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CuiioBast 30HAOBasA MHUKPOCKOIINA

B HacTosmiee Bpemsi CKaHHpYOIIAs 30HI0BAsS MHKPOCKOIIHS
(C3M) siBrsieTcst OTHAM M3 CaMBIX MOIIHBIX METOJIOB UCCIIEOBAHUS
MOp(}OJIOTHM W JTOKAIBHBIX CBOWCTB TMOBEPXHOCTH TBEPIOTO Teia
C BBICOKUM TPOCTPAHCTBEHHBIM pa3pelieHHneM. JTO IIMPOKO pac-
MIPOCTPAaHEHHBIN U YCIEIIHO MTPUMEHSEMbII HHCTPYMEHT IS FCCTIe-
JoBaHUsl cBOMCTB moBepxHocTU. Pa3zButne C3M mocnykuio oIHOM
W3 OCHOB [T CO3JIAaHUS HOBBIX METO/IOB B HAHOTEXHOJIOTHH — TEXHO-
JIOTUU CO3/IaHUS CTPYKTYP C HAHOMETPOBBIMHU pa3mepamu. [IpakTuue-
CKH{ HH OJIHO MCCJIE/IOBaHHE B 00JIACTH (PU3UKU TOHKUX IIJICHOK U (PH-
3WKH TIOBEPXHOCTH HE 00X0quTcs 0e3 mpuMeHeHus MeTo 1o C3M.

[lepBBIM 13 ceMelcTBa 30HIOBBIX MUKPOCKOTIOB OBLIT H300pETeH
ckaHupytomuid TyHHenbHbId Mukpockon (CTM) (1981 r.). On nmen
BBICOKOE, BILIOThH JI0 aTOMapHOTO, MPOCTPAHCTBEHHOE pa3pelleHue.
Benen 3a TyHHETBHBIM MUKPOCKOIIOM B TE€YEHHE KOPOTKOTO BpeMe-
HU OBUTM CO3JIaHBI aTOMHO-CHIJIOBOM MUKpockon (ACM), MarHUTHO-
cwitoBoii Mukpockorn (MCM), anekrpocunoBoit mukpockon (OCM),
OMKHETIONIBHBIN onTndyeckuil Mukpockon (BOM) u MHorue apyrue
prOOPHI, UMEIOIINE CXOTHBIC MPUHIMIEI PabOThl U Ha3bIBaeMbIC
CKaHUPYIOMIMMH 30HI0BBIMH MUKPOCKOIIAMH.

Cpeny CKaHHPYIOIUX MHKPOCKOIIOB MOYKHO BBIJICIHUTH TPYIIITY
CWJIOBBIX MHKPOCKOIIOB, K KOTOPHIM B IEPBYIO OYEpellb OTHOCSATCS
ATOMHO-CHJIOBBIE MUKPOCKOTBI (ACM), MarHUTHO-CHUIJIOBBIE MHKPO-
ckonbl (MCM) 1 3eKTpocHioBbie MEKPOCKOIEI (DCM).

®u3nyecKrue 0OCHOBbI aTOMHO-CHUJIOBOM MHUKPOCKOIIHMHA

PaGora aTOMHO-CHJIOBBIX MHUKPOCKOIIOB OCHOBaHAa Ha CHJIOBOM
B3aUMOJICUCTBUU MEXKY 30H]IOM U MIOBEPXHOCTHIO. /{7151 peructpauuu
9TOTO B3aI/IMOI[eI\/'ICTBI/I$I HCIIOJIb3YIO CHCUUAJIBHBIC HJAaTYWUKHU, IMPEA-
CTaBJIAIOIIUE COOO0l yNpyryt0 KOHCOJIb C OCTPBIM 30HIOM Ha KOHIIE
(puc. 1). Co cTopoHBI MOBEPXHOCTH HA 30H] IEHCTBYIOT CHUJIbI, U3I'H-
Oarolre KOHCOJb. Peructpupyst BenmuunHy M3ruda, MOXKHO KOHTPO-
JIUPOBATh CHITY B3aUMOJICHCTBHS 30H/A C TIOBEPXHOCTEIO.



