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 &
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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

NOANOXKA KHU

AHuMaIus nporecca TexHomornueckas 30Ha
OOpatuTe BHUMaHWE Ha TOCIEI0BATEIHPHOCTh TEXHOJOTHYCCKUX OMNEPAIUid, MapaMeTphI
TEXIIPOLIECCOB U MPHUMEHsEMOe IPOU3BOJICTBEHHOE 000pyA0BaHue — BcE 3T0 Bam notpedyercs,
Korja Oyzere caMOCTOATEIbHO (DOPMHUPOBATh TEXHOJOTHYECKHUI MpolecC MPOU3BOJCTBA
MDBMC-akcenepomMeTpa U 3aMycKaTh TEXHOJOTUYECKHUE OMEpallui Ha 00OpPYJAOBAHUH B BHUPTY-

aJLHOI TEXHOJIOTMYECKOU 30HE.

Moaynb «AHTepakTnB «KoHcTtpynposaHne MOMCx»
I[J'IH MMOHUMAHU TCXHOJIOTHYCCKHUX IMPOLCCCOB BAKHO XOPOLIO MPCACTABIATH KOHCTPYK-
LIMI0 YCTPOWCTBA, IOATOMY CIEAYIOIIUMH HHTEPaKTUBHbIM Moaynbs — «KoHcTpympoBaHue

MBOMCy.



Knuknaute B MmeHto  «HTepakTuB «KoHcTpynpoBanue MOMC» 1 HaUHUTE KOHCTPYHPO-
Ba"nue MOMC u3nenuii.

WHTEepakTUBHBIT MOAYIIb COJACPKHUT IUPPOBOH KOHCTpYKTOp i msatu MOMC-
YCTPOMCTB: KaHTHJIEBEP, aKCEIEPOMETP, TUPOCKOI, MUKPO3EpKAJIO, MUKPOKIAaNaH KaKIbli U3
KOTOPBIX COCTOUT M3 JIBYX 4acTeH, paCIOI0KEHHBIX HA pacCTOSIHUU 5-10 MKM C OJKIFOYEHHBI-
MU 3JieKkTpoaamMu. Ilpaktudecku, 3T0 00KIaAKH MUKpOKOHAeHcaTopa. OaHa u3 00KIalI0K KOH-
JIeHCcaTopa 3aKperieHa HETOABUKHO, Ipyrasi — OJIBU)KHAs, C 3apaHee pacCUMTaHHON Maccoi.

MOMC kaHTHJIEeBep, aKceJepoOMeTP U THPOCKON TPEICTaBISIOT COO0M MHEPIMOHHBIC
eMKOCTHbIe AaTyuku. [Ipu yckopenun MOMC-ycTpoilcTBa pacCTOIHUE MEXKIY MOABUMKHOU U
HETOJIBIKHOW OOKIIQJIKaMH U3MEHSICTCS, H3MEHSIETCS EMKOCTh U, COOTBETCTBEHHO, HAMPSIKCHUE
MeXIy OOKiIagkaMu. Takum crocobom m3MepsieTcs yCKOpeHHe 00BbeKTa, K KOTOPOMY IPUKPET-
€0 MOMC-gaT4uk.

MOMC MuKpo3epKaao 1 MUKPOKJIANAH TMPEICTABISIIOT COOON HCIOMHUTEIbHBIE MHK-
poyctpoiicTa. [Ipu yBenuueHun ypoBHSI HANpsKEHUS Ha 3JIEKTPOJAX BO3PACTACT CUiIa MPUTS-
JKEHUS MEXITy OOKIaAKaMU KOHACHCATOpa U MOJBMKHAS YaCTh MUKPOYCTPOIMCTBA MPUTATUBACT-
Csl K HeNmoABMKHOM. [Ipu yMeHbIlIEHUN YpOBHS HAINPSKEHUsI CHIIa MPUTSHKEHUS ociabeBaeT U 3a
C4€T YIpYroCTH MOJBHKHAS YaCTh OTIAISIETCS OT HEMOABIKHON. Takum 00pa3om, H3MEHEHHEM
YPOBHSI TI0JIaBa€MOTO HAIPSKEHUST YIPABJISIETCS MOJIOKEHUE MOABUKHON YaCTU MHKPOYCTPOii-
CTBa.

CHavana Hajo BBIOpaTh yCTpOMCTBO. PekomeHayeTcss HauMHATh ¢ HamOoJee MPOCTHIX
YCTPOMCTB MO KOHCTPYKIMH U Jajiee MEePEeXOAuTh K 0oliee CIOKHBIM B IMOCIIEIOBATEIbHOCTH:
KaHTUJIEBEP, MUKPOKJIANlaH, MUKPO3€pKajo, aKCeIepOMETp, THPOCKOIL.

Hanee pexomMeHyeTcsl BBIOpaTh U3 MEHIO U 3aIyCTUTh onuuio «Monens». Bam Oyner mo-
JI€3HO YBHUJIETb MUKPOYCTPOMCTBO B JECUCTBUHU B PEXKUME AHMMAIUMHU. 3JECh MOXKHO H3JI0XKHTh
MPUHIINI JEHCTBHS U 00JaCTh MPUMEHEHHSI MUKPOYCTPONCTBA.

Ha stom stane u nanee mpu pabore ¢ APYrMMH OMIUSMUA MEHIO PEKOMEHAYEeM BpalllaTh
00BEMHOE M300paXKEeHHE U3JIEINH U TPOCMOTpa C pa3HbIX PaKypcoOB, 3TO MOBBIIIAET YPOBEHb
BOCTIPUATHUS U MMOHUMaHUsT (POPMBI 1 OCOOEHHOCTEH KOHCTPYKIIMH, B TOM YHCII€ YaCTUYHO CO-
OpaHHOTO U3JENHs. DTO BXKHO MPU MOJACTUPOBAHUU TEXHOJOTHYECKHUX IMPOIIECCOB B CIEIYIO-
IIUX MOJYJISIX HHTEPAKTUBHOTO KOMILIEKCA.

Jlanee pekoMeHayeTcsi BBIOpaTh W3 MEHIO U 3alyCTUTh oMnuuio «/lemo-Bepcusi». Bam 0Oy-
JIET TOJIE3HO YBUJETh B PEKUME aHMMAIIMH BECh MPOIECC KOHCTPYHPOBAHUS MeTuKkoM. Tak Oy-
JIeT TIOHSATEH KaXKbIil U3 IIaroB KOHCTPYMPOBAHUS M MOCIEAOBATEIBHOCTD JIEUCTBUM MpU KOH-
CTpYUpOBaHUU. YTIpaBsiiiTe qeMo-Bepcreit KHonkamu «3amnycTuthb» U «llaysan.

Jlanee pexomeHyeTcs BBIOpaTh M3 MEHIO U 3amycTuTh onmuio «lIpoexT». Ympasinsiite
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nporieccom cOopku. [Ipu 3Tom Bel MOXeTe ocTaHaBIMBATKLCS, 3a/1aBaTh BOIIPOCHI, BO3BPALIATHCS
IIoImIaroBO Ha3ag U ABUTAaThCA IOIIAroBO BHepéI[.

[anee mepexoaum K TECTUPOBAHUIO MOJYYEHHbIX Bamu 3HaHMI M HABBIKOB, JJISI YETrO
HYXXHO BBIOpaTh W3 MEHIO U 3allyCcTUTh oniuio «Cobepu cam». Bbl  JTOIKHBI CaMOCTOSITEIILHO
cobpate m3nenue. [Ipu BO3ZHMKHOBEHUM TpymHOCTeH Bbl MOkeTe BO3BpamIaThCs K OMIMAM
«Mopenby, «JlemoBepcus», «I[IpoekT» 1 MpoOOBaTh CAMOCTOATEIHLHO COOpaTh U3/CIINE 3aHOBO B
oruuu «Cobepu cam» 10 MOJIOKUTEIBHOTO PE3yIbTaTa.

Jnis 3akperuieHus MaTepuaia pekomenayercs: chopmupoBarb STL-monens mo pesysnbra-
TaM cOopku u3nenusi B pexxume «Cobepu camy». Jlanee uzpenuie, NMpu HAIMYHH TEXHUYECKOM
BO3MOXXHOCTH, pacreuaTtsiBaercs Ha 3D-npunTtepe B rabapurax 10-20 cm. Cobepute usnenve B

TOM K€ MOCJIEA0BATEIbHOCTH, KaKyto Bbl ocBouIn BUPTyanbHO B oniuu «ColOepu cam.

