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[IpuBeneHbl HccnenoBaHUA IO ONPEACIEHUIO METoJa MalKu
AIIEKTPOHHBIX KOMIIOHEHTOB Ha II€YATHYIO IUIATY, ITOKAa3bIBAIOIIETO
CTaOMIBHYIO TIOBTOPSIEMOCTh pE3yJIbTaTOB IMpoIlecca M KadecTBa
W3ICNUI, MO ONPEAEICHNI0 HEOOXOTUMOCTH OTMBIBKH IEYaTHOTO
y31a OT OCTAaTKOB (DJIFOCOB TIOCHE TAHKH, II0 OIPEIEICHUIO
Ka4eCTBCHHOTO  KOH(OPMHOTO  MOKPBITUS,  00CCIICYMBAIOIICTO
3¢ GEKTUBHYIO BJIAT03aIIUTY, XUM3AIIUTY U TEXHOJIOTUIHOCTb.

KuarwueBble ciioBa:
[leyaTHas nata, neYaTHBIN y3€l, MOHTaX, METO/ MMalKU, pU-
noi, (Iroc, OTMBIBKA MEYATHOTO y3J1a, KOHPOPMHOE MOKPBITHE.

Ha nanHblii MOMEHT B MHpE BBIIIYCKAE€TCS OTPOMHOE
KOJMYECTBO PAa3JIMYHBIX OBJICKTPOHHBIX CPCACTB, KaXOOC U3
KOTOpPBIX ~ TpeOyeT peanu3alud  OTAEIbHOIO  CJIOKHOTO
TEXHOJIOTMYECKOr0  MPOLECCA, BKIIOYAIOIMIET0 MHOYKECTBO
onepauui. IIpu npoekTHpOBaHUM TEXHOJIOIMYECKUX ITPOLIECCOB
MPOM3BOJICTBA PAJNO3IEKTPOHHON ammaparypsl (PDA) oxHum

U3  HamOoJee  BaXHBIX  SBISETCS  BONPOC  BBIOOpa
TEXHOJIOTHYECKOTO M KOHTPOJMPYEMOTro  00O0pYyJOBaHHS,
OCHAaCTKH, HWHCTPYMCHTA, MaTcpuaioB. OTKIIOHEHUS

napamMeTpoB POA OIpeACIIAOTCSL TOYHOCTBKO HW3TOTOBJICHUS
z[eTanefI, napamMeTpamu y3JI0OB U 6J'IOKOB, OHAKO TaKHU€ OIICpalnu,

Kak Maika, OTMbIBKA, 3all[UTa OT BHEIIHWUX BO3JICHCTBHUIL, MOTYT
CYIIECTBEHHO BJIMATH Ha BBIXO/IHBIE TAPAMETPHI.

OOBEKTOM HCCIIEOBAaHUA SIBISETCS TEXHOJOTMYECKMH Ipolecc COOPOYHO-MOHTAa>KHOTIO
MPOM3BOCTBA MEYATHBIX Y3JI0B, KOTOPBII BKIIOYAET B ceOs MalKy 3JIEKTPOHHBIX KOMIIOHEHTOB Ha
MIEYaTHYIO TJIaTy, OTMBIBKY TI€YaTHOTO y3Jia Moclie Malku U HaHeceHHe KOH(POPMHOTO TOKPBITHS Ha
MEeYaTHBINA y3e.

B mHacrosimiee BpeMsi cpenu HM3BECTHBIX METOAOB IMAHKH IOBEPXHOCTHO MOHTHUPYEMBIX
3JIEKTPOHHBIX KOMIIOHCHTOB Ha TEUaTHYIO IJIaTy HauOoJiee pacipocTpaHeHa maika oriaBjicHueM [1].
[IpumeHeHne TaHHOTO METOJa U3-3a CJIOKHOCTEH B 00€CIIeYeHNH paBHOMEPHOCTH Harpesa 1 nogbdopa
TEMIIEPaTypHOro Npoduiis B HACTOAIIEE BPEMs MOTEPSIIO CBOIO MOIYJSIPHOCTh B OTJIMYKE OT METOJa
naiiky B mapoBoi ¢ase [2].

