MeToaunuyeckoe nocobue Ansa HacTaBHUKa

NHTepakTuBHBIA  MpOGOPHEHTAIIMOHHBIA ~ MPOTPaMMHBIN KoMIieke  «TexHomoruu
MOBOMC» (ITpodopueHTaMOHHBI KOMIUIEKC) co3/iaH crenuanuctamu L{udpoBoii mHTEpaKkTHB-
HOU nabopatopun Jlerckoro Texnonapka «Cmapr-napk» HammnoHaIbHOTO HUCCIIeI0BATENECKOTO
yHuBepcuTeTa « MOCKOBCKMI HMHCTUTYT 3JEKTPOHHOM TEXHUKH» IPHU COTPYAHUYECTBE C MHIY-
crpuasibHbIM NapTHEpOM AO «3eneHorpaackuii HanotexHosorundeckuit eHTp» (BHTL) u mpu
nopaepxkke GoHIa cOAEUCTBUS NHHOBALHASIM.

VYyammmcsi npeocTaBiIsieTcsi BO3MOXKHOCTh PEATN30BaTh KIIIOUYEBBIE TEXHOJOTUYECKHE
onepanuu Ha obopynoBanuu 3HTL] B pexxume BupTyasibHOM peanbHocTU. Ilepen BbIxogoMm Ha
BUPTYaIbHOE MPOU3BOACTBO PeOSITa MPOXOASIT KPATKUN 03HAKOMUTEIBHBIN KypC, KOTOPBIN aeT
UM TMpEACTaBICHUE O MPUMEHEHHH MHUKPOIJIEKTPOHHBIX HW3JAENIUH, co3MaHHbIX o MOMC-
TEXHOJIOTHSAM, IPUHITUIE ACHCTBUS TaKuX U3MEIuil U, HakoHel, 0 MOMC-TexHOJIOruN TTPOouU3-
BOJICTBA 3TUX U3EIHM.

B pamkax mpodopueHTalMOHHOW MporpaMMbl CO3/1aH MHTEPAKTUBHBIA KOMILIEKC, CO-
CTOSILLIUNA U3 TISITH MOAYJICH:
1. MynpTumMeauitHoe nocooue.

2. Nurepaktus «KoncrpyupoBanue MOMCy.

3. WuTepaktuB-obyuenue «Texnomorus MOMOCy.
4. WNurepaktus-tectupoBanue «Texnonorus MOMCy.
S, NuTepaxktuB «VR - uzroronenne MOMC Ha mpou3BOJCTBEY.

I[J'IH TOTO, YTOOBI BOCIIOJIB30BAThCS HHTCPAKTUBHBIM KOMIIJICKCOM HeO6XOZ[I/IMO HepeﬁTH

o cceuike: https://dt.miet.ru/mems/.

HpO(i)OpI/IeHTaI_[I/IOHHI:Jﬁ KOMILICKC MOXET OBITh MCIIOJIb30BaH KaK B OYHOM q)opMe 3aHs-
THfI, TaK U B AMCTAHOWUOHHOM PECKUME. PGKOMGHI[yeTCﬂ HCII0JIB30BaTh MOAYJIU IMOCJICA0BATCIIb-

HO OT IIEPBOTO JI0 MATOT0 MO NOPSAJKY CIeBa HApaBo.

Moaynb «MynbTumMeaumnHoe nocobue»

Knukaure B MeHI0 «MynbTUMEAUHHOE TOCOOME» U HAaUHUTE MPOCMOTp posivka. Posnk He
COJIEPKUT 3aKaJpPOBOr0 TEKCTA, TaK KaK IOIPAa3yMeBAETCA, YTO MPENOJaBaATENb WIN PYKOBOIH-
TeNb KPY>KKa KOMMEHTHUPYET (parMeHThl POJIMKa BO BpeMs 3aHSITHA.

[TepBoiii pparment «lIpumenenne rupockonoB Ha ocHoBe MOMC B rupockyTtepax» Je-
MOHCTpPUpPYET paldoTy cucTeMbl crabuiu3anuu Iuatdopmbl Tupockyrepa. Korma miardopma
HAYMHAET OTKJIOHATHCS OT FOPU30HTAIBHOrO MoNokeHuss, MOMC-rupockon HelnpepbIBHO MO-

AT CUTHAJ Ha CWJIOBOM OJIOK KoJieca MPONOPLUOHATIBHO OTKJIOHEHUIO, KOTOPBIN (hopMupyer


https://dt.miet.ru/mems/

JIOTIOJIHUTEIBHBIII MOMEHT Ha Bajl KoJjeca JJI KOMIIEHCAllUW OTKJIOHEHUs. B nmaHHOM ciydae
MOMC-rupockon UCHOIb3yETCsl KAK MHEPLMOHHBIN 1aTYMK M0JIOKEHN. PeKoMeH1yeM ocTaHo-
BUTHCSI HA aHUMALIUU MYJIbTUMEIUHHOTO MOCOOMS CO cXeMOW (OPMHPOBAHUS YHPABISIOIIETO
CUTHajJIa KOMIICHCALIUM OTKJIOHEHUS U BHUMATENIbHO €€ MpopaboTaTh, 4TOOBI pedsiTa XOpPOIIO
ycBOMIH posib MOMC-rupockona B CTaOMIIM3AIMOHHBIX TUIaTGOpMaXx.

