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3JEKTPOHHO-JIYYJEBOW KOHTPOJIb KAUECTBA
TOKONPOBOASAWEIO CJOSI PE3HCTOPOB

B. U. TOPBYHOB, [. H. CBUPAKHH, H. . PHJIHAIIOB, A, H. KOJIYIIAEB

CKaHHDYIOIMA 3JeKTPOHHBIA Jyd W, B YaCTHOCTH, 3JIEKTPOHHO-7yueBas
MUKDOCKONHA HAXOJST B JEKTPOHHOH TMPOMBIIIJEHHOCTH Bce ©oJiee HIMDO-
KOe NpHUMeHeHWe NpPH NPOBepKe PA3JHUHBIX PaJAHOKOMIIOHEHTOB. CKaHHDY-
Iollast 3JeKTPOHHAs MHKDOCKONWs IpHMEHsieTcs IpH pa3pafoTKe W H3ro-
TOBJGHHH NOJYIPOBOAHHKOBLIX NPHOOPOB, HCC/AENOBAHMHM MaTepHAJOB, OIl-
peleseHHd xpuctaaorpadUyeckol OpUEHTAMH, H3MEPEeHHH KOHLEHTpalHH
JETHpYyIoLlefi MpUMecH, CTPYKTYPHOM aHaJsaH3e, KOHTPOJE 3JIeKTPHUECKHX Xd-
paKTepucTHXK u T. 1. Beaencrsue mHorooOpasus obaacteil IPHMEHEHHS CKa-
HHDVIOLLEr0 2JeKTPOHHOIO Jy4a BHOBb paspabaTbiBaeMble METOLHKH HCCJe-
JTOBAHUH JOJKHBI OTBeuYaTb crenucbHyecKHM TpeOOBAHUAM KaxKIOH OTIEsb-
HOH 3aj1auH.

Tak, HanpuMmep, onucanuniil B pabore [I] Merox mpoeepkH Npoleccos
Juddy3uH B TPAH3HCTOPHBIX MHOTOKOMIOHEHTHBIX HHTErpajibHBIX —cXemax
(UC) ¢ noMoulpio CKaHHPYIOILErO 3JeKTPOHHOrO Jyua CJAYXKHT [Js BHSIB-
JleHUsi 3NeKTPOHHLIX TepexonoB. MeToa OCHOBAH Ha NPHUHUHUIE pasfie]eHHs
3apsAA0B HOCHTeJNeldl TOKa, HHAYUUPOBAHHBIX NAJAIOLIUM 3JICKTPOHHBIM JY-
YoM, BHYTPEHHHM IoJeM AHPPY3HOHHLIX IEePeXOof0B MHOrONepexOoNHbIX
npubopoB, Ho a5 BblAB/JeHHUs] TPAHMIL NepexXoJ0B HeOOXOAMMO ClesaTh Ha
obpasuax imand, urobsr nuddy3HoHHEe 06saCTH CTaAH AOCTYNHBIMH JJIA
BBICOKOIHEPTeTHUYHOTO CKAHHPYIOLIErCc Jy4a, TeHEePHPYIOILero B MecTax
CBOEro NaJeHHd Ha INOJYHNDPOBOAHHK 3JEKTPOHHO-ALIPOYHbIE Haphl BCJEN-
CTBHE Nepexojfa 3JeKTPOHOB M3 BaJIEHTHOH 30HBL B 30HY NPOBOAHMOCTH.
IlpuueM, uHCcAO reHepHPYeMBbIX HOCHTeJeH NPOMOPIHOHAJNBHO IHEPTHHU Iep-
BUUHOrO myuka. Hocurenau Toka, cosnaHHble B npenenax AHPOY3HOH KJH-
Hbl fepexoja, NOIBEePraloTCs BJIHSHUIO BHYTPeHHero noJas mnepexopa. He-
TIOCPeACTBEHHO Ha TepeXoje BCe MHAYUHPOBAHHBIE HOCHTENH Pa3AeaAlTCA
U, TakuM 06pa3oMm, BO BHellIHell Lenu (LeMH HArpy3kd) NpOTeKaeT MAaKCH-
Masabhblil TOK. Ilocsie Toro, Kak Jyy MHHyeT Nepexof, KOJHYeCTBO pasjie-
JIEeHHBIX HOCHTeJieH yMEeHbIIaeTcss H aMIIMTyZa TOKa Takxke CHUkKaeTcd. B
obsacTax, HAXOAANMXCA BHE BJMUSHHUS NOJAS Mepexcjpa, HOCHTEJH peKoMOu-
HHPYIOT 1 He BJHSIOT Ha CYMMAapHbIH TOK, TIPOTeKAaOLIN# BO BHEUIHeH LenH.
IDTH H3MeHeHHsa TOKa M ABJAIOTCA IMOJE3HBIM CHIHAJMOM, KOTOPHIH THoOC/e
VCHJEHHST BOCIIPOH3BOAHMTCS Ha 3KpaHe 3JeKTPOHHO-JyueBOH TPYyOKH TO-
CPeACTBOM aMIUVIMTYJAHOH HJH SIPKOCTHOH MOJYJISIIHH.

