MHCTPYKLUMA BNA CAMOCTOATENbHbIX 3aHATUIMA

Bac mnpuserctByer lludpoBas wuHTEepakTUBHAs nabopaTtopusi JETCKOTO TEXHOIapKa
«Cwmapr-napk» MUIT. IlpencraisieM MHTEPaKTUBHBIN IPOrpaMMHBIN IPoAYKT «MUKpo3IeK-
TpoHHbIE TexHONIOrMu MOMC», u3 kotroporo Bbl y3Haere, Kak CO3/1at0TCS 11OIBUKHBIE AJIEMEH-
ThI MUKPORJICKTPOHHOTO U3sienus B o0beme 10 100 MxM.

MUKpPO3IEKTPOHHBIE TEXHOJIOTUHU 32 TIOCIEHUE MATHAIIATE JIET KapAUHAIBHO U3MEHWIN

BO3MOJXHOCTH CBA3HU U MYJIbTUMECAHUA.

2005 ropg, 2020 rop,

15 net

[IaTHagate jetT Ha3aJ y BallMX CBEPCTHUKOB ObLTH OTpaHUYCHHBIE BO3ZMOXHOCTHU KOM-
MYHHKAIUil, Hy pa3Be 4TO MMO3BOHUTH C MOOMJIBHHMKA WM MOciaTh cMc-Ky. Ceifuac MOOIEXKb
BCEro MUpa HE MPEJICTABIISAET, KAK MOXKHO MIPOXKHUTH XOTsI ObI OJTH JIeHb 0e3 cmapTdoHa — obre-
HUE CO CBEPCTHUKAMH, CheMKa 1 0OMeH (OTO U BUJEO, JOCTYN B MHTEPHET U BCE ITO Ha IIBET-
HOM JSKpaHe C MPEKPACHBIM pa3pelieHueM, IpU 3TOM pa3Mep TaJKeTa OMpeeNseT He dIEKTPO-

HUKA, a JU3ailH U YPrOHOMHKA.
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[Touemy sneKkTpoHUKa CTayia Takoi KoMmakTHOW? Kak ymaércs dopmupoBaTh CIOKHEH-
mre QyHKIMOHATbHBIE YCTPOMCTBA B MUKPOHHBIX 00hEMax? Takwe BO3MOKHOCTH TPEIOCTAB-

JICHBI 6J1ar0J1ap$1 HAaHO- U MUKPOIJICKTPOHHLIM TCXHOJIOTUSAM.

Ms1 pa3depéM TEXHOJIOTHYECKHE OCHOBBI MHKPOIJICKTPOHUKH HA MPUMEPE KOHCTPYKITUH
Y TEXHOJIOTUH U3TOTOBJICHUSI MUKPOAJIEKTpOMexaHndeckux cucteM MOMC.

MBMC — 310 0003HaYEHNE MUKPOIJIEKTPOHHOTO 00BEMHOTO YCTPOMCTBA ¢ TAOAPUTHBIMH
MHUKpPOMEXaHUYEeCKOro snemMenTa 10 100 Mmxm

Bor kak MUKPOI3JICKTPOMEXAHUYCCKHUE CUCTECMBbI OITMCAHBI B BUKHUIICINH.

MukpoanekTpomexaHuyeckue cuctembl (MAMC) — ycTporicTBa, 06beanHsoWwme B cebe MUKPOSNEKTPOHHbIE U
MUKPOMEXaHNYECKNE KOMMOHEHTbI.

MeXxaHn4eckrM KOMMOHEHTOM MOXeT ObITe MUHMaTIOPHOE 3epKanbLie — 3NIEMEHT CUCTEMbI CKaHMPOBaHWA (Hanpu-
mMep, Ansa TexHonornn DLP) nmbo npyMUTUBHBIA MHEpPUMAnbHBIA AAaTYMK, CNOCOBOHBIM OonpeaenvTh XapakTepHble
[OBWKEHUS, KOTOpble NoMnb3oBaTenb NPoAenbIBaeT CO CBOVM YCTPOVMCTBOM.

M3MC-ycTporicTBa 06bIYHO M3rOTaBNMBAIOT Ha KPEMHVMEBOW MNOAMOXKE C NMOMOLLbI0 TEXHONOMMU MUKPOOBpaboTky,
aHanorMyHoO TEXHOMNOMMN U3TOTOBIEHMS OAHOKPUCTANbHbBIX MHTErPanbHbIX MUKPOCXeM. TUMUYHbIE pa3mepbl MUKPO-
MeXaHUYECKMX SNIEMEHTOB NnexaT B auanasoHe ot 1 MukpomeTpa Ao 100 M1KkpoMeTpoB, Toraa kak paamephbl Kpu-
ctanna MOMC-muKpocxembl UMelT pasmepbl 0T 20 MUKPOMETPOB 40 OAHOI0 MUNMMETPA.

CcblnKa Ha UCTOYHMK https://ru.wikipedia.org/wiki/MUKpO31eKTPOMEXaHNYECKME CUCTEMDI

[Touemy MOMC? C ogHO# CTOPOHBI 3TO 00bEMHAsT TMOABHKHAS KOHCTPYKIHSA, XOTS U B
MHUKPOHUCIIOJIHEHUH, KOTOPAasl BBIMOJHSAET BIOJHE MOHATHBIE W TOJE3Hble (DYHKIMH, C APYroi
CTOPOHBI TeXHOJOTUs Ipon3BoacTBa MOMC co/lepKUT THITOBBIE MUKPO3JIEKTPOHHBIE TEXHOJIO-

THYECKHE ONepaliy U UCIOJIb3YeT Habop 000pyAOBaHUs, KOTOPBIE B IIEJIOM MPUMEHSIOTCS IS
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/DLP
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/Микроэлектромеханические_системы

JPYTUX MHUKPOXJIEKTPOHHBIX M3JIE€JIMH — OIIEPAaTUBHOM MAMSATH U IIPOLIECCOPOB UIsl COBPEMEHHOU
AJIIEKTPOHUKHU.
IIo xpaiinelr Mepe, OJy4YHB MPEICTABICHUE O KOHCTPYKIIMM U TEXHOJIOTMH M3TOTOBJICHUS

MBOMC, ycnoBusix €ro Mpor3BOJICTBA U HCIIOIB3YEMOT0 00OPYI0BaHUS, MOKHO CUUTATh, YTO
MEPBBIN MIar K MUKPOIJIEKTPOHUKE yKE ClIeTIaH.

no 100 MKM

A

Wrak, nHaunaaeM. J[J1st TOro, 9TO0OBI BOCIIONB30BATHCS HHTEPAKTUBHBIM KOMITJICKCOM IEepeianTe
o cceuike https://dt.miet.ru/mems/

MW3T MpodopueHTayMoHHaa Nporpamma
e «MwvKpoanekTpoHHaa TexHonorma MaMC»

M paasT n- Mnrepasras — VR -
ofiyaenne TECTHPOBIHE HOTOT N &
+ Texmononm + T aononam ML 1

MWL 5 T NPOHEBGACTEE

cmapT.napk(MHU3T)

Uudpoean MHTepaKTUBHAA
naboparopua

PGKOMGH,Z[yeTCSI HCIIOJIB30BaTh MOAYJIM MMOCJICAOBATCIIBHO OT IEPBOTO A0 IMATOIO IO IIO-

PAIKY cleBa Hampaso.


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

Moayab «MyabTUMEINHOE TOCO0HE)

Knuknure B MeHI0 «MylnbTUMEIUITHOE TOCOOME» U HAUHUTE MPOCMOTP POJIUKA.

[TepBorii pparment «IIpuMenenune rupockornoB Ha ocHoBe MOMC B rupockyTepax» Je-
MOHCTPUPYET paboTy cHCTeMbI crabmim3anuu Taropmsl rupockyrepa. Korma mmatdopma
HA4YMHAET OTKJIOHATHCSI OT TOPU3OHTAIBHOIO nojioxeHus, MOMC-rupockon HenpepbIBHO MO-
IaéT CUTHAJ Ha CHJIOBOM OJIOK KoJjieca MPOMOPLUOHAIBHO OTKJIOHEHHUIO, KOTOPBIM (hopMupyer
JOTIOTHUTEILHBIA MOMEHT Ha Bajl KoJjieca Ui KOMIIEHCAIlMU OTKJIOHeHUd. B nanHoMm ciydae
MOMC-rupockon UCHOIb3YETCSl KAK MHEPLUOHHBIN 1aTYMK 10JI0KEeHUs. PekoMeH1yeM ocTaHo-
BUTHCSI HA aHUMALIUU MYJIbTUMEIUHHOTO MOCOOHS CO cXeMOW (OPMHPOBAHUS YHPABISIOIIETO
CUTHAJIa KOMIIGHCAI[UU OTKJIOHEHUS U BHUMATEIbHO €€ MpopadoTaTh, 4TOOBI XOPOIIO YCBOUTH

pors MOMC-rupockomna B cTabUIU3alMOHHBIX IIaTGopMax.

Perynatop

CunoBon 6n0K

Bropoii ¢parmenT MynbTuMenuitHOro mocoOusi «ABTOMOOWJIBHBIE CHUCTEMBD» JEMOH-
CTpUpYET NPHUMEHEHHE TMpPOCKONa U aKCeJIepoMeTpa B aBTOMOOWISAX. AKCEIepoMeTp — 3TO
MOMC-naTuuk yckopeHus. B aTom pparmeHnTe HarisiiHO MMOKa3aH MPUHLUIT pabOThl aKcenepo-
MeTpa U (OPMHPOBAHHUS aHAJOTOBOT'O YIpaBsfoLIero curnaia. [lpusenén npumep cpabarsiBa-
HUS TOYIIKK 0€30MacHOCTH NMPH CTOJIKHOBEHUH aBTOMOOWIIS ¢ mpenstcTBueM. Odparure BHU-
MaHHE  Ha TO, YTO pa3Mep YYBCTBUTEIBHOTO 3JIEMEHTa MHKPOMEXaHHMYECKOI'O 3JIEMEHTa
MOBMC - 45 mxm, a MOMC-MHKpPOCXEMBI pa3MepoM HECKOJIHKO MIJIZTUMETPOB PacIoiaratoTCs

Ha MEYATHBIX IIJIaTaX aBTOMOOUILHOU OJICKTPOHHUKHU.



