUleraM, OCO3HaHNe OTBeTCTBEHHOCTV, MaKcuMusalus sddex-
TuBHOCTU. [Ij1s1 pasgena «Cucrembl»: mpuHsATHe 3dPEPEKTUBHBIX pelleHNil, yIIpaBieHue
BpeMeHeM, IoBbleHne dddexTrBHOCTH. B «TexHomormm» anammsupyrorcs 3¢ dexTus-
Hble KOMMYHUKaMy, 3ddeKTBHbIe coBelllaHms, cobioneHne npuHATbHIX paswl. [1o
KaKIOMy (paKTOPY MCIOJIb3yeTcsl YeThIpe Bolpoca-orpanmumnrests. Beero 48 orpanvunre-
jlevl. YKasaHHBIe OrpaHMYNTe IV IIOAIeP>XXMBAIOT IOCTVDKEHVe IIPYHITNIIOB Ha[leXXHOCTI U
BaymaHocTr ODP. Bce Bompockl TecTa MMEIOT OAMHAKOBOe Hadaslo: «B Kakovi creneHm
wieHbl MOeVl KoMaHIbI...» IIIkasia oTBeToB: «1 = abCOMIOTHO HeT», «2 = B MUHVMAaJIbHO
CTeIleHN», «3 = B HEKOTOPOVI CTelleH», «4 = B 3HAUNTEeJIbHOV CTeIIeHN», «5 = B OTPOMHOII
crerteHm». [lo pesysibraTaM 3aIioJIHsETCS UTOTOBBIV OJIaHK.

ITpu craTmcTgeckon oOpaboTKe JaHHBIX MCIIOIB30BaH Kputepuit X2 ITupcona (os-
JlavH-KaJIbKyJisiTop - https:/ /medstatistic.ru/calculators/calchit.html). Orpanvdenus n
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yCIIOBVISL KpUTEPVIS BBIIOJIHAIOTCS: 00beM BhIOOPKM Oostbite 30 pecriOHIIEHTOB, Ilepeceye-
HVIS B HYX OTCYTCTBYIOT, CyMMa PeCIIOHIEHTOB IT0 KaXKIIOVI IPYIIITe COBIIa/iaeT C OOIIVIM 9vic-
JIOM CTYZI€HTOB IT0 HaIIPaBJIEHIO ITOATOTOBKIA.

PesynbraThl ncciieqoBanms / Research results

Ymounenue ocroBHvix nonamuil

3D-MopnenpoBaHye - yueOHasi HesTeJIbHOCTb T10 CO3IaHMIO TPexXMepHOV Moae/ 00b-
eKTa, IIo[lepKaHHas CIleLVia/I3/POBaHHbIMY KOMITBIOTEpHBIMM ITporpamMmamit. 3agada 3D-
MOJIeJIIPOBaHNs — CIIPOEKTUPOBaTh 1 peal30BaTh MHAOPMaLMOHHYI0 Mofeb. VIHdopMma-
LIVIOHHAsI MOJIe/Ib B JaHHOM VICCIIeIOBAHNI paccMaTpVBaeTCsl aBTOpaMy KaK BU3YaJIbHBIV 00b-
eMHBIVI (TpexMepHBINI) 00pa3 peasIbHOTO VI BOOOpaykaeMoro (/eaIbHOT0) OObeKTa.

HaBpIkyt KoMaHAHOV pabOoTBHI ITearora BKJIIOYAOT CIIOCOOHOCTY OBITh aKTVBHBIM y4YacT-
HVKOM AMAaKTIYeCKOro MHAOPMAIMIOHHOIO I'PYIIIOBOrO B3avMOAEVICTBYS, IOCTUraTh 00-
IIMX 11eJIeV], pellaThb Ipo0sIeMbl 1 BBICTparBaTh OTHOIIIEHNS B KOJUIEKTVBE B 11 poBoM oOpa-
30BaTeIbHOM ITPOCTPAHCTBe TPV BBITIOJIHEHNN 3a/1a4 IIPodecCcOHaIBHOTO XapaKTepa.

Huctyromia «CoBpeMeHHbIe MH(OPMAaIIOHHBIE TEXHOJIOIMI» Y CTYIeHTOB I1e/1aro-
TVYEeCKVIX CIEIMaIbHOCTEN (B YaCTHOCTY, BEIOPAHHBIX PO WIIeN IOATOTOBKM) M3ydaeTcs
Ha TpeTbeM Kypce B IlepBoM ceMecTpe. OHa IpoAoDKaeT pasmesibl ¥ TEMBI, M3y4ueHHble Oy-
AyIIMMM [leflaroramMy Ha IIepBOM Kypce B paMKax AUcUMIUIMHBI «[IndpoBble TexHOIOIMNI
oOpaszoBaHms». Y Bcex ydacTHMKOB ODP 1iMeeTcss OIBIT IemarornmieckoVt MPaKTUKM B
mkosie. Ha saHsATHAX mepBOro Kypca CTyAeHTBl U3y4In KIaccuUKalio COBpeMeHHbIX
VHAOPMaLIVOHHBIX TEXHOJIOT WV, 3Tallbl PelleHNs 3a4a4 ¥ OCHOBBI MH(OPMAaLIOHHOIO MO-
nermiposaHys. [ToaToMy oHM MMeIOT IIpefcTaBieHe O TpadUecKX pegakTopax, Ux Bu-
Jax v IpyMepax IIporpaMMHBIX cpeAcTB. Taxke oHv nonydwin rpencrasieHvie o 3D Paint
KaK CpeZICTBe CO3/IaHMs TPeXMEPHBIX MOJIesIer.

CornacHO pabodyert mporpamMMe OMCOVIUIMHBL CTYAEHTHI Y4YaTCs ITOHVMMATh IIPUH-
LUITBI pabOTBI COBPEMEHHBIX MHGPOPMAIIVMOHHBIX TEXHOJIOTMI M MICIIOJIb30BATh VX IS Pe-
IIIeHM 3a1a4 IIpodecCcOHaIbHO JIesTeJIbHOCTI. by yIiye HacTaBHMKY OOOCHOBAHHO BbI-
OuparoT IIporpaMMHBIe CpeICTBa M M3y4aloT MX (PyHKIIMOHAIbHBIE BO3SMOXKHOCTH C YUeTOM
VIMEIOIIVIXCS Y HUX IpeiCTaB/IeHUL.

ITpu peanmsanym mpen HpuMeHeHMs cpencTs 3D-MopenmpoBaHMs I pa3sBUTHA
HaBBIKOB KOMaH/IHOV PabOTHI CTY[I€HTOB IleJarornieckKux CIelyalIbHOCTeVl ObUIN Bble-
JIeHBI crlemyomyie 3Tanbl: «TeopeTndecknins, « AHaTUTIYeCKNI», «[IpakTraeckmin», «Me-
TOAMYECKUI», «[]leMOHCTpalVIOHHBII».

