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
JIOJIKHBI BBECTH ITapaMETPhl TEXHOJIOTHUYECKUX PEKUMOB BBITIOJIHEHUS 3TOM ONEpaLnu.

BBenenne napameTpoB pa3dUTO HA YETHIPE YPOBHSI CIOKHOCTH.

YeTBEPTHIE ypPOBEHb CIOKHOCTH TpeOyeT BBEIEHHUS MapaMeTPOB TEXHOJOTHYECKHX pe-
JKUMOB U BbIOOpa MaTepuasoB JJIsl MPOLECCOB, HCTOYHUKOM MH(GOPMALIUU O KOTOPBIX SBIISAETCS
UCKJIIOYUTENIBHO MYJbTUMEAUMHOE MOCOOME MEPBOrO MOAYJIS HAIIEr0 MHTEPAKTHBHOIO KOM-
iekca. [Ipu paboTe Ha IepBOM YpOBHE ydalllMecs UCIOIb3YIOT 3HAHMS, TOJyYEeHHBIE IIPU TPO-
CMOTpE MYJIbTUMEIUHHOrO 1nocodusi. B cmyuae 3aTpyaHeHuil pedsta MOTYT 3allyCTUTh eIl pas3
MyJIbTUMEANIHOE MOCOOME U, B KQUeCTBE MOBTOpA MPONUCHHOIO MaTepHaa, B3sTh HYKHBIN Ia-
pamMeTp TEXHOJIOTMUECKOI0 PEeXKUMa WM HauMEHOBAaHMs PUMEHSEMbIX MaTEpUajIoB JJIsl BBOAA
[IapaMeTpoB TEKYIIEH TeXHOJOrn4yeckon omepauuu. JlonoaHuTensHO TpeOyeTcst BBOX Mapa-

MCTPOB I10 PE3YyJibTaTaM BBIITIOJIHCHUA MICCTHU SaﬂaHHﬁI

1) Jlns texnosmoruueckoit onepanuu «Hanecenue ¢oropesucTay mapameTpsl Uit BBoja (Hop-
MHUPYIOTCS 110 PE3YyJIbTaTaM BBIIIOJIHEHUS 3aJaHN.

s texHonmorumveckoi omepanuu «Hanecenue doTopesucray mapamerpsl s BBOAA
dbopMUpPYIOTCS IO pe3yJIbTaTaM BBIIIOJIHEHUS 3a/IaHUS:

3adaHue: Onpenennte KUHEMATMYECKYIO BA3KOCTb PpoTopesuncTta Ha nnactmHe KHU gns nony-
YeHWA TONIWMHbI HaHeCéHHoro cnosa ¢oTtopesncta 1,5 MKm npu 3agaHHOM Konunyectse ob6opo-
TOB B MUHYTY LLIEHTPUPYIN TEXHONOrMYECKOM YCTaHOBKN HaHeceHUa doTopesuncta 3000 06/MuUH.
TemnepaTtypa B paboyeit Kamepe yCTaHOBKMU 20°C, TemnepaTtypa ¢poTopesuncTa 20°C, BpPeEMA LLeH-
TpudyrmposaHums 40 cek.

Ha pucyHke 1 nokasaHa 3aBUCUMOCTb TOJILMHbI NAEHKM OT yumcsia 060poToB LeHTpUdyrm um
Mapku ¢otopesuncta. O6o3HaveHne O-xxP: PM-poTopPe3nCT NO3UTUBHBINA — XX KMHEMaTU4e-
CKasn BA3KOCTb B cCT (MM?/cek) ®-Tun poTopesucra.

3aBUCUMOCTb TONLWMUHbI NJIEHKK
OT Yucna o60poToB

25 -

E 2

= . - ®Mn-05¢
g " — ~ ®M-100
s — —— - ®OM-150
5 T ®MN-200
F 0,5

0 I 1 I 1

3000 4000 5000 6000
Konn4yectso obopoToB, 1/MuH
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Jns yenenmHoro pemieHus 3aaaHus Nel HeoOX0AMMO pa3bsACHUTh YYaIIUMCS (PU3MUSCKHUI
nmponecc pacnpeaciiCHud Mo MOBCPXHOCTU IVIACTUHBI, HAIIPABJICHUC CHUJIBI TSAXKCECTU W LCHTPO-
OeKHOM CHIJIBI, (1)H31/I‘ICCKI/II71 CMBICJI 3aBUCHUMOCTH TOJIIIUHBI CJI0A OT CKOPOCTH U BA3KOCTHU, CAH-
HUIBI U3MepeHus BsizkocTu cCT.

[TpuBOIMM BO3MOKHBII BapUaHT PEIICHUS

PeweHue: N3 guarpammbl ans 3HavyeHui ymcna obopotos 3000 06/MUH 1 TONLWMHBI pOTOpPE3U-
cta 1,5 mkm onpegensetrca mapka ¢otopesucta NP-150, koTopaa MMeeT KMHEMATUYECKYHO
BA3KOCTb 15 cCT (Mm2/cek).

Taxum o0Opaszom, i TexHonornyeckon onepanun «Hanecenue ¢ortopesucra» Ha BTOPOM
YpOBHE y4allluics BBOJAUT IMapaMeTphl:
1.  Tommuna cnost poropesucra 1,5 MKM (M3 yCIIOBUS 3a0aHU).
2.  KonuuectBo o60potoB neatpudyru 3000 o6/MuH, (M3 yCIOBHS 3a1aHUS).