Tpetnii GparMeHT MyIbTUMEAUHHOTO MOCOOHS «TEeXHOJOTHUECKUE 30HBI M IPOILECCHI»
nocBsleH TexHosoruu usrorosnennss MOMC. Tloka3aHbl IeCTh TUIOBBIX MUKPO3JIEKTPOHHBIX
onepauui-nponeccos. i Kaxxa0oro u3 IpoLEcCOB CHadajla JEMOHCTPUPYETCS aHMMAaLMs Ipe-
00pa3oBaHUil MaTepHaIOB IPU BBHIIOJHEHUH TEXHOJIOIMUYECKON ONepaliy, a 3aTeM TEXHOJIOIU-

YCCKasa NpOn3BOJACTBCHHAsA 30HA, B KOTOpOﬁ 9Ta orepaunusa MpoBOAUTCA.

MPOLIECC Ne1
HAHECEHWE ®OTOPE3UCTA
5 - 25 MK
Ii ®OTOPE3UCT
SN NNDNRNIEY

NOANOXKA KHU

AHuMaIus nporecca TexHonornueckas 30Ha

OOpatuTe BHUMaHuE Ha MOCIEA0BATEIbHOCTh TEXHOJOTHUYECKUX ONEpaluid, MmapamMeTpsl
TEXMPOILIECCOB U MPUMEHsIEMOE MPOU3BOACTBEHHOE 000pyAoBaHue — BcE€ 3T0 Bam notpelyercs,
Korja Oyznere caMOCTOSTENbHO (DOPMHUPOBATH TEXHOJOTHUECKUH IpOIEece MPOU3BOACTBA
MBOMC-akcenepomMeTpa U 3alycKaTh TEXHOJIOTHYECKHUE OIepalu Ha 00OpYAOBaHUHM B BHUPTY-

aJILHOI TEXHOJIOTMYECKOU 30HE.

Moaynb «AHTepakTnB «KoHcTpymnpoBaHne MOMC»
,HJ'I?I IMOHUMAaHHU TCXHOJIOTMYECKHUX IMPOHECCOB BAXKHO XOPOLIO MPECACTABIATH KOHCTPYK-

LIMI0 YCTPOWCTBA, IOATOMY CIEAYIOLIUN HHTEPaKTUBHbIM Moaynbs — «KoHcTpyupoBaHue
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MOMC».

Knuknaure B MeHI0  «HTepakTuB «KoHctpynpoBanue MOMC» 1 HaYHUTE KOHCTPYHPO-
Banne MOMC uznenuii.

NHTEepakTUBHBIA MOIYJIb COJIEPKHUT IU(POBOM KOHCTpYKTOp i matu  MOMC-
YCTPOMCTB: KaHTUJIEBEP, aKCEIIEPOMETpP, TUPOCKOI, MUKPO3EpPKaio, MUKPOKIANaH KaXJbli u3
KOTOPBIX COCTOUT U3 JIBYX 4acTel, PAacIIOIOKEHHbBIX Ha pacCTOSIHUU 5-10 MKM C ITOAKIIIOUEHHBI-
MU 3JieKkTpoaamMu. Ilpaktudecku, 3T0 00KIaAKHM MUKpOKOHAeHcaTopa. OaHa u3 00KIaI0K KOH-
JeHcaTopa 3aKperieHa HeTOABMKHO, Ipyrasi — MOJIBHKHAS, C 3apaHee paCCUMTaHHON Maccoi.

MOMC kaHTHJIEeBep, aKceJlepoOMeTP U THPOCKOIN TPEICTABIAIOT COO0M MHEPIIMOHHBIC
eMKocTHble aartuuku. Ilpu yckopenun MOMC-ycTpoiicTBa paccTOSIHME MEXAY MOJABUKHOW U
HENOJIBUKHOW OOKJIaJIKaMH U3MEHSIETCS, U3MEHSETCSI EMKOCTb U, COOTBETCTBEHHO, HANPSKEHUE
Mexay oOkiankamu. TakuM crocoboM u3MepsieTcss YCKOpeHUEe 00beKTa, K KOTOPOMY HpUKpeT-
1€ MOMC-gaT4uk.

MBMC MuKpoO3epKaJo 1 MHKPOKJIANAH TPEACTABISIIOT COO0N HCIOMHUTEIbHBIE MHK-
poyctpoiicTBa. IIpu yBennyeHUN YpOBHS HAlpsDKEHUs Ha AJIEKTPOAAX BO3PACTAET CHUJIA IPUTS-
KEHUS MeX1y OOKIJIaJKaMu KOHJEHCATOpa M MOJBUKHASI YaCTh MUKPOYCTPONUCTBA MPUTITHUBACT-
Csl K HemoABMKHOM. [Ipu yMeHbIlIEHUN YpOBHS HANPSKEHUsI CHJIa MPUTSHKEHUS ociabeBaeT U 3a
C4€T YIPYroCTH MOJBMKHAS YacTh OTJAJSIETCS OT HENMOABMXKHOM. Takum 00pa3zom, U3MEHEHUEM
YPOBHS [10/1aBAEMOT'0 HAIPSDKEHUST YIPABJISETCS MOJO0KEHUE TOJBUKHOW YacTU MUKPOYCTPOii-
CTBa.

CHavana Hajo BbIOpaTh yCTpOHCTBO. PexoMeHayeTcs HauMHaTh C Hambosee MpPOCTHIX
YCTPOMCTB MO KOHCTPYKLMM U Jajiee MepexoAuTh K 0ojiee CIOKHBIM B IOCIIEJOBATEIbHOCTH:
KaHTUJIEBEP, MUKPOKJIANlaH, MUKPO3€pKajo, aKCeIepOMETp, THPOCKOIL.

Jlanee pekoMeH1yeTcsl BBIOpaTh M3 MEHIO U 3alycTUTh onuuto «Mozensy». Bam Oyzaer mo-
JIE3HO YBHJETh MHKPOYCTPOMCTBO B JEHCTBUHU B PEKUME aHMMAlMU. 31€Ch MOYKHO H3JI0KHTH
INPUHLINI AEHCTBUS U 00JaCTh IPUMEHEHHS] MUKPOYCTPONUCTBA.

Ha stom stane u nanee mpu pabore ¢ APYrMMH OMIUSMUA MEHIO PEKOMEHAYEeM BpallaTh
00BbEMHOE M300paskeHNe U3ENUi I TPOCMOTpa C Pa3HBIX PAaKypCOB, 3TO MOBBIIIAET YPOBEHb
BOCTIPUATHSA M TOHUMaHUA (OPMBI U 0COOEHHOCTEH KOHCTPYKLIMHU, B TOM YHCJI€ YACTUYHO CO-
OpaHHOTO M3JeNUs. DTO BaXKHO MPU MOJAETUPOBAHUN TEXHOJOTHYECKHUX IMPOLIECCOB B CIENYIO-
[IMX MOJYJISIX UHTEPAKTUBHOTO KOMILIEKCA.

Janee pexoMeHayeTcs BBIOpaTh U3 MEHIO M 3allyCTUTh omuuio «Jlemo-Bepcusi». Bam Oy-
JIeT TI0JIe3HO YBUJAETh B PEKMME aHMMALMU BECh MPOIIECC KOHCTPYHPOBaHUS LenukoM. Tak Oy-
JIeT TOHATEH Ka)/IbIi U3 I1aroB KOHCTPYMPOBAHUS U MOCIEI0BATENbHOCTh ACUCTBUN MPHU KOH-

CTPYHPOBaHUM. YTIPaBIsiTe 1eMO-Bepcuel KHONKaMu «3anycTuThy» U «llayza».
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Hanee pexomeHayeTcs BbIOpaTh W3 MEHIO M 3amycTUTh omiuio «[Ipoekt». Ympassiite
nporeccom coopku. [Ipu 3ToM Bel MokeTe ocTaHaBIUBAThCS, 3a7aBaTh BOMPOCHI, BO3BPAIATHCS
IIOoIIaroBO Ha3aa U ABUTAaThCA IOIIAroBO BHepéI[.

Jlanee mepexoauM K TECTUPOBAHUIO MOJNYyYEHHBIX Bamu 3HaHUN M HaABBIKOB, AJIS 4YE€ro
HY>KHO BBIOpaTh M3 MEHIO U 3amycTuTh onmuio «Colepu cam». Bl TOKHBI CaMOCTOSATEIHHO
cobpate uznenue. I[lpu BOZHUKHOBEHMM TPYIHOCTEW Bbl MoXkeTe BO3BpamiaThCsi K OMIUSM
«Mopenby, «JlemoBepcus», «I[IpoekT» U MpoOOBaTh CAMOCTOATEIHLHO COOpaTh MU3/CIINE 3aHOBO B
onuuu «Cobepu cam» 10 TOJOKUTENBHOTO pe3yibTaTa.

Jns 3akperuienust marepuana pekomenayercs chopmupoBath STL-monens mo pesynbra-
TaM cOopku u3nenus B pexume «Cobepu camy». Jlanee uzmenue, Mpu HAIMYUU TEXHUYECKOU
BO3MOKHOCTH, pacriedaTeiBaeTcsi Ha 3D-mpunTtepe B rabapurax 10-20 cm. Cobepute uzznenue B

TOM ke MMoCJICA0BATCIIBHOCTHU, KAKYHO Bb1 ocBoumu BUPTYAJIbHO B OIIIHUU «C06ep1/1 caM».