Otan «Teopernueckunt». Pabore ¢ 3D-MonersiMu mpeinecTBOBaIo M3ydeHre OCHOB
3D-MozenmpoBaHs M TaKMX IOHATUV, KaK IIOJIMTOHaJIbHOe MO/Ie/IpOBaHVe; CKYJIbIITVIHT;
TeKCTypUpOBaHue 1 pasBopaunBaHye 3D-Mofen Ha IUIOCKYIO IIOBepXHOCTD J1JIs1 HaJloXe-
HUS TEKCTYP; OCBellleHle 1 peHIepVIHT, Jo0aBiieHre 3pdeKToB (Oy11KM, TeHM 1 T. 11.); KOM-
MO3UTHHTI 1 T. 1. OByuarormecs: paccMaTpyBaIv IPUHLINIIBL co3gaHms 3D-Mozerert: Tomo-
JIOTMs, MacIITabd v IIporopimy, nedpopmariis v aHMMals U 1ap.

Taxoxe crygeHTB! paboTanm ¢ MHTepakTUBHBIM 3D-aTiiacoM aHaTOMMUM desloBeKa, KO-
TOPBIN pa3paboTaH COTPYIHMKaMM Kadepbl yHUBepcuTeTa. [uIakTideckoe Ha3HaueHe:
IOBOpauMBaTh MO Ha JI0Oble yIJIBL; yBeJIMYMBaTh U YMeHbIIaTh MacIlITal; yHaIsaTh
CTPYKTYpPbI Ha IOBEPXHOCTY, YTOOBI pacKpBITh aHATOMIUECKe CTPYKTYPbl, CKPBITBIE I10]]
HVIMI. JloroHuTeIbHBIe PYHKIMN: OpraHu3allyis BUKTOPWH 110 YTOYHEHUIO MeCTOIIOJIO-
JKeHIs]; BKJIIOUeHIe/ BBIKIIIOUeHVe pa3INIHbIX CUCTEeM aHaTOMMUM; MOIAep>KKa PycCKOro,
AHTJINVICKOI'O, KUTAVICKOT'O S3BbIKOB.
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Dran «AHaJIUTIYecKuil». 3aTeM CTyJeHTBl paccMaTpUBaIv OHJIaH-cepBUCH 1y 3D-
MopenvpoBaHus: Vectary, SketchUp, Tinkercad u np. VImu 6b010 ycTaHOBIIEHO, uTO Vectary
VIMeeT cJIelyIolyie 0COOeHHOCT:

1. VIHTyUTMBHO TIOHATHBIVI MHTepPJEVIC: cepBIUC IpejlaraeT yAoOHBI U IIPOCTOV B
VICIIOJIb30BaHMV VIHTepderic, KOTOpbIN fesaeT 3D-MozenvpoBaHme JOCTYITHBIM 1S HOBIUY-
KOB, TPV 3TOM IIPeJOCTaBJIsAsl MOIIHbIE THCTPYMEHTBHI [IJIA OIBITHBIX IT0JIb30BaTelIel.

2. OGrauHOe XpaHWJINIIIE: BCe ITPOEKTHI COXPaHSIOTCS B 00J1aKe. DTO IT03BOJISeT II0JTh-
30BaTeIsAM MOJTy4aThb JOCTYII K CBOVIM MOJIEJISIM C JII0O0T0 YCTpOoVicTBa Oe3 HeOOXOAMMOCTI
YCTaHOBKM JIOIIOJIHUTEIbHOIO IIPOrpaMMHOT0 oOecIieueHms.

3. CoBMecTHas AesTeJIbHOCTD: Vectary HopjiepXiBaeT KOJUIEKTVBHOe pellaKTVpOBaHe,
YTO IIO3BOJISIET HECKOJIBKIM I10JIb30BaTe IsIM ITpeoOpa3oBbIBaTh OIHY MOJIe/Ib OJHOBPEeMEHHO.
D70 AeraeT IWIaTdOpMy MIeaIbHON It KOMaHIHBIX IIPOEKTOB U YAaJIeHHO PaOOTHL.

4. bubrmoTrekn 00BEKTOB 1 MIa0I0HOB: IUIaTPOPMa IIpeIoCcTaBIIgeT oomIpHbIe O10-
JIVIOTEKM TOTOBBIX 3D-MHCTPYMeHTOB, KOTOPbIe MOXKHO VCIIOJIb30BaTh I yCKOPeHMs IIPO-
1ecca Co3/iaHus MOJIeJIN.

5. VIHTerpamus c gpyruMy MHCTpyMeHTaMu: Vectary jlerko KOMOMHMpYeTcs C pas-
JIMYHBIMI MHCTPYMeHTaMM U IulaTdpopMamy, Takmmu Kak Sketchfab, Figma u npyrue. 5to
I103BOJISIET MICIIOJIB30BaTh CO3[JaHHbIe MOIe/IN B Pa3/IMYHBIX KOHTEKCTaX.

6. Ilopmepxka AR n VR: cospanHHBIe MOIeI MOXHO VCIIOJIIb30BaTh B IIPVITIOXKEHMSIX
AOIIOJIHEHHOV M BUPTYaJIbHOV PeaJIbHOCTV. DTO OTKpbIBaeT IIMPOKMEe BO3MOXXHOCTU 71
VIX IIPVIMEHEHVS B pa3INdHbIX cdepax, TaKMX KaK apxXUTeKTypa, oOpa3oBaHwe, IV3aiH MH-
TepbepOB, UT'PBI 1 MAPKETVHT.

7. DKcnopT M MMIIOPT: Vectary momjiepXXmuBaeT pa3IndHble popMaTsl parios st
sKkcriopTa 1 mMmopta 3D-moneseit, Takme kak OBJ, STL u gpyrue. Dto obecrieurBaer cos-
MeCTVMOCTb ¢ ApyruMu 3D-peakTopaMu 1 IpUHTEPAMIL.

Kpome Toro, cepsric mpenocTasiisieT MHCTPYMEHTHI ISt OBICTPOTO CO3IAHMS M pelaK-
TupoBaHms 3D-Mmomerent 6e3 HEOOXOOVMOCTYI B CJIOXKHOM VI JOPOTOCTOSIIEM IIPOTPaMMHOM
obecrieueHMTL.

Opeanusayus KoMaHOHOT pabomsl cmydeHmod nedaeoeuueckux cneyualbHocner
no co30anuto 3D-modeseii 6 cpede Vectary

Oran «ITpakTrueckniir». ITocste BbIsIBIIeHVSI TaKX HECOMHEHHBIX IVIaKTUYeCKMX [10-
CTOVIHCTB CepBlca B SKCIIepVIMeHTaIbHOV IpyIIlle IIpeliofaBaTeslb IPUCTYIIal K JeJIeHVIO
Ha KOMaH/Ibl, HaIIpMMep, C IIOMOIIIBIO OJTHOTO 13 g poBbix cepsrcos «Koseco popTyHbI»,
NpelHa3HaUeHHBIX JUIS  yBJIeKaTeJIbHOIO IHPUHATUSA  pellleHUiI (KaKk BapuaHT,
https:/ /nameonwheel.com/).