Jia onpeneneHuss MeTo[a MalKH, MOKAa3bIBAIOIIETO XOPOIIYIO MOBTOPSEMOCTh PE3yIbTaTOB
npolecca U KauecTBa U3/eNid, ObUTH B3STHI IBE MAPTUH 110 JECATH ITYK OJUHAKOBBIX [I€YaTHBIX TUIAT
(III1), ogHa n3 KOTOPHIX MpeacTasieHa Ha puc. 1. Ha I1I1 ycTtanaBnuBatoTcs pa3auyHble KOMIIOHEHTHI
HAaBECHOTO MOHTa)Xa: BWJIKH, Pa3beMBbl, peie; M KOMIOHEHTH! INITAaHAPHOTO MOHTaXKa: aHAJIOTOBBIE H
IU(PPOBBIE MUKPOCXEMBI, TUOABI, PE3UCTOPHI, KOHJICHCATOPHI.
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Puc. 1. TleyaTHas miara, UCNOJIb3yeMasl B SKCIIEPUMEHTE

Opnna naptus [111 Obia mpomnasiHa B 1eYn OIUIABJICHUS, a BTOpasl MapTUsl — B CHCTEME MAKH B
napoBoit ¢aze. [locme maiiku medarneie y3mel (I1Y) ObITM OTMBITBI, a 3aTeM OBIT TIPOBEACH
BU3YQJIBHBIM KOHTPOJh TAasHBIX COeNWHEHWH KOMIIOHEHTOB [3]. B pesymprare KOHTpoONs ObLIH
0o0OHapyKeHbI cieaytonme Ae(heKTh:

e Ha [IV, nponasuubix B meun omiaaBieHus: 50 % MasHBIX COCAMHEHHH COIEpXar IyCTOTHI, 3
KOMIIOHEHTA HE MPOIasiHbl, B HEOOIBIIOM KOJIMYECTBE O0OHAPYKEHBI IIAPUKH IPUIIOS;

e mHa IIY, mponasHubix B mapoBoi (aze: 5 % masHBIX COEOUHEHUH conxepXar IIyCTOThl, 2
KOMIIOHEHTA He MPOMasiHbl, | KOMIOHEHT MOJIyYH]I MEXaHUIECKOE [TOBPEXXICHUE.

B cucreme maiiku B mapoBoil ¢aze ObUIM MpomnasiHbl BCE KOMIIOHEHTHI, KpOME pesie. JTOT
KOMITOHEHT SIBJISIETCS HETEPMETHYHBIM, ITIO3TOMY HE PEKOMEH/IYETCsl ero MasTh B MapoBOH Qase, Tak
KaK TONaJaHue XUIKOCTH BHYTPH 3JEMEHTa MOXKET MOBIHATH Ha ero paborocnocoOHOCTh. B meun
OIIaBJICHHS TPOMAsSHBl TOJIBKO KOMIIOHEHTHI IJIAHAPHOTO MOHTa)ka, TaK KaK KOpIyca KOMIIOHEHTOB
HaBECHOT'O MOHTa)<a OIUIABJISIOTCS.

PesynpTarom wnccienoBaHMs SBISIIOTCS PEKOMEHIAIMU O BbIOOpY MeToma maiiku. Jlis
MHOTOHOMEHKJIATYPHOTO MEJIKOCEPUHHOIO MPOM3BOACTBA PEKOMEHIYETCSl NPUMEHATh MaiKy B
napoBoit (baze, Tak kKak He TpeOyeTcs TPYIOSMKHUH OA00p TeMIepaTyPHbBIX NMPo(UIeH B 3aBUCMOCTH
OT KOHCTPYKLHMHM COOPKH, YTO XapaKTepHO AJIsl NMalKW OIUIaBleHHs B meuyd. s Ipou3BOACTBA,
BBIITYCKAIOWIETO OJHOOOpa3HbIE HOMEHKJIATYpPHbIE M3ENUsl, PEKOMEHIYETCsl OCYIIECTBIATh MaWKy
METOJIOM OIUIAaBJICHMSI B ME€YH, TaK KaK 3TOT METOJ HE MPHUBEAET K YAOPOKAHUIO TEXHOJIOIMYECKOTO
Mpolecca U U3ZeNus B IeJIOM.

