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CKaanylomaﬂ 30HA0BAdA MUKPOCKOIIHUA

IMpuHyunsl pa6omul cCKaHUpPylOUWUX 30HA08bIX MUKPOCKONO8

Cxanupyronias TyHHEJIbHass MUKPOCKOMNUSA — 3TO OJIMH U3 METO-
OB CKaHUpylolieh 30H10BoN Mukpockonuu (C3M). DTuM MeTo0M
MOXHO MOJy4aTh TPEXMEPHOE M300paKEHHE IMOBEPXHOCTH C paspe-
HIEHUEM BIUIOTH JI0 AOJIEW aHTCTpeEMA.

B cxaHupyrommx 30HA0BBIX MHUKPOCKOIIAX MCCIICIOBAHUE MHUKPO-
penbeda TOBEPXHOCTH U €€ JIOKAJIBHBIX CBOMCTB MPOBOJIUTCS C TIOMO-
b0 CHEIUATbHBIM 00pa30M NPUTOTOBJICHHBIX 30HJOB B BHJIE WIJL
Pabouas yacTh TakuX 30HJI0OB (OCTpHE) UMEET pa3Mephl MOpsaKa Jaecs-
TH HAHOMETPOB. XapaKTEPHOE PACCTOSHUE MEXK]Y 30HJIOM U MOBEpX-
HOCTBIO 00pPa3I0B B 30HI0BBIX MUKPOCKOIAX MO MOPSIKY BEJIUYUH CO-
ctaisieT 0,1-10 aM. B ocHOBE paGOTHI 30HI0OBBIX MUKPOCKOIIOB JIEXKaT
pa3IUYHbIC TUITHI B3aUMOCHCTBUS 30H/1a C TIOBEPXHOCTHIO. Tak, pabo-
Ta TYHHEJIbHOIO MHKPOCKOIIA OCHOBAaHA HA SIBJICHWU MPOTEKAHUS TyH-
HEJILHOTO TOKa MEXIYy METAJUNIMYECKON WIJION M MPOBOISAIIUM 00pas-
1IOM; Pa3JIMYHbIE TUIIBI CUJIIOBOTO B3aUMOJEHCTBHUS JIEXKaT B OCHOBE pa-
OO0Tbl aTOMHO-CHJIOBOI'O, MAarHUTHO-CWJIOBOTO U 3JIEKTPOCHUIIOBOTO
MHUKpPOCKOTNOB. PaccMoTpuMm 001Me 4YepThl, MNPUCYIIUE PATUYHBIM
30HJIOBBIM MHUKpockonaM. [lycTh B3auMOJIeiCTBUE 30H/a C MTOBEPXHO-
CTBIO XapaKTEPHU3YETCS HEKOTOPhIM napamerpom P. Ecin cylecTByer
JIOCTATOYHO Pe3Kasi U B3aMMHO OJIHO3HAYHAasi 3aBUCUMOCTh MapameTpa
P ot paccrosHus 3081 — oOpazeny P = P(Z), TO TaHHBIN IMapameTp Mo-
KET OBITh WCIIOJIb30BAaH JJII OpPTaHU3allMM CUCTEMBbI OOpAaTHOW CBSI3U
(OC), KOHTPOJMPYIOIIEH PACCTOSHUE MEXKIY 30HJIOM M 00pa3loM.
Ha puc. 1 cxematnuHo 1okaszaH OOIIWM MPUHITUIT OpraHu3auyl oopat-
HOM CBSI3U CKAaHUPYIOIIETO 30HI0BOI'0 MUKPOCKOIIA.



Puc. 1. Cxema opranuszanuu CUCTEMbI OOPATHON CBS3U
30HJJ0BOTO MHUKPOCKOTIa

Cucrema oOpaTHOU CBSI3M MOAACPKUBACT 3HAUECHUE TapameTpa P
IIOCTOSIHHBIM, PaBHBIM BenuuHE Po, 3a1aBacMou oneparopom. Eciu
pacCTOSIHUE 30H] — MOBEPXHOCTh MU3MEHAETCS (HalpuUMEp, YBEIUYU-
BACTCS), TO MPOHUCXOJUT HW3MEHEHHE (yBeIMYeHHE) mnapamerpa P.
B cucreme OC (opmupyeTcsi pa3HOCTHBIM CUTHAJ, MPONOPIUOHAIb-
Hbli BenuuuHe AP = P — PO, KOTOpbIil yCUJIMBAETCS 10 HY>KHOU Be-
JUYUHBI U TOAAETCA HAa HMCHOJHUTENbHbIA 31eMeHT MD. Ucnonnu-
TEJIbHBIM 3JIEMEHT OTpalaThIBACT JAHHBINA PAa3HOCTHBIA CUTHAJ, TIPU-
OJivbKasi 30H]I K MOBEPXHOCTH WJIM OTOJIBUTAsl €ro J0 Te€X IOp, MOKa
PA3HOCTHBIA CHUTHAJ HE CTAaHET PaBHBIM HYJI0. TakuM 00pa3oM MOXK-
HO TOJJACPKUBATh PACCTOSHUE 30H] — 00pa3el] C BBICOKOW TOYHO-
CThIO. B CylecTByrOmMX 30HI0BBIX MUKPOCKOIIAX TOYHOCTh yAEpHKa-
HUs PACCTOSHHUS 30H] — IIOBEPXHOCTh JOCTUraeT BeanuuHsl ~ 0.01 A.
[Ipu nepemelieHUU 30HIa BAOJb MOBEPXHOCTU 00pasiia MPOUCXOIUT
M3MEHEHHE ITapaMeTpa B3auMoIeicTBUs P, 00yCIIOBIEHHOE peiabedhoM
noBepxHocTu. Cucrema OC oTpabaThIBaeT 3TH U3MEHEHHS, TaK YTO
IIpU MIEPEMEILICHUH 30H]1a B TWIOCKOCTU X,Y CHUTHAJI HA UCIIOJIHUTEIIb-
HOM 3JIEMEHTE OKa3bIBAETCS MTPOMOPIIMOHATIBLHBIM pelibe()y TOBEPXHO-
ctu. s monydenuss C3M u300pakeHUs OCYIIECTBIISIIOT CHEIUAb-
HBIM 00pa3oM OpraHUW30BAaHHBIM MPOIECC CKAHUPOBAHUS 0Opaslia.
[Ipy ckaHMpoBaHWM 30H]I BHAYAJIE JBMXKETCA HaJ 0Opa3lioM BJOJb
OMpeCICHHON JIMHUU (CTpOYHAsl pa3BepTKa), MpU ITOM BEIUUYHHA
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CUTHaJIa Ha UCTIOJTHUTEIBHOM AJIEMEHTE, MPONOPIIMOHANIbHAS pelibedy
MTOBEPXHOCTH, 3alMMCHIBACTCS B MaMsITh KOMIIbIOTEpA. 3aT€M 30H]] BO3-
BpaIlaeTCs B UCXOJHYIO TOUKY U MEPEXOAUT Ha CICAYIONIYIO CTPOKY
CKaHUPOBaHUS (KaApoBasi pa3BepTKa), U MPOLIECC MOBTOPSETCS BHOBb.
3anucaHHbI TaKUM 00pa3oM MpPU CKAHUPOBAHUM CUTHAJI OOpaTHOM
CBsA3U 00pabarbiBaeTCsi KOMIbIOTEpoM, u 3ateM C3M wu3o00pakeHue
penbeda moBepxHoctu Z = f(X,y) CTpOUTCs ¢ MOMOIIBIO CPEJCTB KOM-
netoTepHoit rpaduku. Hapsay ¢ uccienoBanueM pelibeda moBEpXHO-
CTH, 30H/I0BbIC€ MUKPOCKOTIBI TTO3BOJISIIOT U3y4aTh Pa3IMUHbIE CBOMCT-
Ba TIOBEPXHOCTH: MEXaHWYECKHE, DICKTPUUCCKHUE, MAarHUTHBIC, OITH-
YECKHE U MHOTHE JIpyTHe.

dopmuposaHue u oopa6omka C3M uzob6pasiceHull

[Iporiecc ckaHUPOBAHUS MOBEPXHOCTH B CKAHUPYIOIIEM 30HI0BOM
MHUKPOCKOIIE UMEET CXOJCTBO C JIBXKEHHEM 3JIEKTPOHHOIO JTy4a IO JK-
paHy B AJIEKTPOHHOIYUYEBON TPyOKe TeJIeBU30pa. 30H]T IBUXKETCS BIIOJIb
JMHUH (CTPOKH) CHavyasia B IPSIMOM, a IIOTOM B OOPaTHOM HaIlpaBJICHUN
(cTpouHasi pa3BepTKa), 3aT€M MEPEXOJUT Ha CICAYIONIYIO CTPOKY (Kai-
poBas pa3BepTKa). JIBuKEHHE 30HAa OCYIIECTBISIETCS C MOMOIIBIO CKa-
Hepa HEOOIBIIMMHU IIaraMu I0J] JSHCTBHUEM IMUI000Pa3HBIX HaIpshKe-
HUM, opMHUpyEMBIX IU(POaHATOrOBbIMU IpeoOpazoBarensiMu. Peru-
cTpaiusi UHpoOpManuu O peibede MOBEPXHOCTH MPOU3ZBOJIUTCS, KaK
MIPaBUJIO, HA MPSIMOM MPOXOJIE.

Hudopmarus, momydeHHasi ¢ MOMOILBIO CKAHUPYIOUIETO 30HA0BOTO
MUKpocKona, xpaHurca B Buae C3M kazipa — JByMEPHOIO MaccuBa lie-
JBIX yrcen 1] a (Marpuibl). PU3ndecKuii CMBIC JaHHBIX YKCEN OIpeie-
JISIETCSI TOM BETMYMHOM, KOTOpasi OlM(PPOBLIBAIACH B MPOIIECCE CKAHUPO-
BaHMs. KakoMy 3HaYCHHWIO Mapbl MHICKCOB 1] COOTBETCTBYET OIPE/IC-
JICHHAs TOYKa MIOBEPXHOCTH B Tpejiesiax MoJisi CKaHUPOBAHMSL.

KoopauHatel TOYEK MOBEPXHOCTH BBIUUCIISIOTCS C TIOMOIIBIO TIPO-
CTOr0 YMHOKEHHSI COOTBETCTBYIOIIETO MHACKCA Ha BEIMYUHY PaCCTOsI-
HUS MEXKIY TOUKaMH, B KOTOPBIX ITPOU3BOAMIIACH 3aIUCh HH(POPMAIIHH:

X|_XOI ’yj:yOJ . (1)
31ech Xp U Yo — PacCTOSIHUASI MEXKIYy COCEJHUMH TOYKaMHU BIOJIb
ocu X 1 Y, B KOTOPBIX MPOM3BOAWIACH 3anuch uHpopmanuu. Kak



npaBuiio, C3M kazapbl NpeAcTaBisOT cO00il KBaApaTHbIE MATPUIIbI,
uMerolre pazMep 2N (B OCHOBHOM 256%256 u 512%512 3neMeHTOB).

Busyammzanus C3M kaapoB IMPOU3BOAUTCS CPEICTBAMU KOMIIbFO-
TepHOI rpaduKy B OCHOBHOM B BHUJE TpexMepHbIX (3D) u 1ByMepHBIX
sapkocTHBIX (2D) uzobpaxenuit. [Ipu 3D Bu3yanuzanuu u300pakeHue
noepxHoctu Z = f(X,y), coorBercTByIomeir C3M gaHHBIM, CTPOUTCS B
AKCOHOMETPUUYECKOW MEPCIIEKTUBE C MOMOIIBIO MUKCEIEH WIN JINHUMU.
B nonosHeHHE K 3TOMY HCIONb3YIOTCS Pa3iMuHbIe CIIOCOOBI MOJICBE-
YMBAHUA THKCEJICH, COOTBETCTBYIOIIMX Pa3JIMYHON BHICOTE penbeda
noBepxHocTu. Hanbonee appextuBHbIM ciocodoM packpacku 3D u3o-
OpakeHUH SIBIISIETCS MOJICIUPOBAHUE YCIOBUN TOJCBETKH IOBEPXHO-
CTH TOYEUYHBIM HMCTOYHUKOM, PACIIOJIOKEHHBIM B HEKOTOPOM TOYKE
IIPOCTPAHCTBA HaJl MOBEPXHOCTHIO. IIpu 3TOM ymaercs MOIYEPKHYTH
MeJIKoMaciTabHble HepOBHOCTU pelnbeda. Taxke cpeacTBaMu KOMITb-
IOTEpHON 00pabOTKH M TpauKK pearu3yroTcs MacTaOMpOBaHUE U
Bpamienue 3D C3M wuzoOpaxenuit. [Ipu 2D Buzyanmuzanum Kaxmoun
Touke moBepxHocTh Z = f(X,y) cTaBUTCS B COOTBETCTBHE IIBET.

C3M wuzoOpaxeHus, HapsAay C MoJie3HoN mHbopMalueu, coaep-
KaT TaKK€ MHOTO MOOOYHOW MH(OpMAIMH, HUCKAXKAIOIMICH JaHHBIE O
MOP(OJIOTHN U CBOMCTBAaX MOBEPXHOCTH.

Ha puc. 2 cxemaTu4ecku MmpecTaBlIeHbl BO3MOXKHBIE UCKAXKEHUS
B C3M wu300paxeHUsIXx IMOBEPXHOCTH, OOYCIOBJICHHBIC HEUICANTb-
HOCTBIO anmapaTypbl ¥ BHEITHUMHU MMapa3suTHBIMU BO3JICHUCTBUSIMH.