OcHoBaHHe

KoHcoas

Puc. 1. Cxemarnueckoe n300pakeHHe
JlaTYMKa CHIOBOTO MHKPOCKOIIA

OCHOBHBIM TUIIOM B3aUMOJCHCTBUS MEX/Y 30HAOM U TOBEPXHO-
CTBIO fIBJIAETCA B3auMoelicTeue Ban-nep-Baanbsca. DHepruto Takoro
B3aMMOJCHCTBUS IS ABYX aTOMOB, HaXOJSIIUXCS HA PACCTOSHUM 7
JpyT OT ApYra, alnfpoOKCUMHUPYET CTEHEeHHas! (PYHKLMs, Ha3blBacMast
noteHuanoM Jlennapna — J>xoHca:

. ?‘0 ¢ ?"o .
Um(?‘)ZUU —2[?) +[?] (1)

IlepBoe crmaraeMoe B JaHHOM BBIPAKCHUH OIMUCHIBACT Jaib-
HOJICHCTBYIONICE MPUTSDKEHHE, OOYCIIOBICHHOE B OCHOBHOM
JTUIIOJTB-TUTIONBHBIM B3aMMOJICHCTBHEM aTOMOB. BTopoe ciaraemoe
YUUTHIBACT OTTATKHBAHNE ATOMOB Ha MaJbIX paccTostHusX. [lapame-
TpBI 7, — PABHOBECHOE PACCTOSHUE MEX/Ty aToMamu, U, — 3HaueHue
SHEPTUU B MUHUMYME.

Hcnone3ys motenian Jlennapaa — JIKOHCA, MOKHO OIEHHUTH
CHJTy B3aUMOJICHCTBHSI 30H/a C MOBEPXHOCTHIO 00Opasia. Oomas mo-
TEHIMATbHAS DHEPTUS CUCTEMBI IIPU STOM MOJTyYaeTCs MyTeM CyMMHU-
POBAHUS SHEPTHI BCEX DJICMEHTAPHBIX B3aUMOICHCTBUI TSI KaXK 10~
r'0 M3 aTOMOB 30H/1a U 00pasla.



Cuna, neicTByromas Ha 30HJ CO CTOPOHBI MOBEPXHOCTU, BBI-
YUCIISETCS KaK TPaJUCHT MOJYYSHHONH cyMMapHOW »Hepruu. B 00-
IEM CIIy4ae 3Ta Cujla UMEET KaK HOPMAIbHYIO K MOBEPXHOCTH, TaK
U JIATepalbHYIO (JIEKAIIYIO B IUIOCKOCTH TIOBEPXHOCTU 00pasia) co-
CTaBJIAOIYI0. PeanbHOe B3auMOJIeHCTBHIE 30HAa C 00pa3loM HMeeT
BechbMa CIIOKHBIN XapaKTep, OTHAKO OCHOBHBIC YEPTHI JAHHOTO B3au-
MoOAeHCTBUS coXpaHstoTcs: 300 ACM UCHBITHIBAET MPUTSKEHUE CO
CTOPOHBI 00pa3iia Ha OOJIBIINX PACCTOSHUSAX U OTTAJIKUBAaHUE — Ha
MaibiX. [1o3TOMy KaueCTBEHHBIN BH] B3aMMOJCUCTBUS «30HI — 00-
pasel aHaJIOTHYeH BUIY, IPEACTABICHHOMY Ha pUC. 2.
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Puc. 2. KauectBennsrit Bug notennuana Jleanapmga — J>onca

[Tomyuenne wuzoOpakennit penbeda moBepxHocTH B ACM-
MHKPOCKOIIaX 00€CIIeunBaeTCs IyTeM PEruCTpali MajlblX H3rH0OB
YIPYroll KOHCOJIM 30HJ0BOIO AaTduka. (s 3TOM uenu mupoko uc-
MOJIb3YIOT ONTHYECKUE METOJbl. B KauecTBe MCTOUHHMKA M3ITyUEHUS
OOBIYHO MCIOJIB3YIOTCS MOIYIIPOBOJAHUKOBBIE JIa3ephl, @ B KAaUeCTBE
[IO3ULIMOHHO-4yBCTBUTEIBHBIX (POTONPUEMHHUKOB IIPUMEHSIOTCS Ye-
TBIPEXCEKIIMOHHBIE MOJIYNPOBOAHUKOBBIE (GoToauoabl. OnTuyeckas
cucreMma ACM roctupyercsi TakuM 00pa3oM, 4TOOBI MU3ITyUYEeHHE T10-
JIYIIPOBOJHHMKOBOTO Ja3zepa (OKyCHPOBAIOCh HA KOHCOJIM 30HI0BOTO
JaT4yMKa, & OTPAKEHHBIN MYYOK II0N1aAajl B LEHTP (HOTOUYBCTBUTEIb-
HO# o0nacT poTONpPUEMHHKA.
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= (2]