3. Kunemarnueckas Bs3kocTh 15 ¢cCt (10 pe3yabTaTaM BBHITIOTHEHUS 3a1aHHS).

2) JIst TEXHOJIOTHYECKOUN orepaiuu «DKCIIOHUpOBaHHE (HOTOPE3UCTay OMPEACIAIOTCS —Iapa-

METpBI, (GOpMUPYEMBIE TIO pe3yJIbTaTaM BBITIOJHEHHS 3aJaHuUs

3adaHue: Ona TeXHONOrMYECKOM onepaunmn «IKCNoHMpoBaHMe GoTopesncTa» napameTpbl AN
8B0Aa GOPMMPYIOTCA NO pe3yibTaTaM BbINOJHEHWNA 3a4aHNA:

[na nnactnHbl KHU anametpom 150 mm onpeaenuTe Bpema akcnoHuposanma T=G/W, rae G —
HOMWHANbHAA yAenbHaa 3Heprua ana 3acsBetkm ¢dotopesnucra 70 mx/cm?, W — yaenbHas
MOLLHOCTb Y/1IbTPAdMONETOBOIO U3Ny4eHUA, Bt/cm>. OTBert OKPYrAnUTb A0 Uenbix.

MowHOCTb ybTPadNONETOBOrO M3NYYEHUA Ha NOBEPXHOCTM NaacTuHbl P = 800 mBT. OTHOCK-
TeNbHAA BNAXKHOCTb BO34yxa B paboyei 30He yCTaHOBKM 3KCNOHUPOBaHUA 45%.

s ycremHoro pemeHusl 3aJaHus HeoOXOJUMO pa3biICHUTH ydalluMcs (U3UYECKUN
CMBICI IOHSTUH YAE€TbHOM MOIIHOCTH YJIbTPa(QHUOIETOBOTO U3ITyYEHHUS U SHEPTHS AJIs 3aCBETKU
¢doTope3ucTa, BaXKHOCTh MPaBUWIBHOTO BbIOOpa BPEMEHU SKCIIOHMPOBAHUS Ul MOJY4YEHHUs 3a-

JaHHOT'O pe3yJibTaTa TEXHOJIOTHIECKOM onepanunu.

HpI/IBO)II/IM BO3MO>KHBIN BAapWaHT BBIIIOJHCHHA 3aJlaHUA

PeweHue: Nnowaab nnactuHel KHU S = nD2/4, rae S — naowaab NAacTuHbI, CMZ, D — anametp
NAACTUHbI, CM. [MoACTaBAAA 3HAYEHMA, MONYHAEM
S=3,14 - 15%/4 = 176,6 cm’
W = 0,8 BT/176,6 cm2 = 0,0045 Br/cm?
T=G/W=70-0,001/0,0045=15,55=16 cek (1 Bt =1 ax/ceK)
TakuM oOpa3om, Ui TEXHOJOTHYECKOW omeparun «IKCIOHUpoBaHUEe (HOTOpe3ncTay Ha

TPETHEM YPOBHE YHAIIUNCS BBOAUT MapaMeTphl:

2
1. VYnenwnas seprus mis 3acBetku 70 mx/cM” (U3 ycrmoBus 3a1aHms).
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2.  Tun oOGnyueHus mMpu SKCIOHUPOBAHUHM — YAbTpaduoseToBoe (M3 MyJbTUMEIUHHOTO TIO-
cobus).
3. Momnocts m3nydenus — 800 MBT (13 ycinoBus 3a1aHus).

Bpewms skcnionupoBanust — 16 cek (1o pe3yinbTataM BbINOJIHEHUS 3aaHUs).

3) s texnonorumyeckoit onepauuu «lIposiBienue ¢oropesucray mapamerpsl s BBOJA
(bopMHUpYIOTCS TIO PE3yJIbTaTaM BHITOJIHEHUS 3a1aHUS

3adaHue: Ona TexHonormyeckon onepaunn «fMpoasneHme ¢otopesncta» napameTpbl A58 BBO-
Aa dopmupyroTca NO pesy/ibTaTam BbIMOJHEHMA 3a4aHUA:

Onpegennte BpemMs NpossaeHna ¢$oTopesncTa Npu 3a4aHHON KMCAOTHOCTU pacTeopa pH =12,2
ANA yoaneHua ¢potopesncta M TONWMHE HaHeCEHHOro cnofa ¢oTopesuncta 1,5 mkm. Temnepaty-
pa pactBopa 45°C. OTBET OKPYIUTb A0 LEeNbIX.

Ha pucyHKke 2 npuBenéH rpadmK 3aBUCMMOCTU CKOPOCTU NposasaeHua ¢potopesmncta oT pH. O6o-
3HayeHuA: Vo — 3acBeyeHHbI GoTopesnct, VH — HezacBeUYeHHbIn GOTOPE3UCT.

V, MKM/C

1.0

10°

10

103 T _I.‘\ -

101 {;T —

10

Puc. 2

Jl1s ycrienHoro BBIMOTHEHUS 3aJJaHusl CIeyeT Pa3bsCHUTh y4alllUMCs, IIOYEeMY IOBBIIIE-
Hue ypoBHs pH BiMsieT Ha CKOPOCTh NMPOSIBIEHUS (OTOPE3UCTA.
[TpuBOAMM BO3MOXKHBIN BApHAHT BBIITOJIHEHUS 3aJaHHs

PeweHue: ®oTope3ncT 3acBeYEH NPU UCNOJTHEHUM NpeablayLLei onepaummn « IKCNOHNUPOBaHUE
doTopesncta, nosTomy Bbibnpaem Vo — 3acBeveHHbI poTopesnct. CKopocTb npoasieHna ¢o-
TopesucTa ana pH = 12,2 onpegensaetca us rpadumka n pasHa v = 0,06 mkm/c. TonwmHa cios
doTopesucra pasHa h = 1,5 mKkm, Bpemsa onpegenserca no ¢opmyne t = h/v = 1,5/0,06 = 25
CeK.



