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BBenenue

AxtyanbHocTh: HecMoTps Ha TO, UYTO TMPOU3BOJCTBO COBPEMEHHOM

JIEKTPOHUKH BEAETCS B 0COOO YHCTBIX YCJIOBHMSX, Ha IOIYNPOBOJHHKOBBIX
IUIACTUHAX  BO3HMKAIOT  3arpsi3HEHMs, CBsI3aHHbIE Kak ¢  arMocdepoi
IPOU3BOICTBEHHOTO TIOMEILIEHHUS, TAK U B PE3YJIbTATE TEXHOJIOTMUYECKUX ONepaluii
WIN ueroBeueckoro (akropa. OpHaKo MpU MPOBEJECHUU HCCIEIOBaHUN B
JabopaTopusix JaJeKko He BCerjaa BO3MOXKHO OOECHeYUTh aHAJIOTHYHbIC
IPOU3BOACTBY YycioBusA. B  1abopaTOpHBIX YCIOBHUSIX, 0pPH NPOBEIECHUU
VCCIIEIOBAHNM, KOJIMYECTBO 3arpsi3HEHUI MOKET BO3pacTaTrb B Pa3bl, YTO MOKET
IPUBECTHU KaK K BBICOKOMY IMPOLIEHTY Opaka, TaK ¥ K OTKJIOHEHUSM [IPU U3MEPEHUN
napamMeTpoB HCCIEAYyEMBbIX MOMIOKEK. Takum o0pa3oM, 0cOOyl BaKHOCTb
npuoOpeTaeT MpPOLECcC OYUCTKM IOBEPXHOCTU TMOJUIONKEK OT  BHEIIHHX
3arpsi3HUTENIEN Kak nepe]l MPOBEACHUEM KaKUX-THM00 TEXHOJIOTMUECKUX POLIECCOB,
TaK ¥ [PH BBIIIOJHEHUH U3MEpeHuil. XuMuieckas 00padoTKa MoJynpOBOIHUKOBBIX
IJIACTUH SIBJIIETCS OYEHb BaXXHOM B MPOLECCE MPOU3BOJACTBA HMHTErPAIBHBIX
MHUKPOCXEM PA3JIMYHOIO Ha3HaueHWs. Pe3ynpTaThl MOJATOTOBKM IOMJIOXKEK
OKa3bIBAIOT pEIIAIONIECE BIUSHUE HA TOJYYEHHE Pa3JIUYHBIX CTPYKTyp U
MUKPORJIEKTPOHHBIX U3/I€JTUH HA X OCHOBE.

B 3aBHCHMOCTM OT CIIO)KHOCTH IOJIy4aeMbIX W3JEJIUN ONEepalrdyd OYHMCTKH
MOBEPXHOCTH TMOJUIOKEK 3aHUMAIOT JO TpeTu oOIero KoJIMdecTBa BCeX
TEXHOJOTMYECKHUX ATAlOB U3TOTOBJIEHUS MOJYyIPOBOAHUKOBBIX n3aenuid. CreneHb
OYHCTKH OKa3bIBAET HEMOCPEACTBEHHOE BIUSHUE Ha KAYECTBO NPOLYKIUH, TO3TOMY
Bce OO0JbII€ MHUKPOIIEKTPOHHBIX KOMIIAHMM NpPWIAraloT YCWIUS B 3TOM

HaIpaBJICHUH.

Llenpb: PazpaboTka TE€XHOJIOTHUU MPOIECCA OUUCTKU MOBEPXHOCTH MOJJIOXKEK
WHTErPaTbHBIX MHKPOCXEM U BaKyyMHBIX MPUOOPOB OT OBITOBBIX 3arps3HEHU,
BO3ZHMKAIOIIMX B TPOLIECCE JKCIUTyaTallid JaHHBIX NPUOOPOB U MAaTEpPHUAIOB.
[IpenmoxnuTh METOAUKY OLIEHKM Ka4eCTBa OYHMCTKH MOBEPXHOCTH, MO3BOJISIIOLILYIO

ONpPENENATh YPOBEHb OUUCTKU OECKOHTAKTHBIM METOJIOM.