[locrosinHas HIymbl
COCTABIIAIOLIAs anmnaparypebl
[ToCTOSHHBIH [Tone3Hpblit HecrabmmsHocrs

KOHTAaKTa
HAKJIOH CUrHa somx-o6pasex

N\

[Iy™mel, CBI3aHHBIE
C BHEIIHUMHU
BHOpauMsAMu

HeuneanbHOCTD
CKaHepa

Puc. 2. Bo3moxuble uckaxxenust B C3M n300paxeHusx



Bwruumanue nocmosiHHOU cocmae/mlou;eii

C3M uzob0pakeHus1, KaKk IpaBUiio, COJIEPKaT MOCTOSHHYIO COCTa-
BIIIONITYI0, KOTOpasi HE HECeT Mojie3HoN mHpopmaluu o penbede mo-
BEPXHOCTH, a OTpakaeT TOYHOCTh MOABOAA 00pa3la B CEpeauHy Iu-
HAMHUYECKOTr0 JMarna3oHa rnepemMenieHnii ckanepa mno ocu Z. Ilocross-
Has cocTapiiswomas ynansercs uz C3M kagpa nmporpaMMHBIM CHOCO-
OOM, Tak YTO HOBbIEC 3HAUEHHUS BBICOT pesibeda B KaJpe paBHbI

Zilj - Z” —Z_, (2)

BbviyumaHue nocmostHHO020 HAK/1I0HA

N300paxeHns NOBEPXHOCTH, MOIYy4YaeMbl€ C MOMOILBIO 30HIOBBIX
MHUKPOCKOIIOB, KaK MPaBUIO, UMEIOT OOIIMI HAKIOH. ITO MOXKET OBITh
O0OyCJIOBJIEHO HECKOJIBKUMU MPUUYMHAMU. BO-TIEpPBBIX, HAKJIOH MOXKET
MOSIBJIATHCS BCJIC/ICTBUE HETOYHOW YCTAaHOBKHM 00pasiia OTHOCUTEIHHO
30H/1a; BO-BTOPBIX, OH MOXET OBbITh CBSI3aH C TEMIEPATYPHBIM JIpeH-
($hoM, KOTOPBIN MPUBOJUT K CMEUIEHUIO 30Ha OTHOCUTEJIBHO 00pa3la;
B-TPEThUX, OH MOXET OBITh 0O0YCIJIOBJIEH HEJIMHEHMHOCTHIO TIEpeEMeIIie-
HUU mbe3ockaHepa. Ha oToOpakeHHe HaKJIOHA TpPaTUTCS OOJbIION
o0beM moJsie3Horo npocrpanctsa B C3M kajape, Tak 4TO CTAHOBATCS
HE BUJHBI MEIKHUE JeTald u300paxkeHus. J[Jis ycTpaHeHUs] TaHHOTO
HEJIOCTaTKa MPOU3BOAAT ONEpaIri0 BEIYMTAHUS MOCTOSHHOTO HAKJIO-
Ha. I 3TOro Ha MepBOM A3Tare METOJOM HAUMEHBIINX KBaJpaToOB
HAXOLMUTCS anmnpokcumupyomas mwiockocts PY(Xy), uMeromas mu-
HUMAaJIbHBIC OTKIIOHCHHSI OT pelibeda mosepxuoctu Z = f(x,y) (puc. 3).
3aTeM NPOU3BOAMUTCSA BBIYMTAHUE NAaHHOMW IUIOCKOCTH n3 C3M wm3o-
OpakeHusi. Bpruntanue 1enecoo0pa3HO BBIMOIHATh Pa3TUIHBIMU
croco0aM B 3aBHCUMOCTH OT MPHUPOJbl HakjoHA. Eciu HakjIoH B
C3M wu300pakeHUH OOYCJIOBJIEH HAKJIOHOM O0pasila OTHOCUTEIBLHO
OCH 30HJa, TO LIEJIECO0OpPa3HO MPOU3ZBECTH MOBOPOT IIOCKOCTH Ha
yTOJI, COOTBETCTBYIOIIMNA YTy MEXKIYy HOPMAaJIbl0 K IUIOCKOCTH N, U
OChI0 Z; TIpu 3TOM KoopauHaThl moBepxHoctn Z = f(X,y) mpeobpasy-
I0OTCSI B COOTBETCTBUU C MPEeOOpPa30BAHUSAMH NPOCTPAHCTBEHHOTO IO-
BopoTta. OgHaKO MpU JaHHOM MPE0OPa30BaHUU BO3ZMOKHO MOJYyUYECHUE
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M300paKeHUsI TOBEPXHOCTH B BHUJE MHOTO3HAYHOM (yHKIUU Z =
f(x,y). Ecan HaknoH oOycClIOBIEH TepMoApeidoM, TO Ipoleaypa Bbl-
YUTaHUS HAKJIOHA CBOJUTCS K BBIYUTAHHUIO Z-KOOPAWHAT TIOCKOCTH
u3 Z-koopauHat C3M uzo0OpaxeHus:

Lij = Zjj - Pij(l) (3)

DTO TO3BOJIIET COXPAaHUTH ITPABHIIBHBIE T€OMETPHUYCCKHE COOTHO-
meHus B IiiockocTu X, Y Mexay oobekramu B C3M uzobpaxkenun. B pe-
3yJlbTaTe TOJYYaeTCs MACcCHMB C MEHBIIMM JMANa30HOM 3HAYCHUH, U

MEJIKHE JeTaId H300paKeHUs OyayT OTOOpakaTbCs OOJBIIUM KOJH-
4ECTBOM IIBETOB, CTAHOBSICH 00JIEE 3aMETHBIMHI.

V4

Puc. 3. Berunranue mocTOIHHOTO HAKJIOHA
n3 C3M uzo0paxeHus: HOBEPXHOCTH

Ycmpahnenue uckasiceHuii,
C853AHHbBIX C Heudea/1bHOCMbI0 CKaHepa

HeunneanbHOCTh CBOMCTB IbE30CKAHEPA MPUBOAUT K TOMY, UTO
C3M uzo0paxkeHue COAEPKUT psif crienupuiyeckux uckaxxeHui. Yac-
TUYHO HEUJCATHLHOCTH CKaHEpa, TaKWe KaK HEPaBHOMPABHOCTH Mps-
MOTO U OOpaTHOTO X0/a CKaHepa (TUCTEPE3NC), KPUI U HEIIMHEHUHOCTh
IbE30KEPAaMUKN KOMIICHCUPYIOTCSI aIlllapaTHBIMU CPEJCTBAMHU U BHI-
O0pOM ONTUMAJIBHBIX PEKUMOB CKaHWpoBaHus. OHAKO, HECMOTPS Ha
310, C3M H300pakeHus1 CoJepKaT UCKAXKEHUS, KOTOPbIE TPYIHO YCT-
pPaHUTH Ha almapaTHOM ypoBHE. B 4acTHOCTH, MOCKOJIbKY JABUKEHUE
CKaHEpa B IUIOCKOCTH o0Opaslia BIUSET HA MOJOKEHUE 30HJa HaJ I0-
BepxHOCThIO (M0 ocu Z), C3M wuzoOpakeHus: MpeACTaBIIIOT COOOM
CYNEPNO3ULUI0 PEATBHOTO penbeda U HEKOTOPOW MOBEPXHOCTH BTO-
poro (a yacTo u 00Jjiee BBICOKOTr0) mopsiaka (puc. 4).
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Puc. 4. BelunTanue moBEpXHOCTU BTOPOTO MOPSIKA
n3 C3M n3zo0paxeHus: HOBEPXHOCTH

JIns ycTpaHeHUs MCKaKEHUM TaKoTo pojia METOJA0M HaUMEHBIIHNX
KBaJ[paTOB HAXOJMUTCS AaNIPOKCUMHUPYIOIIAsi MOBEPXHOCTh BTOPOTO
MopsiJiKa P(Z)(X,y), UMEIOIasi MUHUMAaJIbHBIE OTKJIOHEHUS OT UCXOIHOMN
byukuun Z = f(X,y), 1 3aTeM JaHHAS IOBEPXHOCTH BHIUUTAETCS U3 HC-
xoaH0r0 C3M u300pakeHus:

Zij=2; - R, (4)

Eme oauH THIT MCKa)KEHUM CBA3aH C HEJIMHEMHOCTBIO U HEOPTO-
TOHAJIBHOCTHIO MEPEMENICHUN CKaHepa B IIOCKOCTH X, Y. DTO NpH-
BOJUT K UCKAKEHUIO TEOMETPUYECKUX MPOMOPUUN B Pa3IMYHBIX Yac-
Tax C3M u3o00paxeHus NOBEPXHOCTU. [l yCTpaHEHHUs TaKMX HCKa-
KEHUU TTPOU3BOJAT Tpoleaypy koppekiuu C3M uzobpaxeHuit ¢ mo-
MoIIbIO (haitsia KOA(PPUIHUEHTOB KOPPEKIINHU, KOTOPBII CO3AAETCs PH
CKaHUPOBAHUHU KOHKPETHBIM CKaHEPOM TECTOBBIX CTPYKTYP C XOPOLIO
U3BECTHBIM PesibehoM.

Dduavmpayusa C3M uzobpadiceHull

[ymbl anmapatypsl (B OCHOBHOM HTO IIyMbl BBICOKOYYBCTBH-
TEIbHBIX BXOIHBIX YCHJIMTENCH), HECTAaOWIBHOCTU KOHTAKTa 30H/I-
oOpasell Mpyu CKaHUPOBAHUU, BHEIIIHUE aKyCTHUUECKHUE IITyMbl U BUOpa-
MU TPUBOJAT K ToMmy, uyTo C3M u300paskeHus, Hapsay C TOJIE3HON
uHdopmaIren, UMEIOT IIYMOBYIO COCTaBIISIONIYI0. YaCTHYHO MIyMBI
C3M wu300pakeHnit MOT'YT OBITh YAAJICHBI IPOrPAMMHBIMU CPEJICTBAMHU.



MeduaHHas puabmpayus

Xopormme pe3yiabTaThl MPU YAAJICHUH BBICOKOYACTOTHBIX CITY-
yaiiHpIX moMeX B C3M kajapax maeT MeamaHHas QribTpaiys. To He-
JUHEWHBIN MeTOoJl 00pabOTKH M300pakeHUM, CYTh KOTOPOTO MOKHO
MOSICHUTh CIIeAYyIOIUM o0pa3oM. BeiOupaercs padouee OKHO (PUIbT-
pa, cocrosmee U3 NXN TodeK (1T OMpPEaeICHHOCTH BO3bMEM OKHO
3x3, T. . cogepxkaiiee 9 Touek (puc. 5).

® & & & & & & & 9 =& @
2 & & 2 @ & @ = 2 @ @
® & & & @& & @ 2 2 = @
a ®» » &# ® & & & & @ @
a & & &# ® & @& 8 @& @& @
® & & & (& & 9 & @ @ @
a & @& & (@ & & & & @ @
s & & 9 (& & @ = @ @& @
a & @ & @& & & 8 & @ @
2 & & & & @& @ & ° & @
* & & & @ @& @ @2 92 @& @®

Puc. 5. [Ipunnun paboTsl MeTMaHHOTO (PUIBTPA C OKHOM 3%3

B npouecce ¢unabTpanyi 370 OKHO MEpEMElaeTcs Mo Kajapy OT
TOYKHU K TOYKE, U MIPOU3BOJUTCSA CIICIYIONIAs Mpoleaypa. 3HAaUCHUs aM-
wintyiel C3M n300pakeHusi B TOUKaX JaHHOTO OKHA BBICTPAUBAIOTCS
[0 BO3pACTaHUIO, U 3HAUEHHUE, CTOALIEE B LIEHTPE OTCOPTUPOBAHHOIO
psijia, 3aHOCUTCS B IICHTPAJIbHYIO TOUYKY OKHA. 3aTEM OKHO C/IBUTAeTCs B
CIICAYIOUIYI0 TOUYKY, W MpPOLEAypa COPTHUPOBKU MOBTOpsETCs. Takum
00pa3oM, MOILIHBIE CIIy4aiiHble BBIOPOCHI M TIPOBANIBI IIPH TAKOW COPTH-
POBKE BCETJ]a OKa3bIBAIOTCA Ha KPal0 COPTUPYEMOT0 MacCcuBa U HE BOM-
IyT B UTOTOBOE (OTPUIBTPOBAHHOE) U300PAKEHHUE. 3aMETUM, UTO TIPU
Takol 00pabOTKe MO KpasiM KaJipa OCcTaloTcsl HeUIbTPOBAaHHBIE O0JIac-
TH, KOTOPBIE OTOPACHIBAIOTCS B KOHEUHOM M300paKEHUU.