Moaynb «MHTepakTMB-06yyeHue «TexHonorum MAOMC»

Monyne «MutepaktuB-o0yuenue «TexHomoruu MOMC» mpenocTaBiseT BO3MOXKHOCTh
0oTpaboTaTh TEXHOJOTMYECKUU mpouecc u3roropieHus MOMC MUKpPOYCTpPOHCTB Ha MpuMepe
usnenus «AkceinepomeTp». B TexHonmOrnyeckuil mporecc BBEICHHBI 1IECTh OCHOBHBIX TEXHOJIO-
TUYECKHX OIEpaIHii, KOTOPhIE B paMKaxX MPOo(OpHUEHTAIIMOHHON MTPOrPaMMEbI B IIEJIOM JIAIOT T10-
HUMaHHUE O CYTH TEXHOJIOTUYECKOTO IMpoliecca C JTOMYIICHUSIMH 00 YIPOILICHUH PEalbHBIX TEX-
HOJIOTUYECKHUX MPOIECCOB HA MUKPOAJIEKTPOHHBIX TPOU3BOICTBAX.

[Tepen pabotoii B Mmonyne «MuTepakTuB-00ydeHue «Texnonorun MOMCy» pexomeHayem
W3Y4YUTh JOMOJHUTEIbHBIN MaTepuan JAJisi HOHUMaHus TexHosioruu B [Ipunoxkenun 1 x maHHOM
MHCTPYKIUH.

[Tepen 3anmyckoMm omiuu «HTEpakTUB-00yUeHHE» PEKOMEHIYETCs MPOCMOTPETh aHUMa-
IO TIOCJIEIOBATEILHOTO BBITIOJIHEHUSI TEXHOJIOTMUECKUX OMEpalnid, IJisi 5TOr0 HaJo BhIOpaTh
ontuio «JlemoBepcHusi» M B TOM K€ OKHE KIIMKHYTh KOMaHy «3amycTuThy. JJis OCTaHOBKHU aHU-
MAaIUH WK TIocTie €€ OKOHYaHUs HAJ0 KIUKHYTh KOMaHTy «COpOCUTHY.

Bbl nMeeTe BO3MOKHOCTB MTPOCMOTPETH BHIIIOJIHEHHE TEXHOJIOTUYECKUX ONEpalnii 1Mo ma-
raM B MHTEPAKTUBHOM PEXHME JJIA 4Yero Hajao BeIOpaTh ommuio «Texmporiecc». YmpapiieHue
MEePEX0A0M K TMOCIEAYIOMENH WIN MPEIbIAYIIeH TEXHOJOTMYECKOW OMEpay OCYIIECTBISETCA
HaxaTueM KHOMNOK «Bnepén» unu «Hazan». AHMMaIusi TEXHOJOTUYECKOW OMEpalnu COIMpo-
BOXKJIA€TCS BBIBOJIOM Ha DKpaH MapaMeTpoB, KOTOpble BaM HE0OX0IMMO YCBOHUTH ISl MPOXOXK-
JIEHUsT TECTUpOBaHUS B cienytomeM wmoxayie «HMHTepakTuB-TecTUpOBaHUE «TEXHOIOTHS
MOMCy.

B unrepaktuBHOM pexume «Craenaii cam» Bbl nMeeTe BO3MOXKHOCTh MPOBEPUTH CBOU

3HaHUA O IIOCIICA0BATCIIbHOCTHU onepaunﬁ. 3a11a171Te YPOBCHb CJIOKHOCTH, 3aTCM BBI6CpI/ITC OII-
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nuto «Cnenaii camy», KIMKHATE Ha3BaHue 3arotoBka «llmactuna KHW», 3atem BriOupaiiTe TeX-
HOJIOTMYECKHUE ONEpaly B TOM ke MOCIIEeI0BATEIbHOCTH KaK B MYJIbTUMEIUNHOM POJIUKE, pe-
xumax «JlemoBepcusi» u «Texmporecc». B cnydae BEIOOpa HEBEPHON TEXHOJIOTHYECKON omepa-
U TOSIBUTCS coobmienne «OmubKkay, MPU 3TOM MPEJOCTABISIETCS BO3MOXKHOCTD CIISIYIOMIEH
IOTIBITKH,

Brioepere omnmuto «O0ydenuey. [locnenoBarenbHo 3amycKkaidTe aHUMAIlUU TEXHOJOTHYE-
CKHX ONepaluii: HaHeceHne POTOpe3nCTa, IKCIOHUPOBaHUE HOTOPE3UCTa, yaalleHne GoTope3u-
CTa, TPABJICHUE BEPXHETO CJIOsI KPEMHUS, YJAJICHUE OCTATKOB (POTOPE3UCTA, TPABICHUE HU30JIs-
topa. IIpu sTom Bel mepen 3amyckoM odepemHON TEXHOJIOTHYECKON Olepaliuy JTOKHBI BBECTH
napameTpbl TEXHOJOTUUECKUX PEKUMOB BBITIOJIHEHHUS 3TOM OIepaluu.

BBenenne mapameTpoB pa3OUTO Ha YETHIPE YPOBHSI CIIOKHOCTH.  Huke mpHBEICHBI OIH-
caHus pabOThI 10 YeTBEPTOMY YPOBHIO CIOKHOCTH.

Cnauana HeoOX0AMMO MOATOTOBUTH JIJIS BBOJA ITAPAMETPhl  TEXHOJOTHYECKUX PEKUMOB H
BBIOOpA MaTepUaIOB I MPOLECCOB, MICTOYHUKOM MH(OPMAIIUU O KOTOPBIX SBJISETCS UCKIIOUH-
TEJIbHO MYJIbTUMEIUWHOE MOCOOUE TEPBOTO MOYJIS HAIIETO MHTEPAKTUBHOTO Komruiekca. [lpu
paboTe Ha mepBoM ypoBHE Bbl ucrmonb3yere 3HaHUS, MMOJTYYECHHBIE TPU MPOCMOTPE MYJIbTUME-
nuitHoro mocoOusi. B cinywae 3aTtpyaHenuit Bel MoxeTe 3amycTuTh €€ pa3 MyJIbTUMEIUHHOE
nocoOue U, B Ka4eCTBE MOBTOPA MPOUIEHHOTO MaTepuaa, B3STh HYy>KHBIN MTapaMeTp TEXHOJIOTH-
YECKOIo pekruMa WJIM HAUMEHOBAHUS MIPUMEHSEMBIX MaTepUalioB JJI BBOJA MapaMETPOB TEKY-
LIEM TEXHOJIOTHUYECKON ONEpalvH.

JIONOMHUTENBHO ONPENENSIOTCS M BBOJATCA NapaMeTphbl MO PE3yJbTaTaM BbIIOJIHEHHS

3aJaHuH.

1) JIns texHomormyeckoil onepaimu «Hanecenue ¢oropesucray mapamerpbl s BBoxa (hop-
MUPYIOTCS TIO Pe3yJIbTaTaM BBIIIOJHEHUS 3a/IaHUSs:

Onpenenure KWHEMAaTUYECKYIO BSI3KOCTh (oTope3ucta Ha tiactune KHU s monydenus tosi-
IIMHBI HAHECEHHOTO clost poTopesucTta 1,5 MKM NpHu 3aJaHHOM KOJMYECTBE 0OOPOTOB B MUHYTY
HEeHTPUYTU TEXHOJIOTHYECKON ycTaHOBKU HaHeceHus ¢potopesucta 3000 o6/mMun. Temnepartypa
B paboueil kamepe ycranoBku 20°C, Temmnepatypa dotopesucta 20°C, Bpems neHtpudyrupona-
Hus 40 cek.

Ha pucynke noka3aHna 3aBUCUMOCTH TOJIIUHBI TUIEHKU OT YKca 000POTOB LIEHTPUPYTH U MAPKU
¢doropesucta. O603nauenne PII-xxD: DII-poTope3rcT MO3UTHUBHBIA — XX KHHEMaTHUECKas

Bs3KOCTh B ¢cCT (MM2/cex) d-tum poropesucra.
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I[J'ISI BBITTIOJIHCHHUA 3aJaHUd PECKOMCHAYEM BOCIIOJIb30BATLCA [IOHOJIHHTCJIBHOﬁ I/IH(l)OpMa-

uneﬁ AJI1 HIOHUMAaHUA, KOTOPYIO BbI MOXKETC HAWTH B COCTaBE MCTOANYCCKOI0 MaTcpurasia.