Taxkum oOpaszom, a1 TexHoIornueckou oneparuu «lIposiBmenue ¢oTtope3ncray Ha BTO-
POM YpOBHE y4alluiicss BBOJUT MapaMeTphI:
1.  Kucnornocts pactBopa pH 12,2 (u3 ycioBus 3aganus).
2 Twum pactBopa MIETOYHOMN (M3 MYJIbTHMETUIHOIO TIOCOOHS).
3. Ckopocts nposiBienus poropesucta ~ 0,06 Mkm (110 pe3ysbTaTaM BBITOTHEHUS 3a/1aHUS ).
4

Bpewmst posiBnenus = 25 cek (10 pe3ysIbTaTaM BBHIIIOJHEHUS 3aaHNUs).

4) JInst TeXHOJOTMYECKO# onepaiiy «PeakTHBHOE HOHHOE TPaBJIeHHe KPEMHHUS» [TapaMeTpPhI
JUTsl BBOJIa POPMUPYIOTCS MO pe3ysibTaTaM BhInonHeHus 3a1anust Ned, cm. [Ipunoxenue 1:

3adaHue: Ons TeXxHONOrMYeCcKon onepaumm «PeakTMBHOE MOHHOE TPaBAeHWEe KpeMHUsa» napa-
MeTpbl A1s BBoAa GOPMUPYIOTCA NO pe3y/ibTaTaM BbiMOJHEHMA 3a4aHUA:

Onpegennte Bpemsi TPaBNEHUA BEPXHErO C/0A KPEMHUA B CEKYHAAX MPU MaKCMMaNbHOM CKO-
pPOCTM TpaBAEHUA U3 MPUBEAEHHbIX 3KCMEPUMEHTANbHBIX AAHHbIX Ha Anarpamme. [aBneHue
nnasmbl 0,15 Ma. TonwmHa BepxHEro cnoa KpemHma 17 MKm.

Ha pucyHke 3 npuBeaeH rpaduKk 3aBUCMMOCTM CKOPOCTU TPAB/IEHUS KPEMHUA OT KOHLEHTpa-
umMn knucnopoga. ObosHayeHma Kpusbix 1,2,3,4 — cTeneHb CBA3bIBAHWUS YacTUL, CMECU KUCI0PO-
Aa N 4eTbIpExPTOPUCTOro yrnepoaa ¢ MaTepraiom KPeMHUS.
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Jl1s ycnemHoro BHIIOJHEHUS 3aJaHusl He0OXOUMO pa3bICHUTH ydaluMcs GU3NYECKUui
CMBICJI aKTUBHOCTH MOJIEKYJI KHUCJIOPO/Ia B IOTOKE XUMHYECKH AKTUBHBIX MOJIEKYJI IPU B3aUMO-
NeMCTBUU C KpEMHHEM, KaKUM 00pa30M IMOBBIIIAETCS] CKOPOCTh TPABJICHUS KPEMHHUS PU yBEIH-
YEHUU KOHIIEHTPAIMU Bojopoaa. OTAenbHO IPOKOMMEHTHPOBATH EAUHUILY U3MepeHus A/MuH.
CpaBHUTB aHTCTPEM C MUKPOMETPOM, CAHTUMETPOM M METPOM.

IIpuBOAMM BO3MOXKHBIN BapUAHT BBIIOJIHEHUS 3a/1aHUS

PeweHue: Mo rpadumKy 3aBUCMMOCTM HAXOANMM MaKCMMabHYI CKOpocTb Vmax = 3750 AO/MVIH,
npu KOHUeHTpaumn Knucnopoga K = 42 % ana KpMBOM CTENEHWU CBA3bIBAHMA YaCcTUL, CMECU KUC-
lopoAa M 4YeTblpEXDTOPMCTOro yraepoda C matepuasom Kpemuua 1. Bpems TpaBneHua T =
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H/Vmax, roe T — Bpema TpaBaeHus, H — ToNLWMHa CNoa KpeMHUsA, Vmax — CKOPOCTb TPaBAEHMUS.

T = H/Vmax 17 mkm/ 3750 A/muH. Nepesoaum AO/muH B MKm/cek 3750 A/mun = 0,375
MKM/60 cek = 0,00625 mkm/cek. OTkyaa T = H/Vmax =17 mkm/ 0,00625 mKm/cek = 2 720 cek.

Taxkum 00pazom, sl TEXHOJIOTHYECKON onepannun «PeakTMBHOE MOHHOE TPAaBICHHE KpeM-
HUS Ha TPETHEM YPOBHE YUAIIMKCS BBOJIUT IMapaMeTphI:
1. KoHueHTpaus Kucioposia B IOTOKE XMMUYECKH aKTUBHBIX YacTul 42 % (U3 ycioBus 3a-
JAHWs).
2. BemecTBo B COCTaBe XUMHYECKH aKTHBHBIX YacTHIl (TOP (M3 MYIBTUMEIUIHOTO TIOCOOHS).
3. Hasnenue mna3mel 0,15 Ila (u3 ycnoBus 3amaHus).

4. Bpewms tpaBnenus <~ 2 720 cek (110 pe3yJibTaTaM BBITOJTHEHUS 3a1aHUS ).

5) Jlist TeXHOJIOTHYECKOH ornepanuu «Y IajJieHhue 0CTaTKOB (hOTOPE3UCTay mapaMeTphl JIisk BBO-
na GopMUPYIOTCS 10 pe3yabTaTaM BBITOJTHEHHS 33 JaHHS:

3adaHue: [na TEXHONOrMYECKOM onepaumm «YnajaeHue OCTaTKOB (DOTOpe3ucTay YyAaneHuA
OCTaTKOB $OTOpPE3nCTa B PacTBOpPE CEPHOM KMCAOTbl M Nepokcnpa sogopoaa (cmeck Kapo)
onpeaenuTe B KakMx 06bEmax HeobxoanMmo cmelaTb pacTBopbl 90%-1 cepHOM KucnoTbl n 30%-
nepokcnga sogopoaa ana noaydeHua 900 mna pactsopa cmecu Kapo. CooTHOLWEHUE MONAPHbBIX
MacCC YUCTbIX BELLECTB CEPHOM KMCNOTbl U NepoKcnaa Bogopoaa B cmecu Kapo A0MKHO 6biTb
2:1. ina BewecTB NpuHATbL cnegyowme a.e.m.: H=1, S = 32, O =16. TemnepaTtypa 06paboTku
90°C,

JUisl yCTIenIHOro BBINOJIHEHHS 331aHUsl HE00XO0AUMO MOBTOPUTH C YHaLIUMCS ITOHATHUS MO-
JISIPHOM Macchl BEILIECTBA U MAcCChl paCTBOPEHHOTO BEILIECTBA, MOJIIPHON KOHLIEHTPALIUK PacTBO-

POB U COOTBCTCTBYIOIINUEC CAUHHUILILI U3MCPCHUS.