YcpedHenue no cmpokam

[Iponiecc ckaHMpOBaHUSI TIOBEPXHOCTH B CKAHUPYIOIIEM 30HI0BOM
MUKPOCKOIIE MPOUCXOJUT TaKUM OOpa3oM, YTO 4YacTOTa PErucTpalvu
uH(pOopMaIMK B CTPOKE CHIIBHO (TI0 KpaitHeut mepe, B 100 pa3) oriuyaert-
Cs1 OT YaCTOThI PETUCTPALIMU CTPOK. ITO MPUBOAUT K TOMY, UTO BBICOKO-
YaCTOTHBIE LIYMbI COAEpPkKATCd B OCHOBHOM B cTpokax C3M m3o0paxke-
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HUS, 2 HU3KOYACTOTHBIC IIYMbl U3MEHSIOT MOJIOKEHUE CTPOK OTHOCH-
TEJBHO JIpyT apyra. Kpome Toro, 4acto BO Bpemsi CKAaHHUPOBAHUS HU3ME-
HSIETCSI PACCTOSIHUE 30HA-00pa3el] BCICACTBUE MHUKPOJIBIKEHUM B dJie-
MEHTaX KOHCTPYKIIMM U3MEPUTEIHHON TOJIOBKM MUKPOCKONA WK BCIE-
CTBHC M3MCHCHHS COCTOSIHHS pabodeil yacTH 30H7a (HaIpuMep, 3axBara
KOHYMKOM 30H]1a MUKPOYACTHUIIHI C TIOBEPXHOCTH U JP.). ITO MPUBOJIUT K
ToMy, 4T0 Ha C3M H300pakKeHUU MOSBIISIFOTCS CTYNEHBKH, Mapaslieiib-
HbIC HANpaBJICHUIO CKAHUPOBAHWS, CBSI3aHHBIE CO CMEIIEHUEM OIHOMN
gactr C3M Kaapa OTHOCUTEIIBHO Apyroii (puc. 6 (a)). M36aBuThCs OT Ta-
kux nedextoB C3M n300pakeHUN MOYKHO C TIOMOIIBIO TTPOLIEYPhI BbI-
paBHMBAHUA KajJpa 10 CTpOKaM. B KaX1ou CTpOKe CKaHUPOBAHUS HAXO-

TUTCS CpeHee 3HaUeHUE pebeda:
= 1
Zj = =i ()
|
A 3aTeM U3 3HAYEHHUH B KaXJOH CTPOKE KaJpa BHIUUTAIOTCA COOT-
BETCTBYIOIIINE CPETHUE 3HAUYCHUS:

Zij =Zij = Zj, (6)
TAaK 4TO B HOBOM KaJIpe B KaKIOW CTPOKE CpefHee OyIeT PaBHO HYJIIO.
910 IMPUBOJAUT K TOMY, YTO CTYIICHbKH, CBA3AHHBLIC C PC3KUMH H3MC-
HEHUSAMH CPEIHEro 3Ha4eHHs B CTPOKax, OyAyT yIajeHbl M3 Kaipa.

Ha puc. 6 npeacraBieH pe3yabTaT BbIpaBHUBAHUS 10 CTPOKAM peaib-
HOoro C3M n300pakeHHs] HOBEPXHOCTH.

R G

38 2

ﬂo

208

28
166
18

a 1 2 uM

b)

Puc. 6. C3M n300paxeHuss TOBEPXHOCTH 0Opasiia
(a) — mo ycpenHeHus 1Mo cTpokam; (0) — mocie ycpeaHeHUsI
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Pypve-huavmpayua C3M uzobparceHull

OnHUM U3 MOIIHBIX METOJI0B Koppekiuu C3M n300pakeHuil sB-
JsieTCa CIEKTpaibHas (QuiIbTpalus Ha OCHOBE mpeoOpa3zoBanuii Dy-
pbe. Kak n3BecTHO, Mr00ast GyHKIMS MOKET ObITh MPE/ICTaBICHA B BU-
ne unrerpana @ypoe. B ciiyuae C3M kanpa nipeodpazoBanue Dypbe
MPOU3BOJUTCA HaJ JUCKpEeTHbIMU BenuuumHamu. Dypbe-00pa3 1o-
BEPXHOCTH MOXXHO TOJIYUYUTh MO CIEAYIOIIUM (opmyinam (depe3 v

0003HaucHA MHUMAs eauHUIa ~ —1):

1 a-i ,B-jj
F s=——7F32Z;exp| 2zv| —+— | |. 7
af NZ% ] p|: ( N N :| ( )
CoOTBETCTBEHHO 00OpaTHOE Hpeo6pa3OBaHHe dypsbe:
B Jj
exp| —2zv —+— 8
“2Fy p[ 7 ( TN ®)

[Ipn (I)ypbe-(bnanpauHH MPOU3BOJIATCS MPEeoOpa3oBaHUsl HaJ
IIPOCTPAHCTBEHHBIM CIIEKTPOM IMOBepxHOCTH. [IpeoOpa3zoBanHbIil Dy-
pbe-o0pa3 MOBEPXHOCTH MOXKHO 3aMHCATh B BUJIC:

F.p=F.p Hup, 9)
rae Hyp mpencrabiser coboi CHEKTpanbHy0 (YHKLIHUIO IPUME-
Haemoro ¢unbtpa. Torma oTuUIbTpOBaHHOE M300pa)KEHHE MOJTyda-

eTCsl B pe3yjpTare oOpaTtHoro mpeodpazoBanus Dypbe s 0Opado-
TAHHOT'O CIIEKTPa MOBEPXHOCTH:

Haunbonee paCHpOCTpaHeHHBIMI/I ABJISIIOTCS. (PUIIBTPHI HUBKUX U
BBICOKHUX YaCTOT C KPYTOBBIMHU U KBaJApaTHHIMH OKHaMu. JIjist puiIbT-
POB HU3KHUX YAaCTOT CHEKTPAIbHbIE (YHKIIUU (PUIBTPOB OMPEIACIAIOT-

Ci4 B BUJIC.
Hcﬁ 1 mst \/052+,BZSR (11)
:0 TUTSI \/a2+ﬂ2 >R (12)
;‘y =1 s Va? < ANB2 <A (13)
HE =0 s Va? > A% > A, (14)
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rje BeJIM4rHbl R 1 A mpenctaBiasioT coO0H COOTBETCTBEHHO pa-
JWYC KPYroBOTO M pa3Mep KBaJpaTHOIO OKHa (PYyHKIUHM (PUIbTpA.
[To anamoruu st GHIIBTPa BHICOKMX YaCTOT HMEEM:

Ho% =1 nns \Ja® + 5% 2R (15)
H;iﬁr»:O s + B2 <R (16)
H =1 i Va2 = A B2 2 A (17)
HSI =0 i Va? < Ay B2 <A, (18)

JIist ycTpaHeHusT HexenaTeNbHBIX 3()PEKTOB, CBA3aHHBIX C pe3-
KM H3MEHEHHMEM CIEKTpaJbHOW (DYHKIMKM Ha Kparo QuibTpa U Ha
rpaHulaxX Kajapa, TPUMEHSIOT PUILTPHI ¢ 00JIEe CIOKHON CIEKTpaib-
HOUl (yHkumert. Ha ocHoBe Dypbe-oOpaza MOXKHO pacCUMTaTb P
TIOJIE3HBIX XapaKTEPUCTHUK IMOBEPXHOCTH. B 4acTHOCTH, CIIeKTpasibHAS
MJIOTHOCTh MOIIHOCTH OTIPEIEIISICTCS B BUJIC

Sap = ‘Faﬂ‘z = FopFop (19)
[Tone3Ho Takke ykazaTh GOpMYJIbI sl pacdeTa aBTOKOPPEIISIIH-
OHHOM (PYHKIIUM MOBEPXHOCTH:
. : :
Cij = Z Faﬂ Fa,B eXp ZEV(%I + %) . (20)
1

Takum oOpa3oM, CTaHIAPTHOE MPOTrpaMMHOE OOECIeYeHUEe 30H-
JIOBBIX MUKPOCKOIIOB BKJIIOYAET B €05l IOCTATOYHO IIUPOKUNA HAOOP
CpPEICTB MO BU3yam3aluu U oopadbotke C3M panHwiXx. Kpome Toro,
MU300paKeHNs, MOJyUYEeHHbIC HA CKAaHUPYIOIIEM 30HJI0BOM MHKPOCKO-
e, MOr'yT OBITh COXPAaHEHBI B OJHOM U3 rpaduyeckux (opmMaToB, UYTO
MO3BOJISIET MCHOJIB30BaTh JOMOJHUTENBHBIE BO3MOXHOCTH, TPEIOC-
TaBJIIEMbIC COBPEMEHHBIMH ITaKeTaMH KOMITBIOTEPHBIX MPOTPaMM I10

00palbOTKe U KOPPEKIIUU U300pAKEHUM.

dusndyeckKkue OCHOBBI
PaGOTHI TYHHEJIbHbIX MUKPOCKOIIOB

HNcropruuecku MepBbIM B CEMEMCTBE 30HAOBBIX MHUKPOCKOIIOB
MOSIBUJICSL CKAHUPYIOLIUNA TYHHEIbHBIM MUKPOCKOIL. [IpuHImn paboTh
CTM ocHOBaH Ha SABJICHUU TYHHEIUPOBAHUSI HJIEKTPOHOB UEpPE3 Y3KUHI
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NOTEHIUATILHBINA Oapbep MEXAY METALIMYECKUM 30HJIOM U MPOBOIS-
UM 00pa3IioM BO BHEITHEM 3JIEKTPUUYECKOM TOJIE.

B kauectBe 30812 B CTM mucnonp3yercss oCTpo 3aTOYEHHAsT Me-
Tammyeckas wuria. llpenenbHOE MPOCTPAHCTBEHHOE pPAa3pElICHUE
CTM omnpenensercss B OCHOBHOM PaguyCcoM 3aKpyTrieHus ocTpust (Ko-
TOPOE MOKET JOCTUTaTh JOJIE HAHOMETPA) U €r0 MEXAHUYECKOH Ke-
CTKOCThIO. Ecnym MexaHumueckas KECTKOCTb B IPOJOJIBHOM M MOIE-
PEYHOM HAMNPABIICHUAX OKA3bIBAETCS JOCTATOYHO MAaJjOH, MEXaHHU-
YECKHE, TEIUIOBbIE M KBAaHTOBBIC (DIYKTyallUW HTJBI MOTYT CYIIECT-
BEHHO yXyamuTh pazpemenne CTM. B kauecTBe maTepurana s 30H-
72 OOBIYHO UCIOJIB3YIOTCSI METAJUIbI C BBICOKOW TBEPAOCTHIO U XUMHU-
YECKOW CTOMKOCTHIO: BOJb(PpaM WM MJIaTHHA.

['maBHOM 4aCThIO MUKPOCKOIIA SIBJISIETCSI CEHCOP C BBICOKUM MPO-
CTPAHCTBEHHBIM pa3pelieHuEeM. ITU CEHCOPbhl OOBIYHO MO3BOJISIOT
U3MepSITh paccTosiHus ¢ TOUHOCTHIO 0,01 HM. TyHHEIBHBIN ceHcop (

Puc. 7) uzMepseT TOK, MPOTEKAIOUIUA MEXKIY METaUIMYECKUM
OCTPUEM U 00pa3IOM.

[Ipenycunurens
ROC
Vour
—
! s}

Puc. 7. Cxema TyHHEIBHOTO CEHCOpa

OdHoMepHas Modes1b NPOMeKAHUSA MYHHe/AbHO20 MoKa

[IpenmosnokuM, 9To 00pasell — CIUIONIHAS AJISKTPOITPOBOISAIIAS Cpe-
7a ¥ K €ro CBOOOHOM MOBEPXHOCTH Ha paccrosaue S ~ 0,2+0,3 am mo-
BEJICHO METANIMYECKOE OCTpPHE, 3aKaHYMBAIOIICECS OJHUM aTOMOM.
DHepreTuyeckas quarpaMMa TyYHHETBHOTO KOHTaKTa JBYX MPOBOIHU-
KOB TI0Ka3aHa Ha puc. 8.



Baxyym

/ A\
X X
EC] - | S - EC2
l/’:Ae’.kz n//:Be—lq s -

Puc. 8. 3onnas nuarpamma TyHHEIIBHOTO KOHTaKTa
JIBYX TIPOBOJIHUKOB M OTHOAOIIHE BOJIHOBBIC (DYHKIIUU DJICKTPOHOB
B MeTaJlJie U B 0apbepe B MpuOImkeHnn 3PEeKTUBHON MacChl

[Tpu npunoxxennu pazHoctu noreHnuaioB V~ 0,1 + 1 B mMexnay
o0pa3IloM U OCTpHEM B IEMU MOSBUTCA TOK, OOYCIIOBJIICHHBIN TYH-
HeNbHBIM 3 PekToM. BEepoSITHOCTh TYHHEIUPOBAHUSI B KBa3UKJIACCH-
YECKOM MPUOIMKEHUH 10 TOPSJIKY BEJTUUUHBI

2
T =exp —%S\/ZmX , (21)

rae X — xapakTepHasi paboTa Bbixoaa ~5 9B, m ~ 10’ r — macca
AJIEKTPOHA MPOBOJUMOCTH, 7 — IMOCTOsSIHHAs [lnaHka. YuyuTtbiBas sKc-
TOHCHITMAIBHYIO 3aBUCUMOCTH T (S), JUTsl OIICHKH TYHHEJIBHOTO TOKa |
OyJleM cUuTaTh, YTO OH IIEJIMKOM MPOXOJIUT YEpe3 CaMbli KOHUMK
OCTpUs, T. €. TUIOIIA/Ib TYHHEJILHOTO KOHTaKkTa R ~ 10 em?, [TpunsB
IJIOTHOCTH 3JIEKTPOHOB MTPOBOJIUMOCTH P ~ 10% cM™/B u ux CKOpPOCTh

vV~ 10° cm/c, oIy qrM OLEHKY TYHHEIBHOTO TOKa
| ~eovRTV =1+10 4, (22)

T. €. BIIOJIHE U3MEPUMYIO BeMunHy. B cootBeTcTBHM ¢ (21) mpu yBemm-
YEHHUH 3a30pa TOK SKCIMOHEHIMAIBHO YMEHBILAETCS TPUMEPHO Ha MOps-
JIOK Ha KaXX]IbI aHTCTPEM NEPEMEIICHUS OCTPHS IO HOPMAITHA K 00pasiLy.

M3 3tux oueHok noHsTHa padora CTM npu uzydenuu tonorpaduu
NOBEPXHOCTH MTPOBOAHUKOB: IIyCTh OCTPUE YKPEIUIEHO HA MbE303JIEMEH-
T€, U3MEHSIOIIEM CBOM pa3Mephl IMOJ BO3JICHCTBHEM YMPABISIOLIETO
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HaINpsDKCHHS B Ien 00paTHO# cBsizu V. (puc. 1). Eciau Terneps noasec-
TH €ro K o0paslly Ha pacCTosiHHEe, 00ecleunBarollee MpoTeKaHue TyH-
HEJIBHOTO TOKa |, U CKaHUPOBATh BMOJb MOBEPXHOCTH, MOIACPKUBAS
CHUCTEMOM 00paTHOM CBSI3M MOCTOSHCTBO ToKa | (Tak Ha3bIBaEMBIN pe-
UM TIOCTOSIHHOTO TYHHEJIBHOTO TOKa), TO 3aBHCUMOCTh V. (X, Y) oT-
pakaeT penbed MOBEPXHOCTH, €CIIU €€ DJICKTPOHHBIE CBOWCTBA (T. €. pa-
00Ta BbIX0O/1a) OJHOPO/IHBI.