3agaun:

1) H3yuuTh NpUpOIY BO3MOKHBIX 3arps3HUTENCH, NX XUMHYECKHI COCTaB U
B3aUMOJEHUCTBUE C APYTUMHA XUMHUYECKUMH BEIIECTBAMM.

2) Onpenenutb, KaKu€ XMMHUYECKHE BEUIECTBA MOTYT OBITh MCIOJIb30BaHBI
JUISI OYMCTKH MIOBEPXHOCTEM, C YYETOM TOTO, YTO JIJIS1 HHTErPAIBHBIX MUKPOCXEM U
MOBEPXHOCTEN BaKyyMHBIX IPUOOPOB HEJOMYCTUMO MEXaHUUYECKOE MOBPEKICHUE
MOBEPXHOCTH MPU OUHCTKE.

3) IlpoBectd CpaBHHUTENBHBIA aHANK3 BEIIECTB M BHIOPATh HECKOJIBKO
BAapUAHTOB TEXHOJIOTHYECKOTO MPOLIECCa OUUCTKU TOBEPXHOCTH.

4) TlpennoXuTh TEXHOJOTUYECKAH MAapIIPYT OYHUCTKU IOBEPXHOCTH
MOJIYITPOBOTHUKOBBIX IJIACTUH M MOBEPXHOCTEN CTEHOK BaKyyMHBIX MPUOOPOB OT
3arpsA3HCHUN.

5) HM3yunTh W TNPENIOKUTH METOJUKY KOHTPOJIS KadecTBa pe3ylbTara
OUYHCTKH TMOBEPXHOCTH U3yYaEeMbIX 00pa3IOB.

6) Omnmcath XUMUYECKHUE MTPOIIECCHI, POTEKAIOIINE Ha TOBEPXHOCTH 00pasia
IIPU OYKCTKE.

7) BbINONMHUTE OYMCTKY MPOOHOM MAPTHUH 0OPA3IOB M MPOJACMOHCTPUPOBATH

paboTOCTIOCOOHOCTH Pa3pabOTAHHOTO TEXHOJIOTHYECKOTO MapIIpyTa.

O6nekT: [Toanoxku, UHTErpaTbHbIE MUKPOCXEMbI, BAKYYMHBIE IIPUOOPHI.

[Ipeamer: CrocoObl OYUCTKA MOBEPXHOCTU TMOMJIOXKEK, HHTETPAIbHBIX

MHUKPOCXEM, BAKYYMHBIX PUOOPOB.

MeToabl M TEXHOJIOTHH CpaBHCHHC, aHAJIN3, CUHTE3, DOKCIICPUMCHT.




TEOPETHYECKASA YACTD

Bo3moikHbIE 3arpA3HUTEIH

3arps3HEHUs] MOXKHO Pa3feiuTh Ha HECKOJbKO TPYyII MO UX (U3UKO-
XMMHUYECKUM CBOMCTBAM M METOJAM YIAJICHUS.

Duzuueckue 3azpsa3HeHus — NMBUTUHKA, BOPCUHKH, aOpa3uUBHbIE MaTepHabl,
CUJIMKAThl, KPEMHHUEBAS MbUIb U JPYTrH€ MOCTOPOHHUE YACTHUIIbI, XUMUYECKH HE
CBSI3aHHBIE C IIOBEPXHOCTHIO TJIACTUH U TOJIOKEK.

3arpsA3HEHUs, XuUMu4ecKky CBI3aHHbBIE C TOBEPXHOCTHIO INIACTUH U MOJIOKEK
— OKCHUJbl, HUTPUJBI U APYTHE COCAUHECHUS.

Opzeanuueckue 3a2psa3HeHuss — HETOJSPHBIE )KUPbI, MACJIa, CUJIMKOHBI U JIP.

I'asbl, ancopOMpOBaHHBIEC MOBEPXHOCTHIO MIIACTUH U MOJIOXKEK.