Bropoi#i ¢parMeHT MyIbTHMETUIHOTO MOCOOMsT «ABTOMOOWIIBHBIE CHCTEMBD» JE€MOH-
CTpUpPYET NpPHUMEHEHHE TMPOCKOIa U aKCelepoMeTpa B aBTOMOOMIISAX. AKCEIEpOMETp — 3TO
MOMC-paTuuk yckopeHus. B atom pparmenTe HariasgHO mMoKa3aH MPUHITUIT pabOThI aKCeIepo-
MeTpa U GOpPMHUPOBaHUS aHAJIOTOBOTO yIpaBiisolero curnana. [Ipusenén npumep cpabaTbiBa-
HUS MTOAYIIKK 0€30MacHOCTH MPHU CTOJKHOBEHWH aBTOMOOWIIS ¢ mpenstctBueM. Obparure BHU-
MaHHe pPeOsAT Ha TO, YTO pa3Mep UYYBCTBHUTEIBHOTO 3JIEMEHTa MHUKPOMEXaHHUYECKOTO HJIEMEHTa
MOMC — 45 mxm, a MOMC-MUKpPOCXEMBI pa3MEPOM HECKOJIBKO MUJUIMMETPOB PACIIOIAratoTCs
Ha TMEeYaTHBIX MJIaTaX aBTOMOOUIBHOMN 3JIEKTPOHUKH.

Tperuii pparMeHT MyJIbTHMETUHHOTO TOCOOUS «TEXHOIOTHYECKHe 30HBI U IPOIECCHD
nocBsilleH TexHosoruu usrorosnennss MOMC. Tloka3aHbl 1I€CTh TUIIOBBIX MUKPO3IEKTPOHHBIX
onepauuii-nponeccon. JlJig KaXxaoro U3 MNpoueccoB CHayaua JAEMOHCTPUPYETCS aHUMalus mpe-
0o0pa3oBaHMil MaTepHUaIOB MPH BHIIOJHEHUH TEXHOJIOTUYECKOM OMepaliu, a 3aTeM TeXHOJIOTH-
YyecKas IPOU3BOJICTBEHHAs 30HA, B KOTOPOM 3Ta omnepanus IpOBOAUTCS.

OO6parute BHUMaHUE PEOSAT HA MOCIEIOBATEIBHOCTh TEXHOJOTUUYECKHUX OIEpalui, mapa-
METpBI TEXIPOLIECCOB M MPUMEHSIEMOE TPOU3BOJICTBEHHOE 000pyI0BaHHE — BCE 3TO UM IMOTpe-
OyeTcs, Korjaa oHu OyAyT CaMOCTOSITENbHO (POPMUPOBATH TEXHOJIOTMYECKHUA MPOLIECC TPOU3BO/I-
ctBa MOMC-akcenepomeTrpa M 3alycKaTh TEXHOJIOTMYECKHE OIlepaluy Ha oOOpylOBaHUU B

BUPTYAJIbHON TEXHOJIOTHYECKON 30HE.

Moaynb «AHTepakTnB «KoHcTpynposaHne MOMC»

s MOHMMaHKS TEXHOJIOTMYECKUX IPOLIECCOB BAXKHO XOPOILO MPEACTaBIATH KOHCTPYK-
LMI0 YCTPOWCTBA, IOATOMY CIEAYIOIIUN WHTEPaKTUBHbIM Moaynb — «KoHcTpympoBaHue
MOMC»x.

Kinknute B MeHto  «HTepaktuB «KoHcTpynpoBanne MOMC» 1 HaYHUTE KOHCTPYUPO-
Ba"Hue MOMC u3pnenuii.

WHTepakTUBHBIT MOAYNIb COJACPKHUT IUPPOBOH KOHCTpyKTOp st natu MOMC-
YCTPOMCTB: KaHTHJIEBED, aKCEIEPOMETP, TUPOCKOI, MUKPO3EpKaJIO, MUKPOKJIANaH KaKIbli U3
KOTOPBIX COCTOMT M3 JIBYX YaCTEH, pacrojOKEHHBIX Ha pacCTOIHUU 5-10 MKM C MOJIKIIFOYEHHbI-
MU 3ekTpoaaMu. Ilpaktudecku, 3To 0OKIaJAKM MUKpOKOHAeHcaTopa. OHa U3 0OKIaJ0K KOH-

ACHCATOPA 3aKPCIJICHA HCIIOABUKHO, ApYyTas — IHOJABUKHAA, C 3aPpaHEC paCCqHTaHHOﬁ Maccoii.
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MOMC kaHTHJIEeBep, aKceJepoOMeTP U TMPOCKON TPEICTaBISIOT COO0W MHEPIIMOHHBIC
eMKocTHbIe nartuuku. Ilpu yckopenun MOMC-ycTpoiicTBa paccTOSIHUE MEXAY MOJABUKHOW U
HETOABIKHON OOKIJIaZIKaMH U3MEHSETCs, U3MEHSETC EMKOCTh U, COOTBETCTBEHHO, HAIIPSIKEHHUE
Mexay oOkiankamMu. TakuM crocoboM u3MepsieTcss yCKOpeHUe 00beKTa, K KOTOpOMY HpUKper-
1éH MOMC-naTuuk.

MBMC MuKpO3epKaJo 1 MHUKPOKJIANAH IPEACTABISIIOT COO0N HCHOJHUTEIbHBIE MHK-
poycrpolictBa. IIpu yBennueHun ypoBHs HaIpPsDKEHMS Ha DJIEKTPOJAx BO3pAcTacT CUJIA NPUTS-
JKEHUS MeX1y OOKJIaJKaMu KOHJEHCATOpa U MOJBUKHASI YaCTh MUKPOYCTPONUCTBA MPUTITHUBACT-
csl K HenmoABMKHOMU. [Ipu yMeHbIlIeHnN ypOBHS HaIlpsHKEHUSI CHIIa IPUTSHKEHUS ociabeBaeT U 3a
CU€T yNpyrocTH MOJBMKHAS YaCTh OTJANISETCS OT HENOABMXKHOM. TakuMm 00pa3oM, H3MeHEHNEM
YPOBHS [10/1aBAEMOT'0 HAIPSDKEHUST YIPABJISETCS MOJO0KEHUE TOJBUKHOW YacTU MUKPOYCTPOii-
CTBa.

