Co3nanue yaajieHHOH yuyeOHoii 1aGopaTopuu 11 00y4eHHsl U IKCIIEPUMEHTOB T10
podOTOTEXHHKE.
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OO6acTh MPUMEHEHUS TUCTAHIIMOHHOTO O00pa30oBaHUs MOCTOSIHHO pacmmpsierca. [Ipu atom
METOBI TIPOBEJICHUSI TEOPETUUECKUX 3aHATHI Pa3BUTHI AOCTATOYHO XOopormro. C MpakTHYECKHUMU
3aHATHAMH 3HAYUTEIbHO Xyke. [lo3ToMy BaKHOW TIIE€TbIO SBISIETCS CO3/aHUE METOAUK
MPAaKTUIECKUX 3aHATHHA pa3arngHoro tuna. OIHON U3 HUX SBISETCS CO3/aHUe YAAICHHBIX YIeOHbBIX
nabopatopuit. 1711 5TOr0 HEOOXOAUMO CO3/1aBaTh COOTBETCTBYIOIINE alapaTHBIE U TPOrPaMMHBIC
cpeactBa u Metoauky ux npumeneHus. B KYBI' co3mana ymanennas nabopaTopus Ha OCHOBE
MSATHKOOPAMHATHOM TeXHONOTrn4eckoi miardopmsl (SD). TexHomornu m1ocTyna ¥ OCHOBHBIC UACH
B3STHI Y CYIIECTBYIONICH B yHUBepcuTeTe nquctanimonnoi nmadoparopun GOLDI (Grid of Online
Lab Devices Ilmenau), pa3paboranHoii Ha KadelIpe WHTETPUPOBAHHBIX KOMMYHHKAIIMOHHBIX
CHCTEM TEXHOJIOTHYeCcKoro yHuBepcureta Mnemenay, I'epmanus. PazpabarsiBaeTcsi mporpaMMHoe
obecrieueHne, KOTOpOE MO3BOJUT YIYYIIUTh HWHTEp(eiic Moabp30BaTeNs, YBEJIUYUTH YHCIO
KOOpJMHAT, J00aBUTh HOBBIE paboyre WHCTPYMEHTHI M PACHIMPUTh y4eOHBIE BO3MOXKHOCTH.
CTyzeHTbl NOJTydYaroT BO3MOXKHOCTb HMPOBOJUTH Y4EOHBIE IKCIIEPUMEHTHI 10 MPOEKTUPOBAHHMIO,
MOJICTIMPOBAHUIO W HW3TOTOBIICHUIO JeTANeH CIOXHOW (OpPMBI, IKCIEPUMEHTHPOBATH C
pa3IMYHBIMU MaTepUajaMi, HHCTPYMEHTAMH U TEXHOJIOTHUSIMU.

KiroueBble cioBa: JAMCTaHIIMOHHOTO OOpa30BaHMS, NMPAKTUUECKUX 3aHATHH, ylaleHHAs
naboparopusi, 5D mmardopma, mporpaMmHoe oGecrieueHne, MEeTOIUKa.

The field of application of distance education is constantly expanding. At the same time, the
methods of conducting theoretical studies are developed quite well. With practical exercises is much
worse. Therefore, an important goal is to create techniques for practical classes of various types.
One of them is the creation of remote educational laboratories. To do this, it is necessary to create
the appropriate hardware and software tools and methods for their use. A remote laboratory based
on a five-coordinate technological platform has been created in the KUBG. Access technologies and
basic ideas were taken from the existing in the university distance laboratory GOLDI (Grid of
Online Lab Devices Ilmenau), developed at the Department of Integrated Communication Systems
of the Technological University of Ilmenau, Germany. Software is being developed that will
improve the user interface, increase the number of coordinates, add new working tools and expand
educational opportunities. Students have the opportunity to conduct educational experiments on the
design, modeling and manufacturing of complex shape parts, to experiment with various materials,
tools and technologies.