OTMBIBKa MEYaTHBIX Y3JIOB IOCTE MalKH — 3TO yJaJeHHE C IMOBEPXHOCTH IME€YATHBIX Y3JIOB U
KOMIIOHEHTOB OCTaTKOB TEXHOJOTHYECKUX MaTepHalioB, KOTOpble B TMIPOIECCE 3SKCILTyaTallH
3JIEKTPOHHOM ammapaTypbl MOTYT OKa3aTh HEraTUBHOE BIMSHUE Ha HA/IEKHOCTh MEYAaTHBIX Y3JIOB,
MOTYT TPENSATCTBOBATh HAHECEHWIO BJIATO3AIUMTHBIX IOKPBITHH, 3aTPYIAHATH BBIIOJHEHUE
ANEKTPUUECKOrO0 KOHTPOJIS, a TakKe YXynlaTh BHEWHUW BuA usnenus [4]. He ynaneHHsbie
3arps3HEHHUS Ha TOBEPXHOCTH IIJIaThl MOTYT OKa3bIBaTh CYIIECTBEHHOE BIIMSHUE HA pa3UYHbIC
napametpbl. OcrtaTku (IIOCOB OuYeHb PEAKO NPUBOIAT K OTKa3aM B mpouecce paboTbl, HO
MOCJIEACTBUSL KOPPO3UM MOTYT OBITh OYEHb Cepbe3HBIMU. OCHOBHBIE THIIBI TAaKHX 3arpsi3HCHUH
npuBeAeHbl B TaON. 1. BONBIIMHCTBO 3arps3HEHUN HE SBISIFOTCS O€30MAaCHBIMH JUIS 3JICKTPOHUKH U
NpU ONpEAETICHHBIX YCIOBUSX MPUBOIAT K cOOSIM WM MOJHON motepe padoTtocmocobHoctu [1Y,
NPUHOCS MUUIMOHHBIE YOBITKM moTpebutensM. Hampumep, oTrnevaTku nanbleB, KOTOPBIE OCTAalOTCS
Ha noBepxHocTH [1Y mocie KOHTaKTa ¢ pyKaMH YeloBeKa, TAKXKe SIBIISIOTCS HE MPOCTBIMU OCTaTKaMHU
3arpsi3HEHUM, ATO CMECh XUPOB, COJEH M YAaCTHYKH KOXXH YeJIOBEKa, KOTOpPbIE MPH IMOCIEAYIOIEM
YBJIQKHEHUH CTAHOBSTCA BECbMa OIAaCHBIMU /7151 KOMITOHEHTOB 1Y [5].
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Ta6anna 1. OcCHOBHBIE THIIBI 3arPs3HEHUI

Buemnuii Bug 3arpsizHeHuUs HanmMenoBanue 3arpsizHeHuUs
‘ el ol

Ocratku ¢uroca 1 KaHu(POITN

Pa3pyHIeHHLIﬁ BCJICACTBUC KOPPO3UHU
TIPOBOAHUK

[Mapuxu npumnos

3arp;13HeHPm TI0Q BJIarO3allIUTHBIM ITOKPBITUEM

Jnst sKcepuMeHTa B3sThl yeTblpe OoTMbIBOUHBIE kuakocTH ZESTRON FA+, VIGON US,
AKBEH-12, AlMterge520A, mupoko NpuUMeHseMble Ha COBPEMEHHBIX NMpenrpusTusax. C MoMOIIbio
JAHHBIX JKUAKOCTEH OBUTM OTMBITHI YeThIpe MapTUH, cojepkamme NaTh [1Y, M3roTOBIEHHBIX MO
OJTHOMY TEXHOJIOTHUECKOMY IMporeccy. B pesynbraTe KOHTpoisi ObUIM OOHApy:KEHBl CIEAYIOIINE
nedextsl i [1Y, OTMBITBIX KUAKOCTHIO:

e ZESTRON FA+, nedektsl He 0OHApYKEHBI;

e  VIGON US, oOHapyxeHbI B HEOOJIBIIIOM KOJIMYECTBE OCTATKU (hIroca, «Oeblil HAIET;

e AKBEH-12, o0HapyeHbl B HEOONBIIOM KOJUYECTBE OCTaTKU (JIroca, INAPUKU IPHIIOS,
0OHapyXeH B JOCTATOYHOM KOJIMYECTBE «OCIbIil HANETY,

e AlMterge520A, oOHapyXeHbI B JOCTATOYHOM KOJIMYECTBE OCTATKU (IItoca, «O0eblii Haaeé.