3aTteMm oOydaroIecs: SKCIlepyMeHTaJIbHOV TPYIIIbl IPUCTYIIaM K paboTe 10 MH-
crpykuyn. OHu n3ydaiy HTepderc 1 PyHKIMOHaJIbHbIEe BO3MOXHOCTV IIPVIMEHUTEIEHO
k 3D-MmopempoBaHmio oobekTa. ITpexiie yeM mpucTynaTh K CO3JaHNIO Moflesierl, KOTOpble
Oymyiue yumTeg-mpeIMeTHUKIM CMOTYT IIPVMeHATh Ha IIpaKTHKe, M HeoOXOOVMO 3a-
KpeIuTh 3HaHV: 0 PyHIaMeHTaJIbHBIX TeOPeTUYecKMX ITIOHATULX 110 MHPOpMaTHKe (U3Y-
JaeMbIX Ha HpeIblAyIIMX OUCHUIUIMHAX). YcrporictBo DBM (B wacTHOCTHM, ycTpowicTBa
BBOJIa-BbIBOJIA) — OJHA M3 YHMUBEpPCAJIbHBIX TeM, KOTOpas M3ydaeTcs B yHUBepcureTe. [
HpuMepa paccMoTpuM cosganue 3D-momen KoMmneioTepHon Mbinm. Ha meroanaeckoM
3Tarie OyayIIye regaroru 11 poBov IIKOJIBI CMOTY T IIPYMEHUTD IOy YeHHbIe 3HaHVIS 11715
IIPOEKTUPOBaHN TPOodecCMOHaIbHO OPVMEeHTUPOBaHHOV MO

[astee mpeyicTassieH BapyaHT CaMOVI IIPOCTOVI MHCTPYKIIVV, COAep Kallle TOJIbKO TeK-
CTOBBIe MOSICHEeHMS 1 MeToindecKe pekoMeHgaumm. ITpyu HeoOxoamMMocTy (I10 3arpocy oT
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TPYIIIIBI C BBIpaXKeHHBIM eqMHOYIIIHBIM COIJIacueM) IIpeliofiaBaTeslb IIpefoCTaBIIsuT UM 6o-
Jlee IO POOHBIe MHCTPYKLINM (C M300pakeHMSIMYL T1I0 X0y PabOTHI 1TV BUIEOPOIIMKAMIA).

IMar 1. Ilepexomymm Ha cant 1 perucrpupyemcs (https:/ /vectary.vercel.app/). 3aperu-
CTpMpOBaThC MOXKHO ¢ TToMoItbio Google. OTkpbiBaeTcs mHTepderic yaeTHOM 3armvich. [asee
BBIOVpaeM KHOIIKY «+HOBBIVI IIPOEeKT». [1j1s1 Toro 4ToObl co31aTh M3HAYaILHO ITyCTOVI JIVICT [T
paboTel c oObekTaMy1, BeIOVIpaeM KHOIIKY «[lycror». PazbepeM yripasieHue v ropstuve Kila-
BULLIVL: IIPOKPYTKOV KOJIeca MBIIIIV MOYKHO OTIJTATh M IPUOJIM3UTE KaMepy K OObeKTy; IIpaBast
KHOITKA MBIV TTpefHa3HaueHa I [IepeMellleHIsl KaMephl 110 BceM TpeM OCsIM; JIEBOV KHOII-
KOVI MBIIIIV MOYKHO IIepeIBUraTh KaMepy BOKPYT OCV OITperleJIeHHOV 00JIacT.

[ITar 2. Co3gaHne KOMIbIOTEPHOV MBIV

2.1. Iyzst TOro 4ToOBI BBIOpaTh MOAXOAAIIYIO (PUTYPY, PACCMOTPUTE BEPXHIOI TOPU-
30HT/IbHYIO IaHesb. CjleBa HaxOAATCA MHCTPYMEHTHI, Cpelyl KOTOPBIX HY)KHO HaBeCTH
Kypcop Ha durypy B Buae KyOa. [Tpu HaBegeHUM Ha JaHHBIVI MHCTPYMEHT, IOSIBIISI€TCS
MeHIO BbIOOpa duryp. i1 OCHOBBI TpeXMePHOro 00beKTa «KOMIIbIOTepHasl MBIIIIb» ITOHa-
nobwurcsa dpurypa «KopoOka».

Mertopyaeckas pekomeHmarius. [Tocsie cosmanms Ha4aIbHOTO OOBEKTa PaCCMOTPUTE
rogpoOHee paboTy ¢ dpurypamm. Hamrpumep, 11BeTHBIe CTPeJIKM, YKa3aHHbIE pPa3HBIMU 11Be-
TaMM, SBJISIOTCS MHCTPYMEHTaMM IS IepelBVDKeHMsI O0BbeKTa IO TpeM ocsaM. Psmom c
LIBETHBIMM CTpeJIKaMV pacIiojlaraloTcs JyrooOpasHble JIMHMY, KOTOPble IIpeTHa3HavYa0TC
/1 BO3MOKHOCTM TT0BOpoTa purypsul. bestble Touky, 0OBeleHHbIE CMHMM MapKepoM, IIpef-
Ha3HAYaIOTCs IS M3MeHeH s MacITaboB purypsl. CHHSSA TOUKa, paclioyioKeHHas Ha YTy
KyOa, Ipe/iHa3HaueHa I CIylaXMBaHWs YIJIOB VI CTOPOH (PUTYPBI.

2.2. 1151 co3maHMs IWIVH/Pa AOIOIHUTEIBHO 100aBbTe Ha pabodyIo INTIOCKOCTD CO-
OTBeTCTBYIOIYyI0 purypy. Hasree Hy>XKHO ITOJIOrHATh OAVHAKOBEI pasMep duryp m oOb-
eIVIHUTB VX JIJII OCHOBBI HaIlleVl MBI, BeigermTe uUrypsl B MEHIO, PacoIOKeHHOM
cjleBa, ¢ 3axarout kiasuiert Ctrl. 3areM HakMmuTe ITpaByl0 KHOIIKY MBIIIN ¥ BbIOepuTe
NyHKT «OOBeIVIHUTD».

I'Tocsie Toro Kak BbI OOBEIVHIII (PUTYPY, IOBEPHIUTE ee B TOPU30HTa/IbHOE II0JI0KeHe
C IIOMOIIIBIO IIBETHBIX TyTO0Opa3HbIX JIMHWI 1 IIOJITOHWTE pa3Mep 0] KOMITBIOTEPHY IO MBIIIIb.