MHozomepHble Modeau npomeKaHusi MyHHe/AbHO20 MOKa.
Iloayyenue CTM u3o6padiceHus

B npubnuxeHun Teopuu BO3MYIICHUN TYHHEJBbHBIM TOK 4depe3
MPOMEXYTOK MEXITY 00pa3oM U 30HJ0M MOXKHO 3alMCaTh Kak

| =me/n)Y fEN-f(E, +eV)M, [ S(E,~E,), (23)

rne f(E) — dynxuus pacnpenenenns ®epmu, Er — sneprus dep-
MH, €V — NPUII0KEHHOE HanpshKeHne, M, — TYHHEIbHBIA MaTPUYHbII
SJIEMEHT MEX/y HEBO3MYIIICHHBIMH COCTOSIHHSIMH 1/, 30HIA U ¥/, I10-
BEPXHOCTH, E, — SHEprus cocTosHus i, B OTCYTCTBHE TYHHEIUPOBA-
Hus. B npejnene ManbIX HaOpsKEHWH M TEMIEPATYp ATO BBIPAKEHUE
MOKET OBITH YIIPOIICHO:

| =(276° IRV Y M,
uv

"5(E, ~E.)S(E, —E) (24)

B npuOnmxeHUu CHUHTYJISIPHOTO TOYEYHOI'O 30HJa BOJHOBAs
(GYHKIMS 30Ha OTHOCUTEIBHO JOKAIN30BaHa U MATPUYHBIN 3JIEMEHT
M,,, IPOCTO NPONOPIUHMOHAIEH AMILJIMTY 1€ BOJHOBOW (QyHKIMH 00pas-
11a i/, B IOJIOKEHUU I, 30H1a. B 3TOM mpuOImkeHnr TYHHEIbHBIN TOK
MOYET OBITh 3aIlliCaH KaK

e 3l () O(E, ) = p(1, Er), (25)

rie p(ro, EF) — MokambHas MOBEPXHOCTHAS IUIOTHOCTH COCTOSIHUM
Ha ypoBHe depMH B TOYKE PACIIOIOKEHHUS 30HIa. TakuM oOpa3oM, B
IPUOJIMIKCHUM TOYCYHOTO 30H1a MOKHO cKa3arh, 4To CTM 3010 ocu-
baem noepxHOCmb PAGHOU NIIOMHOCHU COCMOSHULL.

MakcuMaabHOE pa3peliecHue B TNIOCKOCTH X-Y OMPEIENsIeTCs, TPexk-
JI€ BCEro, TOYHOCTHIO ITO3WITMOHUPOBAHUS 30HIA. BakHOe 3HaueHHE
UMEET TeOMEeTpHs OCTpus 30HIa. IIpyu CKaHMPOBAaHUM IPEICIIHHO ILIO-
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CKUX (aTOMHO-TUIOCKMX) TOBEPXHOCTEH pa3pelieHue JIUMUTUPYETCS
JTMaMETPOM aToMa Ha CaMOM KOHIIE UIJIbI (TaK Ha3bIBaeMbIN 3(PPEKT mo-
cieaHero atoma, puc.9). Takum oOpa3om, i OLIEHKH MPEISIbHOTO
paspelieHus MOXKHO TMPHUHATh, YTO TYHHEJIUPOBAHUE IPOUCXOAUT C
€IMHCTBEHHOr0 aroMa. MakpocKonmu4Yeckas TeOMETpHUs 30HJa He
SIBJISIETCSI OMPEACIISIONICH /I aTOMHOTO Pa3peIICHHUS.

30H

99 % Toka

IToBepxHOCTE 0Opasna

Puc. 9. Pacnipenenenue mioTHOCTH TYHHEIBHOTO TOKA
MeXy oopasnoM u nupamuganbHeIM CTM 30H10M

OpnHako, Kak IOKa3aJld YWCJIEHHBIE PacyeThl, HA MOBEPXHOCTHU
oOpasiia MOXKHO pa3/ielIbHO HAOMI0AAaTh TOJBKO aTOMbI, Pa3HECEHHBIE
He MeHee yeMm Ha ~0,4 HMm. [loaToMy 1OCTHMXKEHHE aTOMHOTrO pa3penie-
HUS Ha TJIOTHOYNAKOBAHHBIX HEPEKOHCTPYUPOBAHHBIX MOBEPXHOCTSIX
JaKe C MOMOILBIO 30HJa C OJHMM aTOMOM Ha KOHIIE TEOPETHUYECKHU
HEBO3MOXHO. OJTHAKO JJIsI pEKOHCTPYUPOBAHHBIX MTOBEPXHOCTEM, KO-
I/1a PACCTOSIHUE MEKy aTOMaMH BEPXHETO CIJIOS MOYKET 3aMETHO Ipe-
BBIIIATh MEXIIJIOCKOCTHOE pAacCTOSAHHE B OOBEME KpHUCTAIlIa, pas-
NEIbHOE HAOIIOAEHUE ATOMOB BIIOJIHE BO3MOKHO.

[Tpu BBISIBIEHUM CPABHUTEIBHO OOJIBILIMX F€OMETPHUUECKUX JeTa-
Jel Ka4ecTBO M300pakeHH onpeaenseTcs reomerpuei octpus. Kpu-
TUYECKUMU SIBJSIOTCS CIEAYIOUIME MapaMETPhl: painyC 3aKpyIJICHUS
KOHIIa MBI I U oTHOIIeHne acniekta A; = L/W (oTHOIICHHE BBICOTHI
30H/1a K quameTpy ocHoBaHwus) (puc. 10, 11).
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vl

H3zo0bpaxcenue

Vi

H anpaejieHue CKAHUPOBGAHUA

Puc. 10. Vckaxxenue nzo0paxeHus npoduiis MOBEPXHOCTU
BCJIC/ICTBHE KOHEYHOU BEJIMYMHBI OTHOIICHHUS aCTIIEKTa
U pajinyca 3aKpyTJICHUS OCTPHUSI

w

&
<

h 4

Puc. 11. TTapameTpsl reoMeTpun 30H1a

Pesicumbl NOCMOSIHHO20 MOKA U NOCMOSIHHOTU 8bICOMb

N3o0paxenue penbeda noepxHoct B CTM dbopmupyeTcst ABy-
mst Mmetogamu (puc. 12). [To MeToay MOCTOSTHHOTO TYHHEIHHOTO TOKa
30H] MEpEMEIIAaeTCsl BIOJIb MOBEPXHOCTH, OCYIIECTBISASL PACTPOBOE
CKaHUPOBAHUE; NPU 3TOM H3MEHEHUE HANPSOKEHUs Ha Z-3JEKTPOAC
bE303JIEMEHTA B LI OOpaTHOM CBs3U (C OOJBIION TOYHOCTHIO TO-
BTOpsIOIIEe pesibed MOBEPXHOCTH 00pasiia) 3alMChIBACTCA B MaMsTh
KoMmmbioTepa B Buie ¢pyHkimu Z = f (X,y), a 3aTeM BOCIIPOU3BOIUTCS
CpelCcTBaMU KOMIBIOTEPHON IpapuKH.

AJNbTEpHAaTUBHBIN METOJ PETUCTPALIMHI, TPUMEHUMBIA TIPU UCCIIE-
JOBaHUMU MaJbIX JIOCTATOYHO IUIOCKHX Yy4YaCTKOB, — paboTa B peKHUME
C OYEHb OOJBIION MOCTOSHHOW BPEMEHM LIEMU OOpAaTHOM CBSI3U, TaK
YTO MPH CKAHHUPOBAHUM MOJAJIEPKUBAETCS CPEOHEE PACCTOSHUE OCT-
pue — o0pa3eln U perucTpupyroTcsi ObICTpble U3MEHEHHSI TYHHEJIBHOTO
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TOKa («TOKOBOE H300pakeHue»). ITOT CcHoco0 MO3BOJSET MAaKCH-
MajbHO MCIOJIb30BaTh OBICTPOJCHCTBHE CUCTEMBI PETHCTPAIIMH U T10-
JTy4aTh U300paKEHUSI «B PEAIbHOM BPEMEHNY.

3omno TyHHenvHbIIl MoK

Tpaexmopua 08uUHCeHUA 30HOA

~ L

Iloeepxnocms obpasya (a)

3omno 2
TynnenvHolil mox

Tpaexmopus dgudicerua 30H0a

R W W W o

IToeepxrnocms obpasya (6)

Puc. 12. PexxuMbI TOCTOSTHHOM BBICOTHI ()
U TIOCTOSTHHOTO TOKa (0)

TyHHe./lea.H cnekmpockonus

TyHHenbHBIN 3PGEKT MUPOKO UCHOIB3YETCs B (DU3UKE TBEPIOTO
TeJa JUIsl CIIEKTPOCKOIIMU BJIEKTPOHHBIX COCTOSIHUM. B OCHOBE merona
JISKUT 3aBUCUMOCTb TYHHEJLHOIO TOKa OT 4YHCJa COCTOSHUM B 0Opa-
3YIOIIMX TYHHEJIbHBIM KOHTAKT MOJYIPOBOAHUKAX B UHTEPBAJIC SHEPIHM
ot 0 10 eV, orcuutbiBaeMbIX OT ypoBHs Pepmu Er (V — HanpspkeHue Ha
TyHHEJIbHOM npoMexyTke). st CTM Hago yuuThiBaTh KOOPJIUHATHYIO
3aBUCUMOCTb TUIOTHOCTH COCTOSIHMM, Onarojiapsi KOTOpOW OTKPBIBAETCS
BO3MOXKHOCTb NPOBEACHUS CKAaHUPYIOLIECH TYHHEJIbHOW CIIEKTPOCKOIUHU
C BBICOKHMM ITPOCTPAHCTBEHHBIM Pa3pPEIICHUEM.

[Ipu BBINOJHEHUH CIIEKTPOCKOMUYECKUX UCCIEAOBAaHUMN HA MOJY-
IIPOBOJIHUKOBBIX 00pa3liax MpUII0OKEHHOE HampshkeHne V 0ObIYHO MOo-
psaaka 1-2 B, uro He sBseTcst MasibiM B cpaBHeHHH ¢ KT (26 M3B nipn
KOMHATHOM TEeMIIepaType), MO3TOMY BbIpakeHHE (24) He BIIOJIHE
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CIpaBeJINBO. B 3TOM ciydyae TyHHEIbHBIM TOK B (DMKCHUPOBAHHOMU

TOYKeE I'y HaJ1 HOBEPXHOCTHIO PABEH:
Ep+eVv

1, V) e [dEp; (E +€V)pq (1, E)T (1, E,6V) (26)
Er
rae pr(E+eV) — II0THOCTh COCTOSIHMM, CBSI3aHHAsl C aTOMOM 30H-
ma, ps(ro,E) — mmoTHOoCcTh cocrosHME  oOpasua mpu by,
T(r,,E,eV) =e*® — BepOSTHOCTh TYHHEIIMPOBAHHMS IJICKTpOHA. 31ech K

— KOHCTaHTa 3aTyXaHus B Bakyyme, S(I,) — paccTosiHAE TUIT-00pa3ell.

Takum 00pa3om, TYHHENIbHBIA TOK MPEACTABISIET COOOM CBEPTKY
IUIOTHOCTH COCTOSIHMM 30HIa M oOpasna. OJHaKo, Kak MpaBUjo, CO-
CTOSTHHS 00pa3iia JOMUHHUPYIOT B CIEKTPE. B MpeanoioxkeHuu mocTo-
STHCTBA TJIOTHOCTH COCTOSIHUH 30H]1a M3MEHEHHE TYHHEJIBHOTO TOKaA C
HAIPSHDKCHHEM MOXKET OBITh IOJYyYeHO JU(PEpeHIIMPOBAHUEM BbIpa-
xeHust (26):

dI/dV cepg (eV)T (eV,eV)+e jps(E)d( ) f(E.ev)dE, (27)
KOTOPOE MOKET OBITh HOPMAJIM30BAHO

(V)+eE\J/' ps(E) 4 g vy gE

di/dv IT(eV.ev) d(ev)
N 16} ) TE) (28)
Ps T(eV,eV)

B 3TOoM BBIpa)XKeHMH TEPBBIA YJIEH — 3TO MOBEPXHOCTHAS TUIOT-
HOCTb COCTOSIHUI 00pa3lia, BTOPOM 4WieH NMOSBIsAETCS Oyiaroaapst 3aBu-
CUMOCTH KO3(D(PUIlMEeHTa TYHHETUPOBAHHUS OT HAIIPSKECHMUS.