PaCTBOpI/IMBIe B BOIC noJjiApHble 3a2pA3HeHUsA — COJIN, KUCJIOTHI, (bH}OCBI u

Tp.
Ne Tprpona Ipmmeper .. | CocTaB 3arpsisHUTeJICH B3aumoneiicreue
3arpsi3HeHHMs1 | 3arpsi3HUTeJIel
1 | ®usnueckue ITe1mmHKH, Menkue 4acTHITHI, MoOXHO yaanuTh
BOPCHUHKHU HEB3aUMOJCHCTBYIOIINE | CUIBHBIM HAIlOPOM
KpeMHeBast C ITIOBEPXHOCTHIO JKUJIKOCTH WIJTH Ta3a
ITBLTH MMOAJI0KKHU
2 | XuMH4YECKHE Oxkcunsl, U Cnoi, MoOHO yaaIuTh
npouue B3aUMOJCHCTBYIOUIUI C | KUCIOTaMHU
COCIUHCHMUS MMOBEPXHOCTHIO
MO AJI0KKHU
3 | Oprannueckue | JKupsbl, Macia Tonkas m€xka Ha MOHO yaaIuTh
MMOBEPXHOCTHU CIIUPTOCOAEPIKALLUMHU
CpEACTBAMU
4 | T'azel Muorne HaxamnBaercs Ha MoOXHO ynanuTh
JeTy4yue MMOBEPXHOCTH CUJIBHBIM HAaIIOpOM
COEAMHEHMS JKMJIKOCTH WJIH Ta3a
5 | Ionsipusie Conu, kucnotel | HakamiusaroTcst Ha MoOHO yaaIuTh
3arps3HEHUs MMOBEPXHOCTHU CUJIbHBIM HArlOpOM
JKHJIKOCTH UJIH Ta3a

BblBO[[: Ka}K,Z[BIﬁ THII 3arpA3HCHUA BSaHMOHGﬁCTByeT " yAAJACTCA C TIOBEPXHOCTHU

I0-pa3HOMY.




CpencrBa 04HCTKH

CnocoObl OYMCTKH Tak e ACITCS Ha (PU3UYECKHE M XUMHYECKUE 10
MEXaHU3MYy TPOTEKAHHS MPOIECCOB W IO MPUMEHSIEMBIM CPEICTBAM HAa CyXHE U
KUIKHUE.

K ¢usuueckum memooam ynaneHus 3arps3HCHHN OTHOCAT pPacTBOPCHHE,
OTXKUT. DTU METObI UCTIONB3YIOT JUIsl YIaJICHUS 3arpsi3HEHUM, PACIOIOKEHHBIX Ha
MTOBEPXHOCTH.

Xumuyeckue memoowl - sl yNaJNeHUs 3arps3HEHUN Ha MOBEPXHOCTH U B
MPUTIOBEPXHOCTHOM CJIO€, B TOM YHCJI€ T€X, KOTOPhIE HAXOASATCS B XUMHUYECKOU
CBSI3M C MaTEPHUAIIOM IIJIACTUHBI WM MTOT0KKHA. OHM OCHOBaHBI Ha MTEPEBOJIC ITyTEM
XUMUYECKON pPEaKIMy 3arpsS3HCHU B HOBBIC COCIUHEHHUS, KOTOPBIC 3aT€M JIETKO
yAQIAETCS.

Kuoxocmuas ouucmka TIPeAyCMaTpUBaeT HCIIOIb30BAaHUE PACTBOPOB
Pa3TUYHBIX PEAKTUBOB. P51 OpraHnyeCcKux )KUPOBBIX 3arpSI3SHEHUI HE PACTBOPSIETCS
B BOJIE M TMPENSATCTBYET CMAauyMBAHUIO BOJOM W OOJBIIMHCTBOM pPACTBOPOB
oOpabaTpiBaeMOl MOBEPXHOCTH (TMOBEPXHOCTH THApodoOHast). [l obecniedeHus
XOPOIIUNA OYUCTKU MOBEPXHOCThH IUTACTHH U MOAJIOKEK MEPEBOAT B THIPOPUIHHOE,
T. €. XOPOIIIO CMauuBaeMO€E BOJI0M, COCTOSIHUE (00€3KUPUBAIOT).