HpI/IBO,[[I/IM BO3MOXKHBIHN BAPHUAHT BBITNIOJIHCHUS 3alaHUS

PeweHune: MonsapHaa macca cepHoi Kncnotbl H,SO4 = 1-2+ 32+16-2=66, H,0,=

1:2+16-2 = 34. OTHOLLUEHNE MONAPHbIX MACC YMCTbIX BELLECTB paBHO X-66/34=2/1 no ycnosuio
3a4aun. KoadduumneHT cooTHOoLEeHUA Macc X byaeT paBeH x=34:2/66 = 34/33. Takum obpasom,
oTHoweHMe macc X=Mus04/Mu202=34/33. B 06bEMax COOTBETCTBEHHO 3TO COOTHOLLEHWe byaeT
onpeaenatbca cneayrowmm obpasom. O6bEM KMCAOTbI paBeH Vias04a=M Hasoa/Chzsos, TAE Chasos
— KOHLEeHTpaLUusa CEPHOM KUCNOTbl. AHANOMMUYHO V02 = Mu202/Chzoz.

CooTHolweHne 06bEMOB PaBHO Vias04/Vi202 = M Has0a/ Chasoa/ (Mu202/Chizo2) =

= M h2504"Ch202 /(Ch2s04'Mh202).

Jlerko 3ameTuTb, YTO Miasoa/Mu202=X, OTKY A Viasoa/Vi202 = X*Ch202 /Chasoa-

CnepoBsatenibHO, VU = Vias0a/Vh202 = 34/33- (0,3/0,95)~0,32535885.

O6uwmit 06beM paBeH V = Vipsoa+Vh202 -

Pasgenum obe 4actu 3Toro ypaBHeHUA Ha Vo, Nonydaetca V/ viao2 = Vhasos/Vi202 +VH202/
V202 Wnn V/Viaor = Vu+l. OTKyaa nerko Hantv VH202 = V/(Vu+1). OKOHYaTeNbHO:

V202 =900 / (0.32535885+1)=679 ma u

VH2504= \ 'VHZOZ =900- 679 =221 mn



Taxkum 00pazom, JUIsl TEXHOJIOTUYECKOH onepannu «Y JajieHHue OCTaTKoB (poTope3ncra» Ha

4eTBEPTOM YPOBHE YYalllMICS BBOJUT IIapaMeETPBhI:

Temneparypa o6padotku: 90 °C (u3 yciioBus 3a1aHus)
Bpewmst 06pabotku: 12 MuHyT (M3 yCIOBHSA 3aJaHU)

O0BEéM cepHOit KUCTOThI: 221 M (110 pe3yJibTaTaM BBITIOJTHEHUS 3a/1aHuUs)

> w0np e

O06BéM mepekucu Bogopoaa: 679 mi (1o pe3ysabTaTaM BBIIOIHEHHUS 3a1aHHNs)

6) st TexHonoruueckod omepaiun «30TpomHOE TpaBlieHHE M30JIATOPa» IapaMeTpbl JJIs

BBO/Ia (QOPMUPYIOTCS 1O pe3ybTaTaM BBITIOJHEHUS 3a1aHust Ne6

3adaHue: [lna TexHONOrMYecKon onepaumn «M30TponHoe TpaBAEeHME N30NATOPaA» MapaMeTpbl
Ana BBoAa GopMmUpPyOTCA NO pe3ybTaTaM BbINONHEHWA 3a4aHUA:

TexHonorMyeckaa onepaumsa M30TPOMHOrO TpaBneHus usonatopa SiO, (ABYOKUCU KpemMHMsA)
NPOn3BOAMUTCA B YCTAHOBKE MJIA3MOXMMUYECKOro TpaBneHuna. B paboyei 30He ycTaHOBKM AaB-
neHune coctasnsaet 10 klMa, TemnepaTtypa +60 oc. MonsapHbIM 06BEM NPM HOPMANbHbIX YCIOBUAX
(naBneHue 103 KMa, Temnepatypa 20 0C) coctasnsaet 22,4 n/monb. dopmyna peakumm Tpasne-
Hua SiO, + 4HF - SiF4 + 2H,0. ATomHas eguHMua macchbl (a.e.m.) dTopa — 19, KpemHua — 28,
Kncnopoaa — 16. AGCONOTHbBIN HONb NPUHATb PaBHbIM -273 °c.

Onpepennte 06bEM Heobxoanmoro GTopmucToro Boaopoaa ana TpasneHma 100 mKr ABYOKUCH
KPeMHUA B ycnoBUAX paboyeit 30Hbl YCTaHOBKMW.

I[J'IH YCHICHIHOT'O BBIMMOJTHCHUA 3aJaHUA HGO6XOJII/IMO MOBTOPHUTH C YyHAIUMCA IMOHATHA MO-
J'ISIpHOfI MacCChl BEIICCTBA U MACChI paCTBOpéHHOFO BCIICCTBA, MOJ'IHpHOI\/’I KOHIOCHTpPAUu pacTBO-
POB U COOTBETCTBYIOIINEC CAUHULIBI U3MCPCHUA.