Ecnu cunrtath, 4TO SHEPreTUUECKUI CIIEKTp MaTepualia OCTpUs He
COJIEP’KUT OCOOEHHOCTEHN IUIOTHOCTH COCTOSIHWM, TO Aud@epeHuu-

ajbHasi IPOBOJAUMOCTb
dl ~

d—vzp«,Y,EF +eV T €.eV . (29)

OCOOEHHOCTH B TUIOTHOCTH COCTOSIHMIM MaTepHuajia OCTPHUs Tak jKe

OTPaXKalOTCsl Ha MPOBOJUMOCTH, HO B HEKOTOPBIX CITydasix, HalpuMep

JUIsl apbl BOJb(pam — MOTyIpOBOAHUK, HAMOOJIEE UHTEPECHBIE OCO-

OCHHOCTU B CIIEKTPE OOBEMHBIX WJIM MOBEPXHOCTHBIX COCTOSHUN TO-

JYyIPOBOJHUKA JIeKAT OpU 3HEPTrusix ~ Egp =1-2 3B, rae mioTHOCTH

COCTOSIHUM BOJIb(hpamMa HE UMEET OCOOCHHOCTEMN.
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CTM wuzo0OpakeHHe MOBEPXHOCTU CYIIECTBEHHO 3aBUCUT OT Be-
JVYHAHBI U TMOJISIPHOCTH MPHUJIOKEHHOTO K TYHHEJIbHOMY KOHTAKTY Ha-
NpsiKEHUs. DTO CBSI3aHO C OCOOCHHOCTSAMH TYHHEJIHMPOBAHMS DJICK-
TPOHOB M3 UTJIbI B CBOOOJHBIC COCTOSIHUS 00pa3la WM U3 3arOoJHEH-
HBIX COCTOSIHHI 00pa3ia B uriy (puc. 13).

p(E)

Ceob00roe cocmosHue / — — E
Ee < 52

Er - g

/////\\ o Er

3anonxentoe cocmosHue %
+

Ey

Puc. 13. TynHenupoBaHue MexX 1y CBOOOTHBIMU
¥ 3aII0JTHEHHBIMU COCTOSTHUSIMU

V-modyaayus
B METOAC V-MOI[}’JIHI_IHI/I IMOMHUMO ITIOCTOAHHOI'O HAIIPSIKCHHUA
cMenieHns V- K TyHHEIbHOMY KOHTAKTy MPHUKJIAJbIBACTCS Majoe Ie-

peMenHoe Hanpspkenue V.. [lepemenHas yacTh TyHHEIBHOTO TOKA:
|~:£och(,Y,EF+eV::_ (30)
dv
[Ipu 3TOM OOpaTHast CBSI3b JEPKUTCS HA MOCTOSTHHOM CUTHAJe, a
nepeMeHHasi COCTaBIISIONIAs TYHHEJIBHOTO TOKAa MCIOIB3YEeTCS st
GbOopMUpPOBaHUS CHEKTPOCKOMUYECKOT0 M300pakeHus. Takum oOpa-
30M, OJITHOBPEMEHHO C U3MEPEHUEM TOIOTrpaduu BO3MOKHO TOMOTpa-

(rpoBaHUE TOKATLHOMN MJIOTHOCTH COCTOSIHUM.

Z-Mooyasayus
Bapuanuu paboTel BbIXoja, BOOOIe TOBOpsI, MPUBEAYT K HCKa-
KEHUSM KapTUHBI, KOTOPBIC, TIpaBa, Majbl U COCTABIISAIOT €IUHUIIBI
aHTCTpEM IpU U3MeHeHnH V B pasymHbIX mnpenenax (2 + 5 3B). K To-
MY € B MPUHILIUAIE UX MOXHO y4€CTh, U3MEPUB B TOM K€ CAMOM JKC-
nepuMeHTe 3aBucuMocTh V (X, Y). JlJIg 3TOro paccTossHHE OCTpUC —
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oOpaszel] HaJ0 NMPOMOAYJIUPOBATh HA MAJIYIO BEJIMUYUHY O U U3MEPUTH
MIEPEMEHHYI0 KOMIIOHEHTY TYHHEJIBHOTO TOKa, aMIUJIUTY1a KOTOPOM:

I~=IngIT/dZ:IT%\/2mV. (31)

TakuM 00pa3oM, BO3MOXKHO HE TOJIbKO HU3MEPSITh Tororpaduio,
HO W pa3liensaTh O0JacTHU Pa3sHOrO COCTaBa, Pa3IMYarONIMECs 3Haye-
HUSAMH paOOThI BBIXOA.

Memooduku uzzcomosasaeHuss CTM 30Hdo8

N3roroBnenue uri Ayt CTM MOXKET OCYIIECTBIISITHCS MyTEM Me-
XaHUYECKOU, XUMUUYECKON WIIM JIEKTPOXUMHUUECKON 00paboTku. s
UCCJIEOBAaHUA ATOMHO-TUIOCKMX IOBEPXHOCTEH MAaKpOCKOMUYEcKas
TEOMETPHUS 30HIA HE BaXKHA, IOATOMY 3a0CTPEHHUE TIPOBOJIOKH OCYIIIE-
CTBJISIETCS IyTEeM €€ 00pe3aHus o1 yriioM 45 rpagaycos.

XUMHUYECKOE U AeKTpoxumuieckoe uzrorosieHue CTM 30H70B
OepeT CBOE Hadalio OT IOJICBOM MOHHON MHUKPOCKOIHH, TJIe¢ HEOO0XO-
JUMBI UTOJIbYAThIE 00Pa3IbI-AMUTTEPHI C PANYCOM KPUBU3HBI OCTPUI
10°-107 M. OueHp OCTPBIC MIVIBI HONYUYAIOTCS MYTEM HJICKTPOXHMH-
YECKOT0 TPaBJICHHSI TOHKOW MPOBOJIOKU (quameTpoMm ~ 0,2 Mm) B 1iie-
nounoM pactBope (1- unu 0,5-monsipubiid BogHbIN pacTBop KOH nnu
NaOH) mpu Bo3aeiicTBUM EpeMEHHOTO HanpsbkeHus. B kauecTBe Ma-
Tepualia IJis BTOPOTO 3JIEKTPOa MPU 3TOM HUCIOIB3YETCS MaJUIaIAM.
TpaBneHre NpPOUCXOIUT TOBOJBHO OJHOPOJHO IO BCEM MOBEPXHOCTH
NOTPYKEHHON YacTH MPOBOJIOYKH, 33 MCKIIOYEHUEM MEHHUCKa Ha IO-
BEPXHOCTH PacTBOpA, IJI€ TpaBJICHUE UIET ObIcTpee. B utore B oOmac-
TH MEHHUCKa 00pa3yeTcsl TOHKas MIeHKa, U HUXKHSASI YaCTh MPOBOJIOYKHU
OTBAJIMBAETCS. DJIEKTPOHHO-MHUKPOCKOMUYECKOE H300pakKeHUE KOH-
YyKa WIJIbI, MOJYYEHHOW TaKuM CIIOCOOOM, MOKa3aHO Ha puc. l4a.
JInst monydeHus: Uri ¢ MajablM PaJUyCOM OCTPHUSI B COYETAHHHU C HUX
BBICOKOW MEXaHMYECKOM KECTKOCThIO OblIIa pa3paboTaHa METOJUKa, B
OCHOBE KOTOPOM JI€KUT METOJ| CTYNEHYATON BBITSIKKH MPOBOJOYKU
IIPU DJIEKTPOXUMHUUECKOM TpaBiieHuu (puc. 140).
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Puc. 14. DneKTpOHHO-MHKPOCKOITMYECKUE N300paKeHUs
aeKTpoxuMudecku 3aoctpennoro CTM 3oH7aa

JJ1s1 OKOHYATEILHOM MOJATOTOBKY M OYMCTKH WIJIBI IO HavaJsia pa-
0601l CTM wurity MoxHO IPUOJIU3UTH K TOBEPXHOCTH oOpasia u Io-
JaTh Ha HEE HMMITYJIbC HampspDKeHUs. [Ipu CBEPXCHIIBHBIX DJEKTPHU-
YECKHUX TMOJSAX YMEHBIIAIOTCS MOTEHIIMAbHBIE Oaphephl, OMPEACIIsIIO-
IIMe Mepexo]l aTOMOB U3 OJHOTO MOBEPXHOCTHOTO COCTOSIHUSI B JIPY-
roe, 4TO MPUBOJIUT K BOZHHUKHOBEHHIO IMOBEPXHOCTHOTO U] dy3nOH-
HOTO MOTOKA aTOMOB U OYUCTKE WTJIbl. TakuM ke CrocoOoM yaeTcs
BOCCTaHaBIMBaTh nmoBepxHocTh CTM 30HAa TOCHE €ro COMPUKOCHO-
BEHHS C TIOBEPXHOCTHIO.

KoHcTpyKumna mukpockona CMM-2000

KOHC'mpyKuu.H c0/106KU MUKpOCKOna

Muxkpockon CMM-2000 coctout u3 TsxeEnoro (1.2 Kr) quroro Jja-
TYHHOT'O TEJIa — SIKOPS — CO CJIIOXKHBIMHU Ma3aMHU M YETHIPbMS BBICTYIIA-
MU, Ha KOTOPOM COOpaHa Mpelr3noHHasi KHHEMaTUKa MUKpockorna. M3-
32 BBICOKOW TEIUIONPOBOJHOCTH JIATYHU HA HEE BCErJa MPUXOIUTCS He-
OO0JIBIIION TIepena rpaiueHTa TeEMIIEpaTyp, YTO B COBOKYITHOCTH C IIEH-
TpPaJIbHOW CUMMETPUYHOCTBIO SIKOPSI M BCEH KOHCTPYKIIMM MUKPOCKOTIA
oOecrieunBaeT HU3KUM TemmneparypHblid apeid mo X u Y (e Oosee
1 am/rp.). XKECTKOCTH OTIUTOrO SKOpPS M €ro HEOOJBIINE pa3Mephl
(50 MM TIO BBICOTE) OTIPEACTISIOT BEICOKYIO YaCcTOTY €r0 OCHOBHOTO Me-
XaHu4yeckoro pesoHanca (8 kI'm), yto oOecreynBaeT HEBOCTIPUMMYH-
BOCTh MHUKPOCKOIIA K BHOpaIlisM 1 3ByKOBbIM Tomexam. Eciu ycraHo-
BUTb MUKPOCKOM Ha OTJEIBHOM CTOJHUKE, TO Ja)Ke 0€3 UCIOIb30BaAHMUS
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BCTPOECHHOM B MHKPOCKON BHOPOMOJIBECKM MHUKPOCKOI OOECIeUrBaET
pazpemieHue Ha ypoBHe 10 AHrcTpem.

B neHTpe BHYTpH K SKOPIO NPHUKPEIUIEH CKaHEp, MpPEICTaBIIs-
IOIHI OO0 TbE30TPYOKY ¢ pa3faeaEHHbIMU X-, Y- U Z-3JIEKTPOJaMHU
U BEpXHUM (IaHIEM, K KOTOPOMY IMPUKPYUYUBAETCS JAepKaTeib 00-
pasua ¢ oopasuoM. CkaHEp OCYIIECTBISIET CKAHHUPOBaHUE OOpa3loM
OTHOCUTEJIBHO MOJAOIIEHCs K TOBEPXHOCTU 00pa3la HUrie, B pe3yJib-
Tate yero ¢popmupyercs kaap. Mrina ykpemisiercs Ha CTOJMKE, a CTO-
JUK CTOWT Ha «OMOpax» — IIapUKax, BKICCHHBIX B BEpXHHUE (hIAHIIBI
TPEX MbE30TPYOOK, CTOALIMX HA IUIMHAPUYECKOM «moj3yHe». Cto-
JUKHA MOTYT CKOJIB3UTh IO IIApUKaM BOOK Ha 3 MM B Ka)KJIylO CTOpPO-
HY, T. K. UMEIOT CHHM3Yy IOJUPOBAHHbIE can(pUpOBBIE IUIACTUHKHU, KO-
TOPBIMH OHU CTOAT Ha mIapukax. [lepenBuraTth cTONMKK BOOK omepa-
TOp MOXET KakK BPY4YHYIO, Tak W TOuHbIMU Imaramu (0.1-2 MxMm) ot
KOMIIbIOTEPA, MOJAIOIIETO MPU 3TOM HAa CUCTEMY M3 TPEX MbE30TPY-
OOK ympaBisone HanpspkeHus. [lepeaBuras cToIuMKM, onepaTop Ta-
KM 00pa3oM OPUEHTHUPYET UIJTy Ha HYKHOE MECTO Ha oOpasue, BUAs
TOPU30HTAIBHO JIEXKAILYI0 IMOBEPXHOCTh OOpaslia M MOABOISIILYIOCS
cOOKy uriy B ontuueckuil mukpockon tuna MBC-10, nmoa kKoTopslii
ctaButcst Mukpockorn CMM-2000.

JIJ1st mogauu UrIibl MO BEPTUKAIM K 00pas3ily Wi oT o0pasia ciy-
KUT cUCTEMa U3 6 Mbe30TpyOOK, YKpeIrI€HHbIX Ha sikope. Ha xoHue
OHM UMEIOT (DJIaHIIBI C AHAJIOTMYHO BKJIIEEHHBIMHU ILIAPUKAMH, KOTO-
PHIMU OHM JIaBSIT HA TPU BEPTUKAIbHBIE MOJUPOBAHHBIE canUpoOBbIE
HaIpaBJISAIONINE, YKPEIJIEHHBIE Ha TMOJ3YHE, M0 JBE TPYOKU CHU3Y U
CBEpPXY Ha KXKIYIO HaNpaBJISAONIYI0. /[aBieHre NO3UPOBAHO MPYKH-
HaMH TaK, YTO MAacCChl MOJI3yHA CO CTOJIMKOM HE XBaTaeT Ui Ipo-
CKaJIb3bIBAaHUS WX BHU3 W3-3a JICHCTBYIOIIEH HAa HUX CHJIbI TSHKECTH.
[logaya Ha 3TH 6 LE30TPYOOK OCOOBIX YIPABIAIONIMX HANPSHKECHUN
IPUBOAUT K MOIIATOBOMY IOJHSITHIO WM OIYyCKAaHUIO MOJI3YHA U, Ta-
KHM 00pa3oM, K MOJIBOIy WJIM OTBOJIY UTJIbI OTHOCUTEIIBHO 00pa3lia.