CHavana Hajo BbIOpaTh ycTpOMCTBO. PexoMmeHayeTcs HauMHaTh ¢ Haubojee MPOCTHIX
YCTPOMCTB 1O KOHCTPYKLMH U Jajee MEepPeXOoJUTh K 00Jee CIOKHBIM B IOCIIEJ0BATEIbHOCTH:
KaHTWIEBEP, MUKPOKJIAIIaH, MUKPO3EPKAJIO, aKCEIEPOMETP, THPOCKOIL.

Jlanee pekomMeHayeTCsl BEIOpATh U3 MEHIO U 3aIyCTUTH oniuio «Mogenby». Pebsitam Oynet
MOJIE3HO YBUAETh MUKPOYCTPOKCTBO B J€HCTBUM B PEKMME aHUMALIUU. 3]1€Ch MOKHO HU3JI0KUTh
IPUHLINI AEHCTBUS U 00JaCTh IPUMEHEHHSI MUKPOYCTPONCTBA.

Ha sTom sTane u manee npu paboTe ¢ IPYrUMH ONIUSIMUA MEHIO peOsiTaM PEKOMEHIYHTE
Bpalarh 00bEMHOE N300paKeHHEe U3AETHH A MPOCMOTpPA C Pa3HbIX PaKypcoB, ITO MOBBIIIAET
YPOBEHb BOCHPHUATHS U TIOHUMaHUS ydalluMHUCs (GOpMbI U 0COOEHHOCTEH KOHCTPYKIMH, B TOM
YHCJIe YaCTUYHO COOPAHHOTO M3JIENHsl. DTO BaKHO MPU MOJAEIMPOBAHNN TEXHOJIOTHUYECKHUX MPO-
LIECCOB B CIEAYIOINUX MOAYJIAX MHTEPAKTUBHOIO KOMILIEKCA.

Jlanee pexoMeHayeTCsl BBIOpaTh U3 MEHIO U 3alyCTHTh OMuuio «/lemo-Bepcus». Pebstam
OyZeT MoJIe3HO YBUJETh B PEXUME aHHMAIMM BECh MPOLIECC KOHCTPYHUPOBAHMS LETUKOM. Tak
OyJeT MOHSATEH KaXJblil M3 I1aroB KOHCTPYMPOBAHHS W IOCIENOBATEIbHOCTh JEUCTBUN INpPHU
KOHCTPYMpPOBaHUU. YTIpaBIIsiiiTe 1eMo-Bepcuell KHonKaMu «3amycTutb» U «Ilayszay.

Jlanee pekoMmeHyeTcsi BBIOpaTh W3 MEHIO M 3amycTuTh onmuio «lIpoekt». Heobxoanmo
IPEOCTaBUTh BO3MOXKHOCTh K&KIOMY ydallleMycsl YIpaBisaTh npoueccoM cOopku. Ilpu stom
OHHM MOTYT OCTAHABJIMBATHCA, 3a/1aBaTh BOIIPOCHI, BO3BPAIATHCS MOMIArOBO HA3aJ] U JBUTATHCS
MOIIAroBo Brepén. B nrore kaxkaplil yyanuiicst 10JKeH NOITBEPANUTD, YTO 3TOT ATal paboThl OH
OCBOMIL.

Jlanee nepexoauM K TECTHUPOBAHUIO MOJIYUYEHHBIX peOsITaMU 3HAHUN U HAaBBIKOB, JJISL YETO
HaJ0 BBIOpATh U3 MEHIO U 3ayCTUTH omnuuio «Cobepu cam». Yyamuecs JOJKHBI CaMOCTOSTENb-

HO coOpath u3nenue. [Ipy BOSHMKHOBEHMM TPYJHOCTEH OHM MOTYT BO3BPALATHCS K OMIMSIM
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«Mopenby, «JlemoBepcus», «I[IpoexT» u nmpoOOBaTh CAMOCTOSITEILHO COOpaTh U3/IEINE 3aHOBO B
ommmu «Cobepu cam» JI0 TOJOKUTEIBHOTO Pe3yIbTara.

st 3akperuieHust Matepuana pekomeHnayercs chopmupoBats STL-monens mo pesynbra-
TaM cOopku u3nenus B pexxume «CoOepu camy». Jlanee uzaenue, Npu HAIUYUM TEXHUYECKOU
BO3MOJKHOCTH, pacrieuaTbiBaeTcsi Ha 3D-npuntepe B rabaputax 10-20 cM U mpemocTaBiseTcs

yUanmmMcs i1l OCMOTpa U cOOPKH € MOCIIEAYIOMIEH pa300pPKOA.

Moaynb «MHTepakTuB-06yYyeHune «TexHonorum MAOMC»

Monynes «MHTepakTuB-00ydeHue «Texnomorun MOMC» mnpeaocTaBisieT BO3MOKHOCTD
yYaImuMcsl 0TpadoTaTh TEXHOJIOTHYECKUI Tporiecc u3rotopiieHnss MOMC MUKPOYCTPOMCTB Ha
npumepe usnenus «AkxceinepoMerp». B TexHomornueckuil npoiecc BBEIEHbBI HIECTh OCHOBHBIX
TEXHOJIOTMYECKHUX OIEpaluid, KOTOpblE B paMKax HpOo(OpHEHTAMOHHON MPOrpaMMbl B LEIOM
JAIOT TTOHUMAHUE O CYTH TEXHOJOTHYECKOTro IMpolecca ¢ AOMYIIEHUSIMU 00 YIPOIICHHH peallb-
HBIX TEXHOJIOTUYECKUX MPOLIECCOB HA MUKPOAIIEKTPOHHBIX TPOU3BOJICTBAX.