HpI/IBOI[I/IM BO3MOYKHBIH BApHUAHT BBINTOJIHCHUA 3a1aHUA

PeweHue: Ona SiO, a.e.m. paBHa 28+16:2=60, ana ¢TopmcToro Bogopoaa a.e.M. paBHa Z=6 -
(1+19) =120. Taknm obpa3om, COOTHOLLEHNE MO MaAcce B NpoLuecce TPaBAeHMUA OAHA 4acTb ABY-
OKUCK KpemHua n age 4actm ¢ptopmctoro sogoposa. OTKyga Konnvectso GTopmMCcTOro BOSOPO-
Aa paBHo M=200 mKr. MWcnonb3yem ypaBHEHWE COCTOSHWUA uaeanbHoro rasa: (P1-V1)/T1
=(P2-V2)/T2 , raoe P1- naBneHue npm HopmaabHbIX ycnosusax, T1- abcontoTHas TemnepaTtypa npu
HOPMa/ibHbIX YCNoBUAX, V1- MONAPHBbIN 06BEM NPU HOPMANbHbIX YCAOBUAX. P2- KOHeYHOe AaB-
NneHune B Kamepe, T2- KOHeYHaA abcontoTHaA TemnepaTypa B Kamepe. ABcontoTHasa TemnepaTty-
pa paBHa pasHULUE MeXAay rpagycamm Lenbcus u TemnepaTypoin abcontoTHOro Hyns: T1=20-
(-273)=20+273=293K, T2=60+273=333K (KenbBuH).

N3 dopmynbl (P1-V1)/T1 =(P2-V2)/T2 nony4yaem monapHoii 06bém V2=P1-V1-T2/ T1-P2 =103-
10°-22,4-333/293-10-10° = 262,2 n/monb.

KonnyectBo monb C gna 200 mkr ¢ropuctoro Bogopoga pasHo C=M/Z=200 mkr/120
[r/mMonb]=1.6710° Mmonb, oTKyAa Tpebyemblit 06bEM paseH V=C-V2=262,2-1,67- 10°~0,44mn

Takum 06pa30M, JJISL TEXHOJIOTHYECKOM onepannu ((HBOTpOHHOC TPaBJICHHUC U30JIATOpPA»
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Ha 4eTBEPTOM ypPOBHE YHAIUICS BBOAUT MapaMETPBhI:
1. AKTHBHOE BEIIECTBO JIsi CTpaBIUBaHUs u30jisATOpa DTOpPUCTBI Bomopon (w3
MYJIbTUMEIUIHOTO MaTepuana).
2. O0bém dropucroro Bogopoaa 0,44 mu (1Mo pe3ysibTaraM BBITOJTHEHUS 3aIaHUsA).
3. KommyectBo crpaBnuBaemoro u3ossitopa 100 Mxr.

4. Temmeparypa B paboudeii sone +60 °C (i3 ycnoBus 3amanns).

Mpu ncnonb3oBaHMM rpaduKoOB 34eCh U AaNEE yHaLLMECs BBOAAT NapameTpbl TEXHOIOrMYECKow
onepaumn, PacciUTaHHble Ha OCHOBE ONpeaensiemblX No rpaduKy 3HaAYEHMUI C NOrPELLHOCTbLHO.
Mostomy B TabaMuax ykasaH AMana3oH A0NYCTUMbIX 3Ha4YeHUIM NapameTpoB AN BBOAA NPU pa-

60oTe c moaynem «MHTepakTuB-obyyeHue «TexHonormm MIMC»

HapaMeTpLI JJIA BBOJA HA ‘ICTBépTOM YPOBHE CJIIOKHOCTHU IIPUBCJACHBI B Ta6J'II/II_[C 1.

Tabmuna 1. JlanHsie ¢ nHGOpMAIEH 0 TapaMeTpax TEXHOJIOTHUSCKUX ONepauidi 1
HAaUMEHOBAHMSIX IPUMEHSEMbIX MaTEPHUAJIOB

Ne Texonepa-
- IIpouecc [Tapamertp HaumenoBanue napameTpon
HwxHuii cnoit kpeMHUs, MKM 500
Ponux, 2:25 *)
3agaHus mapaMeTpoB
i «CTpyKTypa KpeMHHH Ha FAMOKCHIL KpEMHHS, MKM 1,3
py Ponux, 2:25 '
U30JIATOPE
BepxHuii cioll KpeMHUSI, MKM 15 - 20
Ponux, 2:25
Kon-Bo 060poToB ieHTpudyTH, 3000
00/MuH
TexHonornueckas ornepa-
P Kunemaruueckas Bs3kocThb, cCT 14 -19
1 s «Hanecenne doTtope-
3UCTa» Tommmna cnost poropesncra,
MKM
1,5
Ponux, 2:43 '
YnenbHast SHEpIUs ISl 3aCBET- 70
ku, MJI3x/cm?
TexHonoruueckas onepa-
st «DKCIIOHHPOBAHHE Tur oOmyyeHnst TpU SKCIIOHH- VibTpaduoteToBoe
2 dhoTopesucra pOBaHNH
Ponux, 3:20
MoIHOCTh M3Jy4deHus, MBT 800
Bpewms sxcnionupoBanus, ¢ 14 -17
Kucnoraocts pactBopa, pH 12,2
Texuonornueckas onepa- CKOpOCTB TPOSIBIIEHHS, MKM/C 0,02-0,08
st
3 «[IposiBnenns  (oTopesn- Bpewms nposiBnenus, ¢ 20-30
CTay Tun pacTBOpa I NPOSIBICHUS Hlenounoit
dboTopesucra
Ponux, 4:05
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Konuenrpanus xkucnopona, % 35 -45
TexHonoruueckas onepa- | BelecTBo B cocTaBe XMMHYE-
LA CKHU aKTUBHBIX YaCTHI] ®dTop
4 «PeakTnBHOE HOHHOE Ponux, 4:27
TpaBJI€HHE KPEMHHMS»
p p JlaBnenue mia3Mmel, I1a 0,15
Bpewms TpaBnenus, ¢
peMA TP ’ 2500 - 2900
0
Temneparypa odpabotku, C 90
TexHOJIOrHMUECKas onepa-
P Bpemst 06paboTKH, MUH 12
5 s «YIajJeHHe OCTAaTKOB
(dhotopesucTa» OO0BEM CepHO KHUCIIOTHI , MIT 221
OO0BEM TIEpEeKrCH BOIOPOIA, MIT 679
Mostekyspl aKTHBHOTO BeIle-
CTBa HM30TPOITHOTO TPABJICHHUS DTOPUCTHII BOIOPOT
Ponux, 5:54
Texnonmoruueckas onepa- | Ogpém dropHcTOro BosOposa, 035 055
6 mns  «M3oTpomHoe TpaB- |\ ' '
JICHHUE M30JTOpa
KonmuecTBo cTpaBimmBaeMoro 100
H30IITOPA, MKT
Temmeparypa B paboueii 30He ,
o 60