2) JIist TEXHOJOTMYECKOH omepanuu «IKCIOHUPOBaHUE (POTOpE3UCTay mapaMeTphbl A BBOJA
(GOPMUPYIOTCS IO PE3yJIbTaTaM BBITOJIHCHUS 33 IaHUS:

Jist mnactuabel KHU qmamerpom 150 MM onpenenute Bpemst axkcnionupoBanus T = G/W, rie G —

HOMMHAJIbHAS y/eTbHAs SHEprus A 3acBeTku (ortopesucra 70 mIk/em?, W — yZelIbHas MOII-

HOCTb YIBTPaQHOIETOBOTO U3TYUCHHUS, Br/cm?. Otser OKPYTJIUTh 10 LENbIX.

MormHocTh ynbTpadroIeTOBOr0 U3ydeHUs Ha moBepxHocTH uiactTuibl P = 8§00 MBT. OTHOCH-

TeJbHasl BIAXXHOCTh BO3/yXa B paboueil 30He yCTaHOBKH dKCIIOHUpoBaHus 45%.

Jns  BbImoNMHEHUS 3afaHusl pekoMeHayeM mpopabotarh pasnen Nel «Texnomornueckas
onepanusi «Hanecenue gorope3ucra» IOMOIHUTEILHOTO MaTepuana AJisi NOHUMaHUs TEXHO-

noruu B [Ipunoxennn 1 k JaHHON MHCTPYKITHH.

3) Mus texuomoruueckoi onepanuu «I[IposBienne GoTope3nucta» mapaMeTpsl s BBoaa Gop-
MUPYIOTCS IO Pe3yJIbTaTaM BBIIIOJIHEHUS 3a/IaHuUs:

Onpenenute BpeMs yaajieHus GoTope3ucTa npH 3alaHHON KUCIOTHOCTH pacTBopa pH =12,2 s

nposiBiIeHus: (OTOPE3NCTa U TOJIIMHE HaHecEHHOTo cios (oTopesucra 1,5 mxm. Temmeparypa

pactBopa 45°C. OTBET OKpYIJIUTH /10 LIEIBIX.

I'padux 3aBUCMMOCTH cKOpocTH ynaneHus Gortopesucra ot pH. O6o3HaueHus: Vo — 3acBeUeH-

HBII (poTopesucT, VH — He3aCBEUEHHBIH (POTOpE3HCT.
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Jlnst  BBIOJIHEHMSI 3aJ]aHUs PEKOMEHyeM mpopabotars pasnen Ne2 «TexHomoruueckas
onepauus «IKCHOHUPOBaHHE (POTOpE3UCTa»  JIOMOJIHUTENBHOIO MaTepuaia i NOHUMaHMs

TCXHOJIOI'MH B HpI/IJ'IO)KeHI/II/I 1 x ,Z[aHHOﬁ HHCTPYKINU.

4) JIns TeXHOJOTMYECKOW omepanun «PeakTHBHOE MOHHOE TpaBIICHHE KPEMHHS» MapaMeTphl
JUIs BBO/1a OPMUPYIOTCS IO PE3yJIbTaTaM BIMOIHEHUS 3aJaHUs:

Omnpenenure BpeMs TPaBICHHUS BEPXHETO CIIOSI KPEMHUS B CEKYHJIaX IIPU MaKCUMaJIBHOM CKOPO-

CTH TPABJICHUsI U3 NPUBEIEHHBIX JKCIIEPUMEHTAIBHBIX JaHHBIX Ha auarpamme. /[aBieHune mias-

Mel 0,15 TTa. TonmuHa BepxHero cinos kpeMHust 17 MxM.

Ha pucynke Huxe npuBesieH rpauk 3aBUCUMOCTH CKOPOCTH TPaBJICHHUSI KPEMHUS OT KOHIIEH-

Tpauuu Kkucinopoaa. O6o3HaueHust KpuBbIX 1,2,3,4 — cTeneHb CBA3bIBAaHMS YACTHIl CMECH KUCIIO-

poJia ¥ 4eThIpEXPTOPUCTOTO YIriIepoia C MaTeprualoM KpeMHHUSI.

5. ] L
Angm @L'{
LI 2 (2at ﬁ 1
P bt
- =t - 3 & @\ \b
[ | = == 2
3000 == ) 5
I / & =
I @ &ége“\ A
2500 / Z L A
| s 'Q Q& ! \m
I jf g 5 31@
I 2 R
;|- a A\
G P4 b\ NN
,
;a/ & N
;& »
1500_“; A
’
% . . |
1 20 30 40 50 60



Jlis BBITTOJTHEHMS 3a7jaHusl peKOMEHyeM rpopaborath pazzaen Ne4 «TexHonoruyeckas omnepa-
uusa «PeakTMBHOE MOHHOE TPAaBJICHUE KPEMHMS »  JOIOJHUTEIBHOIO MaTepuaia sl [IOHUMa-

HUsl TexHoJsioruu B [Ipunoxxennu 1 Kk JaHHON UHCTPYKIIUH.

5) Jlist TeXHOJIOTHYECKOH ornepanuu «Y IajlieHhue 0CTaTKOB (hOTOPE3UCTay MapaMeTphl Ik BBO-

Ja GOPMUPYIOTCS TIO Pe3yIbTaTaM BBIITOJIHCHUS 3a/IaHUS:

JU1 TEXHOJIOTHUECKON Onepanuy yJaleHusl OCTaTKOB ()OTOPE3UCTa B paCTBOPE CEPHOU KUCIOTHI
U niepokcuia BojiopoJa (cMech Kapo) onpenenure kakyro Maccy CepHOM KUCIOTHI M KaKyl Mac-
Cy MEepOKCUAa BOJIOPOAA HYXKHO pacTBOpUTh [yt oayueHus 900 mu pactBopa cmecu Kapo. Co-
OTHOIIIEHHE O0BEMOB CEpPHOM KUCIOTHI M MEepoKcuaa Boaopoaa B cmecu Kapo 2:1. MonsipHas
KOHIIEHTpPALUsl paCTBOPOB 00OUX KOMIIOHEHTOB (CEpHOI KHCIOTHI U IEPOKCHIA BOJAOPOAA) A

npurotoBieHus cmecu Kapo 1,7 mons/autp. OTBET OKPYIIIUTH A0 HENbIX.

JUia BBINONHEHU 33JaHUs peKOMEHyeM npopaboraTh paszgen NeS «TexHonoruueckast ornepa-
s « YaaneHue ocTaTKoB (POTOPE3UCTa»  JOMOJIHUTENBHOIO MaTepuaia JJis OHUMaHUs TeX-

HOJIOTHH B HpI/IJ'IO)I(eHI/II/I 1 x HaHHOﬁ HHCTPYKIUU.

6) s TexHonoruueckor omeparun «M30TpomHOE TpaBlieHHE H30JIATOPa» MapaMeTpbl JJIs

BBOJa (I)OpMI/IpYIOTCSI IO pe3yJibTaTaM BBINIOJIHCHHUSA 3aJaHUA.

TexHonoruueckas ornepanusi U30TPOMHOIO TpaBieHUs uzoisTopa SiOy (IBYOKHCH KpEMHUS)
IPOM3BOJIUTCS B YCTAHOBKE IUIA3MOXHUMHYECKOT0 TpaBiieHHs. B paboueil 30He yCTaHOBKH /1aB-
nenue cocrasiser 10 klla, temneparypa +60 °c. MossipHblif 00BEM TIPU HOPMAJIBHBIX YCIOBHU-
ax (maBnenue 103 klla, remmeparypa 20 OC) coctanisieT 22,4 i/mons. Dopmyina peakiuu Tpas-
nenns SiO, + 4HF — SiF, + 2H,0. AtoMHas eguauna mMaccsl (a.e.m.) gropa — 19, kpeMHUS —
28, kucaopoaa — 16. AGCOMIOTHBIN HOJb IPUHATH PaBHBIM -273 o,
Onpenenure 00bEM HEOOXOAMMOTo (TOPHCTOro Bojopoaa s TpasieHus 100 MKr aAByoKHCH
KPEMHUS B YCIOBUAX pabouelt 30Hbl yCTaHOBKHU.

Jlst  BBITIOJIHEHHS 3aJaHUsT peKOMEHAyeM mpopadotath pasnen Ne6 «TexHosormdeckas
onepanus « M30TponHoe TpaBlieHNE U30IATOpa» IOMOJHUTEIBHOTO MaTepuana Jyisl IOHUMa-

HUs TCXHOJIOTHUH B HpI/IJ'IO)KeHI/II/I 1k JTaHHOM HHCTPYKIUU.