[lepen 3amyckom omuuu «MHTEpaKTHUB-00yUYEHHE» YyUaLTUMCS PEKOMEHIYETCS IMPOCMOT-
peTh aHUMALIMIO TOCJIEI0BATEIbHOTO BBINOIHEHHSI TEXHOJOTUYECKUX ONepalui, A1l TOr0 HaJl0
BBIOpATh OMNIMIO0 «JleMoBepcus» U B TOM K€ OKHE KJIMKHYTh KOMaHIy «3amycTutby». Js ocra-
HOBKHU aHUMAIINH WUJIH TOCIe €€ OKOHYaHUsI HaJl0 KIMKHYTh KoMaHay «COpOCHUTDY.

VYyamuecss UMEIOT BO3MOKHOCTh MPOCMOTPETH BHIIIOJHEHUE TEXHOJIIOTMYECKUX OIepalui
MO IIaraM B MHTEPAKTUBHOM PEXKHME JJIS Yero Hajo BeIOpaTh omiuio «Texmporecc». Ympas-
JIEHHE TEPEXO0JIOM K MOCIEIYIOMIEH WM MPEIbIAYIIEed TEXHOJIOTHYECKON onepanyuu OCyleCTB-
nsieTcs HaxkaTueM KHomok «Bmepén» mnm «Hazag». AHUManMs TEXHOJIOTMYECKOM ONepaluu
COTIPOBOXKAAETCA BBHIBOJIOM Ha SKpaH MapaMeTpoB, KOTOphIE yUYalIMMCS HEOOXOAMMO YCBOUTH
JUISL TIPOXOJKJIEHUSI TECTUPOBaHMs B ciienyromeM Moxayie «MHrepakTuB-TectupoBanue «TexHo-
norus MOMOCy.

B unTepaktuBHOM pexknme «Caenait cam» pedsitTa UMEIOT BO3MOKHOCTh TPOBEPUTH CBOU
3HaHUS O MOCJIEOBAaTEIbHOCTU onepanuii. 3ajaiiTe ypoBeHb CIO0XKHOCTH, 3aT€M BblOepUTE OIl-
nuto «Caenait cam», KIMKHUTE Ha3BaHue 3arotoBka «llmactuna KHW», 3aTem BeiOupaiite Tex-
HOJIOTUYECKHUE OTepalii B TOW e MOCIeI0BaTEIbHOCTH KaK B MYJIbTUMEAUNHOM POJIHKE, pe-
xumax «JlemoBepcusi» u «Texmporiecc». B cmyuae BeIOOpa HEBEPHON TEXHOJIOTHYECKON omepa-
UM TOSABUTCS cooOlmienne «Oumbka», Mpu 3TOM MPEAOCTABISAETCS BO3MOXKHOCTh CIIEAYIOIIEH
TOTTBITKH.

Bribepere omnmuio «OOydeHue». Ydamuecs — TOCIEIOBATEIBHO 3alyCKalOT aHWMAIUH
TEXHOJIOTUYECKUX OIepaluii: HaHeceHue (OTOpe3ncTa, SKCIIOHUpOBaHue (oTope3ucTa, yaasie-

HUC (I)OTOpC3I/ICTa, TPaBJICHUC BCPXHETO CJI0SA KPEMHHA, YAAJICHUC OCTAaTKOB (I)OTOpC3I/ICTa, TpaB-
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neHue u3oisAropa. [Ipu 3ToM pedsita mepesa 3amycKoM OYEepeHON TEXHOJIOTHUECKOW OIepalfu
JIOJKHBI BBECTHU ITapaMEeTPhl TEXHOJIOIMYECKUX PEKUMOB BBIIIOJHEHHUS 3TON OIEPALUH.

IlepBblii ypoBEHb CI0KHOCTU TPEOYET BBEACHUS apaMETPOB TEXHOJIOTHUYECKUX PEKUMOB
U BBIOOpa MaTepuasoB AJi MPOIECCOB, UCTOUHUKOM MH(OPMAIIMKU O KOTOPBIX SBISETCS UCKITIO-
YUTENIbHO MYJIbTUMEAUMHOE MMOCOOME MEPBOr0 MOIYJS HAlIEro MHTEPAKTUBHOTO KOMILIEKCA.
[Tpu paboTe Ha MepBOM ypOBHE yHalllMecsl MCHOJIb3YIOT 3HAHHUS, MOJIYYEHHbIE IPU IPOCMOTPE
MYJIbTUMEAUIHOTO TIOco0us. B ciydae 3aTpynHeHuil pedsita MOTYT 3allyCTUTh €€ pa3 MyJIbTH-
MeAuitHOe mocoOue U, B KauecTBE MOBTOpa MPOHJACHHOIO MaTepuaa, B3ATh HY>KHBIM MapameTp
TEXHOJIOTMYECKOr0 PeKMMa WJIM HAaWUMEHOBAaHMS NPHUMEHSEMbIX MaTepuajoB JUisl BBOJA Iapa-
METPOB TEKYLIEH TEXHOJOrndeckon omepauuu. [lapamerpsl s BBOAA Ha IEPBOM YPOBHE
CJIO’)KHOCTH TIPUBECHBI B Ta0uIe 1.

Tabnuma 1. Jlanasie ¢ mHGOpMAIUEH 0 TapaMeTpax TEXHOJIOTUYSCKUX MPOLIECCOB H
HAMMEHOBAHUSX NMPUMEHSEMBIX MaTEPUAIOB Ha TIEPBOM YPOBHE CIIOKHOCTH