2.3. Yto0sbl co3maTh BepXHMe KHOIKM Y KOMIIBIOTEPHOV MBIIIIV, BBIOEpIITE IPOEKTN-
pyeMbIit 0OBeKT U Ipofy ormpyiiTe ero. astee 1y OpoBaHHBI 0OBEKT (C IIOMOIIBIO CTpe-
JIOK Y1 MHCTPYMEHTOB MacIITaOMpOoBaHs) IIPUIIOAHVMITE Hajl OCHOBHOV (PUTy POV 1 I101-
cTpomnTe pasMepsl. [Ipy1 3ToM JOOJIHMUTEIBHO MOXKHO BBIOpaTh y IByX OObeKTOB 1iBeT. [
3TOTrO BbIIeJINTe HYKHBIV BaM 0ObeKT U MCIIOJIb3YTITe HaCcTPOVKy «LIBeT» B IpaBoM IOSBUB-
IeMcs MeHro. [1Ba oIy uMBIINXCst 0ObeKTa CHOBA BbIZIeJIVTe U IIPY IIOMOIIIV TOPsTIMX Kila-
sy Ctrl+G cosparite my1g HUX TPyIIILy.

2.4. PasniesieHvie KHOIIOK. 17151 TOro YTOOBI pasiesinTh IpaByIo KHOIIKY MBIIIIN 1 JIEBYIO,
HY>KHO IepeVTi B IIOJIMTOHaIbHOe M3MeHeHVe purypsl. IjIg 3Toro «KJIMKHUTe» [IBa pa3a
1o BeIOpaHHOM BaMu purype (B JaHHOM CiIydae 3TO KHOIIKM MbIIH). B MeHro BbIGepuTe
MHCTpYMeHT «PaspesaTs». VI o 1eHTpy purypsl mposeanTe Ase JIMHUN, KOTOpble OyayT
JIeXaTb oueHb OJIM3KO0 APYT K APYTy. Bel cozgaim HoBble ITOJIMIOHEL. [lasiee HY)KHO Bblle-
JIATB Te TIOJINTOHBI, BMECTO KOTOPBIX IVTAHMpPYeTCd cleslaTh paspes. [ aToro, yaepxmsas
Shift, BbIeIMTe COOTBETCTBYIOIIIIIE TTOJIUTOHBIL.

B BepxHern maHes HaViIUTe MHCTPYMEHT «BbITalIkuMBaTh» ¥ IIPOTSHUTE IOJIUTOHBI
BH3, JleJIasi TeM CaMbIM OTBEpPCTHS.
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2.5. TTocte oIy UMBIIMXCST KHOTIOK CMOJIEIVPYATe KOJIeco MBIIIN. 171 3TOro co3manre
«Kosp110», ToAroHnTe pasMepsl Kojiblia K pa3Mepy KOMITBIOTEPHOVI MBI 1 IIepeTalnTe
ero B Hy>XHOe pacIIojIoKeHe.

Mertopayueckast pekoMeHAaIMs: K 00beKTYy «KOMITBIOTepHAsI MBIIIb» T00aBbTe JOMOJI-
HUTeIbHbIe KHOIIKIL.

[MTar 3. B maHHOV HporpamMme TakKe CYIIECTBYIOT pasJIMYHble MO, KOTOPBIMU
MO>KHO JIOIIOJTHUTB BaIlly paboTy. jIsg 3Toro B JIeBOM MeHIO IlepevinTe Ha BKIaaKy «Pabo-
4ye MpocTpaHcTBa». Ha BKiIaziKe cyIiecTByeT OrpoMHOe KOJIMYECTBO FOTOBBIX KaueCTBeH-
HBIX MOJIeJIeV], KOTOpble MOXKHO M3MeHSITh, PelaKTUPOBaTh TeKCTY Pbl, CIJIa’KeHHOCTb, KOJIN-
4eCTBO IIOJIUTOHOB.

3.1. Pabora ¢ TekcTypamu. YHUKaJIBHOCTBIO IIpOrpaMMBbI Vectary siBjisseTcs BO3MOX-
HOCTb MI3MeHeHWs TeKCTY P, OCBellleHle 1 peHIePUHT FTOTOBBIX MOeJIell.

PaccMoTpuM M3MeHeHVe TEKCTYP y 00BbeKTOB KOMITBIOTEPHOV MBIV [j1s1 3TOro IIpun
BbIZIeIeHVVI OObekTa oOpaTnTe BHMMAHIME Ha MEHIO B IIPAaBOV YacTV 3KpaHa. 3avanTe B
HacTpoviku «LIseT» 11 BMecTO «CIUIOIIHO» TIOCTaBbTe HaVIMeHOBaHMe «TekcTypa».

3.2. OcBetteHne. B maHHOM IIporpaMMe MOXXKHO Tak>Xe HaCTPOWUTD OCBellleHe ISt 00b-
eKTa. [Ij11 3Toro B BepxHeM TOpM30OHTaJILHOM MEHIO BbIOepuTe MHCTPYMeHT «ToueuHbI
CBEeT» U PacIoJIOKNTe KaMepy Ha pabouert IUIOCKOCTM. B HacTporikax cBeTa Takke MOXKHO
100aBUTh TeHb OOBEKTOB, VICIIOIb30BaTh AVHAMITYECKOe OCBeIlleHle, TIOMEeHSITh YIoJI OCBe-
IIeHVs VI €TO0 MATKOCTb.

3.3. 'oTOBBIT 0OBEKT OTpeHaKTUPYIITe ¥ COXpaHUTe B BUle CKPMHIIIOTA.

[ITar 4. TBopueckoe 3amaHVe: OOIOJIHUTH IOTyUMBIINIICS OOBEKT KOBPUKOM IIJISA
MBIIIT VIV JOTIOJIHUTEIBHBIMI aKcecCyapaMy ¢ YCJIOBYEM, YTOOBI XOTs OBl y OZTHOTO 00b-
eKTa ObUIV M3MeHeHBbI TIOJINTOHBIL.

Ortarn «MeToamdeckuit». [lajsiee ydacTHMKY KOMaHI, IIPUCTYTIAJIV K BBIpaOOTKe 1ent Ko-
MaHIHOI'O ITpoeKTa (II0 IPOdWIIIO IIOATOTOBKM), ero peaym3aumm B popMe 3D-Momennt u co-
CTaBJICHMIO VHCTPYKUWM I TIOTeHIIMaJIbHBIX IOJIb30BaTesell (CBOMX y4eHMKOB). PaccmoTt-
pVIM OAVH W3 IIPVUMEPOB — pe3yJIbTaT pabOThl KOMaHABI CTYAEHTOB ITPOMIUIsS OATOTOBKM
«broIIorYIA 1 aHITIMVICKMV A3BIK» 110 COCTaBJIeHMIO VHCTPYKIn « Tpexmepnas momerns JJTHK».

IITar 1: moGasieHne 6a30BbIx dopM. B mmpaBoM BepxHeM yIily BbIOepUTe BKIAIKY
Shapes (Popwmsl). HobasbTe ape mmmHaprdeckre ¢opmbl (wm Tube) Ha pabouyro 00-
J1acTh. DTO OyayT «crmpas» Monenupyemornt JTHK.

VsmenuTe pasMepbl IWJIMHAPOB, YTOOBI OHM OBLIN IIMHHBIMY V1 TOHKUMMA. [1J151 3TOTO
BbIOepITe LVIVMHIP U UCHOJIb3yTe HapaMeTpsl Scale (Macirab) B mpaBoM MeHIO.