[Ipy ckaHMPOBAaHUM HAIPSHKEHUS HA IIECTU MbE30TPYOKaxX IMOJIHS-
THUSI-OIyCKaHUA TOJI3yHa U Ha TPEX MbE30TPYOKaxX MepeMelieHusl CTOIH-
ka 1o XY OOHYJISIIOTCS, U 3TH MBbE30TPYOKH B ATO BpeMsl MPEACTABIISIOT
COOOl MACCUBHBIE 3JIEMEHTHI KOHCTPYKIMHU. OTCYTCTBHE JIOPTOB B CHC-
TEME TMOAAYM UTJIbl U OTCYTCTBUE BBIIEIICHHUS TEIUIA HA NMbE30TPYOKax, B
OTIMYUE OT JIO(TOB M TEIUIOBBIICICHHUS HA 3JIEKTPOMOTOpax, MpuMe-
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HsieMbIX B Apyrux koHcTpykuusix CTM/ACM, obecrnieuuBaeT ITOMOIHU-
TEIbHYI0 HEBOCIIPUUMYMBOCTh KOHCTPYKIIMHM K BUOpAIUSIM.

BHyTpH Kopmyca MUKpOCKOMNA Ha YETBIPEX NMPYKUHAX IMOJBEIICHA
TspkEnas mmta (1.5 Kr), Ha KOTOPYI0 B CBOKO OY€pe/Ib MOJIBEIICH JIaTyH-
HBIA SIKOPb CO CKAHEPOM M CUCTEMOW MOAA4M WIJbl. V3-3a Takou IBOM-
HOM TOJBECKH YacTOTa, Ha KOTOPOM KOJIEOIETCS SKOPh MpH yaape Hiu
JIPYTUX BO3JICHCTBUSAX HAa KOPITYC WJIM CTOJI, HA KOTOPOM CTOUT MHKPO-
CKoII, cocTaBisieT Bcero 2 I'm. BuOporamenue gocturaer 60 a0, T. €. B
1000 pa3. Taxoii pe3ynbTaT ObLI JOCTUTHYT OCOOBIM Pacy€éToM BHOPO-
MOJIBECKH, C YUETOM JIOMOJHUTEIBHOIO pe30HaHCHOTO 3(deKTa moraiie-
HUSI BUOpALMid PU PABEHCTBE MPOU3BEJACHUIN KECTKOCTH HA Maccy Jyisl
o0enx CTyHeHeW MOABECKU. DTO AAET B UTOrE pa3pelieHHe BILIOTH JO
aTOMapHOT0 Ha CKaHepe ¢ mojieM 10 16/16 Mxm.

[Ipu mepeHoce WM MEPEeMENIEHUH MUKPOCKOIA SIKOPb U IUIUTY
HEO0OXO0MMO MPUKPYTUTH K KOPIYCY MUKPOCKOIIA, YTO JI€JIAeTCs JABY-
Ms JJIMHHBIMU BUHTaMH (SIKOPh) CHU3Y JHA OKOJIO IIEHTpa U ABYMS
KOPOTKUMHU (TIJIUTA) 32 HUMH.

PaboTaTh ¢ UCHOIB30BaHUEM BUOPOIIOIBECKHA PEKOMEHTYETCSI TOJIb-
KO B MCKJIFOUMTENILHBIX CIIydasX, TaKk Kak U 0e3 He€ TOCTUraeTcsi pa3pe-
1eHue npumepHo 10 10 Anrcrpem, a paboTath ¢ BUOPONOIBECKOM OoJiee
CJIO’KHO — KoJjie0sercst 1 o0pasell, ¥ CTOJMK ¢ urjoi. Ha Bpemst ycTaHoB-
K1 o0pa3lia U CTOJIMKA MPU 3TOM HEOOXOUMO 3aKpyTUTh HAKUHYIO Jia-
TYHHYIO «TalKy» SIKOpsI CBEpXY Ha KOPITyCE MUKPOCKOIA, YTO MPUBEIAET
K OITYCKaHHIO BHYTPU MUKPOCKOIIA YETBIPEX HOKEK, KOTOPHIC HAAABST HA
BBICTYIIBI SIKOPSI ¥ IPUKMYT €0 K JHY OCHOBAHUSI.

Ha mnoxaBecHol mumTe BHYTPM MHUKPOCKONA CMOHTHpPOBAaHa BCS
ANIEKTPOHUKA MUKPOCKOMA — IJIaTa MOAAEPKAHUS 3aJaHHOTO 3HAYEHUS
curtana (riara oOpaTHOM CBS3M), MPEIYCUIUTETh TYHHEIBHOTO TOKA,
mjiaTa ynpaBJi€HHUsS aTOMHO-CHJIOBBIM CTOJMKOM, MPOIECCOpHAs IiaTa
XYZ-niepeMemeHusIMA CTOJIMKOB, OJIOK MHUTaHUS W TulaTa BBICOKO-
BOJIbTHBIX ycuiuTesied. biiok muTanusi mpeacTaBisieT coboit mpeodpa-
30BaTelIb HANIPSIKEHUS TUTAHUS OT KOMITbIOTEPA, K KOTOPOMY TMOJIKITIO-
YaeTCs MUKPOCKOIIL, B MPEUU3NOHHBIE HU3KOBOJIBTHBIE U BEICOKOBOJIBT-
HBIC MUTAHUA JJISI CXEM MHUKPOCKOIIA U UMEET BBICOKUH KOA(DPUIIHECHT
nosie3Horo AeictBus (0koio 90%). BbICOKOBOJIBTHBIE YCUIIMTENN COO-
paHbl U3 JAUCKPETHBIX 3JIEMEHTOB IO CIEHUAIBLHO pa3paboTaHHON
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CBEpXHU3KOMOTpeOsitonieit cxeme (Tok mokost 0.1 MA mpu Hampsoke-
Huu nutanus 300 B u yactotHoM nuanasone 1o 50 xI'm).
[ToakmroueHre MUKPOCKOTIA OCYIIECTBIIAECTCS MOCPEICTBOM IITHY-
pa c¢ mporeccopHoit PCMCIA-tinaToit anamoro-mudgpoBoro BBOA-
BeIBoga «SMM-2000 1/O PCMCIA card» Ha apyrom KOHIIE, BCTaB-
JSIOMIENCS B HOYTOYK O€3 BBIKIIOUYEHHUS MUTAHUS TocieaHero. s
MOJAKJIIOUEHUS] K HACTOJBHOMY KOMIIBIOTEPY BHYTPh HEro Ha UIMHY
PCI npeasapurensao BeraBisgercs miara «PCI-PCMCIA bridge», op-

raHn3yrmas TakKoC KC THC3A0 IIOAKIKOYCHUSA, KdK U B HOYT6YKC
(PCMCIA).

IIpoecpammHoe o6ecneyeHue MUKpOCKOna

[IporpammHoe obecriedeHne Mukpockomna «Scan Mastery, kpome
CKaHUPOBAHUSI U ABYX-/TPEXMEPHOrO MPOCMOTPA KaJPOB B PENAKTUPYE-
MBIX MaJUTPax, MPOU3BOAUT MPAKTUYECKH BCE BO3MOXKHBIE BUIbI 00pa-
OOTKHM Y aHAIM3a KaJPOB U SABJSIETCA HanOoJsee MOTHO(YHKITMOHATBHBIM
MaKEeTOM JJIsl 30HJ0BOM MUKPOCKOITHH, IPUMEHSIEMBIM U JIJI1 MUKPOCKO-
OB JIPYTUX BUJIOB U JPYTUX MPOU3BOIUTEIICH.

Onucanue Bcex QyHKIMI 00pabOTKH KaJIpoB (MPOIICHTUIIbHAS, Me-
JMaHHasl, MaTpUYHAasi, KOHBOJIIOLIMSI, TAYCCOBBI M CABUTOBBIC (DUIIHTPHI,
MEXIyKaapoBas apu(pMeTHKa, CIIIUBKA KaJpOB, CC(PYHKIIUNA YCTpaHe-
HUSl HAKJIOHA KaJpOB M COOEB UIJIbI, BbIYMTaHUA N-MepHOU (yHKIUU
MOJ/IJIOXKKH, BBIWICHEHUS] MEJIKUX JIeTalel U Jip.), a TaKKe BCEX BHUJIOB
aHasn3a nu3oopaxenuit (Dypbe, NOaHBIA MOPHOIOTUYECKUN, KOPPETs-
IIMOHHBIN, aBTOKOPPEJSILIMOHHBIN, (hpakTabHBIN, aHAIU3 MapaMeTPOB
IIIEPOXOBATOCTU, TUCTOTPAaMM BBICOT M JP.) HAXOJIUTCS BO BCTPOCHHOM
KOHTEKCTHO-3aBHcHMOM (yHKIMu Help. Ecim HeoOxomuMa momornis B
UCIOJIb30BaHNN KaKOW-TMOO0 OMIMK MPOrPaMMHOI0 0OecrieYeHusl, He-
00X0IUMO MIEIKHYTh MBIIIBIO Ha 3HAK BOIIPOCA B MEHIO MIPOTPaMMbI U
Jajiee KypcopoM, CTaBIIMM IIOCJE€ 3TOrO MO BUAY KaK 3HAK BOIPOCA,
HIEKHYTh Ha JIIOOOM OKHE M Jt00oM mapamerpe. [Ipu 3ToM BOZHUKHET
HE TOJIBKO CIIpaBKa B BUJIE OTHOCSIICHCS UIMEHHO K HY>KHOMY OKHY O]I-
HOU u3 Oosiee yem 200 CTpaHUIl TUIIEPTEKCTa, HO U MPUMEPHBIA BU
HY>KHOTO OKHA, Ha KOTOPOM IPH IIETYKE MBIIIN BBIAAIOTCS 00BICHEHUS
Ar000ro mapamerpa OkHa. TakoW YHUKAJbHBIM BUJ OOBSICHEHMS Tapa-
METPOB B JTI0OOM OKHE JA€T BO3MOXKHOCTh UPE3BBIYAMHO OBICTPOro Ha-
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XOXKICHUS TOMOIIM — OOBSICHEHUS TI0 HY>KHOMY BOIIPOCY, ObICTpee, ueM
YTEHUE TUIIEPTEKCTA.

®dynkrwms nomorw (Help) He BRIAaéTcs TONBKO HA OKHE YIIPaBIICHHS
mukpockorioMm («SMM-2000N Control Panel»), BMecTo ¢yHKIIMH TOMO-
M 13-3a OOJIBLIEHN CI0AKHOCTH HEOOXOMMO UCTIOIb30BAThH OMKUCAHUE.

MeToauuyeckKue YKAd3dHHUA
U NMOPAAOK BbIIIOJIHEHUA paGOTbI

Llenv pabomvl — nonyuenue npaKmMuyecKux Hagblkog pabomovl HA
mukpockone CMM-2000 & pexcume CTM u uccnedosanue nosepxmo-
CcMmu pasiudHulx 00pasyos.

JI1s1 ToCTHKEHMS JAaHHOM 11eJIM He00X0JUMO:

1. HayuuTbcsi Ka4€CTBEHHO BBINOJHATH Pa0dOTy MO MOATOTOBKE
npubopa u oOpasiia K CKaHUPOBAHHUIO.

2./3yunTh TaHeNb yIpaBiCHUS U OCHOBHBIE MapaMeTphl, KOTO-
PBIMHM MOYKHO YIIPABJISATH JO M BO BPEMsI CKAaHUPOBAHHUS.

3.Co31ath Manky co CBOMMU CKaHaMH Ha KOMITbIOTEpE, 10 KOTO-
PBIM BECTH OTYET.

4, Hayuntbcs yIpaBiaTh (PYHKITUSIMH MHUKPOCKOTIA: CO3/1aBaTh Kaj-
pBI C HEOJIMHAKOBLIMU MapaMeTpaMH TYHHEIBHOTO TOKA M HAMPSKEHUS U
OOBSICHSIT BIMSIHUE U3MEHEHUSI TTapaMETPOB HA KAUECTBO KaJIPOB.

5.HayuuTecsi OCyIIeCTBISATh CKaHUPOBAHUE OOJIBIIOTO YydYacTKa
oOpaslia, BEIOOP MHTEPECHOIO0 y4acTKa, CKAaHUPOBAHUE OTMIEIBLHO 3TOTO
y4dacTka, uzydenue ero BAX, cHsatre rpadukoB BbICOTHI penbeda.

6. JlobuBaThCss MaKCUMAaJIbHO KAa4eCTBEHHBIX KaJpOB IyTEM YIIpaB-
JeHUsT PYHKIMSIMU MHKPOCKOIIA, OOBICHSTh, TOYEMY UMEHHO TaKHe Tia-
paMeTpbl MO3BOJISIIOT MOMYYaTh JIYUIIUNA KaJp JUIsi JaHHOTO 00paslia.

Iloozcomoeka k CKAHUpoedHumw

1.CHUMHUTE 3alIMTHBIA TIOJMATHICH M BKJIIOUHTE TIOJICBETKY
MBC-10.

2. Be16epute oOpaser] i uccieI0BaHuUs.

3. BeimonHuTe MPOBEpPKY MPOBOJAMMOCTH OOpas3iia C MOMOIIBIO
TecTepa, KOTOPBIM MpUiIaraercs K KakJIoMy MHKpPOCKomy. JIjist 3Toro
YCTAHOBUTE TECTEP B PEKUM MPO3BOHKU (3HAYOK «CUTHama»). Jlerko
IIPUKOCHUTECHh IYIMaMH K TIOBEPXHOCTH OoOpaslla B ABYX TOUKaxX Ha
paccrossHuM 1-2 MM ApyT OT Apyra, He MpUTHpas ux K oopasmy. [1pu-
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KJIaJIbIBAEMbId B KOMILUIEKT MUKPOCKOIIA TE€CTEp JAeT 3BYKOBOW CHUT-
HaJl, eciii conpotuBiieHue MeHee 1 kOwm. [Ipu TakoM conpoTuBICHUN
pexum CTM Oyner paboTtath.