*) ceolka HA MYyTbMUMeOUtiHoe nocooue, MuH:cex

Moaynb «AHTepakTuB-tectupoBaHue «TexHonorum MOMC»

Knuknaure B MeHIO IUPPOBOI MHTEpakTUBHON Jaboparopun «MHTEpaKTUB-TECTUPOBAHUE
«Texnonoruu MOMOC» 1 HauHUTE TECTUPOBATH IMOJIYYEHHBIE 3HAHMSI U HABBIKU MO MOJEINPO-
BaHUIO TEXHOJIOIMYeCKUX nporeccoB MOMC n3nenmii.

B monyne «MuTepaktuB-Tectuposanue «Texnomornn MOMC» yuamuecs cHadana BBOJIAT
IapamMeTpsl 3arOTOBKH CO CTPYKTYpOM «KPEMHHUU Ha W30JATOPE», IIPU 3TOM [0 OKOHYAHHUH
YCHEIIHOTO BBOJA AAHHBIX 3aIlyCKAeTCs aHMMALMs C BU3yalU3alMel CTPYKTYpPhl «KKPEMHUN HA
U30JIATOpE», 3aTEM yyallluecsl BBOJAT JJaHHbIE ¢ MH(pOpMalLKel o mapaMeTpax TeXHOJIOTHUECKUX
ornepanuil 1 HANMEHOBAHUSAX NPUMEHSEMbIX MaTEPUAJIOB, IPU 3TOM I10 OKOHYaHUH YCIEIIHOTO
BBOJIa JAHHBIX JUIS TEKYIIEH TEXHOJOTMYECKOW ONEepaluy 3allyCKaeTCsl aHUMalus Ipouecca

ATOM TEXHOJOTUYECKOU OIepalnu.

B cnydae ommbGoyHOro BBOJA MapamMeTpPOB TEXHOJOTHYECKOW OINMEpaly MOSBISETCS CO-
obmenne o0 ommbOKe U MPeIoCTaBIsIeTCs cleAyromas moneitka. [locae Tpéx HeyAauHbIX MOMbI-
TOK CHCTeMa TpeKpamiaeT paboTy ¢ OJHOBPEMEHHBIM BBIXOJ0M U3 Moy «Moaynb «HTEepak-
tuB-TecTUpOoBaHue «TexHomorun MOMCy». [y BO3BpalieHus B PEKUM TECTHPOBAHUS MOIYJb
HEO0OXOUMO 3aITyCTHTh 3aHOBO.

3a BBINOJIHESHHBIC 3aJaHuA Ha3HA4YaroTCA OaJIBl B COOTBETCTBHH C Ta6JII/II_[eI>'I 2.
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Tab6muna 2. KonnuecTBo 0aJUIOB 3a BBITIOJIHEHHEIE 3aJaHUS

Ne IIponecc VYposens 4
0 3ananus napamerpoB «CTpYKTypa KpEeMHHI Ha U30JIATOPE» 1
1 Texnonornueckas onepauust «Hanecenune poropesucray 2

TexHomorngeckas omneparnus « IKCIOHUPOBaHNE (POTOPE3H-
2 cTay 3
TexHonoruueckas onepanus
3 «[Iposinenue ¢oropesucra 2
4 TexHonoruueckas ornepanus 3
«PeaxkTHBHOE MOHHOE TPaBIICHUE KPEMHUS»

TexHonoruueckas onepanus «YnajneHue ocTaTkoB (orope-
5 3UCTa» 4

Texnonoruyeckas onepauusa «30TponHoe TpaBieHUE U30-
6 JSTOpa 4
HUTOI'O 19

Moaynb «AHTepakTnB «VR usrorosneHne MAOMC Ha npousBoacTBe»

Hns 3anycka monyns «MHrepaktuB «VR-u3roronenne MOMC Ha pou3BOACTBE» KIIMK-

HHUTE HA COOTBETCTBYIOIICH KHOMKe, ckadaiiTe ucronHutenbHbid daitn MEMSLab-Setup.exe na

IIEPCOHAIIBHBIN KOMITBIOTED.

3anyctute ¢aitn MEMSLab-Setup.exe. Bribepure auck u manky /i yctaHOBKU (puc. 1),

crenyure ykasanusam Macrepa Y cTaHOBKH.
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() Ycranoeka — MEMSLab, sepcua 1.0 -

Bbibop nankun 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 MuHKUMYM 3 975,1 MB ceobogHoro AMCKOBOTO NPOCTPaHCTERa.