[Tpu ucnonp3zoBaHuM rpaduKoOB ydaiuecss OyayT BBOAUTH MapaMeTpbl TEXHOJIOTUYECKOU

OTIEpaIlN¥, PACCUYUTAHHBIE HA OCHOBE OMPEEISIEMbIX MO0 TpaduKy 3HAYCHHUH C MOTPEIIHOCTHIO.
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[ToaTOoMy 371€Ch M Najiee B TaOIMIAX yKa3aH JWaIa3oH JOIMMYCTUMBIX 3HAYCHHM MapaMeTpoOB IS

BBOJIa 1pu padore ¢ moayiem «HTepakTuB-o0ydyenne «Texnomoruu MOMOCy.

[TapameTpsl A5t BBOJIA HA YETBEPTOM YPOBHE CIIOKHOCTH IPUBEACHBI B TabmuIe 4.

Tabmuua 4. Jlanasle ¢ nHGOpMaLKEil 0 mapaMeTpax TEXHOJIOTMYECKHUX OIeparuil u
HaMEHOBAHMAX NPUMEHSAEMBIX MaTEpUAIIOB

Ne Te-
xomepa-
147071

IIpouecc

[Tapametp

3ananus napameTpoB «CTpyKTypa KpeMHHH
Ha U30JI9TOpe»

HuxnHuii ciol KpeMHUs, MKM
Ponux, 2:25 *)

Juoxcu KpeMHHUsI, MKM
Ponux, 2:25

BepxHuii cioii KpeMHMsI, MKM
Ponux, 2:25

Texnonoruyeckas onepauusa «Hanecenue
¢dortopesucra»

Komn-Bo 060opoToB neHTpudyru, 06/MIH

Kunnemarnueckas Bs3kocTh, cCT

Tonmmua ciost poTope3ncra, MKM
Ponux, 2:43

Texnonoruueckas onepanus «IKCIIOHUPOBaA-
HHE (OTOpE3nCTar

VnenbHast SHEPTHs I 3aCBETKH, MJ[x/cMm?

Tum o0nyyeHus PU SKCIIOHUPOBAHUU
Ponux, 3:20

MouHocTs u3nyuyeHus, MBt

Bpewms sxcnioHupoBaHus, ¢

TexHonoruueckas onepanus
«YnaneHue (GoTOpPe3UCTay

Kucnornocts pacteopa, pH

CKoOpoCTb yJaneHus, MKM/c

Bpewms ynanenus, ¢

Tum pacTBOpa [T ynaneHus: GoTope3ucra
Ponux, 4:05

Texmonornueckas onepanusd
«PeakTHBHOE HOHHOE TPAaBJICHUC KPEMHMUS»

Konuenrpanus xucnopona, %

BeriecTBo B cocTaBe XUMHUYECKH aKTUBHBIX YaCTHIL
Ponux, 4:27

JlaBnenue mia3mel, [1a

Bpewms Tpasienus, ¢

TexHonmornueckas onepanus «YnaueHue
OCTaTKOB ()OTOPE3UCTA»

Temrmeparypa o6paborku,’C

Bpemst 06paboTKH, MUH

(O0BEM cepHOIT KHCTIOTHI , MIT

(O0BEM TepekncH Boopoaa, Mil

TexHonoruueckas onepanus
TpaBIIEHHE U30JIATOPA

«H30TpomnHoe

Monexyibl akTHBHOTO BEIIECTBA M30TPOITHOTO TPABJICHHUS
Ponux, 5:54

O0BEM (hTOpHCTOrO BOAOPOIA, MIT

KomnuecTBo CTpPaBJIMBAEMOI'0 U30JIATOPA, MK

Temmneparypa B paGoueii 30ue , °C

*) CcColIKa HA MYTbMUMEOUIHOe nOCoOUe, MUH.CeK
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Moaynb «MHTepakTuB-TecTupoBaHue «TexHonorum MOMC»

Knukaure B MeHIO IUBPOBON MHTEPAKTUBHOHN JabopaTopun «HTEpaKTUB-TECTUPOBAHHE
«Texnonorun MOMC» U HaUHUTE TECTUPOBATH MOJTYYCHHBIC 3HAHUS U HABBIKK IO MOJIEIUPO-
BAHUIO TEXHOJOIMYEeCKHUX npoueccoB MOMC uznenui.

B monyne «HtepakTuB-TecTupoBanue «Texnomormu MOMCy» cHavalla BBOJMM Mapa-
METPbI 3arOTOBKH CO CTPYKTYPOH «KPEMHHUI Ha U30JIATOPE», IPU 3TOM 110 OKOHYAHUHU YCIIEIll-
HOI'0 BBOJIAa JJaHHBIX 3aIlyCKAaeTCs aHUMAalMs C BU3yalu3alued CTPYKTYPbl «KPEMHHM Ha U30-
JSATOpE», 3aTeM ydalluecs BBOIAT JaHHbIe C MH(OpManuel o mapaMeTpax TEXHOJIOTHYECKHX
ONepalMii 1 HAMMEHOBAHUSAX IPUMEHSEMbIX MaT€PUAJIOB, IPH 3TOM 10 OKOHYaHUU YCIIEIIHOIO
BBOJA JIAHHBIX JJI TEKYyIIEeH TEXHOJIOIMYECKOM OIlepalyy 3alycKaeTcs aHMMalus Ipolecca

ATOM TEXHOJIOTUYECKOU OIEpaLUU.

B cinydae ommb04HOro BBOAA MapaMeTpPOB TEXHOJIOTHYECKON OIMepaluy MOSBISETCS CO-
oOmienne o0 ommbKe U MpeIoCTaBiIgeTCs cleayromas noneitka. Ilociae Tpéx HeynayHbIX MOMbI-
TOK CHCTEMa IpeKpaliaeT padoTy ¢ OJIHOBPEMEHHBIM BBIXOAOM U3 Moayis «Moayns «HTepak-
tuB-TectupoBanue «Texnomoruu MOMCy». [l Bo3BpalieHHus] B PEKUM TECTUPOBAHUS MOJIYJIb
HE00XO0UMO 3aIlyCTUTh 3aHOBO.

3a BBIMIOJIHEHHBIE 33/1aHUs Ha3HA4yaloTCs Oaysipl. MakcHMMajabHO Ha 4YETBEPTOM YpPOBHE

MO>KHO MOJXY4YHTh 19 Ganos.

Moaynb «AHTepakTnB «VR usrorosneHne MAOMC Ha npousBoacTBe»
Jna 3anycka monyns «MHTepakTuB «VR-usrorosnenne MOMC Ha npou3BOACTBE» KIIMK-
HHTE HA COOTBETCTBYIOIICH KHOIKe, ckadaiiTe ucronHutenbHbid daitn MEMSLab-Setup.exe Ha
IIEPCOHAIIBHBIN KOMITBIOTED.
3anyctute ¢aitn MEMSLab-Setup.exe. Bribepure auck u manky juisi 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

[Tpu 3amycke 3arpyaercst OCHOBHOE MEHIO mporpammbl (puc. 3). Ilpu 3ToM ecTh BO3-
MOYKHOCTb TNEPEKIII0YaThCsl MEXAY MOJIHOIKPAHHBIM U OKOHHBIM PEKHUMOM OTOOPaXKEHHs IMpU

moMoIu coueranus kiasui 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 CIIPAaBOYHON MHPOPMAIIIH.