Ne Te-
xonepa- IIpouecc [Tapamerp 3HayeHue napamerpa
012071
HuxHuii cniol KpeMHUs, MKM 500
Ponux, 2:25 %)
3anaHue mapaMeTpoB
) «CTpyKTypa KpeMHHI Ha AHMOKCHL KPEMHHUS, MKM 1,3
PYKTYD Ponux, 2:25 '
H30JIATOPE»
BepxHuii cioli KpeMHUSI, MKM 15 - 20
Ponux, 2:25
TexHonoruueckas onepanus
1 «Hanecenne hoTtopesucra Tommuna cros potopesucta, Mm 15
p Ponux, 2:43 '
TexHonoruueckas onepanus
Tun oOny4yeHus: Npu SKCIIOHUPO-
«DKcTIoHUpOBaHKe (oTope- VYisrpaduoneroBoe
2 3HUCTa» Banim
Ponux, 3:20
Texnomorndeckas onepanus | Tun pactBopa i ynaneHus ¢o- [enounoi
3 «Ymanenue (oTtope3nucTar Topesucra 1
Ponux, 4:05
TexHonoruueckas onepanus
«PEaKTHBHOE HOHHOE TPaB- BemectBo B cocTaBe XMMHUYECKU
4 JIEHHe KPEMHHUS» AKTHBHBIX YaCTHII dTop
Ponux, 4:27
TexHONMOrMUecKas onepanus
c «Yianenne octatkos $porope- B cocraBe pacTBopa A yAaneHUs
JHCT 0CTaTKOB (OTOpE3UCTa [Tepoxcun Bogopona
Ponux, 5:17




TexHonoruyeckas onepanus
Monexyibl akTUBHOTO BELIECTBa
«M3oTpornHoe TpaBiIeHHE

6 M30TPOIHOTO TPaBJICHUS DTOPUCTHIN BOJOPOL,
H30JIITOpa
Ponux, 5:54

*) ccwka Ha MyIbmuUMeOutinoe nocooue, MuH.:cex

Moaynb «AHTepakTuB-TectupoBaHue «TexHonorum MOMC»

Knukaure B MeHIO 1TUBPOBON MHTEPAKTUBHOHN jabopaTopun «MHTEpaKTUB-TECTUPOBAHHE
«Texnonorun MOMOC» 1 HaUYHUTE TECTUPOBATH IOJIyYEHHBIE 3HAHMSI U HABBIKU IO MOJEIUPO-
BAHUIO TEXHOJOIMYEeCKHUX npoueccoB MOMC uznenui.

B monyne «MaTepakTuB-TecTupoBanue «Texnonoruu MOMC»y yuamuecs cHadaia BBOJIAT
[apaMeTpbl 3aroTOBKU CO CTPYKTYpOM «KpPEMHHI Ha H30JSTOpE», MPU ITOM MO OKOHYAHUU
YCIIELIHOTO BBOJIA JAHHBIX 3aIlyCKAeTCsl aHUMAalMsl C BU3yalu3aluel CTPYKTYPbl «KPEMHUM Ha
U30JISITOpEY, 3aTeM yJallluecs: BBOAST JlaHHbIe ¢ MHpopMaluei o napaMerpax TeXHOJIOTHYECKUX
orepanuil 1 HANMEHOBAHUSAX MPUMEHSEMbIX MaTePHAIOB, MPHU ITOM [0 OKOHYAHHH YCHEIIHOTO
BBOJA JIAHHBIX JJI TEKyIled TEXHOJIOIMYECKON OIepaluy 3alycKaeTcs aHMMalus Ipolecca

ATOM TEXHOJIOTUYECKOU OIEpaLnu.

B cinydae ommb0o4HOro BBOAA MapaMeTpPOB TEXHOJOTMUECKOH Omepanuy MOSBISETCS CO-
oOmienne o0 ommOKe U MPeIoCTaBIgeTCs cleayromas noneitka. [locae Tpéx HeynayHbIX MOMbI-
TOK CHCTeMa TpeKpamiaeT paboTy ¢ OJHOBPEMEHHBIM BBIXOJ0M U3 Moyl «Moaynb «MHTepak-
tuB-TecTupoBanue «Texnomoruu MOMCy. [lns Bo3BpalieHus: B PEKUM TECTUPOBAHUS MOJYJIb
HEOOXOUMO 3aIyCTHTh 3aHOBO.

3a BBITIOJTHEHHBIC 33aJJaHUs HA3HAYAIOTCS OaJIbl B COOTBETCTBUU C TaOIHIICH 6.

Taonuua 6. KonuuectBo 0a/UI0B 32 BBIMIOJIHEHHBIE 3aJaHUS

Ne IIpouecc VYposensb 1
0 3ananus napameTpoB «CTpPyKTypa KpeMHHH Ha U30JIATOPE» 1
1 Texnonoruueckas onepauus «Hanecenue poropesucray 1
TexHonmoruueckas onepanus « IKCIOHUPOBaHUE GoTopesn-
2 cTay 1
TexHonornueckas ornepanus
3 «Ynanenue ¢oropesnucra 1
4 TexHonornueckas ornepanus 1
«PeakTHBHOE MOHHOE TPaBIICHHE KPEMHUS»




TexHomornveckas onepanus «YaaJleHHue 0cTaTkoB oTope-
5 3UCTa» 1

Texuosoruueckas onepanus  «M30TponHoe TpaBIeHHE H30-
6 JSTOpa 1

UTOTO 7

Moaynb «MHTepakTuB «VR nsrotosneHne MOMC Ha npousBoacTBe»
Hns 3anycka monyinst «MatepaktuB «VR-u3rorosienne MOMC Ha npou3BOACTBE» KIIHK-
HHUTE Ha COOTBETCTBYIOIICH KHOIKE, CKayaiTe mcronHuTenbHbid ¢aiin MEMSLab-Setup.exe na
IIEPCOHAIIBHBIN KOMIIBIOTED.
Banyctute ¢aitn MEMSLab-Setup.exe. Bribepure auck u manky i ycTaHOBKU (puc. 1),

cienyute ykasanusam Macrepa Y cTaHOBKH.

() Ycranoeka — MEMSLab, sepcua 1.0 —

Bbibop nanku ycraHOBKH
B Kaky Nanky Bbl XOTHTE YCTaHOBMTE MEMSLab?

MNporpammMa ycraHoeuT MEMSLab B cnepylouryio nanky.

HaxmuTte «/lanees, yTobbl NPOACXKUTL. ECIM Bbl XOTUTE BbIBPaTL APYTYIO NaNKy, HaXMUTe «Q630p».