Moaynb «MHTepakTMB-06yyeHue «TexHonornm MAOMC»

Monyne «MutepaktuB-o0yuenue «TexHomoruu MOMC» mpenocTaBiseT BO3MOXKHOCTh
0TpaboTaTh TEXHOJOTHUYECKHI mpoiecc U3rotopieHuss MOMC MHUKpPOYCTPOMCTB Ha MpUMEpe
usnenus «AkceinepomeTp». B TexHomornyeckuil mporecc BBEACHBI 1IECTh OCHOBHBIX TEXHOJIO-
THYECKHX OIEepaluii, KOTOphIE B paMKaxX MpodOprUeHTAIMOHHOM MPOrpaMMBbI B IIEJIOM JIAIOT MO-
HUMaHHUE O CYTH TEXHOJIOTUYECKOTO IMpoliecca C JTOMYIICHUSIMH 00 YIPOILIEHUH PEabHBIX TeX-
HOJIOTHYECKHUX TPOIECCOB HA MUKPORJIEKTPOHHBIX MMPOU3BOJICTBAX.

[Tepen pabotoii B Mmonyne «MHTepakTuB-00ydeHue «Texnonorun MOMCy» pexomeHayem
W3YYUTh JOMOJIHUTENbHBIA MaTepuan JJisl NOHUMaHusl TexHojoruu B [lpunoxenun 1 k gaHHOU
MHCTPYKIUH.

[Tepen 3amyckom oniuu «IHTepakTHUB-00y4EeHHE» PEKOMEHIYETCS MPOCMOTPETh aHMMa-
A0 TIOCJIEIOBATEIHLHOTO BBITTOJIHEHUSI TEXHOJIOTMUYECKUX OTMEpalnid, IJisi 5TOr0 HaJo BhIOpaTh
onuuio «JlemoBepcusi» U B TOM K€ OKHE KIIMKHYTh KOMaHy «3amycTuTh». JlJi1 OCTaHOBKHU aHHU-
MAaI¥ UK TIocTie €€ OKOHYaHUS HAJ0 KITUKHYTh KOMaHTy «COpOCUTH.

Bb1 uMeeTe BO3MOXXHOCTH MPOCMOTPETH BBHIOTHEHUE TEXHOJOTUYECKUX ONEpaIfii 1o 1ma-
raM B MHTEPAKTUBHOM PEXHME JJII Yero Hajao BeIOpaTh ommuio «Texmporiecc». YmpapiieHne
MEepPEX0JI0M K MOCIEAYIONIEH WM MpeAbIayled TEXHOJIOTMYEeCKOW Oonepanuu OCYUIECTBISETCS
HaxaTueM KHOMOK «Bnepén» unu «Hazan». AHMMaIuUs TEXHOJOTUYECKOW OMEpalnu COIMpo-
BOXIA€TCsI BHIBOJIOM Ha JKpaH MapaMeTpoB, KOTOphie BaM HE0OX0aUMO YCBOUTB VISl TIPOXOK-
JIEHUsT TeCTUpPOBaHUs B cienytomieM wmoxayie «MHTepakTuB-TecTUpOBaHUE «TeXHOIOTHS
MBMCy.

B HHTCPAKTUBHOM PCIKHUMC «Caenaﬁ caMm» Bpl uMeeTe BO3MOXKHOCTH IMPOBCPUTH CBOU
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3HAHMS O TOCJIEIOBATEILHOCTH ONepanuid. 3aJaiiTe YPOBEHb CIOXHOCTH, 3aT€M BBIOCPUTE OII-
muto «Crenail cam», KIMKHUTE Ha3BaHue 3arotoBka «llmactuna KHW», 3aTem BbiOupaiitTe Tex-
HOJIOTUYECKHUE OIEepalii B TOW K€ IOCIEA0BaTEIbHOCTU KaK B MYJbTUMEAUNHOM POJIMKE, pe-
xxuMmax «JlemoBepcusi» u «Texmpouece». B cioydae BeiOOpa HeBEepHOH TEXHOJIOTHYECKOM omepa-
UU MOSBUTCS coodiienne «Omubka», Ipyu 3TOM MPEIOCTABISAETCS BO3MOKHOCTD CIEIYyIOIIEn
HOTIBITKH.

Bribepere onmuio «O0yuenue». [locnenoBareabHO 3anmycKaiiTe aHUMAIMH TEXHOJIOTHYE-
CKUX OIepalluii: HaHeceHue GoTope3ncTa, SIKCIOHUPOoBaHUE HOTOpE3UCTa, yaaleHue Gorope3u-
CTa, TPaBJICHHE BEPXHETO CJIOS KpEMHUS, ylajleHHe OCTaTKOB (poTopesucra, TpaBICHUE H30JIS-
topa. [Ipu saTom Bbl mepen 3amyckom odepeHON TEXHOJIOTHYECKON ONEPALUU J0JKHBI BBECTU
apaMeTpbl TEXHOJIOTMUECKUX PEKUMOB BBIIIOJIHEHUS ITOM OINEpaliy.

BBenenue napameTpoB pa30UTO HA YEThIPE YPOBHS CIOKHOCTH. Hubke mpuBeneHBI OMU-
caHus pabOThI 1O KaXA0OMY U3 YETHIPEX YPOBHEHN CIIOKHOCTH.

CHayasia He00X0JIUMO BBECTH IapaMETpPbl TEXHOJOTMYECKUX PEKUMOB U BbIOOpa MaTe-
pHAJIOB /7Sl IPOIIECCOB, HCTOYHIUKOM MH(OPMAIMH O KOTOPBIX SIBIISICTCS] HCKIIOYUTEIBHO MYJIhb-
TUMEAUITHOE mocoOre MEepBOro MOJYJs HAlllero MHTEPaKTHBHOIO Komiuiekca. [lpu pabore Ha
epBOM ypoBHE BbI Mcnosib3yeTe 3HaHus, NOJIyYEHHbIE IPU MPOCMOTPE MYJIBTUMEAUINHOTO TO-
coOus. B ciyuae 3aTpyaHenuil Bel Mokere 3amycTuTh emi€ pa3 MyJbTUMEAUIHOE T0COOUE U, B
KayecTBE MOBTOpa MPOWUJIEHHOr0 MaTepuaia, B3SThb HYKHBIM IapaMeTp TEXHOJOTMYECKOIo pe-
KMMa WM HaUMEHOBAaHUS NPUMEHSEMbIX MaTEpPUAJIOB JJIsl BBOAA MapaMeTPOB TEKYLIEW TEXHO-
JIOTUYECKOU OIeparIiHy.

JlononHUTENHbHO HEOOXOJMMO BBECTH  MapaMeTpbl MO pe3yslbTaTaM BBINOJIHEHUS 3aja-
HUIA:

1) Hns TexHonorumdeckoit omnepanuu «HaHecenue ¢oTopesucra» mapamerpsl Ui BBojga Gop-

MUPYIOTCS IO PE3YJIbTaTaM BBIIIOJIHEHUS 3a/1aHUS:

Omnpenenure KWNHEMAaTUYECKYIO BSI3KOCTh (oTopesucta Ha ractuie KHU g nonydenus tos-
IIMHBI HAHECEHHOTO cJ1os GoTope3ucta 1,5 MKM IpH 3aJaHHOM KOJIMYECTBE OOOPOTOB B MUHYTY
HEHTPUPYTU TEXHOJIOTHYECKOH ycTaHOBKM HaHeceHus ¢poropesucta 3000 o6/mMun. TemnepaTypa
B paboueii kamepe ycranoBku 20°C, temmnepatypa dotopesucta 20°C, Bpems neHTpudyrupona-
Hus 40 cex.

Ha pucyHnke nokasaHa 3aBUCMMOCTb TOJILIMHBI IJIEHKH OT YKcIa 000pPOTOB LIEHTPU(PYTH U MAPKU
doropesucrta. O6o3HaueHne PII-xxD: OII-poTope3ncT MOZUTHUBHBIA — XX KHHEMaTH4ecKas

2
B3KOCTh B ¢cCT (MM*“/cex) D-tum goTopesucra.
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Jlnst  BBIIOJIHEHMS 3aJjaHus peKOMeHyeM mpopabotars pasnen Nel «Texnomormueckas
onepauusi «Hanecenue goropesucra» AONOTHUTEIBHOIO MaTepuaia JAJisl MOHUMAaHUS TEXHO-

noruu B [Ipunoxennn 1 Kk JaHHON UHCTPYKIIHH.

2) JIast TEXHOJIOTHYECKOHN orepaiuu «IKCIOHUpOBaHHE (HOTOPE3UCTay OMPEACIIAIOTCS Iapa-
METpBbI, popMHUpyeMbIe IO Pe3yIbTaTaM BBIIIOJIHEHUS 3a/1aHUs:
Jist mnactuael KHU qmamerpom 150 MM onpenenute Bpemst axkcnionupoBanus T = G/W, rie G —
2
HOMMHAJIbHAS Y/IeTbHAs dSHEprus s 3acBeTku Goropesucra 70 mx/cm”, W — ynenpHass MOIII-
HOCTb YIBTPaQHOIETOBOTO U3ITYUCHHUS, Br/cm?. OTBET OKPYIIIHTH [0 LEIbIX.
MortHOCTh YIbTparoIeTOBOTO U3Ty4eHHs Ha ToBepXHOCTH tiacTuHbl P = 800 MBT. OTHOCH-

TeJbHasl BIAXKHOCTh BO3/yXa B paboyeil 30He yCTaHOBKH 3KCIIOHUpoBaHus 45%.

Jns  BeIMONMHEHUS 3afaHusl peKoMeHayeM mpopaboTath pasaen Ne2 «TexHomoruueckas
onepanusi «IKCIOHUPOBaHUE (HOTOPE3UCTA»  JOMOIHUTEIBLHOIO MaTrepuaia Jyisl TOHUMaHUs

TexHoyIoruu B [Ipuoxkennu 1 k JaHHON MHCTPYKIUU.