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 VHTEpaKTUB 1 TeCcTUpoBaHue. 3TOT PEeXKHMM 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

Kuonka OBNET — BKIIOYAET PEXKHM CAMOCTOSTEILHOIO O3HAKOMHTEIIBHOTO MOCIIEA0BA-
TEIBHOTO 00JIeTa MPOM3BOJACTBEHHON 30HBL. [10Ka3aHO PaCMoOKEHHE CBEPXY IPOM3BOICTBEH-
HBIX TEXHOJIOTHYECKUX yYacTKOB ¢ oOopymoBaHueM. [IpenocTaBiisieTcsi BO3SMOXKHOCTh OIPaHU-
YEHHOT'0 MHTEPAKTUBA: YNPABICHUE NPOJBHKEHUEM 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 yrmpasiieHne OCyeCTBASCTCS CICAYIONMM 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 HallpaBJICHNE B3TIISIA,;

» 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 pabouero skpana B pexkxume 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 M TEXHOJIOTMYECKUX IPOLECCOB. B 3TOM pexuMe 0CyIeCcTBIAETCA
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 CIISAYIONIHM 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 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 JaHHBIA MOMEHT. Takasi 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 kiaBuaType (IPU OTKIOYECHHOM DPEXUME
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 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-

JaXy M «CHSTB» KOCTIOM. [lociie 3Toro MoyKHO HaxaTth KHOMKY 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 MPOM3BOJILHOMY MaplIpyTy C BO3MOKHOCTBIO IIPOCMOTpA Ha CIIELHATIbHBIX
9KpaHax aHUMAlMOHHBIX 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 MapKEepHBIMU CTPENKaMH, YKa3aHbl Ha3BaHUsl YCTAHOBOK M 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 MPOTrPaMMOii OCYILECTBIISIETCS aHAJIOTUYHO pexxumy 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. MnTepakTuBHOE ypaBieHHe KHOTIKAMH «PYKOID»

KHnomka 3anyck — ocyImecTBisieT IeMOHCTPALMIO aHUMAI[HOHHOTO 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). Bocripon3sBenenne opraHu30BaHo MUKIMYHO. [10BTOP - 3aImycKaeT aHMMAaIuUIo 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 HEOOX0IUMbIE IPUEMHBIE EMKOCTH (3arpys-
YHKH) YCTAaHOBOK. B maHHOM pexxumMe oOydarouuiics 10JKeH NpoJeMOHCTPUPOBATh 3HAHUS T10-
CJIEIOBATEIbHOCTH BBINOJHEHUS TEXHOJIOTUYECKUX OIepaliiii, Ha3HAY€HUs YCTAaHOBOK U MOPS-
Ka 3arpy3kHd KacceT: KacCeThl JOJDKHBI OBITh IEPEHECeHbl CO CTOJIMKA WM U3 NpeIblaynieit
YCTAHOBKH, U YCTAHOBJIEHBI B COOTBETCTBYIOIINE paboune 30HbI CIEAYIONINX 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 pabo4yl0 30HY yCTaHOBKH, OOYYAIOIIUKCS JOJDKCH 3aIyCTUTh
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 aBTOMaTH4eCKOM pexuMe. B ciydae ommOKky — 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 BbIPABHUBAIOTCH.

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

HEYJIAYHbIX MMONBITOK BBIMOJIHEHHS 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

JUig IOHUMaHUS TEXHOJIOTUU PACCMOTPUM TEXHOJIOTMYECKMM Ipolecc IMPOU3BOACTBA
KaHTUJIEBEPA - €CaMOr0 IPOCTOro 1no KoHCTpykuuu MOMC-ycrpolicTBa, ¢ KOTOpbIMU Brl yxe
MO3HAKOMIIIUCH TIpu pabdote ¢ monyneM Murepaktus «KoHctpynpoBanue MOMCy. Pexomen-
JlyeM BepHYThCs B Moaysib  MHTepaktuB «KoHcTpyupoBanue MOMCy», BbIOpaTh YCTPOHCTBO
«KanTtuiieBep», 3allyCTUTh AEMOBEPCHIO, BKIIOYUTH ONLHUIO «BpalieHue cLeHbl» , 3allyCTHTh
onuuio «IIpoekT» 1 npoiTH 1o maraM cOOpPKy KOHCTPYKIMH. DTO HYXKHO Il TOTO, YTOOBI YET-
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 MaTepuaa u30JsTopa TaKUM 00pa3oM, yTOObI MO/IBM)KHAs Oasika Obljla BhIBEILIEHA
HaJl TIOBEPXHOCTHIO HUIKHETO CJIOST KPEMHHSL.

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

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

I

1.Texnonornueckas onepauusi «Hanecenue goropesucrar»

910 NepBasA TCXHOJIOTMYCCKaA OIcpalusa B TCXHNPOUCCCC HU3TOTOBJICHUA KAaHTHIICBEpA.

O>kujaeMblii KOHEUHBIH pe3ysbTaT TeXOHepaluu — cloi ¢GoTope3nucTa TOMIMHON 1,5 MKM Ha

24



IUTACTHHE AMaMeTpoM 15 cM co cTpykTypoil kpeMHuii Ha uzoasatope (KHU).

Jlyis  BBITIOMHEHHS ONEpalid TEXHOJIOT HCHOIb3yeT POOOTU3MPOBAHHYIO YCTAHOBKY
HaHECeHHsI (POTOpPE3nCTa C KOMITBIOTEPHBIM YIIPABICHUEM METOJOM IEHTPU(YTUPOBAHHUS, CM.
(dparMeHT MyIbpTUMETUIHOTO mocodus ot {2:48} mo {2:55}. [IpenycMoTpeHO MCIOIB30BAHUE
KUAKOTO OoTOpe3ucTa.

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

Pacuér npocroit. O6bem Ha miactuHe KHU paBen nmpousBeaeHUIo MI0MAIu  IIACTHHBI
Ha TONIWMHY ciost poropesucta. V=S- h= (xD%4)- h rne D — auamerp miactusst 15 cMm., 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 pazpaboranHas TexHonorus GopmupoBanuss MOMC-u3aenust onpeaeseT THI
dorope3ucta - HEraTUBHBIM WM MO3UTUBHBIN. B HamieM ciyyae mpUMEHSETCS MMO3UTHUBHBIM
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 MPOTUBOCTOSTH KACATEILHBIM YCUIIUSAM B TIOTOKE.
JlanHbIi TapaMeTp cpelbl Hellb3si OOHAPY>KUTh B COCTOSTHUM ITOKOS, OH OILICHUBAETCS TOJIBKO BO
BpeMsl IBIDKEHUS BEIIECTBA, KOT/1a HAUWHAIOT JICHCTBOBATH CHIIBI CLIETIICHUS MKy MOJIEKYJIa-
MHU.

[Ipumepsl 3HaUCHU KHHEMATUYECKON BA3KOCTU PA3IMYHBIX )KUIKOCTEH MpPH 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, KOTOphIE 001alatoT Te-
Ky4decThlo. TekydecTb — 3TO cIBHT (IIepeMeIeHrne) OJHUX YaCTUIl TI0O OTHOIIECHHUIO K JIPYTrUM
TOW € caMOHM Cpeibl. 3a CUET CHJIBl BHYTPEHHETO TPEHUS BSI3KOCTh MPOTHUBOCTOUT MPOLIECCY
TEKY4ECTH.

Jlanee TEXHOJOT UCIMONB3YeT 3HAHUS 0 GUBNYECKON PUPOJIE pacupeneneHus GoTope3u-
CTa M0 TTOBEPXHOCTH MIIACTUHBL. TeXHOIOT JOKEH MOHWMATh, KaK MOBEAET ceOs 103a KUIKOTO
dboTope3ucTa Ha MOBEPXHOCTH IIJIACTHHBI AUaMETpoM 15 cM, KOTophIid OyJaeT HaHecEH Ha Iia-

CTUHY KHMU B cocTossHMY ITOKOS KaneJabHUIeH A03aTOPOM YCTAHOBKH HAHCCCHUS (I)OTOpC3I/ICTa.
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B namewm ciyuae npu Bpamenuu miactuasl KHU B ycranoBke HaneceHust (hotopesucra
Ha (OTOPE3UCT NEHCTBYIOT IIEHTPOOEKHAs CHIIA, CHJIA CHETUICHHUS MEXy YaCTHLIAMHU U ajre-
3HsI COTPUKACAIONIUXCS C MOBEPXHOCTHIO MIACTUHBI YACTHIL (POTOPE3UCTA.

Pasron potopa ycraHOBKM HaHeceHHsI (pOTOpe3rcTa HYKHO 3aIlyCKaTh Cpasy Mociie HaHe-
ceHusl, 4TOObI MPHU UCTIapEeHUH (POTOPE3UCTa HE U3MEHUIACh ero BsI3KOCTh. [Ipu Habope yrioBoit
CKOPOCTH BO3pacTaeT LIEHTPOOEKHAs CUJIa, YaCTh KUAKOTo GOTOpE3nCTa MO ACUCTBUEM LICH-
TPOOEKHOM cUiIbl OyzeT cOpolleHa ¢ MIACTUHBI, a OCTABUIAsICS YacTh C YYETOM aJre3uH paBHO-
MEPHO paclpeesIuTCs M0 BCel MIIOMAAN MIIAaCTUHBL. B KOHIle KOHIIOB, MU ONpeAenEéHHON Ya-
CTOTE BpPALLEHHUS HACTYNUT paBHOBecHE CHII. Yucio 000pOTOB, IPU KOTOPOM HACTYIMAET PaBHO-
BECHE IEHTPOOEIKHBIX, KOTE€3HOHHBIX CUJI CLEIUICHHS MOJIEKYI (BSI3KOCTh) M CHJI YACPKUBAHUS
COIPUKACAIOLIUXCS € IUIACTUHOM 3a CYET aiAre3ud U IOBEPXHOCTHOI'O HATSHKEHUS Ha3bIBACTCS
KPUTUYECKUM.