4.3akpenure oOpazen. Bam nmonamgoOuTcsa aepxkarenb oOpasna u
npy>XUHKA. Bo3pMUTE IPYKUHKY, TTOJOKHUTE CBEpXy oOpaselr (ucce-
IyeMol MOBEPXHOCThIO BHU3), a HA Hero Jepxkarens. Crerka npuaa-
BUTE, YTOOBI JyrooOpa3Has 4yacTh MPYKUHKH CJIErka Mporuyiach. OT-
pPEXKbTE HOXXHHUIIAMU TIOJIOCKH KPEIICHUs, YTOOBI B TPHIABICHHOM
COCTOSIHUM TOpYaJIM KOHIBI MPUMEPHO | MM, M 3arHUTE 3TH KOHIIBI
10J1 MPSIMBIM YTJIOM K Jiepskatento. /[ Toro ytoObl BEIHYTH 00pasell,
HY>KHO HEMHOTO OTOTHYTh OJIMH KOHEI[ MPY>KUHKH U CMECTUTh 00Opa-
3€Il, YTOOBI TOYHO TAK K€ BBIIICN U IPYTON KOHEIl MPYKUHKH.

Puc. 15. Kpennenne CTM-00pa3na npykuHKOU
(BHI CBEpXY M CHU3Y), IPY)KUHKA (BUI CBEPXY M CHHU3Y)

5. AKKypaTHO BKpyTUTE 0Opazer] BO (¢uiaHel (KpemexHbIH siie-
MeHT nocepeanne) ckanepa. HEJIb3S mpunarate mpu 3ToM OOKOBBIX
YCUJIMH Ha CKaHEp, TaK KaK OH MPEJICTABIISIET COO0N TOHKOCTEHHYIO
TpyOKy, KOTOpasi MOKET TPECHYTh y OCHOBaHUs. B koHIle HEOOXO0a1-
MO TIPHJIOKHUTH HEOOIBIIIOE yCUINue (PUHAIBHOTO 3aTATHBAHUS.
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Puc. 16. Ycranosnennsiit CTM-o0pasern, 6e3 CTM-cTonuka

6.Bo3zpmutre CTM — ctonuk. Ctonuk OepeTcsi ABYyMsl pyKaMH —
OJIHOM JIEp’KUTE CTOJIUK 3a 3€PKAJIO (32 TOPIbI), BTOPOU MPUIECPKU-
BANTE MPY>KUHKY, PEIOXPAHss €€ OT PACTIKEHHUS.

/.IlocTaBpTe CTOJMK HAa POBHYIO, YHCTYIO MOBEPXHOCTh U IPO-
BepbTe JIMHY UTojku. OHa HE NOJDKHA OBITh CIWIIKOM KOPOTKOM.
B cpennem e€ nnumHa poibkHa coctaBisith 10—12 mm. Ecnm €€ gyuHa
MEHee 8 MM, 00paTUTECh K Ja00OpaHTY.

8. Bemonante o6HOBIeHNE HUribl. OOHOBICHHE COCTOUT B 00pe-
3aHMA KOHYMKA WIJIbI HOXXHUUAMHU. HOXXHMIBI BO3BMHUTE B SIIIUKE
crona. HoxxHWOBI Hamo aepxkaTh NepHeHAUKYISIpHO aucky CTM-
CTOJIMKA, 3aKYCUTh UMHU NPUMEPHO HAa CEepeArHE UX JIe3BUI HEOOJIb-
moit koHuuk (0.1-0.5 MM) NIaTUHOBOM MPOBOJIOKHU, CJIETKA MOTSIHYTh
HOKHUIIAMU 32 KOHYUK WTJIBI U, YJIEP>KUBas HATST, OTPE3aTh KOHYMK.
[Tpu sTOM Ccpazy mociie 0Ope3aHusi HOKHUIBI U3-3a HATSKEHUS TOJK-
Hbl HEMHOT'O OTCKOYHUTh OT WIJIbI, YTO HEOOXOJIUMO JUIsl TOTO, YTOOBI
OHM HE 3aJIeJIM U HE 3aMsUId OOHOBJICHHBIN KOHUUK TJIATUHOBOM UTJIBIL.
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Puc. 17. Oouosneaue CTM-urisl Ha CTM-cronuke

OTPLIE KDHYNKa

pacTamenue [~ ] c oGpazoBanuen peiﬁu
Knuuh;h__hﬂ"‘ “Dopoaer™ wrn nnaTMHOBAA noa
HOMKHMLL, T l npgazununa
acceKaHmue 2uu
? p KaHK P .,
—_—
pacceKaHuwe l
pacTaMeHue
-1 OTpe3aHHBIE
L= YHaACTHW
nnaTMHOBaA WefAKa pacTsKeHMa =
NpoBONOKa
0.2 uu [+] bopona urn
HOMKHMLL

Puc. 18. IIpouecc paccexkanusi — pacTsHDKEHHS TPU 00pe3aHUH UTJIIbI

9. AkKypaTHO yCTaHOBUTE CTOJIMK. J[JIT TOTO BO3BMUTE €T0 JIBY-
Ms pyKaMH, OJHOM 3a OOKOBBIC TOPIIBI 3€pKajia, IPyrou 3a IITeKep,
YTOOBI MPEIOTBPATUTH PACTSHKEHUE TPYKUHBI. Y CTAaHOBUTE CTOJIHUK
Tak, 4TOObI WIJla HaxXOAWIACh NMPHUMEPHO HaJ IIEHTPOM OOpasIa.
[IITexep OCTOPOKHO BCTaBbTE B THE3IO.

10.C nomompbto MBC-10 BbiOepuTe IpuMEpHYIO 00J1aCTh CKaHU-
poBaHusi. BriOupaiiTe o6macTe 0€3 BUAMUMBIX I[apaliiH U OJMXKE K
IIEHTpY 00pasIa.
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11.TIpoBeprTe, YTOOBI MEXTy WUIJION U 0OPa3IOM OBLJIO PACCTOSTHHUE
0.5-1 mMm. [Ipym HEOOXOAMMOCTH TMOAKPYTUTE BUHT KapeTKU WIJIBI OT-
BEPTKOM (HAXOAUTCA B SAIIUKE CTOJIA) BBEPX WU BHU3.

CN

Puc. 19. 3a30p Mexay urioi u oopasmnom

12.Hakpo¥iTe 3alUTHON KPBIITKOW MHUKPOCKOT (OT IMTOMEX).

3Hakomcmeo u paboma
C NaHe 1610 ynpas/aeHuss MUKpockona
1. BxurounTe KOMIIbIOTEP, 3ammyctute nporpammy CMM-2000.
2. Bwibepure mento Scan — SMM-2000N Control Panel.
3. BHUMaTenpHO pacCMOTPUTE OTKPBIBIIYIOCS IaHENb, yOemu-
Tech, 4To nepea Bamu nanenb misi CTM pexxuma. OHa J0IKHA BbI-

TIISETh clieayomuM oopazoM (puc. 20).

H): SMM-2000N Contiol Panel =] x|

| Z=002595nm00.31A | Mode:lt <|»

@] Frame || 1ne)-004634:000511 v FB
K -move || 10MAE 4f»]  116nA s
Zeppr || Umvi@l2oo «ff ]
= step 4] [raums) 8800 |4 [fast 1237
Scan Step: 2294 +|»| Measi16 4|2
Stop | | V:2543mkmss ] Dens1 <2
Backz | | Delavimkst10 4] 2| vI XY vI 2
o M S T [~ e
XYtable: v | | DoubleScan || Autoscan
X all® & N8 Delay(s):0 j_’]
RILS! EI >t 4|r] | | Saveeach

Puc. 20. ITanens ynpaBneHus
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Ha sToli manenu HaxoJsATCsl Bce HEOOXOMMbIEC OpraHbl YIIPaBICHHUS
MUKpockonoM. Jlasiee paboTa OCyIIECTBIIIETCS C MOMOIIBIO 3TOM TaHe-
mu. CrieBa HAXOJIUTCS «CTOJIOOBAs I0pOra OrepaTopay. ITOT ITyTOUHBINA
TEPMUH O3HAYAET, YTO TMOCJeIoBaTeabHas padoTa ¢ STUMHU KHOMKAMU U
IIPEICTABIISIET COOOM paboTy orepaTopa.

4.TTocmoTpuTE Ha 3HAK Z-KOOPJIUHATHI (BEpXHss cTpouka). Eciam
OH TIOJIOKUTENbHBIN, 3HAYUT MPU YCTAHOBKE Bbl BOTKHYJIM UIJTY B 00-
pasen 1 BaM HeO0OXO0AMMO MPOJIeTaTh NpoleAypy OOHOBIICHUS UTJIbI U
OBITH 00JIEE AKKYPATHBIM IIPU YCTAHOBKE CTOJIMKA.

5.Knomnka FB nomkHa ObITh BKJIIOYEHA BCErga IJisd yCTpPaHEHUs
OMAaCHOCTU BbE3KAHUS UTJIbI TPU Apeiide Wi CKaHUPOBAHUM.

6. Taxxe Brmounte kHonku M (Median), S(Step) u T(Tilt). Do
dbyHKIIMU 00pabOTKU Kajapa MpU CKaHUPOBAHWHU. BBl MOXKeTe MOdKC-
MEPUMEHTUPOBATH C pabOTOM ITUX KHOIIOK, HAIIPUMED, BHIKIIOUNB BCE
VX WIM OCTaBUB OJIHY-JIB€ BKIIFOYEHHBIMH. JTO MO3BOJIAT BaM JIy4llIe
MOHATH, IJISl YETO HYKHBI 3TH KHOTIKH.

7.B crpoke It(nA) oTtoOpakaeTcs €ro CpeIHEeCTaTUCTHYCCKOES
3HAYEHUE U CPEIHEKBAPATUUHOE OTKIIOHCHHE.

8. Ilpu BbIOOpE 3HAUYECHUS TYHHEIBHOTO TOKAa U HAMPSHKCHUS HET
CTPOTrHX KPUTEPHUEB, TaK KaK JIy4lIWE 3HAYEHUS T€, PU KOTOPBIX MO-
JYYWIICS JIYUIUM KaJip; MpoOyHTe pa3Hble 3HAUEHUS U TOTO U JPYroro
— MPEJICTABbTE CKAHBI MPU Pa3HbIX 3HAYEHHSIX B CBOEM OTYETE W IO-
NpoOyUTE OOBACHUTD, MTOYEMY JIYUITHNA KaAp MOJYUHIJICS MPU TaKOM
3HQYEHUU MapaMeTpoB. ECTb oOmpenereHHbIe COBEThl, KOTOPHIMU
MOYXHO PYKOBOJCTBOBATHCS NMPHU CKAHUPOBAHUYU PA3JIMYHBIX MaTepHa-
710B. O0 3TOM BBl MOXKETE IPOUUTATH JOTOJIHUTEILHO.

Hauano CKAHUpoedHus

1. Beibepute 061acTh CKaHUpOBaHUs. J[JIsl 3TOr0 HAXKMUTE KHOMKY
Frame na nanenu ynpasnenusi. Ha skpane nosiBUTCSI BUPTyaJIbHBIN KaJIp-
cetka (puc. 21), pa3Mepbl KOTOPOr0 COOTBETCTBYIOT MaKCUMAJIBHO BO3-
MOKHOMY KaJIpy Ha JAHHOM MHUKPOCKOIIE.
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HE c-\M axFrame_smm M=l B3 |[{ B - \MaxFrame.smm Hi=l
Size: [ 1594 mkm ¢ 15.94 mkm » 2.000 mkm] [256 « 256 pt] - Size: [ 15.94 mkm « 1594 mkm » 2000 mkm] (256 « 256 pt] |«
3

-

o a7 <<= [a[0is 5 mkms 1] 4] J 3

| 2 -,1'_|<a1;>|a][01[1.2_-ﬁ30 mkm 1.2 4] g N

[ Cursor: -613.3 nm/533.8 nm Size: 1.168 mkm/ 1,168 mkm Points: 300/300 Time : 00:05:56

Puc. 21. BupryanbHblil Kajap-ceTka

2. Paamepbl  CeTKM  JAHHOTO  MHKPOCKOMAa  COCTaBJISIFOT
16x16x2 mxM. CeTka coctout U3 16/16 sdeek, moATOMY Ha KaxIylo
SYENKy NMpuxoAuTCcs moJjie kaapa 1/1 mxm.

3. Ilpu mepBOM CKaHUPOBAaHUM BbIOMpaiiTe HEOOJBIIYIO O0JIACTh.
Bo-niepBbIX, BpeMsi CKaHMPOBAaHUSA Kajipa MPONOPLMOHAIBLHO (U3nvec-
KOMY pa3Mmepy Kajpa (B MKM), M, 4TOObl OLICHUTh KaK UAET CKaHUPO-
BaHUE U MOA0OpaTh MapaMeTpPhl, JIyUIle CAEIaTh MOMEHBIIE PaMKy, KO-
Topasi OyJeT CKaHMpOBAThCs ObIcTpee. BO-BTOpPBIX, BaM HY>KHO IPOBE-
PUTb, HACKOJIBKO XOPOILO BbI ITOATOTOBWIH UTITy — & 3TO MOXKHO MOHSITH
TOJILKO TIOCJI€ CKAHUPOBaHUS XOTs Obl gecATka ctpouek. [Ipu Oosnbiioi
00JIaCTH CKAaHUPOBAHUS 3TO MOXKET 3aHATh IUTEIBHOE BPEMSI.