* {4)

Puc. 3. KauecTBEeHHOE COOTBETCTBUE MEKAY U3TUOOM KOHCOJIH ()
30HIOBOTO AaTYMKa U U3MEHEHHUEM IOJOXKEHHUs TIsITHA 3acBETKH (b)
Ha ¢oTonnone

OCHOBHOH perucTpupyemblii ONTUYECKOM CHCTEMO mnapamerp
— 910 Aedopmarys U3ruda KOHCOMM TOJ| JCUCTBHEM Z-KOMITOHEHT
CWI MPUTSHKCHUST WK oTTajkuBanus (FZ). Takas perucrtparus o0e-
CIIeUMBACTCS CIEAYIONMM 00pa3oM. O003HAYMM HUCXOJHBIC 3HAYCHUS
(oToTOKa B COOTBETCTBYIONMX CeKMAX poronnona yepes [, 1, 1,
Io p» @ depes 1,1,1 » I , — 3HAYCHHUS TOKOB IIOCJIC M3MEHEHHsI IOJIO-
JKCHUsI KOHCOJIM, Pa3HOCTHBIE TOKU C Pa3IMYHBIX CEKIHH (HOToanoaa
Al = I — 10, GynyT OHO3HAYHO XapPaKTEPU30BATh BEJMIMHY U HANPAB-
JIeHHe u3ruba KoHcoyu 30HJ0BOro narurka ACM. JleficTBUTENBHO,

Pa3HOCTh TOKOB BHUJa
AT =(AL +AL)—(AL+Al) )

OyJIeT MPOINOPIMOHATIbHA W3rHMOy KOHCOJHU TOJA JCHCTBHEM CHIIBI,
JICHCTBYIOIICH 10 HOpPMaJid K MOBEpXHOCTH oOpasma. Eciu aedop-
Mallii KPY4YCHHsI KOHCOJIM [0 TEM WJIM WHBIM MPUYUHAM SIBJISIOTCS
HECYIIECTBEHHBIMU, TO CeKiuu 1, 2 u 3, 4 COOTBETCTBEHHO MOKHO
COCJIUHUTD IMOTAPHO.

Benuuuna Al, WCTIONBb3yeTCsl B Ka4€CTBE BXOIHOIO MapaMeTrpa
B 9JICKTPOHHOH CHCTEME YIIPaBJICHUS aTOMHO-CUIIOBOTO MUKPOCKOTIA.
Cucrema obpatnoii ceasu (OC), npu 3Tom obecnieunBaet Al, = const
C TIOMOIIBIO THE303JEKTPUICCKOTO HCIOTHUTEIBHOTO JJIEMCHTA,



KOTOPBIA TOJIEPKUBAET U3TMO KOHCONMM AZ paBHBIM BelnuuHe AZ,
3aJlaBaeMoi OrepaTopoM.

[Tpu ckanupoBanuu obpasia B pexxume AZ = const 30HA niepeme-
1aeTcs BJI0JIb OBEPXHOCTH, ITPHU 3TOM HaNpsKEHUE Ha Z-3JIEKTPOAe
CKaHepa 3aluChIBacTCA B MaMSITh KOMIBIOTEpPa B KauecTBe peibeda
nosepxHocTH Z = f (x,y). [IpoctpanctBennoe paspemenne ACM
OTIpe/IeTIsIeTCS PaInyCcoM 3aKpyIJIEHHUs 30H/a U YyBCTBUTEIBHOCTHIO
CHUCTEMBI, PErucTpHpyIollel OTKIOHEHHs KOHconM. B Hactosmiee
BpeMs peayin30BaHbl KOHCTpYKIMM ACM, mo3Bossiiomye noiayvarhb
aToMapHOe pa3pelieHue Mpu UcCiIe0BaHUH TOBEPXHOCTH 00Pa3IoB.