C:\Program Files (x86)\MEMSLab 06zop...

Tpebyetca kak MuHumym 3 975,1 Mb ceobogHoro gMCKOBOro NPOCTPaHCTEa.

Hanee > OTmeHa

Puc. 1. JInanoroBoe OKHO yCTaHOBKH

IMTocne ycranosku Ha Paboyem ctone Windows mosiBisiercst Apnblk nporpammel (puc. 2). 3a-

IMyCK NporpaMMbl OCYIICCTBIIACTCA ﬂBOﬁHBIM IICTYKOM MBIIIH 110 APJIBIKY

(D

MEMSMNeVR




Puc. 2. Spavik mporpaMmbl

[Ipu 3amycke 3arpy»aeTcsi OCHOBHOE MeHIO mporpammsl (puc. 3). Ilpu 3Tom ecTh BO3-
MO’KHOCTb IE€PEKII0YATHCA MEXY IOJIHOIKPAHHBIM M OKOHHBIM PEKUMOM OTOOpa)KE€HHUs IpU

oMoy coueranus kiasuin Alt+Enter.

OBJIET
MnPOXoAa

U3YYEHUE
WHTEPAKTUB
TECTUPOBAHUE

Puc. 3. OCHOBHOE MEHIO MpOrpaMMbl

Knomka CrnpaBka — pacrosioskeHa B BEpXHEM JICBOM YTy OCHOBHOTO MEHIO TPOTPaMMBI,
BBI3bIBA€T OKHO CIIPAaBOYHOIN MHQOpMAIIIH.

Knomka Bbixof, — pacnonoxeHa B BEpXHEM MPAaBOM YTy OCHOBHOTO MEHIO MPOTPaMMBI,
OCYIIECTBIISIET BBIXO1 U3 porpaMMbel B Windows.

Knorka [leMo — BK/IIOYAaET PeXXUM IEMOHCTPAIIMH BHICOPOJIMKA C 3alIMCAHHBIMU JICHCTBU-
SIMH PEXKHUMOB VIHTEPaKTUB 1 TeCTMpOBaHWe. TOT PeKUM MO3BOJISIET KaK MPOCMATPUBATH POJIHK
MOCJIEI0BATENbHO, TaK U MEPEXOANUTDH OT parMeHTa K PparMeHTy HaKaTUEM COOTBETCTBYIOIIUX

KHONOK. VIMeeTcss BO3MOXKHOCTh ClI€aTh May3y.



Hauvano

ycTaHoBKa 1

ycTaHoBKa 2

ycTaHoBKa 3

ycTaHoBKa 4

ycTaHoBKa 5

ycTaHoBKa 6

LT

Bbixopg

YcTaHOBKa HaHeceHus CbOTOpe3MCTa 1>/

Puc. 4. Bun pabouero skpana B pexxume Jlemo

Kuomka OBNET — BKIIOYAET PEXKHM CaMOCTOSTEIBLHOTO O3HAKOMUTEIBHOTO MOCIEI0BA-
TEIBHOTO 00JIeTa MPOM3BOJACTBEHHON 30HBL. [10Ka3aHO PaCMoOKEHHE CBEPXY IPOM3BOICTBEH-
HBIX TEXHOJIOTHYECKUX yYacTKOB ¢ oOopymoBaHueM. [IpenocTaBiisieTcsi BO3SMOXKHOCTh OIPaHU-
YEHHOT'O MHTEPAKTUBA: YNPABICHUE IPOJBHKEHUEM 10 MAPUIPYTY TEXHOJOTHYECKUX ONEPALANA
OT OJTHOM YCTaHOBKH K JIPYTOi, Ha IIar BIEpe M BO3BPAIICHUE IO MapIIpyTy Ha IIar Ha3a.
TpaekTopusi TEXHOJIOTHUECKOTO Mapipyra 0003HaYeHa MapKepHBIMU CTpenkaMu. [Ipumep pa-
0odero sKpaHa Mokas3aH Ha puc. 5.

B pexxume OBNET ynpasiieHne OCyIIECTBIACTCS CIEYIONIM 00pa3oM:

» wnaui A, [poben, eBast KHOIIKA MBIIIN — YIPABISIFOT TEPEMELICHHEM K CIEAYIoLIei
TE€XHOJIOTUYECKON YCTaHOBKE;

» xnasumm B, Backspace, mpaBasi kHONKa MBIIIM — YHpaBIIAIOT NEpeMEIIEHUEM K TPE/IbI-
JyIEN TEXHOJIOTHYECKON YCTAaHOBKE;

» MBIIIb YIPABISIET TOBOPOTOM KaMephl, H3MEHsIsI HAalIpaBJICHNUE B3TIIAIA,;

» KimaBuima ESC 3arpykaeT MeHIO BBIXOJIa B OCHOBHOE MEHIO, COJIepIKalee JBa MyHKTa —
Bbixog u OTmeHa;

» coueranue kiaaBuin Cirl+R ocyriecTBiseT nepes3amnyck TeKyIIero pexkuma mporpaMmel.



© USTASNOVR - o X

Puc. 5. Bun pa6ouero skpana B pexxume O6nét

Knorka [1poxof — BK/IOYAaET PEKUM CaAMOCTOSATEILHOTO 03HAKOMUTEIILHOTO MPoxoja 00y-
YalOIIErocs B YMCThIX KOMHATAaX 110 IIPOU3BOJIBHOMY MapLIPYyTy B PEKUME C OTPAHUUYEHHBIM HH-
TEPAKTUBOM. TpaeKTOpHUsl TEXHOJIOIMUECKOTO MapuipyTra 0003HaueHa MAPKEPHBIMU CTPEJIKAMU,
YKa3aHbl HA3BaHUS YCTAHOBOK U TEXHOJIOTMYECKUX IPOLIECCOB. B 3TOM pexuMe 0CyIeCTBIAETCA
3aKpeIUIeHUe 3HAaHUH O Ha3HAuY€HUM IPOM3BOJICTBEHHBIX YYaCTKOB U TEXHOJIOIMYECKOro 000-

pyaoBaHus (puc. 6).