Srot Meron Tpebyer IasA CBOeH NPAKTHYECKOH peasiH3allui BHICOKONPO-
W3BOIHTEJbHBI BAaKYyMHBIH arperar, MOIUHYIO 3JEKTPOHHYIO NYIIKY C CO-
BEpINEHHOH 3JIeKTPOHHO-ONTHYECKOH CHCTeMOH (POKYCHPOBKH H OTKJIOHEHHS
Jyda, MO3BOJSIOLEll AOBECTH amepTypy Jyua A0 Aoaelt MHKpoHa. Ilpone-
JAypy NpPOBepKH TPAH3HUCTOPHBIX CTPYKTYpP HeNb3sl OTHECTH K paspaAly He-
paspyllaloumiuX METOJ0B KOHTPOJsA, TaK KaK NDHIOTOBJIEHHEe ILJIH(pa Beger
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K pa3pylleHHIO NPOBEpPAEeMOro H3/lejqusi U yTpaTe UM paboTOCnocoOHOCTH.
[ToaToMV MeTom 3/J€KTPOHHOTO CKAHHPOBAHUS MOMKET NPUMEHSATbCH TOJIBKC
npan oTpaboTKe TEXHOJOTHH H3TOTOBJEHHSI MHOTOKOMNOHeHTHX HMC u He-
IIPUTOMIeH M/ MacCoBOrO NPOH3BOJCTBA.

Jlag ocyllecTBJeHHsT MAacCOBOTO KOHTPOJIS KadecTBa TOKONPOBOAsUIe-
IO MOKPLITHSI PE3HCTOPOB HEOOXOAUMO HUMETb 3JEKTPOHHBIH IIyYOK CO CpaB-
HHTeJbHO HU3KOH HPOHHKAWOUIEH CHOCOOHOCTBIO, afepTypoll, H3MepseMoil
€JHHUIaMH H JeCATKAMH MHUKPOH W HEBBICOKOH CTeleHblo pa3psiKeHHs Ba-
KyyMHOH cHcTembl (10-°=10-% mm p1. cr.). Mcxoass us 3tux TpeGoBaHHi
Oblia paspaboraHa yCTaHOBKA 3JEKTPOHHO-JAyUeBOH IPOBeDKH KauecTBa
TOKONPOBOASIILIUX MOKPHITHH DPE3UCTOPOB, COCTOAILASl W3 3JEKTPOHHO-Tyd4e-
BOM BAKYYMHOH Kamepbl, (POKyCUPYIOLLEe-OTKJOHSAIOMEH CHCTEMb], BHAEOYCH-
JIHTEJS U BHACOKOHTPOJILHOTO YCTPOMCTBA.

YAV A
rd/f Baryymuomy °

Hacocy o

122> 4 o o e

Puc. 1. BioK-cxeMa yCTaHOBKH.

buaox-cxemMa yCcTaHOBKH Mokasana Ha puc. 1. [asi GeICTPOH CMEHBl KOH-
TPOJIMDYEMbIX H3JIeJHH BaKyyMHasi KaMepa caedaHa pa3BopHOM.