30HAMpPOBaHUE TMOBEPXHOCTH B aTOMHO-CHJIOBOM MHKPOCKOIIE
MIPOU3BOAUTCS C TOMOIIBIO CTIEHATbHBIX 30H/IOBBIX JATYMKOB, TIPE-
CTaBISIIOIIMX COOOH yNpyryro KOHCOJb — KaHTHIeBep (cantilever)
C OCTpPBIM 30HJIOM Ha KOHIIE. JlaTYMKM M3rOTaBIMBAIOTCS METOAaMU
¢doronmurorpaduu U TpaBICHUS U3 KPEMHHEBBIX TUIACTHH. YTIpPYyTrHe
KOHCOJIN (POPMUPYIOTCS B OCHOBHOM M3 TOHKHX CIJIOCB JICTHPOBAH-
noro kpemuus, SiO, uwnmu Si,N,. OMH KOHEIl KaHTUIIEBEPA KECTKO
3aKpeIvieH Ha KPeMHHEBOM OCHOBaHMM — Jepxkatene. Ha apyrom
KOHIIE KOHCOJIM pacrojlaraetcss COOCTBEHHO 30HA B BHAE OCTPOM
urnel. Pagnyc 3axpyrinenust ACM 3o01710B cocTtaBnsger 1 + 50 HM B 3a-
BHCHMOCTH OT THIIA 30H/I0B U TEXHOJIOTUU UX U3TOTOBJIEHHA. YTOI
npu Bepmuue 30512 — 10 + 20 °. Cuiy B3auMoneicTBUS 30H/a C T10-
BEPXHOCTHIO /' MOYKHO OLIEHUTH C ITOMOIIbIO 3aKoHa ['yKka:

F =k -AZ, )

rze k — JKeCTKOCTb KaHTWiIeBepa; AZ — BeJIMUKHA, XapaKTepU3yIo-
mias ero usruo.

KoadduimeHTs! ®KecTKOCTH KaHTWIECBEPOB kK BapbUPYIOTCS B M-
anasone 107 + 10 H/M B 3aBUCUMOCTH OT HMCIIOJB3yEMBIX NPH MX W3-
TOTOBJICHUM MAaTepHaliOB W T€OMETPHUYECKMX pa3sMepoB. B aromHo-
CHJIOBOM MUKPOCKOIIMU IIPUMEHSIOTCS B OCHOBHOM 30HJIOBBIE JATUNKU
JBYX THIIOB — C TPEYTOJIbHBIM KaHTHJIEBEPOM, 0Opa30BaHHBIM JBYMS
OankamM, U C KaHTHJICBEPOM B BHUAE OaJKH MPAMOYTOJIBHOTO CECUCHUSL.
Kanrtunesepsl nepBoro Tuma Ha3bIBaloTCsl V-00pa3HBIMH, a KaHTHJICBE-
pbl Broporo tuna — [-o0pasubiMu. OOmuil BUa 30HAOBBIX JATYMKOB
¢ V-o0pa3HbiMu 1 [-00pa3HbIMU KaHTHIIEBEpaMu IIPeICTaBIICH Ha pHC.4.



Puc. 4. O6muit Bux 30H10BbIXx ACM gaT4ukoB ¢ V-00pa3HbIMHE (a)
u [-o6pa3ubivu (b) kaHTHIIEBEpaMH

Wnorna 3ou10BbIe aTyukd ACM HMEIOT HECKOJIBKO KaHTHIIe-
BEPOB PA3NIMYHON JUTMHBI M Pa3UYHON KOH(HTIYypanuu (a 3HAYMT,
W pa3IMYHON )KECTKOCTH) Ha OJIHOM OCHOBaHHHU. B 3TOM ciydae BbI-
00p paboueit KOHCOIIU OCYIIECTBISIETCS] COOTBETCTBYIOIICH FOCTUPOB-
KO ONTHYECKOW CHCTEMbI aTOMHO-CHIIOBOTO MUKPOCKOTIA. 30H/IOBbIC
JaTYuKH ¢ V-00pa3HBIMH KaHTHIIEBEpAMH HMEIOT MPH TEX XK€ pas-
Mepax OOJNBIIYIO YKECTKOCTh U, CIICOBATEIIBHO, C OOJBINECH CHIIOHN
BO3JICUCTBYIOT Ha 00pa3ell U UMEIoT OoJiee BHICOKHE PE30HAHCHBIC
4yacToThl. M Te W ipyrue qaTyuKky NIMPOKO MPUMEHSIFOTCSI B KBa3KUCTa-
THUYECKNX U B KoJiebarenpHpIX ACM-MeTOMHKaX.