I1Y, Ha xoTOpBIX ObUT OOHapyXeH «Oenblii HaléT», ObUIM MPOBEPEHb HA HAIWYME MOHHBIX
3arps3HeHU ¢ momomnsio TecroBoro Habopa «ZESTRON FluxTest», m3o0paxenHoro Ha puc. 2.
Wonnsie 3arpszHenus Obuti 0O0HapyskeHb! Ha [1Y, KoTopbIit ObIT OTMBIT kuAKOCThI0 AlMterge520A.

Puc. 2. Tecroseiit Habop ZESTRON® FluxTest
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Haunyummit  pesynpTaT mokazana oTMmbiBouHas skuakoctb ZESTRON FA+, xopommit
pesynsTaT nmeeT xuakocte VIGON US.

B Hacrosimee BpeMst B IPOU3BOACTBE 3JIEKTPOHUKU BOIIPOC OTMBIBKH OCTAaTKOB (DIFOCOB mOCIe
MaiKK OCTaeTcsl aKTyaJlbHBIM M CHOpHBIM. C OfHOM cTOpOHBI, OTMBIBKA [IY MOBBbIIAaeT KauecTBO U
YBEIMUMBAET CPOK cIyKObl nzaenuii. C Apyroil CTOpOHBI, YBEINUUBACT CE0ECTOMMOCTD U3ICIHMA, TaK
Kak TpeOyeT NOIMOJHHUTENbHBIX BIOXKEHHUM: 000pynoBaHME, MaTepHaibl, IepcoHan U T. 4. OTMbIBKa
SIBIIICTCS 00S3aTSIILHOM [T CIICIITEXHUKH, KOTOpask TpeOyeT BhIcouakiiiel HanéxHOCTH [4].

KoHdopmHBIe MOKPBHITHS NPEACTABISIOT CO00I MOJMMEPHBIA MaTepua, UCTIONb3YEMbIH IS
3alIUThl TI€YAaTHOTO Yy3Ja I[IMPOKOI0 CIEKTpa 3arpsA3HuTeNeil Ha NPOTSHKEHUH BCETO CpPOKa
9KCIUTyaTallud 3JeKTPOHHOro npubopa. KoHpopmHBIE HOKpHITHA O00JIAAAIOT BBICOKOH CTENEHBIO
M30JISIIMOHHOM 3aIUTHl 1 OOBIYHO YCTOWYMBEI K AEUCTBUIO MHOTHX BHIOB PACTBOPUTENICH U KECTKHX
BHEIIHUX yCJIOBUI Ha MPOTSKEHUHN IKCILTYaTallMOHHOTO CpOKa M3Jenusi. MaTepuai HOKPBITHS MOKET
BBICTYIIaTh B KadecTBe HEWTpanu3aTropa pa3iuyHbIX yacTul Ha mnoBepxHoctd IIII um ciayxuth
3alIMTHBIM 3KPaHOM K pa3inyHbIM ycrpoictBam [1I1 [6].

KondopmHoe mokpeiTHE MOXKET 00JIaAaTh HECKOIBKMMHU (PYHKIHSAMH B 3aBUCHMOCTH OT
criocoba HaHecenws. Hawbonee pacmpocTpaHeHHbIe (QYHKIMH  KOHGOPMHBIX  MOKPBITHH:
NPENSATCTBYIOT YT€UKE TOKAa M BO3ZHHMKHOBEHHMIO KOPOTKOTO 3aMbBIKAHHS, BBI3BAHHBIX ITOBBIIICHHOMN
BIXHOCTBIO W 3arps3HEHHEM TMpPU OKCIUTyaTallMOHHBIX YCIOBHUSIX; 3aMEIUISIIOT  KOPPO3HIO;
NPOAJIECBAIOT YCTAJIOCTHYIO JOJTOBEYHOCTh MASHBIX COCAWHEHMH OE3BBIBOIHBIX KOPIIYCOB;
o0ecrneynBalOT MEXaHWYECKYI0 IPOYHOCTh HEOOJIBLIMM AETAISAM, KOTOpbIe HE 3allUILCHbI
MEXaHHUYECKH, AJIS IPEIOTBPALLCHHUS OBPEXKICHUH, BEI3BAHHBIX YAapOM M BUOpaIuen.

B nccrnenoBaHusax MCIONB30BAIKMCH CIEAYIONINE BiIaro3amuTHeie ToKpeITHa: HumiSeal 1A20,
HumiSeal 1A33, HumiSeal 1H20URS, smokcuyperanossrii nak YP-231.