[ar 2: popmuposanme cripann. Beibepure ogyy 13 HWIMHAPOB U B IIpaBOM MeHIO
Hamaute napaMerp Twist (Ckpyumsanme). YsermmubTe 3HaueHme Twist go Hy>XHOro
yPOBHsI, YTOOBI CcO311aTh CIIMpaIbHyI0 popMy. IToBTOpUTe 3TOT Ipo1lecc [y BTOPOro Liu-
JIMHIPa, YTOOBI 00e crivpaiv MeJIn OAMHaKOBYIO opMy .

[Iar 3: mobassieHe cOeAMHNUTEIBLHBIX OCHOBaHMU. IleperiauTe B pasnesn Shapes 1 mo-
OaBbTe cepudeckne dopmbl (wm Sphere) mis co3maHMs OCHOBaHUN (HYKIEOTUIIOB).
YMenbimTe pazmep cdep, 4TOOBI OHM COOTBETCTBOBAJIVM MacIITady crmpaien.

PasmectuTe cdepsl MeXay cOMpaIaMi, YTOObI OHM COeAMHSUIN MX. Bbl MOoXeTe wmc-
nonp30BaTh pyHKIMIO Duplicate ([Iy6impoBaTs), 4TOOBI OBICTPO cO3aTh HECKOJIBKO cdep.

[ITar 4: HacTpoVika MaTepuasioB. BeiOepriTe KakayIo 113 cvpasient v rmepevianTe B pas-
nei1 Materials (Marepuasisl). YcraHOBUTe pasjinyHble 11BeTa M TeKCTYPbI IS CHIVIpaJIen U
cdep, 4TOOBI crIesIaTh MOfIesIb OoJlee peaIMCTIYHOV 1 IpuBJIeKaTestbHOM. HacTporire oTpa-
JKeHIe 1 IIPO3PavHOCTb, eCIIV 9TO HeOOXOIMMO.
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Iar 5: 3aBepenue n skcnopt. IIpoBepbTe MOMEIL ¢ pasHBIX YIJIOB, VICIIONbB3YS VH-
crpyMeHT Orbit (Op0Oura). Ileperinure B MeHIo Export (DkcropT) B mpaBoM BepxHeM YIIIy.
BreiGepure dpopmat daitia, B KOTOPOM XOTUTE COXPAHUTHh MOIeTb (HarmpuMep, *.OBJ v
*STL), n naxxmure Export.

IITar 6: coxpaHeHMe IIpoeKTa. BeirosiHsaeTcst mpy HakaTuM Ha KHONKY Save (Coxpa-
HUTB) B BEpXHEM MEeHIO.

Komanas! crynenTos mpodwist noarorosku «dDusmka 1 MHPOpMaTHKa» paspado-
TasIv, HallpyMep, MHCTPYKIMIO 1A co3ganms 3D-monerm magTHmka @yko, CostHeuHO Cu-
CTeMBI U T. IL.; Ipodwist «Pycckmit a3bIK 1 JIUTepaTypa» — Mofeslb «30J10Tasi pblOKa», «['e-
povi HaIiero BpeMeHm» M T. II.

Oran «/leMoHcTpanuoHHbI». [IpencraBuresi KoMaH Ipe3eHTOBaIVI M MHCTPYK-
Iyio (MeToanvecKie peKOMeHIallnm), U MoJIy4eHHyo Mofesib. Hanpumep, dpparMeHT 3a-
KJIIOUMTEIILHOV pedn JIivaepa KOMaHIbI 110 IIpefcTaBIeHHOV MHCTpyKunmn: «Tereps y Bac
ectb 3D-mopens THK, cosgannas B Vectary 3D. Bel MoxeTe 1cII0Ib30BaTh 3Ty MOJEIIb I
yqe6Hblx 1mejievt, mpe3eHTanvy VIV B paMKax I1eJarorm4eckKovt IIpaKTUKV».

Onucanue onvimHo-3KCHEPUMEHMALLHOL padonib

Ha nepsomM stanre OOP nposoaics aHaIvs JIMTepaTy Phl, OIIbITa HpyuMeHeHns 3D-Mo-
AeIMPOBaHMs M COOTBETCTBYIONIVIX IIPOrPaMMHBIX CPe[ICTB B OOyUYeHUM CTy[eHTOB (I
Kosurabopanmm). OTaesIbHO paccMaTpUBaIVICh ITpo0OsieMsl priMeHeHMs cpencts 3D B riof-
TOTOBKE ¥ COBMECTHOW [IesiTeJIbHOCTM OyAyIMX Iefaroros it paboTsl B IIMpPOBOM
mkoste. HanpuMep, orpaHn4ueHHOCTh BpeMeHHBIX 1 (PVHAHCOBBIX pecypcoB, HeoOXomu-
MOCTB aJIalTaIly MEeTOOMYECKVIX MaTepaIoB IIOf CIeIMaIi3aliiio yauTertst (Omosoris,
dpnsvKa, pyccKui A3bIK 1 JIMTEpaTypa).

OnpeneneHbl BUIIBI yqe6H0171 141 6y;1ymer71 npoq:)eCCMOHaHbHoVI OesTeJIbHOCTHY, I'Iae I1e-
Jlaror CMOXeT IIPUMeHUTH cpefcTBa 3D-MonenpoBaHys, HallpyuMep AJId aHaIv3a 1 oIIpe-
JleJIeHNsI CTpOeHMs MOJIeKYJI, aHaTOMMM YesloBeKa, IIPOeKTMPOBaHMs aTjIacoB M SHIIMKIIO-
IeIVVL; BU3yaIM3aliii CKa30YHOTO IIepCcoOHaka, COOBITIS 13 XyA0KeCTBEHHOTO ITpou3Besie-
HVIST; MOJIeTIVIPOBaHMs (PU3NYECKOTO COOBITIS VIV SIBJIEHVIS.

V3ydensl u ImpoaHaJIM3MPOBaHbI CEPBUCHL U ITIaTOPMBI, HogaepxuBaoiie 3D-mo-
nemviposaHye. C yueToM pe3ysIbTaTOB aHa/IV3a JINTePaTyPbl ObUIO IPVHSITO pelleHyie OCTa-
HOBUTBCS Ha oOs1auHbIX cepBucax (SelfCAD, Vectary, SketchUp, Tinkercad m gp.). Kpure-
puUM CpaBHeHWMs: IIPOCTOTa WCIOJIb30BaHMs, TeXHWYecKas IOCTYIHOCTb, (PYHKIIMOHAI,
HaJIgye o0ydarolInX pecypcoB M cOooOIecTBa eqMHOMBIIUIEHHMKOB. 110 coBoKymHOCTI
BCex KpuTepues 1 ObUIa BeIOpaHa 1uiaTdopma Vectary.