KonmakmHass amomHo-cusi108as MUKpOCKOnus

VYcnoBHO MeTOABI MOMydeHHUsI HHPOPMaLUN O penbede U CBOM-
CTBax IMOBEPXHOCTHU C MOMOIbI0 ACM MOkHO pa30uTh Ha TPH 0OJIb-
LIME TPYMIbl: KOHTAKTHBIE KBa3HCTATHUYECKHUE, «IIOJYKOHTAKTHBIC
1 OCCKOHTaKTHbIC KoyiebaTenbHble. B KOHTaKTHBIX KBa3uUCTaTHUe-
CKUX METOJHMKaX OCTPUE 30H/a HAXOIUTCSA B HETOCPEICTBEHHOM CO-
MIPUKOCHOBEHUH C TIOBEPXHOCTHIO, IPH 3TOM B CUCTEME ITPe00IagaroT
CWIBI OTTaNIKMBaHMsl. CHIIBI OTTAJIKMBAaHUs, TEHCTBYIOIIUE CO CTOPO-
HBI 00pa3ia Ha 30H], yPaBHOBELIMBAIOTCS CUIION YIIPYTOCTH KOHCOJIH.
Ucnonb3oBanue npu padore ACM B TakMX peKMMax KaHTHIEBEPOB
C OTHOCHUTEJIFHO MaJibIMH KO3(QQHULIHUEHTAMH KECTKOCTH I03BOJISIET
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00eCTenTh BBICOKYIO YyBCTBUTEIBHOCTh M M30€KATh HEKEIATEIhb-
HOT'O YPE3MEPHOT0 BO3/ICHCTBHUS 30H1a Ha 00pasell.

F.= const

K
) "ln-

111"\

@lj\} ﬂ ! .\:

Cranuposague

Puc. 5. ®opmupoBanue n3obpaxeHus pesibeda MoBepXHOCTH
IIPU NOCTOSIHHOM cHjle B3aMMOJEHCTBHS 30HIa ¢ 00pa3nom

B kBasucratuueckom pexume ACM wuzoOpaxkeHue penbeda
HCCIICyeMOM MOBEPXHOCTH (HOPMHUPYETCS JIMOO IPH IOCTOSHHOM
CWJIC B3aMMOJICHCTBUS 30H/a C MMOBEPXHOCTHIO, OO MPHU MOCTOSH-
HOM CpPCAHEM pAaCCTOAHHUU MCEXKIY OCHOBAHUEM 30HIAOBOIO JaT4yuKa
U TOBEPXHOCThIO oOpasiia. Ilpu ckaHupoBaHMHM 00pa3iia B PEKUME
F_= const cuctema 00paTHON CBA3M TOIEPKUBAET OCTOSHHOM Be-
JINUUHY W3ru0a KaHTHIIEBEPa, a CJIC0BATEIbHO, U CHJIY B3aUMOJICH-
CTBUSA 30HAa ¢ 00pasioM (puc. 4). [Ipu aToM yrpaBisiromiee HampspKe-
HUE B TETJe 00paTHOM CBs3HM, MOJaBacMoOe Ha Z-3JICKTPOJ CKaHepa,
OyIIeT IPOMOPIIHOHAIBHO pelibey MOBEPXHOCTH 00pasIia.

[Ipu nccnenoBannm 00pa3OB ¢ MATBIMU (TTOPSIKA SAMHUI] AHT-
CTpeM) IMepernajamMu BBICOT peibeda 4acTo MPUMEHSIETCS PEKUM
CKaHUpPOBaHUs IIPHU IMOCTOAHHOM CPCIHEM PACCTOAHUU MCKIAY OCHO-
BaHMEM 30HIOBOTO JAaTYMKa W MOBEPXHOCTHIO (Z = const). B aTom
CJIydae 30HJIOBbIM JaT4YMK JABUKETCA Ha HEKOTOPOU cpeJiHEl BBICOTE
Z,, Haj 00pasioM, TpH STOM B KaXkJOi TOYKE PErHCTPHPYETCS W3-
b KoHCcoIM AZ, IPOIIOPIIMOHATBHBIA CHIIE, NTEUCTBYIOMIECH HA 30H
co ctopoHbl moBepxHOCTH. ACM-n300pakeHre B 3TOM CITyJae Xapak-
TEPU3YET MPOCTPAHCTBEHHOE PACIPEICICHUE CUIbl B3aUMOICHCTBHS
30H/a C TIOBEPXHOCTHIO.