OHa COCTOMT M3 YETBIPEX3JEKTPOLHOrO 3JEKTPOHHOTO NPOXKEKTOpa, ne-
pexoxHoi yactu (8), B KOTOpO#H HaxoasaTcs natpyfok (12) nas  oTkauku
BO3/JyXa M3 11pu0opa U MaHOMeTpHYeCKHe LATUYHKH AaBjeHUs (9) B BaKyym-
HOH cHCTeMe, W y3Jia KpenJseHust usfenus (10). DMeKTPOHHBIH NMPOKEKTOP,
cocTosIIMH u3 Mopyasatopa (2), nepsoro (3) u BTOporo (4) aHOZOB, B3AT
H3 craHaaprroro Buiaukona JIM=421 u nosBosasier nosydatb B IJIOCKOCTH
KOHTpoaupyemoro usfgenus (l1) choKycHUpoBaHHBIN 3AeKTPOHHBIH Ay4 IO-
paaka 20 MKM. B KavecTBe HUCTOYHHKA 3JCKTPOHOB MCIONB30BAH KATOHBIHA
vdea (1) or pasGOpPHOH 3JEKTPOHHO-ONTHUECKOH CHCTEMBbl KOHCTPYKIHH
BHWHMOJIII, BblIepKHBAOUIHH MHOTOKPATHLIA HAMYCK BO3/yXa B CHCTEMY.
DIeKTPOHHAA TyIIKa COOPKH BCTABJSETCS B CTeKAAHHYIWD TpyGky (6) ¢
BHVTPEHHHM TPOBOASIIMM NOKPBITHEM, KOTOpas, B CBOIO OYepeldb, € IOMO-
UIEI0 HAKHJHOH rafiku (7) Kpemurcs K nepexomHoi wacti (8) mpuGopa. C
JPYroil CTOPOHBI NepeXOAHOH dacTd ycraHapausaetca kojaba (10) c¢ Baky-
VMILJTOTHBIM 2JIeKTPHYECKHM BBIBOAOM ISl PasMeilleHHsi KOHTPOJHPYEMBIX
M34eJHH H TMOJKJIOYEHHs CONPOTHBJEHUS HaTrpy3KH, ¢ KOTOPOTO CHUMAETCH
HalpsXeHde BHICOCHTHaJa. BHAeOCHTHAN YCHJIHBAeTCS C TMOMOIIbIO Mpef-
BapHTeJbHOrO BHAcoycuautegass ¥B=49(13) u nogaercd Ha BHIAEOKOH-
TPOJIbHOE YCTPOHCTBO (14) DNPOMBILIIEHHOH TEJEBH3HOHHOH YCTAHOBKH
ITTY=26M. @oxycupoBKka H ynpaBjeHHe 3/JeKTPOHHBIM JYYOM OCYLIECTB-
JiseTca cTaHIapTHOH (oKycHpyolle-oTKaoOHAouel cuctemod ®OC=34(5),
pasMellaeMOH Ha TOPJOBHHe 3JEKTPOHHO-JIYUeBO# BakyyMHOH KaMephl. Ha
3KpaHe BHICOKOHTPOJNBHOIO YCTPOHCTBA OmeparTop nHabuonaer HaolOpaxe-
HHe TIOBEDXHOCTHOTO CJOS KOHTPOJHPYEMOTO H3IS/US.