3) Jast TexHomoruueckoi omneparuu «llosiBieHre GoTope3ncTa» mapaMeTpsl i BBojaa (hop-
MHPYIOTCS IO PE3yJIbTaTaM BBINOJHEHUS 3aJaHUs

Onpenenure BpeMst yaajaeHus: HOToOpe3ucTa mpu 3aJaHHON KUCIOTHOCTH pacTBopa pH =12,2 nns

nposiBNieHUsT (HOTOpe3ncTa U TOIIIKUHE HaHECEHHOTO ciost oTopesucta 1,5 mxm. Temmeparypa

pactBopa 45°C. OTBET OKPYIJIUTH JI0 TEITBIX.

['paduk 3aBUCHMOCTH CKOpOCTH TposiBieHus (otopesucta oT pH. O6o3HaueHus: Vo — 3acBe-

YeHHBIN (POTOPE3NCT, VH — He3aCBEUCHHBIH (POTOpE3HCT.
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I[J'IH BBIITOJIHCHUA 3a4aHUA peKOMeH,Z[yeM HpOpa6OTaTB pa3ﬂeﬂ N(_’3 ((TeXHOJIOFI/I"IeCKaﬂ

oncpanusa «HpOHBJ'IeHI/Ie (bOTOpC3I/ICTa» JOIOJHUTCIIBHOI'O MaT€puajia I IOHUMAaHHA TCXHO-

noruu B Ilpunoxxenun 1 k JaHHON MHCTPYKIIMHU.

4) Jlns TEXHOJOTUYECKOi omnepanun «PeakTHBHOE MOHHOE TPABICHUE KPEMHHS» IapaMeTphl
JUIs BBOJ1a OPMUPYIOTCS IO PE3yJIbTaTaM BHIMOIHEHUS 3aJaHUs:

Omnpenenure BpeMs TPaBICHHUS BEPXHETO CJIOSI KPEMHUS B CEKYHJaX MPU MaKCUMAaJIbHON CKOpO-

CTH TpaBJICHUS U3 NPUBEJIEHHBIX SKCIEPUMEHTAbHBIX JAHHBIX Ha auarpamme 3. JlaBieHue

miasmel 0,15 ITa. TonmuHa BepxHero cinos KpeMHUs 17 MKM.

Ha pucynke Huxe npuBelieH rpauk 3aBUCUMOCTH CKOPOCTH TPaBJIEHUS KPEMHUS OT KOHIICH-

Tpauuu Kucnopoga. Odo3HaueHust KpuBbx 1,2,3,4 — cTeneHb CBA3BIBAHUS YACTHUI] CMECH KUCIIO-

poJia ¥ 4eTBIPEXPTOPUCTOTO YIiIepoia C MAaTEPUAIOM KPEMHHSL.
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Jlsi  BBITIOJIHEHMS 3aJaHUsl peKOMEeHAyeM mpopadorarh pasnen Ned4 «TexHoyorumdeckas

oncpanus «PeakTHBHOE HOHHOE TPaBJICHUC KPCMHHA » JOIMOJHUTCIBHOTO MaTCpurajia IJIsd I1O-

HUMaHUs TexHoyoruu B [Ipunoxenuu 1 Kk JaHHOW MHCTPYKLIHH.

[TapameTpsl A4Ji BBOJIa HA TPETHEM YPOBHE CII0)KHOCTH MPUBEJEHBI B CBOAHOMN Tabmuie 2.

Tabmnuua 2.

No Te-
xorepa- IIpouecc
U

ITapamerp

3ananus napameTpoB «CTpykTypa
KPEMHUH Ha U30JATOPE»

HuxHnii cnoit KpeMHUs, MKM
Ponux, 2:25 *)

Jnokcu KpeMHUsI, MKM
Ponux, 2:25

BepxHuii cioli KpeMHUSI, MKM
Ponux, 2:25

TexHonorunueckas onepanus «Hane-
1 ceHne (HoTope3nucTar

Kon-Bo 060opoToB neHTpudyru, 06/MiH

Kunnemarnueckas Bs3kocTh, cCT

Tonmmua ciost poTope3ncTa, MKM
Ponux, 2:43

TexHonoruueckas ornepanus «IKc-
NoHNpoBaHKe (oTopesuncray

VYmenbHas SHEPTHS T 3aCBETKH, M x/cM?

Tum o0nyyeHus MPU SKCIIOHUPOBAHUU
Ponux, 3:20

MouHocTh U3IyueHus, MBT

Bpewms sxcnioHupoBaHus, ¢

TexHonmoruyeckas onepanus
3 «[IposiBienue ¢oropesncra

Kucnornocts pactsopa, pH

CKOpOCTB TIPOSIBIICHHUST, MKM/C

Bpewms nposiBnenus, ¢

Twum pacTBOpa Ut iposiBIIeHUS (HOTOPE3NCTA
Ponux, 4:05

TexHonoruueckas onepanus
«PeakTUBHOE HOHHOE TPABJICHUE
KPEMHUS»

Konuenrtpanus xucnopoaa, %

BermiecTBo B cocTaBe XUMHUYECKU aKTUBHBIX YaCTHIL
Ponux, 4:27

JaBnenue masmel, [1a

Bpewmst TpaBnenus, ¢
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TexHoornyeckas ornepanud «yz[ane—
5 HUE OCTATKOB (I)OTOpe?)I/ICTa» B cocrase pacTBOpa AJid yaaJI€HUs OCTAaTKOB (l)OTOpe?)I/ICTa

Ponuk, 5:17

Texnonorunueckas onepauust  «H30-

ModekyIsl aKTHBHOTO BEIIECTBAa H30TPOITHOTO TPaBICHHS
6 TPOITHOE TPaBJICHHUE H30JATOpPA

Ponuxk, 5:54

*) ceolika Ha MYyTbMUMeOUliHOe 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 MOZEIUPO-
BAHUIO TEXHOJOIMYEeCKUX nporeccoB MOMC uznenui.

B monyne «ntepaktus-tectupoBanue «Texnomorum MOMC» cHauana BBOAMM Mapa-
METpbI 3arOTOBKH CO CTPYKTYPOH «KPEMHHUI Ha U30JIATOPE», IPU 3TOM 10 OKOHYAHUHU YCHEIll-
HOT'O BBOJA JAHHBIX 3aIlyCKAaeTCs aHUMalMs C BU3yalu3alued CTPYKTYPbl «KPEMHMH Ha U30-
JATOpE», 3aTeM ydalluecs BBOIAT JaHHble ¢ MH(opMaiueil o mapamerpax TE€XHOJOTHYECKUX
ornepanuil 1 HANMEHOBAHUAX MPHUMEHSEMbIX MaTEPUAIOB, MPU FTOM 10 OKOHYAHUH YCIEIIHOTO
BBOJA JIAHHBIX JJI TEKyIled TEXHOJIOIMYECKON OIepaluy 3amycKaeTcs aHMMalus Ipolecca

3TOW TEXHOJIOTUYECKOHN OTepaIvi.

B cnyuyae ommbouHoro BBOJA MapaMeTpoB TEXHOJIOTHYECKOH Omepaluy MOsBISETCs COo-
oOuieHne o0 ommOKe U MperocTaBiseTcs ciaeayomas noneitka. Ilocie Tpéx HeynayHBIX MOMbI-
TOK CHCTEMa IpeKpalaeT padoTy ¢ 0OJTHOBPEMEHHBIM BbIX0A0M U3 Moyt «Moayns «HTepak-
TUB-TecTUpoBaHue «TexHomorun MOMCy». [y BO3BpallleHUs B PEKUM TECTUPOBAHUS MOJIYIb
HE00X0/IMMO 3aITyCTUTh 3aHOBO.

3a BBHITIOJIHEHHBIE 3aJJaHUsI Ha3HAYAIOTCs O0ayuibl. MakCcHMalbHO Ha TPEThEM YPOBHE CIIOXK-

HOCTH MOKHO HaOpath 13 Gamios.

Moaynb «AHTepakTnB «VR usrorosneHne MAOMC Ha npousBoacTBe»
s 3anycka moayns «MHTepakTuB «VR-uzroronenne MOMC Ha npou3BOACTBE» KIIUK-
HHUTE HA COOTBETCTBYIOIICH KHOMKe, ckadaiiTe ucronHutenbHbid (aitn MEMSLab-Setup.exe Ha
MIEPCOHAIIBHBIN 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

moMoIu coueranus kiasui Alt+Enter.

13



CIMPABKA BbIX0[,

OBJIET
MnPOXoAa

U3YYEHUE
WHTEPAKTUB
TECTUPOBAHUE

Puc. 3. OCHOBHOE MEHIO MpOrpaMMbl

Kuomka CnpaBka — pacrosiokeHa B BEpXHEM JIEBOM YIJIy OCHOBHOTO MEHIO MPOTPaMMBI,
BBI3bIBAET OKHO CIIPAaBOYHOIN MHQOpPMAIIIH.

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

Knorka [leMO — BKIIIOYAET PeXKUM JIEMOHCTPAI[MH BHCOPOJIMKA C 3alIMCAHHBIMU JICHCTBU-
MU pEKAMOB VHTEpaKkTUB 1 TeCcTUpoBaHue. 3TOT PEeXKKMM IMO3BOJISIET KaK MPOCMATPUBATH POJHK
MOCJIEI0BATENbHO, TaK U MEPEXOANUTDH OT (pparMeHTa K pparMeHTy HaKaTUEM COOTBETCTBYIOIIUX

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 yYacTKOB ¢ 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 TEXHOJIOTHUECKOTO 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 OTmeHa;

» coueranue kiaaBuin Cirl+R ocyriecTBiseT nepes3amnyck TeKyIIero pexkuma mporpaMmel.
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© 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 HA3BaHUsI YCTAHOBOK U TEXHOJIOTMYECKUX IPOLIECCOB. B 3TOM pexxuMe 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 OCYIIECTBISIETCS CIICAYIOIIUM 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 nepeMerieHiueM 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. Takas BO3MOKHOCTb IOSIBJISIETCS 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;

wiaBumu CTpenka Bneso, 4 Ha 1uppoBoil kiaBuarype (IPU OTKIIOYCHHOM DPEXKHUME
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 ITOJB30BaTC/Ib YCIICIIHO «IIE€PCOACIICI»» U MOXKET 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 TPOHM3BECTH OOPATHYIO ONEPAIHIO: MOJAONUTH 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
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Krormka /3yyeHne — BxiroYaeT pekuM CaMOCTOSTEIBHOTO MPOXoja 00yYaroIIerocst B 4u-
CTBIX KOMHATax IO MPOM3BOJIBHOMY MApIIPYTy ¢ 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 U aHUMalell OCHOBHBIX JIEMEHTOB U onepauuii. TpaeKTOpHUs TEXHOIOTHU-
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 000pYyJOBaHUS.