Cyxas ouucmka OCHOBaHA Ha WCIOJIb30BAHUHM OTXKHra. ITOT CIOCOO
UCKJIIOYaeT TMPUMEHEHHE JOPOTOCTOSIIIMX M OMAacHBIX B paboTe KUIKHUX

XUMHUUYCCKUX PCAKTHUBOB; OH Oonee yHpasJIsIEM U JICTHC HOI[I[aéTCSI aBTOMAaTU3alluu.

B oCcHOBY OYMCTKHM OJIOKEH OJIUH U3 3 METOJIOB:
v' MexaHnuecKoe yaaJeHNE YaCTHI[ IIOTOKOM BOJIBI FJTH r'a3a.
v' PactBopeHue B BOJEC.

v Xumuueckas peakius.

Cnoco0b1 )KPIIIKOCTHOﬁ OYUCTKH INIACTHH U IMOAJIOKEK
HpOHCCC TPABJCHUA IUIACTHMH M IOJIOXKCEK COCTOWT B PACTBOPCHHHU HX

IMOBCPXHOCTHU TIpHU B33HMOI[GIZCTBHH C COOTBCTCTBYIOIIMMHW XHUMHWYCCKUMU



peareHTamMu (IIeJI0YaMH, KHCIOTaMH, MUX CMECSMH M coliiMHu). B pesynbrare
YAQJISIIOTCS IPUTIOBEPXHOCTHBIN CIION M UMEIOIITUECS Ha TOBEPXHOCTH 3arps3HEHUS.

duznyeckoe 00€3)KUPUBAHHE OCHOBAHO HA OTPBIBE MOJIEKYJl KHpa OT
MOBEPXHOCTH TPU €€ B3aUMOJACHCTBUU C pacTBopuUTensiMU. OTpPHIB BbI3bIBACTCSA
COOCTBEHHBIMH KOJICOAHMSIMHU MOJIEKYJ KHpa W MPUTSIKEHUEM HUX MOJICKyJIaMu
pactBoputen. i 3TOro MmIacTHUHBI MOTPYXKAKOT B pe3E€pByap C PaCTBOPHUTEIEM.
[Tociie oTpbIBa MOJIEKYJIBI KUPA PABHOMEPHO PACTIPEIEIISIIOTCS 110 BCEMY 00beMy
BaHHBI, YTO MPHUBOJMUT K 3arpsA3HCHHUIO PACTBOPUTEIS U OOpAaTHOMY MPOIECCY —
aJIcOpOIIMH MOJIEKYJT )KMpa OYUIIIEHHON MTOBEPXHOCTHIO. Bo n30exanue mociaeaHero
TpeOyeTcsi MOCTOSIHHOE OCBEKEHUE PACTBOPUTEISL.

Ha pa3nuuynbiX 3Tanmax M3rOTOBJICHHS  MPOU3BOAST  HEOJIHOKPATHO
OPOMBIBAHME IUIACTUH U MOJUIokeK. J[Is  mpoMbIBaHUS — MPUMEHSIOT
JUCTWJUTMPOBaHHYIO0 Bojay. IIpoMbiBaHue 00s3aTenbHO MPOU3BOAMUTCS TOCIE
o0e3kupuBaHus U TpaBieHUs. Ero Ha3HaueHHe — yJjaIeHHe OCTaTKOB 3arpsi3HEHUN,

IMPOAYKTOB PCAKIIMU KU OCTATKOB PCAarCHTOB.