Ilpu paGoTe 3/1EKTPOHHOTO TPOKEKTOPa CHOKYCHPOBAHHBIA IIYYOK
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3JIEKTPOHOB CKaHHpyeT IO TIOBEPXHOCTH KOHTPOJMPYEMOrO H3AENHS H 3a-
pAXKaer ee A0 NOTeHIIHAJa KaToja. 3aTeM B TeueHHE BPEMEHH MEXKAY KOM-
MyTall¥sIMH, PaBHOM BpPEMEHH Ka/Jpa TeJeBH3HOHHOIO H300parkeHus, [OTeH-
IlHa] y4YaCTKOB MOBEPXHOCTH H3JeJHS IOBLIIUAETCA A0 3HAaueHHH, Mpomop-
IIMOHAJbHBIX HX BTODHUHO-IMHCCHOHHBIM cBolicTBaM. B pesyabTate 3TOro
Ha NOBEPXHOCTH 00pasyeTcs NOTEHIHAJBHBIA pejbed, KOTOPBIM MOAYNHPY-
eTCsl TOK Nafallero nydya B IOCJAeAYoilHe NepHoAs KoMMmytauud., Bropuu-
HO-3JIeKTPOHHAsT IMHCCHSI C TIOBEPXHOCTH CO3JaeT TOK MPOTHBOINOJOXKHOIO
HAINpaBJeHUS 10 OTHOIIEHHIO K TOKY TNepBHUHOro Jyda. Pesyabrupyromas
BeJIMYHHA TOKA CHrHaJja TpPHMEpPHO paBHA PAa3HOCTH MEXKJY YHC/IOM Iep-
BHUHBIX 3JEKTPOHOB, NMOMAJAOMMX Ha TOBEPXHOCTb H3JAEJNHS, H UHCJIOM
BTOPHUHBIX 2JICKTPOHOB, YXOAAIHUX C HeEE.

IlepBuuHBI TOK paBeH TOKY Jyda, €CIH IOTeHIHaJ NOBEPXHOCTH H3Je-
JIig He OueHb OJM30K K KaTOAHOMY, a BeJHYHWHa BTOPHUHOI'O TOKa ompefe-
JFeTcqa KO3(PQUUHEeHTOM BTOPDHYHOH 3MHCCHU O MW [EpPBHUHBIM TOKOM JYy-
ya In. CnexoBaTenbHO, TOK CHIHAJa B peXXHMe Me[JIeHHBIX 3JIEKTPOHOB Oy-
Xer pasen [2]

le=I1—0oly=1s(l—0).

Tox mnepBHYUHOrO MyuKa, AOCTHTAlONIEr0 MOBEPXHOCTH H3/ENHf, 3aBHU-
CHT TpeX/e BCEero OT paclpelesieHHs NOTeHLHasN a HA ero MOBEepPXHOCTH,
T. €. OT HPOBOJUMOCTH 3/€MEeHTAPHLIX ee YYaCTKOB H IPH/IOKEHHOTO BHEHI-
Hero HanpsikeHusi. Ecay noTeHUHaN y4acTKOB NOBEPXHOCTH C MaJjoff mpo-
BOAMMOCTBIO O/JIH30K K KaTOAHOMY, TO He BCE 3JIEKTPOHH MOTYT TIONACTh HA
Hee. YacTp 2/IeKTPOHOB, HMelOIlas HEAOCTATOUHYIO IJS [JOCTHMKEHHS {IO-
BEPXHOCTH HOPMAJbHYIO COCTaBJSIOUIYI0 CKOPOCTH, He HOXOAs L0 H3IeNHs,
oTpaxaercsi o6paTHo K aHonay. Eme Gosnee ca0:KHBI XapakTep HMeeT 3a-
BHCHUMOCTb K03(¢uUyeHTa BTOPHYHOH 3MHCCHH O OT CBOHCTB CKaHHDyeMOH
noBepxHoctH. BesnunHa ko3doHuMeHTa ¢ OnpefensieTcsi KaK OTHOILIEHHE
gucaa Ng BCex 3JeKTPOHOB, MCIYCKaeMbIX TMOBepXHOCTBIO 3a Bpemsa i, K

qucay N, TICPBHYHBIX 2JACKTPOHOB, MONalarollHX 3a 3TO BPEMA Ha MHUICHDb
[2].

Bennunna o 3aBucHT OT MHOrHXx (akTepoB MaTepHasa 006/ydaemMoro
U3fenusi, xapakrepa ero 06pafGoTky, B OCOOGHHOCTH OT COCTOSIHHS TOBEDPX-
HOCTH, TeMmepaTypbl U T. A. M3yuus 3aBucumocTb ¢ OT 3THX (PakTOpOB,
MOXKHO JIOBOJIbHO TOYHO OCYILECTBJISITbH KOHTPOJb TOBEPXHOCTHBIX CJIOEB
pPa3JMUHBIX H3JEJAUM.