Keywords: distance education, practical training, remote laboratory, 5D platform, software,
methodology.

[Ton MHOTOKOOPAWHATHOW TEXHOJIOTHYECKOW MiIaT(GOpMOl MOHUMAETCS YCTPONCTBO Jist
MEXaHHUYECKOro IMepeMeIleHusl paboyero MHCTpyMEeHTa B IpocTpaHcTBe. HambGosee m3BecTHOM
Takoi miuardopmoil sBIseTcs TpexkoopAuHaTHas Iuiar¢popma 3D NpPUHTEPOB M CTAaHKOB C
YUCIOBBIM IporpaMMHbIM yrnpasieHueMm (UIIY). B Hnacrosimmee Bpemss B ydeOHOM Ipoliecce
MOJTYYHIIN PAcIIPOCTPaHEHUE IKCIICPUMEHTHI U Ta0opaTOpHBIe paOOTHI B TUCTAHIIHOHHOM PEKUME,
KOTOpBIA TO3BOJISIET MMETh JAOCTYN K JIOPOTOMY M PEAKOMY OOOPYIOBAHHIO W HMEIOT Psij
npeumyiects [1]. 3D mpunTepsl 11t paOOThl B TaKOM AMCTAaHLIMOHHOM PEXHME HE TOASATCA
BCJICAICTBHE BBICOKOM WX CTOMMOCTH M HeNpHcIocoOneHHocTH HHTepdetlica. Kpome Toro, B
HACTOSIIEe BPEeMs aKTyaIbHBIMU SIBISIFOTCS UCCIICAOBAHUSA IIAT(GOPM C YHCIIOM KOOPJHHAT Ooiee
3-x. CymectBytot cranku ¢ UITY umetonme 5 u 6osee koopauHar [2]. Hanbonee pacipocTpaHeHbI
MSATHKOOPAMHATHBIE: K TPEM JHMHEHHBIM KOOpAWHATaM J00aBJIE€HBI TOBOPOT HHCTPYMEHTa H
obpabateiBacMoro obOwekta. Cranku ¢ YUITY TOXe CIIOKHO WCIOJNB30BaTh B JTUCTAHIIMOHHOM
peXUMe, OHH CJIMIIKOM JOPOTHE U y3KOCIIEIMAaIH3NPOBAHHbBIC, a JJISl UCTIONB30BaHHS B y4eOHOM
nporecce Tpedyercst 4To-To OoJiee AemeBoe M YHUBEPCATIbHOE.



[ToaToMy IS JUCTaHIIMOHHBIX 3aHATHH W y4eOHbIX dkcnepuMeHToB B KYBI' co3pan
YOPOIIEHHBI MaKeT MATHKOOPIWHATHON TEXHOJIOTUYECKON MIaTopMbl, UMEIOIIeH 3 JTUHEHHbIC
koopauHatel (X, Y, Z) 1 ABe KOOpAMHATHI TOBOpoTa MHCTpyMeHTa U netanu (V, W). JlobaBnenne
IBYX KOOPIMHAT CYIIECTBEHHO pPACIIMPSET TEXHOJOTUYECKHE BO3MOXXHOCTH OOOpYIOBaHM,
YCKOpSIET TIPOIECC M3TOTOBJICHHSI O0BEKTa W TMO3BOJIET peajn30BaTh Ooyiee CIOXKHBIE (HOPMBI
MOBEPXHOCTEH 3a OJHY YCTaHOBKY 0OBekTa (0e3 mepeyctaHoBkHW). llepeycTaHoBKa W TOBOPOT
JIeTald BPYy4YHYIO BOOOIIE HE BO3MOXKHBI B JAMCTAHIIMOHHOM peknme. PaGouwmii opran B makere
CMEHHBIH, MO’KHO YCTaHOBHTH JIA3EPHYIO TOJIOBKY /ISl BEDKUTAaHUS, (PpEe3epHYIO TOJIOBKY, TOJIOBKY
3D npuntepa u apyrue. TexHoIorus ynpasieHus] KOOPAUHATAMH IIPU 3TOM HE U3MEHSETCSI.