IIpoaHasM31poBaHbI METOIVIKM OLIEHKM CPOPMIMPOBAHHOCTY YPOBHS KOMaH000pa-
30BaHMA. B wacTHOCTWM, 11711 BRIUMCIIeH MHeKca rpymnoson crivtodeHHocTr K. Crmopa,
IUI oIpefnesieHMsI OIIOCPelOBaHHOV TPYIIIOBOM CIUIOUYeHHOCTH - MeToamka «Harra
rpynmna» (O. V. Motkosa), onnpocHuk Ywiesama CredancoHa «Q-copTupoBKa», MeTOAMKA
JI. Crak. C yueToM TpeOoBaHMII paboTOAaTes eVt K Oy ayIyM IefiaroraM I poBov HIKOJIbL,
crneruKN BUPTyaIbHOV KOMaHAHOV paboTsl Hayl 3D-o0bekTaMy ObUIO IPUHSATO pellle-
HVe AVarHoCTUpoBaTh pecroHeHToB 110 Metonauke JI. Crak. Ee Bompockl cpopmyipo-
BaHBl MEHHO B TepMmHax soft skills 1 MakcuMaIbHO COOTBETCTBYIOT MeXXIyHapOIHBIM
npuopureraM B obpasosaHmM. Hibke mpencrassieHbl yCjIOBHBIe Ha3BaHVS YPOBHEN IIpU
oITpesieJIeHNN pe3yJIbTaTOB.

«Mopmesnp maeastbHOM KOMaHIbD (0T 216 1o 240 6asu10B): cTymeHT mipu 3D-Mopenmpo-
BaHMM OTJIMYHO IOHMMAET, YTO ero rpyIia Ho-HacToslleMy MoOmiIbHasA 1 3 deKTUBHAs.
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OH aKTMBHO y4acTByeT B (POPMIMPOBAHUN VI COXPaHEHN KOHCTPYKTVBHO Cpe/Ibl B3arMO-
AevicTBUs. bynyimit riegaror HarjejleH Ha BBICOKOe KaueCcTBO paspabaTbiBaeMOVI MOJIEIIN.
HeoOxoamMocTh TOUeUHOV KOPPEKTUPOBKI pabOThI OT jIMjiepa B KOJUIEKTVBE BO3HMKAeT
JIVIIIIb BpeMsl OT BpeMeHI.

«Mopernb goporm» (ot 169 no 215 6awios): cTyaeHT npu 3D-MonemMpoBaHy B TPYIIIIe
(B OOJIBIIVIHCTBE CJIy4yaeB) OPMEHTUpPYeTcs Ha eOVHBIN pe3ysIbTaT M COBMEeCTHOe TBOpYe-
crBo. OHAKO HEKOTOpbIe BUIIbI y4eOHBIX IeVICTBIM (HaIllpyMep, TeHeprpoBaHue e, 00-
CyXeHue, pean3aliis Mojiesin) TpeOyIoT coBeplileHcTBoBaHM. OT jmepa B KOJUIEKTUBE
3aBVICUT IIOJIOXKMTEJIbHBIV HACTPOV 1 YPOBEHb MOTVBALIVIA.

«Mopeib 30510TO cCepeVHbL» (0T 121 1o 168 6aju10B): KOMaHAa ITpu 3D-MonempoBaHV
HaxoAuTcs B cTagmy popMrpoBaHys 1 cruiodeHms. HeobxonyMo akTvBHee paboTaTh HaJl I10-
BbILIIeHVIeM 3 PeKTVBHOCT esiTeJIbHOCTY, OCBaBaTh HOBbIe MHCTPYMEHTBHI 11 BO3MOXKHOCT.

«Mopernp dmorepa» (ot 72 go 120 6ayu10B): TpeOyIOTCS cepbe3Hble M3MEeHEeHUs B
ynpasienun rpymnmon npu 3D-mopemmposanvm. CTymeHTY HeoOXOAMMO IepecMOTpPeTh
CBOVI IIOZIXOZIBI K OpraHM3aIy COBMECTHOTO TBOPUYECTBa, BBIIIOJIHEHMIO IIPOoeKToB. JInnepy
peKOMeH/IyeTcs MCKaTh JpyTye CTUMYJIBI I MOTMBATOPHI /1718 Kosulaboparinm. HeoOxomgmmo
MOBBIIIIATE OOIeNPodeccMOHAIBHYI0 KOMIIETEHTHOCTh KOMAaH/BI B KaK[OM W3 3TarloB
3D-moznenmpoBaHms.

«Mopernpb HecBsi3aHHBIE 1 He3aKpeIUIeHHbIe 3JIeMeHThD» (0T 48 mo 71 Gauia): KomaHe
Oyaymmx memaroros cilefyeT HadMHATH paOOTy Haj MOBBIIIEHVEM 3(PEeKTMBHOCTI Hesi-
TestbHOCTY 110 3D-Mopenmposanmio. IToka jimaHble 11e/1M KaXXII0oro y4acTHMKa MMeOT IIpu-
opureT Hap oomymm. TpeOyetcst pa3BrBaTh HaBBIKM COBMECTHOTO TBOPUYECTBa, IPYIIIIOBOTO
MBIITUIEHVIS.

Hastee yTouHeHO MecTO paboThI co cperncTsamm 3D-MonenmpoBaHus U B CTPYKType
avictuiHeL. [IpernoaBaTessiMm Kypca paspaboTaHbl MHCTPYKIIUM C METOAMYEeCKVIMU pe-
KOMEeHIAIVISIMI 10 KaKIOMY 3Tary KoMaHIHOV padotsl («IIpaxkTmaeckmi», «Metomyrae-
CKUIT», «J1eMOHCTpallVIOHHBI»).

Ha BTopowMm sTarte viccireioBasvis OyayImye eqarorvi M3y9aIit MaTepyiasIbl AVICHVIIUIVIHEIL
Y IIpUMeHsUV cpeficTBa 3D-MopermpoBaHyis U1 BBIIOJIHEHVISI KOMaHIHbBIX IIPOeKTOB (B COOT-
BETCTBUM C BbI30BaMM 1P pOBOro ob11iecTsa 11 TpeOOBaHVSIMYL COBPEMEHHOT IIKOJIBI).

Ha tpeTpem sTarnie Obu1M OIpenierieHbl (PaKTOPBI, BIVSIONE Ha Ka4eCTBO IIPVIMEHEHs
cpencts 3D-MonemipoBaHyis, Ha ypoBeHb C(POPMIMPOBAaHHOCTY HaBBIKOB KOMaHIHOVI pabOThI.

OOGyuaroiyecss KOHTPOJIBHOV IPYIIIBI K AesITeJIbHOCTY 10 co3fgaHuio 3D-momerent B
paMKax KOMaHIHOV paOoThI 110 yKa3aHHBIM 3TarlaM He IIpuBJIeKaInch. IIpuMepsl mpoek-
TOB, KOTOPble OHU pea/M30BbIBaIM cpeacTtBamu 3D-pemakropa: «/IHTepbep IIKOIBHOTO
IpeIMeTHOT0 KaOuHeTa OMoI0rni» (aHIJIMVICKOTO $13bIKa, PYCCKOTO sI3bIKa M JINTepaTyphbl,
Ppusukm); «IlIxosa Oyayiero»; « ekTpoMoowIb» 1 gp. CTygeHTbI MOIJIM BBIIIOJIHATD yKa-
3aHHBIe ITPOeKThI KaK VHIVBUIIyaJIbHO, TaK U B IIapax.