Hanee > OTMeHa

Puc. 1. /lnanoroBoe 0KHO YCTaHOBKHU

[Tocne ycranoBku Ha Paboyem ctone Windows mosiBiisiercst Apnblk nporpammel (puc. 2). 3a-

IMYCK NporpaMmbl OCYIICCTBIIACTCS ,Z[BOI>'IHLIM [ICJTYKOM MBIIIH 110 APJIBIKY

MEMSMNeVR

Puc. 2. SApapik mporpaMMel

[Ipu 3amycke 3arpyxaeTcsi OCHOBHOE MEHIO mporpammsbl (puc. 3). Ilpu sTom ecTh BO3-
MO>KHOCTh TMEPEKII0YAThC MEXY MOJTHOAKPAHHBIM M OKOHHBIM PEKUMOM OTOOpa)KEHUs TpU

[oMOILHM coueranus kiasuin Alt+Enter.
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CIMPABKA BbIX0[,

OBJIET
MnPOXoAa

U3YYEHUE
WHTEPAKTUB
TECTUPOBAHUE

Puc. 3. OCHOBHOE MEHIO MpOrpaMMbl

Kuomka CnpaBka — pacrosiokeHa B BEpPXHEM JIEBOM YIJIy OCHOBHOTO MEHIO IMPOrPaMMBI,
BBI3bIBAET OKHO CIIPAaBOYHOIN MHQOpPMAIIIH.

KHnomka Bbixog — pacmnonokeHa B BEpXHEM IpPaBOM yIJIy OCHOBHOI'O MEHIO IPOTPaMMBI,
OCYILECTBIISICT BBIXOA U3 porpaMMbl B Windows.

Knorka [leMO — BKIIIOYAET PeXKUM JIEMOHCTPAI[MH BHCOPOJIMKA C 3alIMCAHHBIMU JICHCTBU-
MU pEKAMOB VHTEpaKTUB 1 TecTUpoBaHue. 3TOT PEeXKKUM IMO3BOJISIET KaK MPOCMATPUBATH POJHK
MOCJIEI0BATENbHO, TaK U NMEPEXOAUTDH OT (parMeHTa K (pparMeHTy Ha’kaTHEM COOTBETCTB YIOLIUX

KHONOK. VIMeeTcss BO3MOXKHOCTh ClIE€NaTh May3y.
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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 MOCIIEA0BA-
TEIBHOTO 00JIeTa MPOM3BOJACTBEHHON 30HBL. [10Ka3aHO PaCMoOKEHHE CBEPXY IPOM3BOICTBEH-
HBIX TEXHOJIOTHYECKUX y4acTKOB ¢ oOopymoBaHueM. [IpenocTaBiisieTcsi BO3SMOXKHOCTh OIPaHU-
YEHHOT'0 MHTEPAKTUBA: YNPABICHUE IPOJBHKEHUEM 10 MAPUIPYTY TEXHOJOTHYECKUX ONEPALAN
OT OJTHOM YCTaHOBKH K JIPYTOi, Ha IIar BIEpe M BO3BPAIICHUE IO MapIIpyTy Ha IIar Ha3a.
TpaekTopusi TEXHOJIOTHYECKOT0 Mapipyra 0003HaYeHa MapKepHbIMU cTpenkamu. [Ipumep pa-
0odero sKpaHa Mokas3aH Ha puc. 5.

B pexxume OBNET yrnpaBiieHne OCYMIECTBISCTCS CIEAYIONMM 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 HallpaBJICHUE B3TIIAA;

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

» coueranue kiaaBuin Cirl+R ocyriecTBiseT nepes3amnyck TeKyIIero pexkuma mporpaMmel.
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Puc. 5. Bun pabouero skpana B pexkxume O6nét

Knorka [1poxof — BK/IOYAaET PEKUM CaAMOCTOSATEILHOTO 03HAKOMUTEIILHOTO MPoxoja 00y-
YalOIIErocs B YMCThIX KOMHATaX 110 IIPOU3BOJIBHOMY MapLIPYyTy B PEKUME ¢ OTPaHUYEHHBIM MH-
TEPAKTUBOM. TpaeKTOpHUsl TEXHOJIOIMUECKOTO MapuipyTra 0003HaueHa MAPKEPHBIMU CTPEJIKAMU,
YKa3aHbl HA3BaHUsI YCTAHOBOK U TEXHOJIOTMYECKHUX IPOLIECCOB. B 3TOM pexuMe OCyIecTBIAETCA
3aKpeIuIeHUe 3HAaHUH O Ha3HAuU€HUM IPOM3BOJICTBEHHBIX YYaCTKOB U TEXHOJIOTHYECKOro 000-

pyaoBaHus (puc. 6).

O USTASNOVR - o X

yCTaHoBKa ycraHoBka
HCNOHUPOBAHWSA 3 nposisneHnsi

totopeaucra ¢oTtopesucta

Puc. 6. Bun pabouero skpana B pexume [1poxoa

17



>

>

B pexxume [1poxoj yrpaBiieHHe OCYIIECTBIISIETCS CIIEAYIOIIAM 00pa3oMm:

wiasumu W, CTpenka BBepx, knaBuiia 8 Ha 1udpoBoil KiaBHaType (MIpU OTKIIOYCHHOM
pexxume NumLock) — yrpaBisitoT nepeMenieHueM BIiepest;

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

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. Takast BO3MOYKHOCTb NOSIBJISIETCS 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;

wiaBumn CTpenka Bneso, 4 Ha uuppoBoil kiaBuarype (IpH OTKIIIOYCHHOM DEXUME
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 HaXKaTh JIEBYIO WIN IPaBYIO KHOIKY MbIIIH (pHc. 7).

ur

Popma oaexasl Ans
pabortel 8 Yl

Puc.7. Bua pabodero skpaHa B pekuMe BBIOOpA CIIEIIUATIBHOTO KOCTIOMA
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Ecnu xoctiom HUCUYC3HET, 3HAYUT IOJB30BaTC/Ib YCIICIIHO «IIEPEOACIICSA» U MOXKET 3alTH 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 TPOHM3BECTH OOPATHYIO ONEpAIHIO: MOAONTH K ITyCTOMY CTEll-