Beutn mpoBeeHbI ClleAyIOINe HCIBITAHNUS:

1. Bueunwuii BUI — MaTepral HAHOCUTCS HA TECTOBYIO IJIATY U OCMaTPUBAETCS ITOCIIE OTBEPKACHUS
nof yBenuueHueM. IIokpbITre T0KHO OBITh INIAAKUM, OZHOPOIHBIM, TPO3PAYHBIM.

2. ®moopecteHIHs MPOBOAUTCSA IUII TOrO, YTOOBI TapaHTHPOBAaTh HalW4uue B MaTtepuane YD
AKTUBHBIX areHTOB, YTO OOJerdacT BBISBICHHE HEMOKPHITHIX ydacTkoB Ha III1 m medekroB B
OTBEpJEBIIEM ITOKPHITUH NIPH BU3yaJIbHOM OCMOTpE, KaK [IOKa3aHO Ha pHcC. 3.

3. T'pubOCTOMKOCTh — TMOKpHITBIC OOpa3Ibl IOABEPraloTCs BO3IACHCTBUIO KYJIBTYpaMH TPHOOB M
OakTepuii, KOTOpbIE OOBIYHO MPUCYTCTBYIOT MPH SKCIUTYaTAIlMH DIICKTPOHHOM amnmnaparypabl.

4. T'ubkocTh — 00pa3Ibl IO OYEPEN U3THOAIOTCS BOKPYT 3 MM OIPAaBKH, BU3yalbHO OTCIIEKUBACTCS
HaJINYUE TPELIHH.

5. ToprovecTs — MOKPHITHE HE JOJDKHO MOJIEPKUBATH ropeHue. OTKPBITOE TUIaMs IOABOIUTCS MO
yrioM 90° K MOBEPXHOCTH MOKPHITOTO 00pasIa.

Puc. 3. Koudopmuoe nokpeitue B YO cBete
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B pesynprare uCHBITAHWA OJHOKOMIIOHCHTHBIC YPETaHOBBIC BIATO3AIMTHBIC MOKPHITHS
HumiSeal o6ecmeunnm 3¢ dhekTHBHYIO BIIAr03aIiuTy, XUM3AIIUTY W3IEIHH W SIBILSIIOTCS Oojee
TEXHOJIOTHYHBIMU 110 CpaBHEHUIO ¢ YP-231. CpaBHUTEIbHBIC TApaMETPhI PUBEACHBI B TA0I. 2.

Ta6auna 2. CpaBHutenpHas Tabauna koHGopmHbIx nokpeiTHii HumiSeal u YP-231

IMapamerp HumiSeal YP-231
HcxonHoe cocTosiHue OHOKOMITOHEHTHEIH JIByXKOMITOHEHTHBII
Bpems xu3nu Ho rona 5 yacos
MeTo b1 HAHECECHHS Bce n3BecTHbIC OxyHaHue, pacIblICHAE
JlocTaTouHOE KOJIMYECTBO CIIOCB 1 3
Cymka 12 MuHYT 12 gacoB
KoHTposb kauecTBa HaHECEHUS B Y® uznyuenun 3arpyaHeH
PemMoHTONPUroAHOCTH Xopomast 3arpyaHeHa

Takxum 00pa3zom, 1o pe3ysibTaTaM paboThl MOYKHO ClIENaTh CIEIYIOLINE BBIBOBL:
® MPOBEACHBI HCCIEAOBAHMA MO BBHIOOPY METOJa MalKh, OTMBIBOYHON >KMIKOCTH, KOH(OPMHOTO
MIOKPBITHS;
e BBIIBICHBl HEJOCTAaTKM M JOCTOMHCTBA METONOB IHAaliKH, NPUMEHSIEMBIX B COBPEMEHHOM
MIPOU3BOJCTBE;
®  yCTaHOBJIECHbI (DAKTOPHI, BIUIIOIIME HA IPUHATUE PELICHHUS 110 OTMBIBKE I€YATHBIX y3JI0B; -
® ONpeAesiCHbl TEXHOJOTWYHBIE KOH(MOPMHBIC IOKPBITHA MAJsl 3alllMThl II€YaTHBIX Y3JI0B Ha
MPOTSHKEHUN BCETO CPOKA IKCILTyaTal|Hy.
Pesynprartel naHHOH pPa0OTHI MOTYT OBITH HCIOJIB30BAHBI B COBPEMEHHOM MPOHM3BOJICTBE
PaauO3IEKTPOHHOM annaparypsl.
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