4. Jlnga toro 4toObl Ha3HAYUTH MEPBYIO O0JACTH CKAHUPOBAHUS C
(U3NYECKUM Pa3MEPOM MEHBIIIE MaKCUMAJIBHOIO KaJipa, HAJ0 YBEIHU-
YUTh KaIp-CETKy. I 3TOro Hajgo WIENKHYTh HA KHOIIKE B JIEBOM HUX-
HEM YTy OKHAa-CETKH B BUJE JYIbI (Kypcop MPUOOPETET BUI JIYTIBI, a
KHOITKAa — BUJI TIEPEUEPKHYTON JIYIIbI) U JIEBOM KHOIKOW MIENKHYTh, Ha-
npumep, 3 pasa, MPUMEPHO B LIEHTPE Kaapa-ceTKU. [Ipu kaxaoMm memdke
JI€BOM KHOMNKOW OyZIeT MPOUCXOIUTh «UM(POBOE» YBEIUUYEHHUE KaJIpa B 2
pa3a B CTOPOHBI OT TOUKH IIETYKA JIyNOW (IPH IIEITYKE MPABOMl KHOITKOM
KaJ[p YMEHbIIIAeTCA B 2 pa3a K TOUKE Ieuka Jaymnoil). B urore B 2D-okne
ocTaHeTcsi mpuMepHO 4 sueiiku cetku. [locne moctukeHus: TpedyemMoro
YBEJMYEHUS ISl BO3MOXKHOCTH APYTHUX ONEpaluui HaJ0 BEPHYTh HOp-
MAaJIbHBIN BUJ KypCcopa, IEIKHYB Ha TOU KE KHOIIKE.
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5. PexomeHnyercs caenare €€ OJHy OINEpaIi0 — MOABECTH Kyp-
COp Ha HKHMM npaBbiit yron 2D-okHa (Kypcop Ipu 3TOM HPUMET BHL
KOCOM JIBYCTOPOHHEW CTPEJIKHM), HAXKaTh Ha JIEBYIO KHOIIKY, yIEPKUBAS
e€, HEMHOTO pacTsIHyTh 2D-0kHO U OTHyCTUTh. [Ipu 3TOM MpPOU30MAET
pactsixenue 2D-okHa u neHTpupoBaHue Kajapa. B nieHTpe kaapa MUKpO-
CKOM paboTaeT ¢ MaJCHbKUMHU pabOYMMH HAMPsHKCHUSIMU Ha CKaHepe,
3J1€Ch JIyUIlI€ JIMHEUHOCTh U MEHBIIIE UCKAKEHUS OObEKTOB.

6. Boibepute pamky. [Ins 3TOoro HeoOXoauMo B JHOOOM MecTe
BHYTpU 2D-0KHa LIETKHYTH JBa pa3a JieBol kHomnkoul. Kypcop mpu
3TOM TMOMEHSIET BUJ. ECTh HECKOJIBKO BUJIOB KYPCOPOB — BBl MOXKETE
MEHSTh UX METYKOM NPaBOM KHOMKH MbIIIU. MeHsis Kypcop, Bbl Me-
HSETE MPOTPaMMy CKAaHUPOBAHUS C TOPU3OHTAJIBLHOW HA BEPTUKAIb-
HYI0 U Ha000pOT. BBl MOKETE MOIKCIIEPUMEHTUPOBATH C 3TUM, HO HE
3a0bIBaliTe, 4YTO BUJI OOBEKTOB OyJAET HEMHOI'O PA3JIMYHBIM IPU TOPHU-
30HTAILHOM U BEPTUKAIIBHOM CKaHUPOBAHUMU.

7. Hanee HeoOXOAMMO TMOJBECTH WUriay K oOpasiy. Ha manenu
ynpasieHuss HaxxMmute KHOnKy XY move. Co CKOpOCThIO, 3aJaHHOMN
napamerpom V, ckanep nepememnaet no XY oOpazell Tak, YToObl UTO-
TOBBIC MOJJaHHBIE HA CKaHep XY KOOPAWHATHI YIIPABJICHUS CTaIu PaB-
Hbl XY KOOpJAWHATaM HayajJbHOW TOYKU 3aJIaHHON paMKH CKaHHUPOBA-
HUs. Bo BpeMst oJiBOJIa CKaHEP M3AAET XapaKTEPHOE MOTPECKUBAHHUE.
B 3TO BpeMs Henb3si HAKMMATh HUKAKUE KHOMKH, HEOOXOIUMO JOXK-
JAThCsl KOPOTKOTO HU3KOrO 3BYKOBOI'O CUTHAJA.

8. Cnenyromasi GyHKIIUSI OCOOCHHO BakHA B pabOTE C 30HJOBHIM
MHUKPOCKOIIOM. DTO TOABOJ WTIJIbI MO Z-KoopauHarte. BrimosHseTcs
KHOMKOW Zappr. B BepxHe#l cTpoyKe MaHENN NPOKOHTPOJIUPYHTE 3HA-
yeHue Z B JlaHHBIM MoMeHT. Tak kak uria emgé aajieko oT oopasla,
CpelHEee 3HAYCHUE JIOJHKHO OBITh OJM3KO K MaKCHUMaJIbHOMY 3Haye-
HUIO OTKJIOHEHUs cKaHepa mo Z, T. e. B paiione 900 — 999 um. 3Hak
CPEIHEr0 3HAYECHUS JIOJKEH OBITh «MHUHYC». ECIIHM 3HAaK «IUIHOC» TO
BBITIOJIHATH MOJIBOJ WUIJIbl HE HYkHO. CKOpee BCEro, Mpu yCTAHOBKE
CTOJIMKA BbI «BBhEXAJIN» U0 B oOpasel. B TakoMm ciiyyae HU 0 KAKOM
CKaHUPOBAHUHU HE MOXKET UATH pPeub, HEOOXOJIUMO IMOBTOPUTH BCE
nporeaypsl 3aHoBO. Haxxmute Zappr. Bel yClubliuTe y)e 3HAKOMOE
MOTPECKUBAHUE, OISIThH K€ HEOOXOANUMO JTOXKIAATHCS OKOHYAHUS IPO-
HEyPhl, O YEM CKAKET HU3KUU 3BYKOBOM curHai. CpeqHee 3HaYEHHE
Z-KOOpJIMHATHI CKAaHEpa Mociie MOABOAA IOHKHO HAXOAUTHCA OKOJIO
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«—200 nmy — «-500 nmy. ITpu HeOOXOAMMOCTHU KHOMIKY Zappr MOKHO
HaKMMAaTh HECKOJIBKO pa3, MOKA 3HAYEHUE HE OyIEeT MPUEMIIEMBIM.

[Ipr moaBoAe Wribl MOTYT BO3HHMKATh PA3JIMYHBIE TPYAHOCTH,
CBA3aHHBIE KaK C YCTAaHOBKOW 0Opa3lia, UIJIbl U CTOJMKA, TaK U C UC-
IPaBHOCTHIO CAMOI'0 MUKPOCKOIIA.

9. Ilocne ycnemHoro moaBoAa MOXKHO HaKMMaTh KHOTIKY Scan. [pu
3TOM MOsIBIIsIETCS HOBOE 2D-0KHO ¢ cepbIM KaJIpoM, paBHBIM IO pa3Mepy
HA3HAYEHHOW paMKe CKaHupoBaHus. Mumukatop Z ckaHepa B OKHE
yrpaeieaus: mukpockoriom («SMM-2000N Control Panel) depes He-
OosbIIOE BpeMsl (BpeMsi CKaHUPOBAHUSI OJTHOM CTPOYKH KaJpa) MEHSIET
Bua. TaMm mepecTa€r OTpakaTbCs CPEIHEKBAJAPATUYHOE OTKJIOHEHUE, W
BBIBOJIUTCSI TOJIBKO OJIHO YMCJIO — CPEIHsSl BEJIMYMHA KOOpAUHATHI Z
CKaHepa OT BCEX TOYEK M3MEPEHUS IO BBIIOJHEHHOW OJHOW CTPOYKE
cKaHupoBaHusl. HecMOTpsi Ha TO 4TO B 3TOM MHJUKATOPE YMCIIa MEHSIOT-
Csl, YTO TOBOPUT O TOM, YTO CKaHUPYETCsl CTPOUKa 3a CTpOUKou, B 2D-
OKHE HEKOTOPOE BPEMS HUUETO HE NOsBIIIETCS. Bo BpeMsi CKaHMpOBaHUs
nocrapaiitech He 00J10KkaurMBaThbes Ha ctoil. [loMHuUTE, YTO BBl paboTaere
C BBICOKOTOYHBIM YCTPOMCTBOM, Ha PE3YyJIbTaThl padOThl KOTOPOTO MOT'YT
MOBJIMSITH HECWJIbHBIE, Ha Balll B3IJISA, KOJIEOaHMSI.

Cussmue go/1bmamnepHol xapakmepucmuku (BAX)
MYHHE/AbH020 Npomedcymka

1. Jlmst cusitust BAX TyHHENIBHOTO NPOMEXKYTKA BKJIIOUHUTE PEXKHUM
crieTpockony. BxirodyeHne pexuma CIIeKTPOCKOIUH IPOU3BOIUTCS Ha-
KaTHeM CHHEH KHOMKHU ¢ M300paykKeHUEM OCIIHIIIIOIPAMMBbI, HaXOISIIICH-
csl cripaBa o1 KHonkol «Back Z» B KOHTPOJILHOM TTaHEM MUKPOCKOIIA
«SMM-2000N Control Panel» (puc. 20). IIpenBapureibHo, TIepe BKITIO-
YEHUEM PEXHMMa CIIEKTPOCKOITHH, OOBIYHO TIPOU3BOINUTCS CKAHUPOBAHUE
KaKoro-imoo ywactka obpasua. [Ipu BKIIOUEHUM peXUMa CHEKTPOCKO-
UM 1107l KOHTPOJIBHON TaHEIbI0 MUKPOCKOIA TOSBIISCTCS OKHO CITEK-
tpockormu «STN Oscilloscope» (puc. 22), Ha KOTOPOM HAaXOASTCS Opra-
HBI YIIPaBJICHUS — KHOMKU BBIOOpA PEKUMOB U UX TTApaMETPOB, COXpaHe-
HUS U 3aTPy3Kd Pe3yJIbTaTOB, KHOIIKA CTapTa U OKHO IpauKoB, B KOTO-
POM O0TOOpaXKatOTCs BCE MOTyYEHHBIC 3aBUCUMOCTH M CIIEKTPHI.
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Puc. 22. Okno cnekrpockonuu B Mukpockorie CMM-2000

2. 3ajaiiTe TOYKY Ha CKaHe, B KOTOpou Oyner cHumarbesi BAX —
3TO HayajabHasg TOYKA PAMKU CKAHUPOBaHUS (MOKHO OCTaBUTh UMEIO-
LIYIOCS PaMKY WJIM Ha3HAYUTh HOBYIO).

3. Beioepute kanain |(U), HaskaB COOTBETCTBYIOIIYIO KHOIIKY .

4. C NOMOIIBIO KHONIKU «a» 33JaiiTe PEeKUM CHATUS — «UMKIINYe-
CKUID WIN «OAHOKPATHBI (OyKBa «a» 4€pHasi — IUKINIECKUA PEKUM).

5. HaxMuTe KHONKY «S» M OXHUIAUTEe OKOHYAHUS OTPaOOTKHU
npoueaypsl. OXujgaHue MOXKET OBITh JOCTaTOYHO JJIUTEIbHBIM
(mo 2000 c). Ha Bpems oTpabOTKH MpoLeAyphl TaCHYT KHOMIKU BBIOOpa
pexumMa.

3adaHue

1. Beibepute oOpaszenr AJisi MCCIEIOBAHMUS U 3aKPENUTE €ro Ha
CTM cronuke. B caydae HE0OXOIUMOCTH OOHOBUTE UTITY.

2. 1ns nomydeHus: 0030pHOr0 M300paKEHUsI IOBEPXHOCTU CHU-
mute CTM-u3o0pakeHre JOCTAaTOYHO OOJIBIIOTO yYacTKa MOBEPXHO-
CTH B PSKUME ITOCTOSTHHOTO TOKA.

3. Jlns momydeHus AeTanbHOTO M300paKeHUs MOBEPXHOCTU CHH-
mute CTM-u3zo0paxeHue y4acTka TOBEPXHOCTH pa3MepoM He Oosee

1x1 MKM.
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4. B 1pou3BOJBbHOM TOYKE IIOBEPXHOCTH CHUMHUTE BOJBT-
aMIiepHy10 xapakTepucTtuky (BAX) TyHHENIbHOTO KOHTaKTa B Juara-

30HE 3HauYeHUU HanpsikeHus V = —5 + +5 B. [locTpolite noay4yeHHy1o
BAX B koopaunatax 1(V), dI/dV u di/dV / (1/V).

KonmpossHble gonpocesl

1. HazoBute ocHOBHbIE KOMITOHEHTHI CTM U X Ha3HAYCHHUE.

2. O6bsacaute npuHiun padotel CTM Ha npuMepe TyHHEIbHOTO
KOHTaKTa JIByX MPOBOIHUKOB.

3. Ot kakux (PU3HYECKUX XapaKTEPUCTUK 30H]a U oOpasiia 3aBH-
CUT BEJIMYMHA TYHHEJIBHOTO TOKA?

4. OObsACHUTE BJIUSIHUE HAIPABJICHUS TYHHEIUPOBAHUS IJIEKTPO-
HOB Ha M300paX€HHE MOBEPXHOCTH KPEMHHS.

5. UTto Takoe peKUM MOCTOSTHHOT'O TOKA U MOCTOSIHHOMN BBHICOTHI?

6. Uto Ttakoe V- u Z-monysnsanus? JJis 4ero OHu MPUMEHSIOTCS?

/. TlosicHuTe yCTPONCTBO M TMPHUHIMUII JECUCTBUS TYHHEIBHOIO
CeHcopa.

8. HazoBute (pakTopsl, onpeesonre KauecTBO n300paKeHUs B
CTM.

9. Kakue tpeboBanus npeabsasisitorca kK CTM-3o0u1y?

10. Onumute crioco6s! moarotoBku CTM-30H10B.
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