Ha dpuxcupyromien cragum ODP emte pas npumensiiack Metoauka J1. Ctak. B rabimmiie
IIpefICTaBJIeHbl pe3yJIbTaThl aHaIN3a YPOBHe KOMaHoo0pa3oBaHus — 10 1 nociie 3D-mo-
JeIMPOBaHNs B paMKax IPyIIIOBOV paOOTHL

s a = 0,05 o Tabrmiiam paciipeerneHns X2KpuT paBHo 9,488. Takmm oOpasom, 11o-
ydaeM: x2Ha61.1 < x2xpurt (0,299 < 9,488), a x2uabs1. 2 > y2xpurt (9,758 > 9,488). Ciienosa-
TeJIbHO, I3MEHEHWsI B YPOBHSIX C(POPMMPOBAaHHOCTM HaBBIKOB, He SIBJIAIOTCS CIIyYallHBIMIL.
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YpoBeHs cpopMHPOBaHHBIX YMEHM 1 HABHIKOB KOMaHIHOV paboThI

YpoBens I'pynnot
DKcnepumMeHmarvHana epynna Konmpoavuas epynna (37 cinydenmoB)
(37 cmydenmob)
o Ilocae o Iocae
Kcnepumenma IKCHepuUMeHma Kcnepumenma KcnepuMenma

Mopers nmeaapHOM 8% (3) 27% (10) 8% (3) 13% (5)
KOMAaHJIbI
Mopers mopornu 19% (7) 41% (15) 22% (8) 19% (7)
Mopesne  30110TOM 38% (14) 19% (7) 35% (13) 41% (15)
CepenyHbI
Moperp dirorepa 24% (9) 8% (3) 27% (10) 22% (8)
Mopens HecBs13aH- 11% (4) 5% (2) 8% (3) 5% (2)
Hble ¥ He3aKpell-
JIEHHBIE JIEMEHTBI

Urak, npumeneHmue cpencts 3D-MopempoBaHs pea30BaHO CIeIyIonM oOpasoM
Ha KaKIOM 13 3TalloB KOMaH/JHOV PabOTHI:

- Ha «TeopeTiryeckoM 3Tarie» y4acTHVKM SKCIIepVIMeHTa aKTyaJIV3UPYIOT Y U3y4aroT HO-
BBIVI TEOPETIIEeCKIIT MaTeprayl B KOHTEKCTe pellleHNsl OyAyIX IpodecCcOHaIbHBIX 3a0ad
(moymMroHaIbHOEe MOZIeTTMPOBaHIe; TEKCTY pPUIPOBaHIIe; MaCIITab1poBaHe; OCBellleHe, 1o00aB-
nervie 3(peKToB 1 T. 11.). I IporcxonmT HakoIwIeHve 3HAHMV 11 YMEHW 711 KOMaHTHOV paboTh

- Ha «[IpakTiryeckoM 3Tarie» ydacTHUKM (y>ke TIOfleJleHHble Ha IpyIIIbl) B cpere Vectary
(W Opyroro aJisTepHATMBHOIO pPefakTopa 00pabOTKM TpexXMepHBIX M300paskeHNiT) CO3IAl0T
3D-monertb. OHM paboTaroT 10 MHCTPYKLIVY, IpeyIoxkeHHO ITperiofiaBaTesieM. Komanma (mpu
BbIHECeHII eIMHOITIACHOTO PellleHVIs) MOXKeT ITOIPOCUTh JIOTIOJIHEeH K MHCTPYKIINN — B BUZIe
1300 pakeHNIT MOTIeIIel-00pasIioB Wi BUIeOPOIVIKOB. PacripeniesieHvie posievt, CTWIb BUPTY-
JTBHOTO OOITeHs], yIpaB/ieHye KOH(IVIKTAMM — BCE 3TO MPOSBIIIETCS Ha STalle M3ydeHVIs
dyHKIMOHaIa 1 ITPVIMEHeHVsI ero K PellleHVIO ITOCTaB/IeHHO 3a/1a4li;

- Ha «MeTo/ueckoM 3Tarte» KOMaH/Ibl pa3palaThIBaloT cCOOCTBEHHbIe MHCTPYKIINM, KOTO-
PpBle BIOCJIENCTBUV peaJIU3yIoT I HocTpoeHs 3D-Mozeri, HarpyiMep TpexMepHOV MOJIe/ v
HHK, MasiTHVKa, TTepcoHaXka XyA0KeCTBEHHOI'O ITpou3Beie . 3[1ech ITPOVCXOINUT TOMCK MH-
HOBAIIVIOHHBIX HaIIpaB/IeH 1, BCKPBIBAIOTCS IIPOOJIEMBI 11 OCYIIIeCTBIIAeTCs ITOVCK, ITPUHVIMA-
FOTCSI CM€JTbIE PeleHVisd, aKTUBU3PYETCs JIMIHOCTHBIVI V1 OpraHV3allMIOHHBIV POCT;

- Ha «JleMOHCTpaIIOHHOM 3Tarle» IpecTaBUTe I KOMaH]I IPOsBIIIIOT KOMMYHVKATVB-
Hble HaBBIKM V1 IIPe3eHTYIOT pe3yIbTaT PaOoThl BCell IPyIHIbL. YUacTHMKIM OTMedaIli, 9YTo Ha
3TOM 3Tarle BaKHO CJIeOBaTh OHOMY IIpaBily: «He myMars, Kak mobemmTs Ipyryio KOMaHIy,
a fyMaTh, KaK CTaTb JIy4llle, 11, OObeIMHsIA YCWINsl, BMecTe 100MBaThCs pe3ysIbTaTax.