Cnoco0blI CyX0if OYUCTKY MJIACTHH U NMOJI0XKEK
Ha3nauenne TepM0o0OpabOTKH COCTOUT B HarpeBe MIACTUHBI WIIH TOJJIOKKH
0 TeMIepaTypbl, IpU KOTOPOW MPOUCXOAIT YJajJeHUE aJcopOMpPOBaAHHBIX
IIOBEPXHOCTBIO 3arpsA3HEHHUM, pA3J0KEHHE MOBEPXHOCTHBIX 3arpsi3HEHUU U

HCIIApCHUC JICTYUUX COCHHHGHHﬁ.

e IIpupona 3arpssHsomee THI OuUHCTRE XHMHYecKHe BelecTBa
3arpsi3HeHHusl BelleCTBO AJIsl OUUCTKH

1 XUMHUYECKUE Okcubl TpaBneHne Cepnas KucioTa

2 Oprannueckue | XKupbl O6e3xupuBanue | Ciupt

3 CwmeniaHHbIe Ocratku [IpombIBanue [Tepexuch Bogopoaa
peakiuin

4 XuMuyeckue Ocratku TepmoobOpabotka | [lyxoBoii mkad
KHUJIKOCTHU

5 [Tonsipabie Conu [TpombiBaHuE CpeactBa Cc  BBICOKHM

3arps3HEHUs conepkanueM ITAB

BoiBoa: Pa3o6paB BCCBO3MOKHBIC 3aI'PA3HCHUA U CITOCOOBI MX O4YUCTKH, Mbl MOXXCM

noa00paTh HEOOXOIUMBIE OUUCTUTEIIH.



IHPAKTHYECKASA YACTD

W3 mnpemnoxkeHHbIX MaTepuanoB, HaM [OHAAO0OATCA: MHHIET, Habop
CTEKJISIHHBIX CTAaKaHOB, MyXOBOW mikad, mabopaTopHasl IUIMTKA, YJIbTPa3ByKOBas
BaHHa, oOpa3lpbl MOJYNPOBOJHUKOBBIX IIJIACTMH, CEpHas KHCIIOTa, IEPEKUCH
BOAOpOIa, cIUpT. DKcnepuMeHT Nel mpoBesieH Ha mpuMepe J1abopaTOPHBIX CTEKOJI,
No2 — Ha npumepe unrerpanpHoii Mukpocxemsl (IIpunoxenue 1).

Criupt noHag00UTHCS JUIs1 00€3)KUPUBAHUS IOBEPXHOCTH, CEpHAsk KUCIIOTA IS
TpaBJICHUs], NEPEKUCh BOAOPOJA JUIsl OYMCTKH IUIAT M MOJJIOKEK MOCe JaHHBIX
nporueccoB. JlyxoBoil mikad, 1j1s MPOCyIIKH 00pa31ioB MOCIIE BhILIECIEPEYNCIEHHbIX

oIepanum.

MapupyT O4YHCTKH
1. OGe3xupuBanue HarpeTbiM criupToM 60-70 rpagycos.
2. IIpombiBaHUE NEPEKUCHIO BOAOPOA (y1aJe€HUE MPOLYKTOB PEAKIIUN).
3. Tpasnenue Harpetoit consiHor kucioroit 30-40 rpamycoB (yaajieHME HOHOB
MeTasula) B yJIbTPa3ByKOBOI BaHHE.
4. TlpombiBaHUE XMMHYECKUMHU HJIIEMEHTaMHU C BBICOKMM cojiepkanuem [1AB
(ynaneHue OCTaTKOB KHCJIOTHI).

5. Cymika B 1yxoBoM mkady.

Peakunu nporekamoiyue Ha MOAJI0KKE
[Mpu B3ammopeticteuu crnupra (C2H50H) u mepekucu Bomopoaa (H202)
BhIIENsieTcs yriekuchbii ra3 (CO2) u Boaa (H20), npoucxoaut peakius oOMeHa.
C2Hs50H + 6 H202 — 2 CO2 + 9 H20
[Tpu peakuuu consiHow kucnoTsl (HCl) u BeriecTs ¢ BBICOKMM cojiepikaHueM
ITAB (rakue Kkak MbUIBHBIH pactBOop), oOpasyercs coiab (NaCl) u ocamox
(C17H3sCOOH - cTeapuHoOBas KUCIIOTA)

C17H3sCOONa + HCl — Ci17H35COOH + NaCl



MeToanka KOHTPOJISA Ka4ecTBa

[IpeaBapuTeIbHO KOHTPOJIb KaYECTBA MOKHO MTPOBECTH Memodom kanau. OH
OCHOBAaH Ha TOM, YTO OYHILEHHAs TIOBEPXHOCTh XOPOIIO CMauyuBaeTCs BOJOM, H3-3a
4ero Karis OyZIeT XOpoIlo pacTeKaThesl Ha Hell. Eciu ke karuist He pacTekaercs, TO
MOBEPXHOCTh OYMIIEHA TJI0XO.