B kauectBe npumepa Ha (ororpadusix, NPEACTABJCHHBIX HA PHC. 24
puc. 3 nokasanel H300paxkeHUs Pe3UCTOPOB 0e3 3aLIUTHOTO JaKOBOTO IMO-
kppiTua THna MYH=1 u pe3ucTtopoB cO CHSTEIM JIAKOBbIM IOKDLITHEM TH-
na MJIT=2, cdororpadupoBanusix ¢ sxpana BKY npompluieHHON Tese-
BU3MOHHOH ycTaHoBku. Ha ¢ororpadusx uyetrko BHIOHBI OT/ieSTbHBIE TOYKH
U I0J0Cbl, ABJAAOHIHecs dePeKTaMH De3HCTHBHOrO MOKphiTHA. Kpome TO-

Puc. 2. dororpacdua Haobpa-

seHHs pesHcTopa THna MYH-1

0e3 B3alllHTHOr0 JaKOBOrO IIO-
KPBITHA.

139



Puc. 3. ®ortorpacpusa H3obHpameHHs
pesuctopa Tena MJIT-2 co CHATBIM
JIAaKOBBIM TOKPBITHEM,

ro, na sxkpaue BKY mnosyuaetrcs yBesuueHHoe B AECSITKH pa3 usobpaxeHue
KOHTPOJHPYEMOr0 M3JEeJHs, YTO CHOCCOCTBYET MOBBLILIEHHIO - BHISBAAEMOCTH
d1e(eKToB NMPOBOAAUINX H JHIJEKTPHUECKHX NOKPBITHH.

IIpuBeneHHble H300paxKeHHd IOJY4YeHbl IIPH 3HePTHH OydKa MOPsAKa
600 3B W Halps:KEHHH Ha MOBEPXHOCTH pe3ucropa okoso 70 B. Ilpu ysenu-
YeHHH YCKOPAIOLIEro HANpsXKKeHHs Ha aHOLaX 3JIEKTPOHHOrO TPOXKEKTopa
BO3pacTaer rayb6HHa NPOHHKHOBEHHS 3JIEKTPOHOB B BelleCTBO, YTO IO3BO-
JseT IIPOBOAUTH KOHTPOAb HA OoJbliyio raybuny (mopsuka 10 mxM), xpo-
Me 3TOrO, YBeJIMUMBAeTCsi KOHTPACT M YeTKOCTh H300pakeHHs, a 3a Cuer
VMEHBIIeHHsT aNepTypbl Jydya MOXKHO TNOBBICHTBH Ko3(pduiueHT maciutaGHO-
ro ysennueHus H30Gpaxenus Ha 3kpawe BKY. Ha puc. 4 npusengena ¢o-
torpagus u3zobpaxenus pesucropa tuna MJIT=2 npu HanpsaXKeHUH Ha
BTODOM aHOJAEe 3JEKTPOHHOTO MPOKEeKTOopa Mopsaka 2 KB ¥ MOTeHOHa/]ae Ha
NOBEPXHOCTH pe3HcTopa pasHoMm 150 B.

Puc. 4. ®ororpathusa usoGparKeHus pesH-

cropa Tuma MJIT-2, noaydedHass mpH nO-

BBINEHHOM HAaNpAMKEeHHH Ha 3JeKTPOHHOM
IpOMKeEKTOope,

Pa6ora nHa pas36opuoil BakyyMHOH 3JeKTPOHHO-JYyYeBOH TeJeBH3UOH-
HOIl YCTAaHOBKe MNOKasala TPHHINMHAJBHYIO BO3MOXHOCTH 3P (PEKTHBHOTO
Hepa3pyllaloulero KOHTPOJS KayeCTBa TOKONPOBOASILIMX H  JAKOBBIX  MO-
KDPBITHE PalHOKOMIIOHEHTOB C IIOMOLIBIO XCPOIWO CHOKYCHPOBAHHOTO CKa-
HHPYIOIIEro TIy4Ka MeAJEeHHBIX 3jeKTpoHoB. OnucaHHBi Crnoco6 KOHTPOJs
MOxKeT obecreunTh Kak BeiGOpouHbifl, Tak u 100%-ii KouwrTpoap H3xenHil B
npolecce HX IPOH3BOJACTBA.
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