[Tpu mpouyux paBHBIX YCIOBHIX, YeM OOJIbIIIe KHHEMATUYECKas BA3KOCTh MaTepuana, TeM
0oJbIIe JAOMKHO OBITHh KPUTHYECKOE YHCIIO 0OOPOTOB BPAILECHUS MIIACTHHBIL.

[Ipu nanpHelieM yBeIMYEHUH YIJIOBOM CKOPOCTH 3a CUET MpeoOsagaHusi LEeHTPOOekK-
HOM CUJIBI paBHOBECHE HAPYIIUTCS U HAYHET HAOII0AaThCd HEPAaBHOMEPHOCTH 1051 (hoTOpe3ncTa
C YTOJILICHUEM Ha Kpasx IuacTUHbL. [lo3ToMy Mo JOCTHXKEHMH KPUTHUECKOIO 4Hciaa 000pOTOB
BpallleHuEe pOTOpa IIaBHO CHMKAIOT W 3aT€M OCTAHABIIMBAIOT. BpeMs LIEHTPU(PYTUPOBAaHUS C
KPUTHYECKUM YHCIIOM 000pOTa POTOpa YCTAHOBKH Majo BIMsIET Ha mapamerpsl cios. s gop-
MHUPOBaHUs €105 00bIYHO JocTaTodHo 20-30 cek.

[To 3aBepmieHnu mporecca HaHECEHHUs (POTOPE3UCTa Ha TUIACTHHE OCTAETCS KOJIMYECTBO
(00BéM) doTope3ucTa paBHOE pacuéTHOMY, a uMeHHO 0,0265 em®, Tl HOPMAaJIbHOTO MPOUCTE-
KaHMS Tpoliecca B 103aTOp 3ampaBiisioT 2-3 mut poTopesucra.

OOBIUHO B IPAaKTUYECKOH paboTe TEXHOJIOTA UCXOJHBIM SIBJIIETCSI MapKa UMEIOLIEerocs Ha
ckiazge (oTtope3ncra ¢ U3BECTHOM KMHEMAaTHYeCKOW BSI3KOCThIO. B 3TOM ciywyae KpuTHYecKoe
YHCI0 000POTOB BPAICHUS IIACTUHBI OMPEEIISIOT U3 KPUBBIX UMIEPUYECKUX I'paUKOB 3aBU-
CHUMOCTH CKOPOCTH BPALIEHHUs, TOJIIIMHBI €105 GOTOpE3UCTa U Mapku (poTopesucra.

Ecnu y TexHonora ectb BBIOOp U3 HECKOJIBKUX MapoK (pOTOPE3UCTA, TO ONPEAETUTh Map-
Ky JJIs IPUMEHEHUSI MOXKHO UCXOJISl U3 PEKOMEHIyeMOW CKOPOCTH BpallleHUsl pOTOpa YCTAHOBKH
HaHeceHus PoTope3ucra.

[To nocTukeHUM KPUTHUECKOTO YKciaa 00OpPOTOB BpallleHHE POTOpa IUIABHO CHUKAIOT U
3aTe€M OCTaHaBIMBAIOT. Bpemsl LEHTpU(YTUPOBaHUS ¢ KPUTUYECKMM YHCIOM 00OpOTa poTopa
YCTaHOBKM MaJjio BIIUSIET Ha napameTpsl cios. g popmMupoBaHus ciiost 00bIYHO JocTaTouHO 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 (OTOpe3ucTa Ui npuiaHus oOpa3oBaBIICHCS TUIEHKU.
Bpewms cymikn mnactuasl KHU cocrasnser 50-60 cex npu temneparype 100-110 °C, noce we-
ro MJIaCTHHA BO3BpAIaeTCs B KaCCETy Ul M3BJICUEHHs U3 pabodeil 30Hbl YCTAaHOBKU U IepeMe-

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

Puc.2. PesynbTaT TeXHOJIOTHYECKOM onepanun «Hanecenne doTtopesucTa

2. TexHoJIOrH4YecKasi onepanusa « IKCNOHUPoBaHHue GoTope3ucTar»

Ha BTOpO# TEXHOIOTMUYECKOM onepariy OCyIIeCTBISIETCs SKCIIOHUpOBaHue (hoTope3ucra
Ha IUIACTHHE TuaMeTpoM 15 cM cpa3y Uil HECKOJbKHUX COT OJUHAKOBBIX MHKPOCTPYKTYpP
MDBMC- ycrpoiictBa. Ilpouiecc HarisiIHO TPEACTABICH HA aHUMAIMM B MYJIbTUMEIUWHOM
nocobuu, cmotpure GparmMeHT ot {2:56} mo {3:22}. 3mecr Bbl mepexoaute u3 Makpommpa ¢
pa3MepamMu B JIECSTKU CAaHTUMETPOB B MHUKPOMHUD C pa3MepaMu COTHH MUKPOMETPOB, TO €CTh
macirad Mensercs B 1000 pas. Ilpu 3ToM HarimsgHO MOKa3aH HEPEXOJl K OJHOM U3 COTEH
MHUKpOCTpYKTYp MOMC-ycTpoiicTBa, popMupoBaHuE KOTOPOH Jajnee Mbl U pacCMaTpUBAEM.

@oTOpe3nCT — BCIIOMOTaTeNbHbIM MaTepuasl, KOTOPbIM MO pe3yabTaTaM BBITOJHEHHS
BCEX OIepalui ynamsercs, U He OyAeT NMPUCYTCTBOBaTh B MHKpOCTpykType MOMC-
YCTPOMCTBA TOCHE ero u3rotopiieHus. Cioil (hoTope3nucTa UCIOIB3YIOT JUIsl TOTO, YTOOKI JIenaTh
B HEM «OKHa» JUIS yJaJeHUs XMMHUYECKHUM BO3JIEHCTBUEM (J1ajiee- TpaBJIEHWE) 4acTu MaTepua-
J1a KpeMHUs Uiy u3onsatopa ctpykrypsl KHU.

B nmepBoii Texomepanuu «Hanecenue ¢oTope3ucTay — HCHOIB30BAICS IMO3UTHUBHBIN
(doTope3ncT, MO3TOMY MO pe3yJabTaTy MPOBEIECHUS TEXHOJOTHYECKOM omepanuu 3acBEUEHHBIN
yAbTPauOIETOBBIM U3TydeHHEM ydacTok MOMC-CTpyKTYpbl H3MEHHUT CBOWCTBA M 3aTeM
OyZeT pa3MbIT LIETOYHBIM PAacCTBOPOM B IpoIlecce CIAeAyHOIIed TEXHOJIOIMYECKON orepanuu
«[IposiBnenue poropesucta». Takum 006pa3zoM, 00pazyrOTCs «OKHa» JUIsl TPABJICHHS KPEMHHUSL.

[lepen texHomorom nipu (HOPMHUPOBAHUM TEXHOJIOTMYECKOTO MpOIEcca CTOMT 3aaada
ONpENIeIEHUs] BPEMEHM JSKCIIOHMPOBAaHUS MpPH 3aJaHHOM HMHTEHCHUBHOCTH W3IY4YEHUS U
CBETOYYBCTBUTEIBHOCTH (POTOPE3UCTA. AHAIOIOM SIBISIETCA 33JaHUE BPEMEHU BBIIECPIKKH IS
doToanmapaToB, KOTOPBIMH IOJI30BAIUCH 0 TIOSBIEHUS IUGPOBBIX (QoToKamep U
cMapT(OHOB.

B mo3uTHBHBIX (OoTOpE3UCTax NMpPH SKCIIOHUPOBAHUHM IMPOUCXOJIUT pacraj, MOJIEKYI
MOJIMMEpa U YMEHbBINACTCS UX XUMHUYECKast CTOMKOCTb.