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
HAKaTUS KHOMOK «pyKoit». 7T 3TOro HEOOXOAMMO MICIKHYTh JICBOW WJIM TPAaBOH KHOIKOH

mbImu (puc. 10).

NOBTOP

3AMNYCK

Puc. 10. MnTepakTusHOE yrpasienre KHOMKAMH «PyKO»

KHnomka 3anyck — ocyImecTBisieT IeMOHCTPALMIO aHUMAI[HOHHOTO POJIMKA O TEXHOJIOTUYe-
CKUX OIlEpallMsAX U YCTPOMCTBAX Ha CHEHUAIbHOM JKpaHe, a TaKXkKe JEMOHCTPAIMI0 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 YCTAHOBKHU 0€3 KopIryca

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 OCIIeI0BaTeIbHO, KACCEThI 3arpyXkaroTcs B HEOOX0IUMbIE 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: KacCceTbl JOJDKHBI OBbITh NEPEHECeHbl CO CTOJIMKA WM U3 MHpeablaynieit
YCTAHOBKH, U YCTAHOBJIEHBI B COOTBETCTBYIOIINE pabOUUe 30HbI CIEAYIOIINUX YCTAHOBOK B COOT-
BETCTBUH C MOPAIKOM TEXHOJIOTHUECKOTO Iporecca (puc. 12).

VYrpasieHue nporpamMmoil B pexxume VHTEpPaKTUB OCYIIECTBISIETCSl aHAIOTHYHO 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 KHOIKHM Ha CTeHJe. B ciydae, eciin Bce cliejaHo 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). OOydJaromuiicss DOJDKEH MOHSATh B Y€M 3aKIIF0YaeTCs
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 VHTEepaktve. Jlis
TECTUPOBAHUS 3HAHUI OOYYaOIIErocs B JaHHOM PEKHUME J0OABISETCS CUCTUHK 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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IIpunoxenue 1

JlonomHUTENBHBIN MaTEPUA
JUISl TOHUMAaHHMS TEXHOJIOTMYECKOTO Mpo1ecca

Jli TIOHMMaHUS TEXHOJIOTUH PACCMOTPUM TEXHOJOTMYECKHM Ipolecc IMPOU3BOJACTBA
KaHTUJIEBEPA - €CaMOr0 IPOCTOro 1no KoHCTpykuuu MOMC-ycrpolicTBa, ¢ KOTOpbIMU Brl yxe
MO3HAKOMIIIUCH TIpu pabdote ¢ monyneM Murepaktus «KoncrpynpoBanue MOMCy». Pekomen-
JlyeM BepHYThCs B Moaysib  MHTepaktuB «KoHcTpyupoBanue MOMCy», BbIOpaTh YCTPOHCTBO
«KanTtuiieBep», 3allyCTUTh AEMOBEPCHIO, BKIIOUUTH ONLHIO «BpalieHue CLEHBI» , 3allyCTUTb
onuuio «IIpoekT» 1 npoiTH 1o maraM cOOpPKy KOHCTPYKIMH. DTO HYXKHO I TOTO, YTOOBI UéT-
KO IIPEACTABIATh KOHCTPYKLHIO U3JENHsL, TEXHOJIOTUS IIPOU3BOACTBA KOTOPOI'O pacCMaTpUBaCT-

Ci.

Jepxartens Oayiku
IToxBmxHas Oanka

Puc.1. Ynpoménnaa Mmonens koHCTpykinmn MOMC-ycrporicTBa «Kantunesep»

B pe3ynbTare TEXHOIOIMYECKOr o MpoLecca yAalseTcsl 4acTh MaTepuaa BEpXHETO CII0s1 KpeM-
HUS ¥ 4acTh MaTepuaia u30JsITopa TakuM 00pa3oM, YTOOBI ITO/IBMKHAs Oasika Obljla BhIBEILIEHA
HaJl TIOBEPXHOCTHIO HUIKHETO CJIOST KPEMHHSL.

Texnomoruueckuit mporecc MOMC-ycTpoiicTBa yIpOIEHHO COCTOUT U3 IIECTH TEXHOJIOTH-
YECKUX ONepaIui:

«Hanecenue ¢poropesucra»
«DKCcroHUpOoBaHUE (HOTOPE3UCTA»
«IIposiBnenue Qortopesucrar
«PeakTHBHOE MOHHOE TPaBJIEHUE KPEMHHUS»
«YnaneHue ocTarkoB (poTopesucrar
«M30TpoIHOE TpaBIEHHUE U30JISATOPA»

I

1.Texnonornueckas onepauusi «Hanecenue goropesucrar»

910 NepBasA TCXHOJIOTMYCCKaA OIcpalusa B TCXHNPOUCCCC HU3TOTOBJICHUA KAaHTHIICBEpA.

O>kuaeMblii KOHEUHBIH pe3ysbTaT TeXOHepaluu — cloi ¢GoTope3nucTta TOMIMHON 1,5 MKM Ha
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IUTACTHHE AMaMeTpoM 15 cM co cTpykTypoil kpeMHuii Ha uzoasatope (KHU).

Jlis  BBITIOTHEHHS] ONEpalid TEXHOJOT WCHOIb3YyeT POOOTU3MPOBAHHYIO YCTAHOBKY
HaHECeHHsI (POTOpPE3nCTa C KOMITBIOTEPHBIM YIIPABICHUEM METOJOM IEHTPU(YTUPOBAHHUS, CM.
(dparMeHT MyIbTUMETUIHOTO mocoOus ot {2:48} mo {2:55}. [IpenycMoTpeHo MCIOIB30BAHUE
KUAKOTO OoTOpe3ucTa.

Br1 3aknanpiBaeTe B Texmpoiiecc 00beM (OTOpe3ucTa HCXOAs U3 Pacy€ToB U 3HAHUM O
buznueckoil npupoze pacnpezaeneHus: GOTOPe3UCTa Mo MOBEPXHOCTH IJIACTUHBI.

Pacuér npocroit. O6bem Ha miactuHe KHU paBen mpousBeaeHUIo MI0MAau  IIaCTHHBI
Ha TONIIUHY cjios hoTope3ucta. V=S- h= (nD2/4)- h roe D — nuamerp miactunsl 15 cm., h=
1,5 mxm = 1,5 - 10 cm . Mirak V=(3,14 - 225 /4) - 1,5 - 10%=176,6- 1,5 - 10™ =0,0265 cm°.

[Ipu sToM pa3paboranHas TexHonorus GopmupoBanuss MOMC-u3aenust onpeaeseT THI
dorope3ucta - HEraTUBHBIM WM MO3UTUBHBIA. B HamieM ciyyae mpUMEHSETCs MMO3UTHUBHBIN
dboTope3ucT, To ecTh 3acBeYeHHass 00JacTh (OTOPE3UCTa B MOCIEACTBHH OyIeT yIajleHa, CM.
MyIbTUMeANIHOE mocobue kaap {3:20}.

DOoTOpE3UCT — BA3KASI )KUJIKOCTh, €0 KHHEMATHYECKasi BA3KOCTh HaXOAUTCA B Mpeenax
5—75 cantuCrokc upu temneparype 20 oC.

BS3KOCTB )KHIKOCTH — 3TO €€ COCOOHOCTh OKa3bIBAaTh COMPOTUBIICHHUE TIEPEMEIICHHIO
OJIHMX YaCTHUI[] OTHOCUTEIBHO JIPYTUX, TO €CTh MPOTUBOCTOSATH KacaTeIbHBIM YCHIIUSIM B TIOTOKE.
JlanHbIit TapaMeTp cpelibl Hellb3si OOHAPY>KUTH B COCTOSIHUH ITOKOSI, OH OLIEHUBAETCS TOJIBKO BO
BpeMsl IBIDKEHUS BEIIECTBA, KOT/1a HAUWHAIOT JICHCTBOBATH CHIIBI CLIETIICHUS MKy MOJIEKYJIa-
MHU.

[Tpumeps! 3HaUCHU KHHEMATUYECKON BA3KOCTH PA3IMUHBIX )KUJIKOCTEH MPH TeMIie-

partype 37,8 °c npuBeieHbI B TabuIe 1.

Tabmn.1

HavmeHoBaHMe XNAKOCTU KnHematnyeckasa BA3KOCTb, CaHTUCTOKC
Boga auctunanposaHHan 1,0003

TpaHcmuccmoHHoe macno SAE 90W 14-25

Pb16UiA Kup 32

OnuBKoBsoe macno 43

Mép, 73

Nak 143

InuepuH 100% 176

Kactoposoe macno 325

Kunemarnyeckoil BA3KOCTbIO XapaKTEpU3YIOTCS BCE BEIIECTBA, KOTOPbIE 00JIaatoT Te-
Ky4decThlo. TekydecTb — 3TO cIBHT (IIepeMeIeHrne) OJHUX YaCTUIl TI0O OTHOIIECHHUIO K JIPYTrUM
TOW € caMOM cpeibl. 3a CUET CHJIBl BHYTPEHHETO TPEHUS BS3KOCTh MPOTHUBOCTOUT MPOILECCY
TEKY4ECTH.