O USTASNOVR - o X

yCTaHoBKa ycraHoBka
HCNOHUPOBAHWSA 3 nposisneHnsi

totopeaucra ¢oTtopesucta

Puc. 6. Bun pabouero skpana B pexume [1poxoa
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B pexxume [1poxoa yrpaBiieHHe OCYIIECTBIISIETCS CIEAYIOMIUM 00pa3oM:

wiasumu W, CTpenka BBepx, knaBuiia 8 Ha 1udpoBoil KiaBHaType (MIpU OTKIIOYCHHOM
pexxume NumLock) — yrpaBiisitoT nepemMenieHueM BIepest;

kiaasuim S, CTpenka BHW3, kiaBuiia 2 Ha UpoBOi KiaaBuaType (IPH OTKIFOYCHHOM pe-
xume NumLock) — ynpaBiisiroT nepeMerieHreM Hazas;,

NEPpEMEIICHUE MBIIIKM BJICBO M BIIPAaBO — OCYHICCTBIIACT ITIOBOPOT KaMEpPBbI, H3MCHAA
HaIlpaBJICHUC B3IJIs[la B COOTBCTCTBYIOIICM HAIIPABJICHUU,

JIeBast WIIK [IpaBasi KHOIIKa MBIIIH, Kiasuiny [1poben u Enter — BoctipousBoasT aeiicTBue,
€CJIM OHO pa3pelieHO B TaHHBI MOMEHT. Takas BO3MOKHOCTb IMOSBJISIETCS B MOMEHT I10-
NaJaHusl B 30HY aKTUBHOCTH. lIpu 3TOM mosBIsIeTCs MOAENb PYKH M BOCIPOM3BOJIUTCS
aHUMauus;

kinaBuind A u D — ocyIiecTBIsSIOT iepeMelieHie BJACBO U BIPABO COOTBETCTBEHHO;

kiaBum CTpenka Bneso, 4 Ha nudpoBoil kiaBuaType (IPU OTKIOYECHHOM PEXHUME
NumLock) — yrpaBiisitoT mOBOPOTOM HaJeBO.

kinapuin CTpenka Bnpaeo, 6 Ha nudpoBoil kiaBuatype (MPH OTKIIOUCHHOM PEXHME
NumLock) — yrpaBiisitoT moOBOPOTOM HAIpaso.

KJIaBUIIIa ESC 3arpy>Kac€t MCHIO BbIXOJa B OCHOBHOC MCHIO, COACPIKAIICC Ba ITYHKTA —
Bbixog u OTMeHa;

coueranue kinasui Cirl+R ocymiecTBisieT nepesamnyck pexiuma mporpamMMai.

I[J'I?[ BXOJa B YMCTHIC KOMHATHI, HCO6XO)II/IMO «IICPCOACTHCA» B CHCI_[I/IaJ'IBHBIf/'I KOCTIOM. I[J'ISI

3TOro HEOOXOJUMO MOJOWTH K cTeiutaxy. IIpu mosiBaeHMM «pyKu» ClelyeT HaBeCTH €€ Ha

OpaH’)KEBBI KOCTIOM U Ha)KaTh JIEBYIO WM IPaBYIO KHOIKY MbIIIH (pHc. 7).

ur

Popma oaexasl Ans
pabortel 8 Yl

Puc.7. Bua pabodero skpaHa B pekuMe BBIOOpA CIIEIIUATIBHOTO KOCTIOMA

11



Ecnu xoctiom HUCUYC3HET, 3HAYUT IOJB30BaTC/Ib YCIICHIHO «II€PCOACIICI» U MOKET 3alTU B
MMPOU3BOACTBCHHBIC MMOMCIICHUS. I[JISI qero H606XOI[I/IMO HaXXaTb Ha KHOIIKY BXO}J, u IBCPbL OT-

Kkpoetcs (puc. 8).

© usTASNOVR - o X

BXO/

Ha>XMNTe KHOTMKY

Puc. 8. Bun pabouero sxpana Wnrepakrusroii VR-na6oparopun B pexxume Bxog

Jnist BeIXO/1a HEOOXOAMMO MPOHM3BECTH OOPATHYIO ONEPALMIO: MOJONTH K MYCTOMY CTEll-

JaKYy U «CHATH» KOCTIOM. [lociie 3Toro MokHO Ha)kaTh KHOIIKY BbIxog (puc. 9).

BblXO/

HaXMUNTE KHOTMNKY

Puc. 9. Bux paboyero skpana B peskume Bbixog

12



Krormka /3yyeHne — BxiroYaeT pekuM CaMOCTOSTEIBHOTO MPOXoja 00yYaroIIerocst B 4u-
CTBIX KOMHATax IO MPOM3BOJILHOMY MaplIpyTy C BO3MOKHOCTBIO IIPOCMOTpA Ha CIIELHATIbHBIX
9KpaHax aHUMAIMOHHBIX POJIMKOB O TEXHOJOTMYECKUX ONepalusx U ycrpoicTBax. Taxke Tex-
HOJIOTMUYECKUE YCTAaHOBKHM MOT'YT, 110 KOMaHJE IO0JIb30BaTeNsl, IEMOHCTPUPOBAThCA 0€3 Kopmy-
COB, C JeTaau3aluell U aHUMalell OCHOBHBIX 3JIEMEHTOB U onepanuil. TpaeKTopus TEXHOIOTHU-
YEeCKOro Mapupyra 0003HaYeHa MapKepHBIMU CTPENKaMH, YKa3aHbl HA3BaHUS YCTAaHOBOK U TEX-
HOJIOTHYECKUX TPOLECCOB. B 3TOM pekMMe OCYILECTBIISAETCS 3aKpEIUICHUE 3HAaHUM O Ha3Hade-
HUM [TPOU3BO/ICTBEHHBIX YYaCTKOB U TEXHOJIOIMYECKOr0 000pYy/JOBaHUS.