OcHoBHBIE TIPOOIEMBI BO3HUKAIOT TMPU pa3padOTKE CUCTEMBI YIpaBICHUS CTEHAOM. 3a
OCHOBY ObljIa B35iTa CHCTEMa YIPABJICHHs CTAHKAMHU C YUCIOBBIM IMPOTPAMMHBIM YIIPaBICHHUEM H
TEXHOJIOTHSl JUCTAaHLMOHHOTO JIOCTylla CYIIECTBYIOIIEH B YHHBEPCUTETE JUCTAHLMOHHOMN
naboparopun GOLDI (Grid of Online Lab Devices Ilmenau), pa3paboranHoii Ha Kadenpe
UHTETPUPOBAHHBIX KOMMYHUKALIMOHHBIX CHCTEM TEXHOJOIMYECKOro yHHBepcurera MibmeHay,
l'epmanus [3].

B Hacrosmee Bpems pa3pabaThiBaeTCs NPOrpaMMHOE OOEClEeUYeHHE, KOTOPOEe IO3BOJIUT
yIy4IIUTh UHTep¢eiic Mmoabp30BaTens, YBEIMYUTh YHUCIO KOOPAMHAT, J0OABUTh HOBBIE paboune
MHCTPYMEHTHl M PpacIIUpUTh BO3MOXKHOCTH MJISl SKCIIEPHUMEHTOB. Pa3pabarbiBaeTcsi MeTOnMKA
NPUMEHEHUS! CTEHJAa M HOMEHKJIaTypa TIpOBOJUMBIX JIaOOpaTOpHBIX pabOT M y4yeOHBIX
9KCHepuMeHTOoB. [IpoBoasdTcs MccienoBaHMsS MO COBEPLICHCTBOBAHUIO CTEHIA M PACIIMPEHUIO
pazHo00pa3usi MPOBOJUMBIX YIEOHBIX padoT.

K makety nmeetcs AMCTaHUMOHHBIN 10cTyn. CTYAEHTHI OTy4aloT BO3MOKHOCTh TPOBOIUTh
yueOHbIe pabOTBl M SKCIEPUMEHTHI M0 TPOSKTUPOBAHUIO, MOJICIMPOBAHUIO W W3TOTOBJICHUIO
JeTanel CI0KHON (POPMBI, SKCTIEPUMEHTHPOBATH C PA3TMYHBIMU MaTepUalaMH, MHCTPYMEHTAMH 1
TEXHOJIOTHSIMH.

[lepBbie pe3ynbTaThl 3KCIUTyaTalMH IIOKA3ajdd HEJOCTATKW MakeTa W IMyTH JadbHEWIINX
HCCIIEOBAHMI:

e  CoBeplICHCTBOBATh IMOJH30BATEILCKUI HHTEpQEiic, pa3BUBaTh TEXHOJOTHIO M
BO3MOXHOCTH IIPOTPAMMHOTIO YIIPABICHUS MaKETOM.

e  PacmmpsaTe ¢u3MUYECKHE BO3MOKHOCTH MaKeTa ITyTeM COBEPIICHCTBOBAHUS €T0
MEXaHNYECKHX CBOMCTB.

e Pa3BuBarh (PyHKIMOHAJIHHBIE BO3MOXKHOCTH YNAJICHHOW JIa0OpaTOpHH ITyTEM
CO3JIaHMs TNPUHIMIUAIBHO HOBBIX MAaKETOB TEXHOJIOTMYECKHUX IPOLECCOB, CO3/1aBaTh €IUHYIO
YHUBEPCAJIbHYIO IPOrPAMMHYIO Cpely YIpaBJIeHHs! TIOOBIMH HOBBIMU MaKeTaMHU.
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