B kauecTBe TO3UTHUBHBIX (DOTOPE3UCTOB HUCHONB3YIOT CMecH  cyiab(ho3dhupos
HaQTOXMHOHAMA3UAOB ¢  (peHOIPOPMaANB-IETUAHBIMA  CMOJAMH B OpPraHUYEeCKUX

pacTBOPUTENSX. CBeTOUYBCTBUTEIHLHOMN OCHOBOU TaKOTO
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doropesucra sgBuseTcss  CynabhodPup HAQTOXMHOHIIMA3U], a CMOJla WUIrpaeT poib
KHCJIOTOCTOHKOTO monumepa. [Ipu skcroHupoBaHUM B pe3ynbTaTe (OTOXMMHUYECKUX PEeaKIUi
doronmza ruapodoOHBIe TPOU3BOIHBIC CYIb(oddupa HAPTOXUHOHANA3UAA  Pa3pPYIIAOTCS U
CTAHOBATCA THAPOPUIBHBIMH (rMAPOOUALHOCTE - XapaKTepPUCTMKA MWHTEHCMBHOCTM MOJEKYAAPHOMO
BSaMMOAeVICTBMﬂ BelectBa C BO,CI,OVI, CrnocobHocCTb XOpOoWwo BNUTbIBAaTb BOAY, @ TaKXe BblICOKaAd CMaynBaeMOCTb
noBepxHoCTeli BOAoIH), TIPUOOpETasi CIIOCOOHOCTH PACTBOPATBHCS B CIIA0OBIX BOJHBIX PacTBOPax
mIeJ04Yeld, KOTOphle M SABISIOTCS MPOSBUTENIEM JUISI TMO3UTHBHBIX (OTOPE3UCTOB. Takue
NO3UTHUBHBIE (POTOPE3UCTHI UYBCTBUTEIBHBI K YIbTPAa(UOIECTOBOMY H3IIyYCHHIO B JHANA30HE
JUTMH BOJIH OT 250 10 450 HaHOMETPOB.

«Tenb» OT Macku

Puc.3. TexHomoruueckas onepamus « IKCIOHUPOBAHUE (HOTOPE3UCTAN

Bpemst skcnoHupoBaHHs HeoOXoauMo paccuutarh. [l pacd€ToB MCHOJIB3YETCS
napamMeTp HCHoib3yeMoro (OTope3ucTa -  yaelbHas HSHEPrMH SKCIIOHMPOBAaHUSA.  ODTOT
napaMeTp XapakTepu3yeT 103y SHEprMH M TOYHO OMHUCHIBACT 00Iee HAKOIJIEHHOE BO3JeiiCTBHE
Y®-uznydeHuss Ha MaTepual, TO €CTh B HalleM Cllyyae  CKOJIBKO HYXHO JHEpruu
yABTPa(UOIETOBOTO M3JIy4EHHUs Ul IOJHOTO NpeoOpa3oBaHUs MaTepuaia NpU 3aJaHHOU
TOJIIIMHE oTope3ncTa. 3HaUeHHE MapaMeTpa Oepércs U3 CPaBOYHUKOB.

3. TexnoJsiornyeckas onepanus «IIposiBnenune doropesncra»

OTO TEXHOJIOTMYECKas oOmepalus, B pe3ylbTaTe KOTOPOW 3aCBEYEHHBIM Yy4acTOK
doropesncTa ymansercs A TOTO, YTOOBI OTKPHITH «OKHa» JUIS TPABJICHUS BEPXHETO CIIOS
KPEMHHS.

Tepmun «lIposiBienne», Ha TIEPBBIA B3TJISA HE COOTBETCTBYET (PU3UUECKOMY IMPOIIECCY
TEXHOJIOTUYECKON Omepani — 3aCBEYCHHBIH (DOTOPE3NCT pacTBOPSETCS W CMBIBACTCS B
OypJsiieM MOTOKE ILIEJIOUHOro pacTBopa. EcTh Bepcus npumeHeHus TepMmuHa «lIposiBieHue».
dotorpapuu B poToansbomax Bammx 6alymiek U aeaymek GopMUpPOBAIMCH 1O aHAJTOTHYHOU
TEXHOJIOTUH. Yepe3 ONTHUECKYI0O cHCTeMy (HOTOyBeIMUUTENs uepHo-Oenas Qorodymara
9KCMOHUPOBANIACH, & 3aTEM IMPOSBIISUIACH B PACTBOPE, KOTOPHIH MPOAABAJICS B TOPOIITKOOOPA3HOM
Buge u HaszpBaics «[IposButenb». Pomb  «Mackm» Tpu dKcnoHUpoBaHWH (oToOyMaru
UCIIONB30BasICs Kaap ¢oTomieHkn u3 (oroanmapara. OTimune B ToM, uTo (poroOymara st

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

dotomrobuTensAM, KOTOpble Tmedatanud ¢(ororpaguu B JOMAIIHUX YCIOBHSX, IS
NOJY4YeHUsT HOpMaibHOW (oTorpaguu BaXHO OBUIO TPABWIBHO PACTBOPUTH IOPOIIOK
(KOHIIEHTpalus pacTBOpa) W BOBpeMs BBIICPHYTh ¢ororpaduio wu3 pactBopa (Bpems
IPOSIBJIEHUS ), B IPOTUBHOM cilydae (oTorpaduu noixydyaiuch CIUIIKOM CBETIIbIE WU CIUIIKOM
TéMHbIE. VcropueHHbIe TUCThI OyMaru BbIOPAChIBAIUCH.

B MHKpO3JEKTpPOHHMKE TEXHOJIOTMYECKMH IpOLECcC OYEeHb JIOpOrod M TEXHOJIOrY
HeoO0XoauMo 1pu (OPMUPOBAHUM TeXIIpolecca IMPaBWIBHO BbIOUPATh WM PACCUUTHIBATH
napamMeTpbl TEXHOJOTHYECKOW OIEepalud, a UMEHHO: KHCJIOTHOCTh ILIEIOYHOTO pacTBOpa U

BpeMs IIPOSIBIICHUS.

Puc.4. Pesynbrar TexHonornyeckoi onepanuu «lIposiBienue ¢oropesncran

4. TexHoJsiornuyeckasi onepanus «PeakTHBHOe HOHHOE TPaBJIeHHE KPeMHHUS»
B pesynbrare yeTBepTON TEXHOJIOTMYECKON omnepanuu «PeakTHBHOE MOHHOE TPABIICHHE

KPEMHHUSI» MaTepuall KPEMHUS B OTKPBITBIX «OKHAX» JUISl TPABJICHUST OyIeT ynayéH.

UroObl u3BiE€Yb TBEPIABIM MaTepuan, KOTOPHIM SBISETCS KPEMHMH, HEe00X0IuMo
IIEPEeBECTH €ro B XMMHUYECKOE COEIMHEHHUE, KOTOpOe sBIJIETCS Tra3000pa3HbIM. B Hacrosiee
BpeMs  HCHOJB3yeTCs  MepexoJ B  Tra3000pa3HOE  COCTOSHHME C  HCHOJIb30BaHHUEM
IUIa3MOXUMHUYECKUX YCTaHOBOK. (DAaKTHUECKM HMEEeT MECTO  sIBJICHHME CYOJMMalud, Korjaa
oOpasyromyecss MOJIEKYJbl TeTpadTOpuaa KpEeMHHs TYT K€ YJIeTYy4MBAarOTCAd OT MOBEPXHOCTH
kpeMHusi. OueHb ynpouiéHHo peakius uaeT no popmyne Si+2F, — SiFy.

B xadecTBe pabouero raza BBIOMPAIOTCS TaJOT€HOYTIIEBOJOPOJBI, KOTOPHIC SIBIISIOTCS
UCTOYHUKOM (ropa. [lnazma mepeBoAMT WX B COCTOSIHUE CONEprKaliee CBOOOIHBIC PaJHKAaIIbI,
KOTOpBIE ¥ TIO3BOJISIFOT TIEPEBOANTH KPEMHHUI B Ta3000pa3HOE COCTOSTHHE 32 CUET 00pa30BaHUs
JeTyuero TerpadTopuaa KpeMHUS.

ITocMoTpuTEe BHUMATENBHO ()parMeHT MyJIbTUMeAUHHOTO ocodus ot {4:07} no {4:26}.
B anumanuum HarnsgaHo mMmoka3aH OOMOAapAMPYIOUIMH MOTOK XMMHUYECKM aKTHUBHBIX YaCTHI[ U
BBUJICTAOIINE YACTUYKHU ra3000pa3HOr0 CBA3aHHOTO KPEMHHUS.

JloGaBka kucimoposna B IuiasMy derbipexdropuctoro yriaepoaa CFs4 yBenuuuBaer
otHomienue ¢gropa k yriaepoay F/C. CymecTByer mpeanonoxeHue, 4To KUCIOpPOA, HapsIy C
ynanenneMm yriaepoaabix atoMoB (CO m COz) ¢ MOBEPXHOCTH MOJJIOKEK, B Ta30BOW aze
pearupyet ¢ CF4, ocBoOOXast atomel ¢pTopa, B pe3yibTare B IazMe pacrer otHomenune F/C,
CHOCOOCTBYS MOBBIIIEHHIO CKOPOCTH TPABJICHUS KPEMHUSI.