Jlanee TEXHOJOT UCIMONB3YeT 3HaHUS 0 GUBNUYECKON PUPOJIE pactpeeneHus GoTope3u-
CTa M0 TTOBEPXHOCTH MIIACTUHBL. TeXHOIOT JOKEH MOHWMATh, KaK MOBEAET ceOs 103a KUIKOTO
¢dboTope3ucTa Ha MOBEPXHOCTH IIJIACTHHBI AUaMeTpoM 15 cM, KoTopblil OyneT HaHecEéH Ha Tia-

CTUHY KHMU B cocTossHMY ITOKOS KaneJabHUIeH A03aTOPOM YCTAHOBKH HAHCCCHUA (I)OTOpe3I/ICTa.
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B namewm ciyuae npu Bpamenuu miactuasl KHU B ycranoBke HaneceHust (hotopesucra
Ha (OTOPE3UCT NEHCTBYIOT IIEHTPOOEKHAS CHJIA, CHJIA CLETUJICHUS MEXy YaCTHUIIAMU M ajre-
3HsI COTPUKACAIONIUXCS C MOBEPXHOCTHIO MIACTUHBI YACTHIL (POTOPE3UCTA.

Pasron potopa ycraHOBKM HaHeceHHs (OTOpe3ncTa HY)KHO 3aIlyCKaTh cpa3y Mociie HaHe-
ceHusl, 4TOObI NP UcTapeHUH POTOPE3UCTa HEe U3MEHUIIAch ero Bs3KocTh. [Ipu Habope yrioBoi
CKOPOCTH BO3pacTaeT LIEHTPOOEKHAs CUJIa, YaCTh KUAKOTo GOTOpE3nCTa MO ACUCTBUEM LICH-
TPOOEXKHOM cuiIbl OyzeT cOpolleHa ¢ MIACTHHBI, & OCTaBIIASICS YacTh C YY€TOM are3uH paBHO-
MEPHO paclpeesIuTCs M0 BCel MIIOMAAN MIIAaCTUHBL. B KOHIle KOHIIOB, MU ONpeAenEéHHON Ya-
CTOTE BpPALLEHUS HACTYNUT paBHOBecHE CHil. YuCiIo 000pOTOB, IPU KOTOPOM HACTYINAET PaBHO-
BECHE IEHTPOOESKHBIX, KOTE3HOHHBIX CHUJI CLEIUICHHS MOJICKYI (BSI3KOCTh) M CHJI YACPKUBAaHUS
COIPUKACAIOLIUXCS € IUIACTUHOM 3a CYET aiAre3ud U IOBEPXHOCTHOI'O HATSHKEHUS Ha3bIBACTCS
KPUTUYECKHUM.

[Tpu mpouyux paBHBIX YCIOBHIX, YeM OOJIbIIIe KHHEMATUYECKas BA3KOCTh MaTepuana, TeM
0oJbIIIe JAOMKHO OBITH KPUTHYECKOE YHCTIO 000POTOB BPAICHHS TJIACTHHBI.

[Ipu nanpHelieM yBeIMYEHUH YIJIOBOM CKOPOCTH 3a CUET MpeoOsagaHusi LEeHTPOOekK-
HOW CUJIBI paBHOBECHE HAPYIIUTCA U HAYHET HAOMI0AaThCd HEPABHOMEPHOCTH 1051 (hoTOpe3ncTa
C YTOJIIEHHEM Ha KpasxX IJIacTUHBL. [109TOMY MO JOCTHIKEHHH KPUTHUYECKOTO YHCiIa 000pOTOB
BpallleHuEe pOTOpa IIaBHO CHMKAIOT W 3aT€M OCTAHABIIMBAIOT. BpeMs LIEHTPU(PYTUPOBAaHUS C
KPUTHYECKUM YHCIIOM 000pOTa POTOpa YCTAHOBKHM Majio BJIMSET Ha mapamerpsl cios. g dop-
MHUPOBaHUs €105 00bIYHO JocTaTodHo 20-30 cek.

I[To 3aBepmieHuu mporecca HaHeceHHs (poTope3rcTa Ha IUIACTUHE OCTAETCsl KOJIUYECTBO
(00BéM) doTope3ucTa paBHOE pacuéTHOMY, a uMeHHO 0,0265 em®, Tl HOPMAaJIbHOTO MPOUCTE-
KaHMS TIpoliecca B 103aTOp 3ampaBiisioT 2-3 mut poTopesucra.

OOBIUHO B MPAaKTUYECKOH paboTe TEXHOJIOTa UCXOHBIM SIBIIIETCSI Mapka UMEIOIIEerocs Ha
ckiazge (oTtope3ncra ¢ U3BECTHOM KMHEMAaTHYeCKOW BSI3KOCThIO. B 3TOM ciywyae KpuTHYecKoe
YHCI0 000POTOB BPAIEHUS IIACTUHBI OMPEEIISIOT U3 KPUBBIX UMIIEPUYECKUX IpaUKOB 3aBH-
CHUMOCTH CKOPOCTH BpPAIIEHUs, TOJILIMHBI 1051 GOTOPE3UCTa U Mapku (oTopesucra.

Ecnu y TexHonora ectb BBIOOp U3 HECKOJIBKUX MapoK (pOTOPE3UCTA, TO ONPEAETUTh Map-
Ky JJI IPUMEHEHMSI MOXKHO UCXOJI U3 PEKOMEHIYEMOW CKOPOCTH BpallleHHs pOTOpa yCTaHOBKU
HaHeceHus PoTope3ucra.

[lo nocTukeHUM KPUTHUECKOTO YKciaa 00OpPOTOB BpallleHHWEe pOTOpa IJIABHO CHIKAIOT U
3aTe€M OCTaHaBIMBAIOT. Bpemsl LEHTpU(YTUPOBaHUS ¢ KPUTUYECKMM YHCIOM 00OpOTa poTopa
YCTaHOBKM MaJjio BIIUSIET Ha napameTpsl cios. i popmMupoBaHus cjiosi 0ObIYHO J0ocTaTouHO 20-
30 cek. [locne ocTaHOBKH pOTOpa C 3aKPEIIEHHOMN MIACTUHONW  BS3KOCTH (DOTOpE3UCTa CyIIe-
CTBEHHO MOBBIIIAETCS.  3aTeM poOOTH3MpPOBaHHAs pyKa YCTaHOBKM HaHeceHus (oropesncra
nepeMelaeT MIacTUHy B 30HY CYIIKH (oTope3nucTa [yl MpuaaHus oOpa3oBaBILeiics MIEHKH.
Bpewms cymikn mnactuasl KHU cocrasnser 50-60 cex npu temneparype 100-110 °C, noce we-
ro MJIaCTHHA BO3BpAIaeTCs B KaCCETy Ul M3BJICUEHHs U3 paboudelt 30Hbl YCTAHOBKU U TepeMe-

IICHHUA Ha APYTYIO YCTAHOBKY JJIS1 BBIITIOJIHCHUA cnenylomeﬁ TEXHOJIOTUYECKOM Oorncpanunu.
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Cro#t goTopesucra

Puc.2. PesynbTaT TeXHOJIOTHYECKOM onepanun «Hanecenne doTtopesucTa

2. TexHoJIOrH4YecKasi onepanusa « IKCNOHUPoBaHHue GoTope3ucTar»

Ha BTOpO#i TeXHOIOTMUECKOH onepariy OCyIIeCTBISIETCS SIKCIIOHUpoBaHue (hoTope3ucra
Ha IUIACTHHE TuaMeTpoM 15 cM cpa3y Uil HECKOJbKHUX COT OJUHAKOBBIX MHKPOCTPYKTYpP
MDBMC- ycrpoiictBa. Ilpouecc HarisiiHO TPEACTABICH HA aHUMAIMM B MYJIbTUMEIUWHOM
nocobuu, cmotpure GparmMeHT ot {2:56} mo {3:22}. 3necr Bbl mepexoauTe u3 Makpommpa
pa3MepamMu B JECATKA CAaHTHMETPOB B MHUKPOMHDP C pa3MepaMH COTHH MHUKPOMETPOB, TO €CTh
macitad Mensercs B 1000 pa3. Ilpu 3TOoM HarisgHO MOKa3aH NEPEXo] K OJHOM U3 COTeH
MHUKpOCTpyKTYp MOMC-ycTpoiicTBa, popMUpoBaHUE KOTOPOW Jajnee Mbl U pacCMaTPHUBAEM.

@oTOpe3nCT — BCIIOMOTaTeNbHbIM MaTepuasl, KOTOPbIM MO pe3yabTaTaM BBITOJHEHHS
BCEX OMNepalui ynamsercs, U He OyAeT NMPUCYTCTBOBATh B MHUKPOCTpykType MOMC-
YCTPOMCTBA TOCHE ero u3rotopiieHus. Cioit (hoTope3nucTa UCIONB3YIOT ISl TOTO, YTOOBI JeNIaTh
B HEM «OKHa» JUIS yJaJeHUs XMMHUYECKHUM BO3JIEHCTBUEM (J1ajiee- TpaBJIEHWE) 4acTu MaTepua-
J1a KpeMHUs Uiy u3onsatopa ctpykrypsl KHU.

B mepBoii texonepanuu «HaneceHune Qorope3wcTay — HCMONB30BAICS MO3UTHBHBIN
(doTope3ncT, MO3TOMY MO pe3yabTaTy MPOBEIEHHUS TEXHOJIOIMUECKOW OMepalnuy 3acBEYEHHBIH
yAbTPauOIETOBBIM U3TydeHHEM ydacTok MOMC-CTpyKTYpbl H3MEHHUT CBOWCTBA M 3aTeM
OyZeT pa3MbIT LIETOYHBIM PAacCTBOPOM B MpOIEcce CIEAYIOIIeH TEeXHOJIOIMYECKOH ornepanuu
«IIposiBnenue poropesucta». Takum oOpa3zoM, 00pazyrOTCs «OKHa» Ui TPABIEHUS KPEMHUSI.

[lepen texHomorom nipu (HOPMHUPOBAHUM TEXHOJIOTMYECKOTO MpOIEcca CTOMT 3aaada
ONpENIeIEHUs] BPEMEHHM OSKCIIOHMPOBAaHUS IPU 33/JlaHHOW HWHTEHCUBHOCTH M3JIy4eHHs U
CBETOYYBCTBUTEIBHOCTH (POTOPE3UCTA. AHAIOIOM SIBISIETCA 33JaHUE BPEMEHU BBIIECPIKKH IS
doToanmapaToB, KOTOPBIMH IOJIH30BAIUCH 0 TIOSBIEHUS IUGPOBBIX (QoToKamep U
cMapT(OHOB.