3arpsi3HEHNs] MOKHO BBISIBUTBH B CBETJIOM WJIM TEMHOM I10JIE MUKPOCKOIIA.

Jlromunecyenmuulii mMemoo: WCNONb3Yysl YIbTPa(UOIET MOKHO BBISIBUTD
OpraHUYeCKUE 3arpsA3HEHHs, OpPraHUYECKUX IUIEHOK M JPYTuX 3arps3HEHUi

(ITpunoxenue 2).



BriBoabI
[To uroram mpoekra:

1)  BeigBWINM NPUPOAY W BO3MOKHBIC 3arps3HCHHS, TOSBIISIOIIACCS HA
MHTErPaJbHBIX MUKPOCXEMaX U MOBEPXHOCTAX BAKyyMHBIX MPUOOPOB B Ipoliecce
MPOU3BOJICTBA.

2)  IlpoBenu cpaBHUTENbHBIN BHIOOP MOAXOMASIINUX BEIIECTB U COCTABUIIH
TEXHOJIOTUYECKUI MapUIPyT OYUCTKH MOBEPXHOCTH OT 3arps3HEHUM.

3) BbIMOJMHWIN OYUCTKY NPOOHOHM MMApTHH, PACCMOTPEIM W OIHCAIH
pEaKUMH, TPOXOISIINE HA IIOBEPXHOCTH BO BPEMSI OUMCTKH.

4)  IIpemnoXuim METOIUKY KOHTPOJISI Ka4yeCTBa OYMCTKH.

B nannoit pabote Mbl MOKa3aJid OJIUH U3 TEXHOJIOTUYECKUX MapHIpyTOB. Y
KQ)KJIOr0 MapuipyTa €CThb CBOU IUIFOCBI MU MHUHYCbl U NPOJOJDKAS M3Yy4daTb 3Ty
TEMaTUKy MOYKHO MPOAOJDKATh COBEPUICHCTBOBATH PAIMOHATIBHBIE MTyTH OYMCTKHU
MO/IJIOKEK WHTErPaJIbHBIX MUKPOCXEM U MOBEPXHOCTEH BAKYYMHBIX PUOOPOB OT
OBITOBBIX 3arpsI3HEHUM.

Ucnionp3ysi  KOMOMHUPOBAHHBICE  METOMBI  OYHUCTKA W ToaOupas
TEXHOJIOTUYECKHM MPOIIecC ¢ YU4eTOM (PU3UKO-XUMUYECKUX CBOMCTB 3arps3HUTENEH
BO3MOKHO JIOOMTBHCSI BBICOKOT'O KauyecTBa PE3yJbTAaTOB OYUCTKH WHTErPAbHBIX
MHUKPOCXEM U BaKyyMHBIX MPUOOPOB OT OBITOBBIX 3arpsA3HEHUMN, YTO IO3BOJIUT

YIIYUIIUTD TCXHUYCCKUC ITaPpaMCTPHhI U ITPOAOJIZKUTCIIBHOCTD pa6OTI>I 060py,Z[OBaHI/I}I
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HHPUJIOKEHUSA
Ipuioxenue 1

OkcnepumedT Nel Ha mpumMepe 1abopaTOPHBIX CTEKOI

OxcniepuMeHT Ne2 Ha IPUMEPE UHTETPATbHON MUKPOCXEMBI
1—-—-____‘:_‘ |'
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Ipuioxkenue 2

MGTOI[ KalllIi IJIs1 KOHTPOJIA Ka4eCTBaA pe3yJibTaTa OYHCTKHU

HIOMHHHCHGHTHBIﬁ MCTOJ JJIA KOHTPOJIAA Ka4CCTBaA PE3yJibTaTa OYMCTKH
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