[InazmoxumMuueckoe TPaBJICHUC COCTOUT M3 CICAYHOIIUX CTaauii:
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1) TpaHCTIOPT peaKTUBHBIX YACTHUI] TJIa3MbI K TIOBEPXHOCTH 00pabaThIBAEMOT0
MaTepuana,
2) agcopOus peaKTUBHBIX YaCTHUI] Ha IOBEPXHOCTH;
3) coOOCTBEHHO XMMHUYECKasl peakius ¢ 00pa3oBaHUEM JIETYYEro COeIUHEHNUS;
4) necopOuus MOJIEKYJ MPOIYKTA PEAKIIMH C TIOBEPXHOCTH;
5) ynaneHue MOJIEKyYJ MPOJYKTa PEaKIMU U3 MPUIIOBEPXHOCTHOM 00JIacTy.

Kpemuuii mon gpotopesuctom

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

5. Texnosoruvyeckas onepauus «YiajeHue 0CTarkos poropesucra»

[locne ynaneHusi y4acTKOB BEPXHErO CJIOSI KPEMHMSI METO/JOM PEaKTHMBHOI'O HOHHOIO
TpaBieHUs (POTOPE3UCT CTAHOBUTCS HE HYKEH - OH BBINOJHWI CBOKO (YHKLHIO B
TEXHOJIOTUYECKOM ITPOLECCE U OCTATKU 3TOTO (POTOPE3UCTAa MOKHO YAAIUTD.

B Tpetbeil oneparyu ObUIM MPOSIBIEHBI 3aCBEUEHHBIE YYAaCTKU (POTOPE3UCTa, IPU 3TOM
IIPUMEHSAEMBI  IIEJOYHOM pAacTBOP HHMKAaK HE TOBJIMSUI Ha COCTOSHME Marepuana
Ha3aCBEYEHHOTO ydacTKa (hOoTOpes3HcTa, MO3TOMY JUIS YAAIEHHUS OCTaTKoB (oropesncra 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 (bOTOpC3I/ICT, KOTOpBIfI 3aTEM SMYJIBTUPYCTCA U paACTBOPACTCA.

I/I3OJI$ITOp o KpEMHHUEM

y.

Puc.6. Pe3ynbrar TeXHOIOTHUECKOH ornepanun «Y TaIeHHe 0CTaTKOB (DOTOPE3NCTa»
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TexHomoruueckasi onepamus IpOBOJUTCS HAa 00OPYJOBAaHUHM B BUJE XUMUYECKHX BaHH,
cM. (parMeHT MyJbTUMEIUIHOTO mocodus ot {5:17} no {5:25}. Bsl BUOUTE, YTO MJIACTUHBI C
MHUKpOCTpyKTYypaMu MOMC-u3aenusi moMemaercs B BaHHY C OypJsIlUM PacTBOPOM CMECH
KAPO.

ArpeccuBHble cBorictBa cmMecu KAPO Kk 100bIM  OpraHUYeCKHM 3arps3HUTEISIM
UCIIONB3YETCSl JJIE OYMCTKM TIOBEPXHOCTH MHUKPOIJIEKTPOHHBIX 3aroTOBOK, IO3TOMY B
pe3yNbTaTe MPOBEACHUS MATON TEXHOIOTUYECKON onepanuu « YiajJeHue 0CTaTKoB (hOTOpEe3ucTa
Oyner copMupoBaHa 3aroTOBKa M3 KPEMHHUS U H30JsTOpa 03 KaKUX-TUOO BCIIOMOTATEIIbHBIX
MaTepHUaJIOB U 3arpsA3HEHUN.

IIpu ompenesneHnu MnapaMeTPOB TEXHOJOTMYECKOW OINEpaly  TEXHOJIOT 3aJaeT
TEMIEpATypy HarpeBa CMECH M BpeMsl IPOBEIACHMsI TEXHOJOrMYecKod omnepauuu. s
MOJTyYeHUs] KaYeCTBEHHONW OYUCTKU MUKPOCTPYKTYPBI BaXKHO MPABUIBHO MPUTOTOBUTH PACTBOP
cmecu KAPO. U3zBecten 00béM EmkocTu 11 pactBopa cmecu KAPO B ycranoBke. TexHomor

JOJIDKCH IIPOU3BECTU pacqéT 00BEMHBIX YacTeH CepHOﬁ KHCJIOTBI U IICPCKHUCH BOOOPOA.

6. Texnosornueckasi onepanusi «M30TponHoe TpaBjaeHne U30/IITOPA»

B pesynprare mecTtod 3akIIFOYMTENBHOM TEXHOJOTMYECKOM omnepauuu «M30TporHoe
TPaBJICHUE H30JIATOPa» I0Iy4aeTCst MOMC-ycrpoiictBo «Kantunesep» (cMm. puc.l.).
TexHONOry HYXHO PELIUTh 3aJady BBITPABIMBAHHS H30JSATOpa MOJ OANKOi, IpU ATOM MOJ
JIepKaTesieM U30JSTOp B Ka4eCTBE OMOPHI JOJKEH OCTAaThCs. 3a/aua pemaeTcs ¢ MpUMEHEHUEM
M30TPOIHOTO TPABJICHHS, & UMEHHO PAaBHOMEPHOTO BBITPABIMBAHUSA MO BCEM HAIIPABIICHUSIM.

(M30Tp0|’|l;1ﬂ, M3OTpéI'IHOCTb— OOUNHAKOBOCTb cbmsmqecr(mx CBOWCTB BO BCEX HanpaBAeHUAX, UHBAPUAHTHOCTb,

CMMMETPMUA NO OTHOLLEHMIO K BbIBOPY HanpaBaeHus).

Marepuan u30mAaTOpa 3TO JBYOKHCh KPEMHHS, B YHCTOM BHUJE 3TO KBAPI[ U SIBIISETCS
OCHOBHOH 4acTbi0 OOBIYHOTO cTeksa. ['a3000pa3Hblil (TOPOBOAOPOA MPOU3BOAUT TpPABJICHUE
nByokucu  kpemHus no peakuuum — 4HF+S102=S104+2H20. [lpoaykT peakuuu 4YeTbIpEéx

(GTopucThlii KpeMHHMH SiF, SBIIAETCS JIETydyuM COEIMHEHHUEM U TakuM o0pa3oM yJaysercs ¢

MOBEPXHOCTH HUYKHETO CJI0S1 KPEMHHUS.

[TocmoTpute ¢dparmMeHT MynIbTUMEAUHHOTO Marepuana oT {5:25} mo {6:12}.
Paccmotpute kamper {5:40}.{5:41}.{5:42} mnepensuras IBUKOK B PEXKHUME May3bl. XOpPOIIO
BUJHO KakKk MOJIEKYJbl (PTOPUCTOrO BOJIOPOAA, Oyiarojapsi MPUCYLIEMY JUIsi HETO CBOWMCTBY
U30TPOIMHOCTH  «IIOATPABIUBAETY» U3OJISTOP MO OANKOM, ¢ TaKOH K€ CKOPOCThIO (TOPUCTHIN
BOJIOPOJI MOATPABIIMBACT U U30JATOP M MOJ JIepKaTeieM, KOTOPhIi B ATk pa3 mupe Oanku. B
MOMEHT BpPEMEHH, KOr/ia Moj Oaikoil He OCTaéTcsl M30JIATOpa, MOJ JAep)KaTelleM OKa3bIBaeTCs
BBITPABJICHHBIM JIMIIb YacTh H30JsATOpa. B Hamem cinyuyae 310 0,2 OT €ro HmIMpUHBI, 3HAYUT
3ajada TexHosora pemeHa — 0,8 muUpuUHBI Aep)karens OCTaéTcsi B KaueCcTBE OMOPHI Ui
JeprKaTes.

Peakuust mpoBOAMTCS B YCTaHOBKE IUIa3MOXMMHUYECKOIO TpaBJIEHUS MPHU TeMIepaType
90°C. TexHomory HEoGXOAMMO PACCUHTATH KOIMYECTBO CTPABIMBACMON IBYOKHCH KPEMHFS,

3aTeM OIpeAeNUTh KOHIIEHTPAIM0 (TOPUCTOrO BOAOPOA B BOJHOM PacTBOPE.
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