3akroueHme / Conclusion

PesysbTaThl McciieqoBaHNs OKa3bIBAIOT, YTO IIpMMeHeHMe cpericTs 3D-MmonerpoBa-
HMS CIIOcOOCTBYeT (pOpMMUPOBaHMIO TaKMX HaBbIKOB, KaK caMOYIIpaBjleHVe 1 BUPTyaIbHasd
KOMMYHMKAIVS; VCIIOIb30BaHMe M POBBIX TEXHOJIOTUV; paclperesieHe posieil B KO-
MaHJle; pellleHe IIpobsieM 1 yIipasjieHVe KOHIMKTaM; HOoep>KaHle BBICOKOTO YPOBHS
IIPOM3BOANTEIIBHOCTY; IIPVIMEeHeHVIe IIpaBuIa IeIarormieckoro OoIeHmsl.

i1t mpyiMeHeHMs cpecTs 3D-MoempoBaHys B LeJIIX Pa3BUTMS HaBbIKOB KOMaH/I-
HOV paloTHl Y CTYAEHTOB IeJarormyecKyx CrelyaIbHOCTeN aBTOpaMi BbleIeHbl 1 OI-
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caHBbI CJIeAyolIMe Tambl: «TeopeTnueckin», « AHAITUTIYECKNI», «[IpakTiaeckmins, «Me-
TOOMYECKNIT», «/leMOHCTpalIOHHbI». DBUIM BBISBIIEHBI CIIeAYIOIIie OCOOeHHOCTM KO-
MaHOHOM paboTsl Han 3D-MopersiMu: Kojutabopalys pacrosiaraeT K olepaTvMBHOMY IIO-
VICKY OIIMOOK M BBIOOPY ONTMMAJIBHOTO pelleHMsl MpobiieM; COBMeCTHas HesaTeTbHOCTh
SKOHOMMUT PeCypchbl, KOTOPbIE YXOAAT Ha M3y4eHle BceX HIOAHCOB HOBOV TeXHOJIOT MV VI
IIPOrPaMMHOTO CPeICTBa; ITOJIeP>KKa TPYIIIION OTAEIIFHOIO YYacTHVKA B IIPVHSTUN HEOP-
AVHAPHBIX pelleHnll; YCKOpeHe JIMYHOTO ¥ OpraHM3allIOHHOTO pOCTa; CHIVDKeHIe Tpe-
BOXKHOCTY M BBITOpaHVIsL. OTMETVIM TPYIHOCTH, KOTOPBIe OCTIOKHSIOT IIPVIMeHEeH e CPeICTB
3D-mopnenpoBaHms It KoJUIabopaliiy nearoros:

— pacrpepesieHVie Y9aCTHMKOB Ha IPYIIIIBbl, MAaKCMaJIbHO OPVMEHTVPOBaHHBIX Ha pe-
IIIeHVie COOTBETCTBYIOIIE 3a1auli;

— ONTUMaJIbHBIV BBIOOP IPOTPaMMHOIO CPeJICTBa C yUeTOM TeHAeHII H1dpoBI3a-
LIV U TJI00aT3alinm;

— pas3paboTka MHCTPYKLIMII PasHOTO YPOBHS CJIOKHOCTM (COCTaBJIeHVE TEKCTOBOIO
OIVICAHNS, OIIpererieHie MMHVIMaJIBHOTO 1 JIOIIOJTHUTEILHOTO Habopa M300pakeHN!, 3a-
IVCh BUIEOPOJIVIKOB);

— Moa0OP BO3MOXHBIX BapMAaHTOB MozesIen [1jId Iy POBO IIKOJIBI (B CJIy4ae, eciin
KOMaHjIa He CMOXeT IIPeJIOKUTb CBOU UeN);

— MOHMWTOPVHTI IIPOTrpecca BBIIIOIHEHVIS TeKYIIell pabOoThI KasKIOVI TPYIIIION;

— pasHag 1@ poBasi KOMIIETEHTHOCTh WIEHOB KOMaHAbl. OTCYTCTBUE peaslbHBIX pe-
3yJIBTATOB (IIpM paboTe ¢ MHCTPYKIMeEN, IIpu co3gaHmy cobctseHHON 3D-Mmomernm), Heco-
[JIACOBAaHHOCTH IIPY TeXHWYECKOV peayin3aliiyl MeXAy WieHaMmy KOMaHJbl MOXeT Hera-
TMBHO IIOBJIVISITH Ha MOPAJIBHBIN Iy X U IIPVBECTHU K yTpaTe JOBepMs B KOJUIEKTIBE;

— TpyAHOCTM opraHmsaumnm KoHTpoirsi. KomaHgHasi paOoTa B BUPTyaIbHOV cpefie
MIpY peleHnn 3a71aun IpodeccroHaIbHOIO XapaKTepa IIpefrioyiaraeT BBICOKUI YPOBEHb
CaMOKOHTPOJIsI, CAMOOPraHM3aIMM ¥ CAMOMOTMBALIL.

Taxoxe oTmeTnM pakTOpPBI, BIMSIONIME Ha KaueCcTBO MCIIOIb30BaHMs cpercTs 3D-Mo-
HeIMpOoBaH 11 POPMIUPOBAHIS HABBIKOB KOJUIa0Oparimim:

— CTelleHb JeTaJIbHOCTHM IIpOpadOTKM IperiofaBaTeieM AVCIUIUIMHBL MHCTPYKIIUI
s «I IpakTdeckoro stana» paboTsl KoMaH/eL. VIMeHHO 311ech 3aKi1aibiBaeTcs PyHIaMeHT
11 OyayItert Kojulabopaliny, TaK Kak BCe WieHbI IPYIIIbI IOJDKHBI M3YUYUTh U YCBOUTD MH-
CTPYMeHTHI 111 MofienmpoBaHus. [IporcxoguT ycraHOB/IeHe CBs3er VI KOMMYHMKAIINTA,
TI0JTyYeHVe OIIbITa ITOVICKa KOMITPOMIICCA B TEXHWYECKIIX PeIleHVsIX;

— VIMEIOIIMVICS OIBIT pabOTHI IOJIb30BATeJIeN CO CpecTBaMM 00paboTKM Tpexmep-
HBIX M300pakeHn 1 Ka4eCTBO paHee YCBOEHHOI'O MaTepuiasla 10 IIpeIleCcTBYOIIM IVIC-
LVIUIVHAM;

— MHTepechl OyayIIyX CIIelaICTOB B BBIOpaHHO ITpodeccroOHaIbHOV 001acT;

— MPeAbIIyIINT OIBIT yYacTMs B KOMaHIHBIX IIPOEKTax.

[TosryueHHBIE pe3yIIbTaThl MOTYT OBITh VICIIOIIB30BAHBI [JISI COBEPIIIEHCTBOBAHIS IIPO-
rpaMM IIOATOTOBKM OyAyIIMX yUUTeTIeV-IIPeIMETHNKOB B KOHTEKCTe IIPUOPUTETOB -
poBot 1IKosIel ¥ BbI30BOB VIHagycTpum 5.0. B kauecTBe Apyruix HampasIeHU pasBUTHS U
YTOYHEHVIS Pe3ysIbTaToOB, COOPMYJIMPOBAHHBIX B JAHHOV paboTe, MOKHO IIPEJIOKUTH: OT-
cJIeXVBaHMe KadecTBa 0OpasoBaTeIbHBIX JOCTVDKEHNUT; BBIOOp cTymeHTamm st 3D-more-
JIMPOBaHMs aJIBTEPHATVBHOTO IIPOrpaMMHOIo cpeacTBa (Harmpumep, Tinkercad). Kaxk ciien-
CTBV€, BO3HIMKaeT HeOOXOOVMOCTh B pa3paOoTKe JOIIOJIHUTEIbHBIX MHCTPYKIINIL U OT IIpe-
IIojiaBaTesIent By3a.
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