O0xox B pexrme M3yyeHne MoxKeT OCYIECTBISATHCS B MPOU3BOJIBHOM MOPSIKE. YTIpaBie-
HHE MIPOrPaMMOi OCYILECTBIISETCS aHAJIOrUYHO peskumy 06xof.

B MoMeHT nomagaHus B 30HY aKTMBHOCTU IOSIBJISETCS BO3MOKHOCTh HMHTEPAKTUBHOTO
HAXaTUS KHOMOK «pyKoit». JJis 3TOro HEeoOXOIWMO WHICTKHYTh JICBOW WM MPABOH KHOIKOMN

mbImu (puc. 10).

NOBTOP

3AMNYCK

Puc. 10. MnTepakTusHOE yrpasienre KHOMKAMH «PyKO»

KHnomka 3anyck — ocymecTBisieT IeMOHCTPALMIO aHUMAIIHOHHOTO POJIMKA O TEXHOJIOTUYe-
CKUX OIEepalMsAX U YCTPOMCTBAX Ha CHEIHMAIbHOM JKpaHe, a TaKXkKe JEMOHCTPALUI0 TEXHOJIOIU-
YECKHX YCTAaHOBOK 0€3 KOPITYCOB C JIeTalu3alieil 1 aHuMaIle OCHOBHBIX AJIEMEHTOB U Olepa-
uii (puc. 11). Bocripon3sBenenune opraHu30BaHo IUKIMYHO. [TOBTOP - 3amycKaeT aHMMAaIUIO CHa-

qaja.
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NPOLIECC Ne2

SKCNOHMPOBAHWUE ®OTOPEIVCTA

Puc. 11. JleMoHCTpaIisi aHUMAIIMOHHOTO POJIMKA U YCTAHOBKH 0€3 KopIyca

Knomnka CTON — mpepbIBaeT Mpolece aHUMAaIMi U TEPEBOJAUT YCTAHOBKY B MCXOJHOE CO-
CTOSIHHE.

KHormka VHTEpaKkTMB — ycTaHaBIMBaeT PeXXHUM, B KOTOPOM J00ABJISIETCS] BOSMOXKHOCTD Ca-
MOCTOSATEBHOH 3arpy3KH KacceT C IJIaCTUHAMH B pabodyio 30HY ycTaHoBKH. O0X0[ OCyIIecTB-
JsIeTCs MOCIIeI0BaTeIbHO, KACCEThI 3arpyXaroTcs B HEOOX0IUMbIE IPUEMHBIE EMKOCTH (3arpys-
YHKH) YCTAaHOBOK. B maHHOM pexxumMe oOyuaromuiics 10KeH MPOJEMOHCTPUPOBATh 3HAHUS T10-
CJIEIOBATEIbHOCTH BBINOJHEHUS TEXHOJIOTUYECKUX OIepaliiii, Ha3HAY€HUs YCTAaHOBOK U MOPS-
Ka 3arpy3kHd KacceT: KacCeThl JOJDKHBI OBITh IEPEHECeHbl CO CTOJIMKA WM U3 NpeIblaynieit
YCTQHOBKH, U YCTAHOBJIEHBI B COOTBETCTBYIOIINE pabOUUe 30HbI CAEAYIOIINX YCTAHOBOK B COOT-
BETCTBUH C MOPAIKOM TEXHOJIOTHUECKOTO Iporecca (puc. 12).

VYrpasieHue nporpamMmoil B pexxume VHTEpPaKTUB OCYIECTBISICTCSl aHAIOTHYHO PEXHMY

A3yyeHue.
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Puc. 12, 3arpy3ka kacceT ¢ IIaCTHHAMHU B pabo4yl0 30HY YCTaHOBKH

[Tocne 3arpy3ku kacceT B pabo4yr0 30HY yCTaHOBKH, OOYYAIOIIUKCS JOJDKCH 3aIyCTHUTh
YCTaHOBKY Ha)kKaTHEM COOTBETCTBYIOIIEH KHOIIKH Ha CTeH[e. B ciydae, eciiu Bce cienaHo BEpHO
— 3BYYUT CHUTHAJI BBICOKOH TOHAJIBHOCTH, 3arOpPAeTCs 3€JCHBIH CUTHAJI W YCTAaHOBKA HAauMHACT
paboTy B aBTOMAaTH4eCKOM pexumMe. B ciydae ommOKy — 3By4UT CUTHAI HU3KOW TOHAIBHOCTH U
3aropaercsi KpacHblii curHan (puc. 13). OOyd4aromuiicst TOJKEH MOHATh B Y€M 3aKII0YaeTCs
omunOKa 1 UCTIpaBUTh ee. KacceThl He 00sA3aTeIbHO yCTaHABIMBATH TOYHO, TIPH 3aITyCKe aHUMa-

O OHU aBTOMAaTUUCCKH BBIPDABHUBAIOTCH.

Puc. 13. 3amyck TeXHOJIOTHYECKOT0 MPOIlecca Ha YCTAHOBKE
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Knomnka TecTupoBaHWe — yCTaHABJIMBAET PEXKUM, aHAIOTHYHBIN pexxumy VHTEepaktvs. Jlis
TECTUPOBAHUS 3HAHUI OOYYaOIIErocs B JaHHOM PEKHUME J0OABISETCS CUCTUHK YCICUTHBIX U

HEYJTAYHbIX IMONBITOK BBIMOJIHEHHS TEXHOJOTHUYECKUX onepaiuii (puc. 14).

O USTASNOVR

Owmnbka

0

YcnewHo

Puc. 14. Bun pabouero skpaHa B pexume TECTUPOBaHNE
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