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

BblXO/

HaXMUNTE KHOTMNKY

Puc. 9. Bux pabodero skpana B peskume Bbixog

19



Krormka /3yyeHne — BxiroYaeT pekuM CaMOCTOSTEIBHOTO MPOXoja 00yYaroIIerocst B 4u-
CTBIX KOMHATax IO MPOM3BOJILHOMY MapHIpyTy ¢ BO3MO>KHOCTBIO ITPOCMOTPA Ha CHELMAIbHBIX
9KpaHax aHUMAIMOHHBIX POJIMKOB O TEXHOJOTMYECKUX ONepalusx U ycTporcTBax. Takxke Tex-
HOJIOTMUYECKUE YCTAaHOBKHM MOT'YT, 110 KOMaHJE IO0JIb30BaTeNsl, IEMOHCTPUPOBAThCA 0€3 Kopmy-
COB, C JeTaau3aluell 1 aHUMalKeld OCHOBHBIX 3JIEMEHTOB U onepauuil. TpaeKTOpHus TEXHOIOTH-
YEeCKOro Mapupyra 0003HaYeHa MapKepHBIMU CTPENKaMH, YKa3aHbl HA3BaHUS YCTAaHOBOK U TEX-
HOJIOTUYECKUX TPOLECCOB. B 3TOM pekMMe OCYILECTBIISAETCS 3aKpEIUICHUE 3HAHUM O Ha3Hade-
HUM [TPOU3BO/ICTBEHHBIX YYACTKOB U TEXHOJIOIMYECKOr0 000pYy/JOBaHUS.

O0xox B pexrme M3yyeHne MoxKeT OCYIECTBISATHCS B MPOU3BOJIBHOM MOPSIKE. YTIpaBie-
HHE MPOrPaMMOI OCYILECTBIISETCS aHAJIOruUHO pexxumy 06xof.

B MoMeHT nomagaHus B 30HY aKTMBHOCTU IOSIBJISETCS BO3MOKHOCTh HMHTEPAKTUBHOTO
HAXAaTUS KHOMOK «pyKoit». JIJIT 3TOro HeoOXOIMMO MISIKHYTh JICBOH WM TPAaBOW KHOIKON

mbImu (puc. 10).

NOBTOP

3AMNYCK

Puc. 10. MnTepakTusHOE yrpasienre KHOMKAMH «PyKO»

KHnomka 3anyck — ocyImecTBisieT IeMOHCTPALMIO aHUMAI[HOHHOTO POJIMKA O TEXHOJIOTUYe-
CKUX OIEepalMsAX U YCTPOMCTBAX Ha CHEIHMAIbHOM JKpaHe, a TaKXkKe JEMOHCTPALUI0 TEXHOJIOTHU-
YECKHX YCTAaHOBOK 0€3 KOPITYCOB C JIeTalu3alieil 1 aHuMaIle OCHOBHBIX AJIEMEHTOB U Olepa-
uii (puc. 11). Bocripon3sBenenne opraHn3oBaHo HUKIMYHO. [10BTOP - 3aImycKaeT 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 J00aBISIETCS BOBMOXKHOCTD Ca-
MOCTOSATEBHOH 3arpy3KH KacceT C IJIaCTUHAMH B pabodyio 30HY ycTaHoBKH. O0X0[ OCyIIecTB-
JsIeTCs MOCIIeI0BaTeIbHO, KACCEThI 3arpyXaroTcs B HEOOX0IMMbIE TPUEMHBIE EMKOCTH (3arpys-
YHKH) YCTAaHOBOK. B maHHOM pexxnmMe oOyuaromuiics 10JKEeH NMPOoAeMOHCTPUPOBATh 3HAHUS I10-
CJIEIOBATEIbHOCTH BBINOJHEHUS TEXHOJIOTUYECKUX OIepaliiii, Ha3HAY€HUs YCTAaHOBOK U MOPS-
Ka 3arpy3kHd KacceT: KacCeTbl JOJDKHBI ObIThb NEPEHECEHbl CO CTOJNMKA WM W3 IPEeblIyliei
YCTAHOBKH, U YCTAHOBJIEHBI B COOTBETCTBYIOIINE pabOUUe 30HbI CIEAYIOIINUX YCTAHOBOK B COOT-
BETCTBUH C MOPAIKOM TEXHOJIOTHUECKOTO Iporecca (puc. 12).

VYrpasieHue nporpamMmoil B pexxume VHTEpPaKTUB OCYIECTBISIETCSl aHAJIOTHYHO PEKHMY

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

[Tocne 3arpy3ku kacceT B pabo4yl0 30HY yCTaHOBKH, OOYYAIOIIUKCS JOJDKCH 3aIyCTHUTh
YCTaHOBKY Ha)kKaTHEM COOTBETCTBYIOIICH KHOIKH Ha CTeHJe. B ciydae, eciin Bce clienano BEpHO
— 3BYYUT CHUTHAJI BBICOKOH TOHAJIBHOCTH, 3arOpPAeTCs 3€JCHBIH CUTHAJI W YCTAaHOBKA HAauMHACT
paboTy B aBTOMAaTH4eCKOM pexumMe. B ciaydae omuOKy — 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 0OYYaOIIErocs B JaHHOM PEKHUME J0OABISIETCS CUYCTUMK YCICUTHBIX U

HEYJIAYHbIX MMONBITOK BBIMOJIHEHUS TEXHOJOTHUYECKUX onepanuii (puc. 14).

O USTASNOVR

Owmnbka

0

YcnewHo

Puc. 14. Bun pabouero skpaHa B pexume TECTUPOBaHNE
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