B mo3uTHuBHBIX (OTOpE3UCTaxX NMPH SKCIIOHUPOBAHUHM MPOUCXOTUT pachaj MOJEKYI
MOJIMMEpa U YMEHbBINACTCS UX XUMHUYECKast CTOMKOCTb.

B kayecTBe TO3UTHUBHBIX (POTOPE3UCTOB HUCHONB3YIOT CMeCH  CyIb(porpupoB
HaQTOXMHOHAMA3UAOB ¢  (peHOIPOPMaANB-IETUAHBIMA  CMOJAMH B OpPraHUYEeCKUX

pacTBOPUTENSX. CBeTOUYBCTBUTEIHLHOMN OCHOBOU TaKOTO
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doropesucra sABAsETCS  CynbhHodIPUp HAQTOXWHOHIMA3HU], a CMOJIa WIrpaeT poib
KHCJIOTOCTOHKOTO monumepa. [Ipu skcmoHupoBaHUU B pe3yibTare (POTOXUMHUECKUX PEaKLuil
doronmza ruapodoOHBIe TPOU3BOIHBIC CYIb(oddupa HAPTOXUHOHANA3UAA  Pa3pPYIIAOTCS U
CTAHOBATCA THAPOPHUIBHBIMH (rMAPOdUALHOCTE - XapaKTepPUCTMKA MWHTEHCMBHOCTM MOJEKYAAPHOMO
B3aVIMOp,eVICTBVIFI Bewectea C BO,CI,OVI, cnocobHocTb XOpOoWwo BNUTbIBAaTb BOAY, a TaKXXe BbICOKaA CMavynBaemMoCTb
noBepxHoCTeli BOAoIH), TIPUOOpETasi CIIOCOOHOCTH PACTBOPATBHCS B CIIA0OBIX BOJHBIX PacTBOPax
miejo4Yeld, KOTOphle M SABISIOTCS TPOSBHUTENEM ISl TMO3UTHBHBIX (orope3nucToB. Takue
MO3UTHUBHBIE (POTOPE3UCTHI UYBCTBUTEIBHBI K YIBTPAa(UOIECTOBOMY H3IYUYCHHIO B TUAIa30HE

JUTMH BOJIH OT 250 10 450 HaHOMETPOB.

«Tenb» OT Macku

Puc.3. TexHomoruueckas onepamus « IKCIOHUPOBAHUE (OTOPE3UCTAN

Bpemst skcnoHupoBaHHs HeoOXoauMo paccuutarh. [l pacd€ToB MCHOJIB3YETCS
napamMeTp HUCHOJib3yeMoro (oOTOpe3ucTa -  yaelbHas HSHEPrMH SKCIIOHMPOBAaHUSA.  ODTOT
napaMeTp XapakTepu3yeT 103y SHEpIMU U TOUHO OMMCHIBAET 00lee HAKOIUIEHHOE BO3/IeiicTBHE
Y®-u3nyyeHuss Ha MaTepuang, TO €CTb B HAlleM Clydae  CKOJIBKO HY)XHO DJHEpruu
yABTPa(UOIETOBOTO M3JIy4eHHUs JUIs TOJHOTO IpeoOpa3oBaHUS MaTepuala IMpH 33JaHHON

ToJIIMHE oTope3ncTa. 3HaUeHHe MapameTpa OepETcs U3 CIIPaBOYHHUKOB.

3. TexnoJsiornyeckas onepanus «IIposiBnenune doropesncra»

OTO TEXHOJIOTMYECKas oOmepalus, B pe3ylbTaTe KOTOPOW 3aCBEYEHHBIM Yy4acTOK
doropesucTa ymanseTcs A TOTO, YTOOBI OTKPBITH «OKHa» JUIS TPABJICHUS BEPXHETO CIIOS
KPEMHHS.

Tepmun «lIposiBienne», Ha TEPBBIA B3I HE COOTBETCTBYET (PU3UUECKOMY IMPOIIECCY
TEXHOJIOTUYECKON Omepani — 3aCBEYCHHBIH (DOTOPE3NCT pacTBOPSETCS W CMBIBACTCS B
OypJisiieM MOTOKE ILIENIOUHOro pacTBopa. EcTe Bepcust npuMeHeHus tepMmuHa «lIposiBieHue».
®dotorpaduu B poTtoansbomax Bammx O6alymiek U aenymek GopMUPOBAINUCH MO aHATOTMYHON
TEXHOJIOTUH. Yepe3 ONTHUECKYI0O cHCTeMy (HOTOyBeIMUUTENs uepHo-Oenas Qorodymara
9KCMOHUPOBANIACH, & 3aTEM IPOSBISUIIACH B PACTBOPE, KOTOPHIH MPOAABAJICS B TOPOITKOOOpA3HOM
Buge u HaspBancs «[lposButenmb». Pombp  «Mackm» Tpu AKCHOHUpOBaHWU (HOTOOYMaru
UCIIONB30BasICs Kaap ¢oTomieHkn u3 (oroanmapara. OTimune B ToM, uTo (poroOymara st

MOJIYYCHHA I/1306pa)KeHI/I${ BOCIIpHHUMAJIA ITIOJTYTOHA, @ B MUKPOSJICKTPOHUKE IIOJTYTOHOB HET -
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Macka JaéT pe3yJbTar 10 NPHUHIUITY 3aCBEUEH/HE 3aCBEUCH.

dotomrobuTensaM, KOTopble medatanu ¢ororpaguu B JOMAIIHUX YCIOBHSX, JJIS
NOJY4YeHUsT HOpMaibHOW (oTorpaguu BaXHO OBUIO TPABWIBHO PACTBOPUTH IOPOIIOK
(KOHIIEHTpalus pacTBOpa) W BOBpeMs BBIACPHYTH (¢oTorpaduio u3 pacTtBopa (Bpems
HPOSIBIICHNUS ), B TIPOTUBHOM ciy4ae (oTorpaduu MoIydaaich CIUIIKOM CBETIIBIC MU CIUIIKOM
TéMHBIE. VIcTIOpYeHHBIE TUCTHI OyMaru BHIOPACHIBAIUCE.

B MHKpPO3JIEKTPOHHKE TEXHOJOTMYECKHH NPOLECC OYEHb JOPOrod M TEXHOJOTY
HEoOXoauMo TpH (OPMHUPOBAHMU TEXIPOLECCa IPABUIBHO BBIOMpAaTh WM PACCUUTHIBATDH
napamMeTpbsl TEXHOJOTHUECKOW OINEepalud, a UMEHHO: KHCJIOTHOCTh WHIEJIOYHOTO pacTBOpa U

BpeMs IIPOSIBIICHUS.

Puc.4. Pesynbrar TexHonornyeckoi onepanuu «lIpossienue doropesncray

4. TexHoJsiornuyeckasi onepanus «PeakTHBHOe HOHHOE TPaBJIeHHE KPeMHHUS»
B pesynbrare yeTBepTOi TEXHOJOTMYECKON onepanuu «PeakTHBHOE MOHHOE TPaBJICHUE

KPEMHHUS» MaTepuall KPDEMHHUS B OTKPBITBIX «OKHAX» JIJISl TPABIICHUS OyIeT yaayéH.

UroObl u3BiE€Yb TBEPIABIM MaTepuan, KOTOPHIM SBISETCS KPEMHMH, HEe00X0IuMo
NEPEeBECTH €ro B XMMHUYECKOE COEAMHEHHUE, KOTOpoe sBIseTCs Tra3oo0pa3HbIM. B Hactosmiee
BpeMs  HCHOJB3yeTCs  MepexoJ B  Tra3000pa3HOE  COCTOSHHME C  HCHOJIb30BaHHUEM
IUIa3MOXUMHUYECKUX YCTAaHOBOK. DAaKTHUECKH HMeEeT MECTO  sIBJICeHHE CyOJIMMaluu, Korjaa
oOpasyromyecss MOJIEKYJbl TeTpadTOpuaa KpEeMHHs TYT K€ YJIeTYy4MBAarOTCAd OT MOBEPXHOCTH
kpeMHusi. OueHb ynpouéHHo peakius uaeT no popmyne Si+2F, — SiFy.

B kadecTBe paboyero raza BBIOMPAIOTCS TaJOT€HOYTJIEBOIOPOJBI, KOTOPHIE SIBIISIOTCS
UCTOYHUKOM (ropa. [lnazma mepeBoAMT WX B COCTOSIHUE CONEprKaliee CBOOOIHBIC PaJHKAaIIbI,
KOTOPBIE ¥ TIO3BOJISIFOT TIEPEBOAMTH KPEMHHUI B Ta3000pa3HOE COCTOSIHUE 3a CYET 0Opa3oBaHUs
JeTyuero TerpadTopuaa KpeMHUS.

ITocMoTpuTEe BHUMATENBHO ()parMeHT MyJbTuMenuitHoro nocodus ot {4:07} no {4:26}.
B anumanuum HarnsgaHo mMmoka3aH OOMOAapAMPYIOUIMH MOTOK XMMHUYECKM aKTHUBHBIX YaCTHI[ U
BBUJIETAIOIIME YACTUYKH ra3000pa3HOro CBA3aHHOTO KPEMHUSI.

JloGaBka kucimoposna B IuiasMy derbipexdropuctoro yriaepoaa CFs4 yBenuuuBaer
otHomienue ¢gropa k yriepoay F/C. CymecTByer mpeanosoxeHue, 4To KUCIOpPOa, HapsAIy C
ynaneaneMm yriaepoaabix atoMoB (CO m CO;) ¢ MOBEPXHOCTH TMOJJIOKEK, B Ta3oBoi ¢aze
pearupyet ¢ CF4, ocBoOOXast atomel ¢pTopa, B pe3yibTare B IazMe pacrer otHomenune F/C,
CHOCOOCTBYS OBBIIIEHUIO CKOPOCTH TPABJICHHS KDEMHUS.

[InazmoxumMuueckoe TPaBJICHUC COCTOUT M3 CICAYHOIIUX CTaauii:
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1) TpaHCTIOPT pEaKTUBHBIX YACTHUIL TJIA3MbI K TOBEPXHOCTH 00pabaThIBACMOT0
MaTepuana,
2) agcopOus peaKTUBHBIX YaCTHUI] Ha IOBEPXHOCTH;
3) coOCTBEHHO XUMHUYECKas peakius ¢ 00pa30BaHUEM JIETYYET0 COSIUHEHNUS;
4) necopOuus MOJIEKYJ MPOIYKTA PEAKIIMH C TIOBEPXHOCTH;
5) ynanenue MOJIEKyYJI MPOYKTa PEaKIUU U3 MPUIIOBEPXHOCTHON 00JIaCTH.

Kpemuuii mon gpotopesuctom

Puc.5. Pe3ynbTaT TEXHOIOTMYECKOM onepaunuu «PeakTUBHOE HOHHOE TPABICHUE)» KPEMHUS»

5. Texnosoruvyeckas onepauus «YiajeHue 0CTarkos poropesucra»

[locne ynaneHusi y4acTKOB BEPXHErO CJOsI KPEMHHS METOJIOM PEAaKTHBHOI'O HMOHHOIO
TpaBieHUs (POTOPE3UCT CTAHOBUTCS HE HYKEH - OH BBINOJHWI CBOKO (YHKLHIO B
TEXHOJIOTUYECKOM ITPOLECCE U OCTATKU ATOr0 (POTOPE3UCTa MOMKHO YIAIUTh.

B Tpetneil oneparuu ObUIM MPOSIBIEHBI 3aCBEUYEHHBIE YUACTKU (POTOPE3UCTA, IPU ITOM
IIPUMEHSAEMBI  IIEJOYHOM pAacTBOP HHMKAaK HE TOBJIMSUI Ha COCTOSHME Marepuana
Ha3aCBEYEHHOTO ydJacTKa (OoTOpes3HcTa, MO3TOMY JUIS YAAJIEHHUs OCTaTKOB ¢orope3ucra Bam
HY>KEH JIpyroi pacTBop.

B MUKpO3IEKTpOHUKE [UIsl yIAIeHUsI OCTATKOB (OTOpE3UCTa HCoib3yercsi cmecb KAPO
- pactBop cepHoit kuciaotel HoSO, um mepexucu Bonmopona HpO, B cootHomenuu 2:1  mpu
temneparype 90-150 °C. B pesynprate xumuueckoil peakiuun HpSO4 + HyO, = HySOs + O.
ATOMapHBIM KHUCIOPOA aKTUBHO B3aUMOJICHCTBYET C OpPraHWYECKMMHU BELIECTBAMH, B HallleM

cJIydac 3To (bOTOpCSI/ICT, KOTOpBIﬁ 3aTEM OMYJIBTUPYCTCA U paACTBOPSACTCA.

I/I3OJI$ITOp noJJ KpECMHHUEM

y.

Puc.6. Pe3ynbrar TeXHOIOTHUECKOH ornepanun «Y TaIeHHe 0CTaTKOB (DOTOPE3NCTa»
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TexHonornueckast onepanys MPOBOJUTCS HA 00OPYZIOBAaHUHM B BHJI€ XUMHUYECKUX BaHH,
CM. (parMeHT MyJIbTUMEIUIHOTO mocodus ot {5:17} no {5:25}. Bsl BUIUTE, YTO MIACTUHBI C
MUKpocTpykTypamu MOMC-u3nenuss moMenaercs B BaHHY € OypJisiiUM pPacTBOPOM CMECH
KAPO.

ArpeccuBHble cBoiictBa cMecu KAPO Kk 100bIM  OpraHUYecKHM 3arps3HUTEISIM
UCIONB3YETCSl JJII OYHMCTKHM IOBEPXHOCTH MHKPODJIEKTPOHHBIX 3aroTOBOK, I03TOMY B
pe3ysbTaTe MPOBEACHUS MATONW TEXHOJIOTHUECKON ONepaluy « YaleHHe 0CTaTKoB (DOTOpE3ncTa
Oyner copMupoBaHa 3aroTOBKa M3 KPEMHHUS U H30JsTOpa 03 KaKMX-TUOO BCIIOMOTATEIIbHBIX
MaTepHaJIOB U 3arpsA3HEHUN.

IIpu ompenesneHnn mnapaMeETPOB TEXHOJOTMYECKOW OINEpaluy  TEXHOJIOT 3aJaeT
TEMIEpaTypy HarpeBa CMeCH M BpeMs MPOBEICHHUS TEXHOJOTHYecKoi omnepanuu. s
MOJIyYeHUs] KaYeCTBEHHONW OYUCTKU MUKPOCTPYKTYPBI BaXKHO MPABUIBLHO MPUTOTOBUTH PACTBOP
cmecu KAPO. UzBecten 06béM EmkocTu ams pactBopa cMecu KAPO B ycranoske. TexHomor

JOJDDKCH IIPOHU3BECTU pacqéT 00BEMHBIX YacTeH CepHOﬁ KHCJIOTBI U IICPCKUCHU BOJOpOaAA.

6. Texnosioruueckasi onepanusi «M30TponHoe TpaBjeHne U30JATOPA»

B pesynprare mecTtodl 3akIFOYMTEIBHOM TEXHOJOTMYECKOM onepauuu «3orpornHoe
TPaBJICHUE H30JIATOPA» I0Iy4aeTCst MOMC-ycrpoiictBo «Kantunesep» (cMm. puc.l.).
TexHonory HyXHO pPELIUTh 3ajady BBITPABIMBAHUS H30JSITOpPA IMOJA OaJKOW, MPU 3TOM IOJ
JIeprKaTesieM M30JIATOP B KAUECTBE OINOPHI IOJKEH OCTaThCsl. 3ajladya pPelaeTcsl ¢ IpUMEHEHUEM
M30TPONHOTO TPABJIEHMS, a UMEHHO PABHOMEPHOI'O BBITPABIMBAHUS 10 BCEM HAIpPaBICHUSIM.
(M30Tp0|'ll;1$|, M30TpéﬂHOCTb— OAMHAaKOBOCTb ¢M3W-IECKMX CBOWMCTB BO BCEX HanpaBaeHUAX, MHBAPUAHTHOCTD,
CMMMETPMA NO OTHOLLEHMIO K BbIBOPY HanpaBaeHus).

Matepuan u30is8TOpa 3TO JIBYOKHUCh KPEMHHS, B YHCTOM BHJE 3TO KBapll U SIBISIETCS
OCHOBHOH 4acTbio OOBIYHOIO CTeksa. ['a3000pa3Hblil (TOPOBOJOPOA IMPOU3BOJAUT TPABIICHUE
nByokucn  kpemHus no peakumu  4HF+S102=Si04+2H20. IIpoayKT peakuuu 4YeThIpEX

(dTopucThlii KpeMHHMH SiF, SBIAETCS JIETy4yuM COEIMHEHHWEM U TakuM oOpa3oM yjaisercs ¢

MOBEPXHOCTH HIYKHETO CJIOST KPEMHHUSI.

[TocmoTpute ¢dparmMeHT MynIbTUMEAUHHOTO Marepuana ot {5:25} go {6:12}.
Paccmotpute kamper {5:40}.{5:41}.{5:42} mnepensuras IBUKOK B PEXKHUME May3bl. XOpPOIIO
BUJHO KakK MOJIEKYJbl (PTOPUCTOrO BOJOpOAA, Oiarojaps MPUCYLIEMY Uil HEro CBOWMCTBY
U30TPOITHOCTH  «IIOJATPABIMBAET» U3O0JIATOP MOJA OalKoi, ¢ Takol ke CKOPOCThIO (PTOPUCTHIN
BOJIOPOJI MOATPABIIMBACT U U30JATOP M MOJ JIepKaTeieM, KOTOPhIi B ATk pa3 mupe Oanku. B
MOMEHT BPEMEHH, KOrJa Moj Oajikoil He OCTa&TCs M30JIATOpa, MOJ JAEprKaTesieM OKas3bIBaeTcs
BBITPABJICHHBIM JIMIIb YacTh H30JsATOpa. B Hamem cinyuyae 310 0,2 OT €ro HmIMpUHBI, 3HAYUT
3ajaya TexHosora pemeHa — 0,8 MUpHUHBI JAep)karenst OCTaéTcs B KauyecTBE OMOPHI s
JeprKaTes.

Peakuust mpoBoANTCS B YCTaHOBKE IUIa3MOXMMHUYECKOT'O TPABJICHUS INPU TEMIIEpaType

90°C. TexHomory HEoGXOAMMO PACCUHTATH KOIMYECTBO CTPABIMBACMON IBYOKHCH KPEMHES,
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3aTeM ONpPEIEeTUTh KOHIICHTPALUIO (PTOPHCTOrO BOAOPOIa B BOJHOM PacTBOPE.

HcTouyHUKH I/IH(bODMaHI/II/I

1)
2)

3)
4)

5)
6)

Bszkoctb xxuakocTen. https://tau-rus.com/vyazkost zhidkosti sst

®usnka paBHoBecus cui. Pazpen 2.1.2 c1p.22-25
http://window.edu.ru/resource/498/78498/files/miem_lapshinov.pdf

Onwucanue pa3inyHbIX Mapok Goropesuctos. https://frast.ru/book2017.pdf
[To3uTHBHBIN 1 HETAaTUBHBINA (DOTOPE3UCT.
https://studbooks.net/719062/tehnika/pozitivnye_negativnye fotorezisty
Jlurorpaduueckue mporeccol https://phys.vsu.ru/me/downloads/m13-89.pdf

Dueprust SKcrioHupoBanust https://www.uv-expert.ru/info/articles/uv-lamp-power-and-

measuring/
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