OIHUM M3 HEZOCTATKOB KOHTAKTHBIX ACM-METOOUK SIBIISIETCS
HEIMOCPEICTBEHHOE MEXaHNYECKOE B3aUMOJICHCTBHUE 30HIa C MTOBEPX-
HOCTBIO. DTO MOXKET MPHUBOIMUTH K IOJIOMKE 30HJIOB M Pa3pyIICHUIO
IMOBEPXHOCTH 00pa3lloB B Ipolecce CkaHupoBaHus. Kpome Toro,
KOHTAKTHBIE METOJIUKHU MPAKTUYUECKHU IJIOXO MOAXOJAT I HCCIEIO0-
BaHUs 00pa3IoB, 00JIAAAOININX MO MEXaHHMYECKOH JKECTKOCTBIO,
TaKUX KaK CTPYKTYpbI HA OCHOBE OPraHMYECKUX MATEPUAIIOB U OWO-
JIOTUYECKHE OOBEKTHL.

[Momumo nonydenus nuzo0pakeHuit penbeda moBEepXHOCTH, C IO~
MOIIIbI0 ATOMHO-CHJIOBBIX MHUKPOCKOIIOB MOKHO M3y4aTh OCOOCHHO-
CTH JIOKQJIbHOTO CHUJIOBOTO B3aMMOJICHCTBUS 30H/a C MIOBEPXHOCTHIO
Y Ha OCHOBAHHH TIOJTYYaeMbIX PE3yJIbTaTOB CYJIUTh O CBOMCTBAX I1O-
BEPXHOCTH pa3IMYHbIX 00pa3noB. C 3TOH IeJIbI0 CHUMAIOTCS TaK Ha-
3bIBAEMbIC KPUBBIC MI0JIBOJIA 30H/1a K IOBEPXHOCTH M KPUBBIC OTBO/IA.
DakTHYECKN U3YYaIOTCs 3aBUCUMOCTH BEJIIMYMHBI M3TH0a KaHTHIIC-
Bepa AZ (CWibl B3aMMOJICUCTBUS 30HJA C MOBEPXHOCTHIO) OT KOOP-
JIMHATHI z TIpU COJIMYKSHHUH 30HJIOBOTO JIaTYMKa U oOpasina. AHalo-
TUYHBIC M3MEPEHUS TPOBOJSATCS NPU YAAJICHHM 30HIA OT MOBEPX-
Hoctd. [Ipu mpubImKeHUN K MOBEPXHOCTH 00pasiia 30H]| MOMaaacT
B 00J1aCTh JICUCTBUS CHUJI MPUTSDKEHUSI. DTO BBI3BIBACT U3TMO KaHTH-
JIEBEpa B HAMpPABJICHUU K MIOBEPXHOCTU. B 3T0i 001acTH MOXKET Ha-
OJIFOJIAThCSI SIBJICHUE CKayKa 30H/a K MOBEPXHOCTH, 00YCIIOBICHHOE
HaJIMYUEM OOJIBIIIOTO IPAIUCHTA CUIT IPUTSHKCHUS BOJIN3U TTOBEPXHO-
ctu. Jlns motennuana tuna Jlennapna — Jl>xkoHca 005acTh OOJBIIMX
IPaJUCHTOB CUJIbI MPUTSDKEHUST cocTaBisieT Z* ~ 1 um. Jlns HaOro-
neHust d3QQeKTa CKayka 30HAa K MOBEPXHOCTH HEOOXOAUMO, YTOOBI
YKECTKOCTh BEIOPAHHOTO KaHTHIIEBEpa ObLiIa MEHBIIIE, YeM MAKCUMYM
IIPOU3BOHON CHIIBI 110 KoopauHate z. [Ipu nanpHenIeM coMmKeHnn
30HI0BOTO JIaTYMKA U 00pa3iia 30H]l HAUMHACT UCIBITHIBATH OTTAJIKH-
BaHHUE CO CTOPOHBI TOBEPXHOCTH M KAHTUJICBEP U3rU0ACTCS B IPYTYIO
ctopony. Hakion kpuBoit AZ = f(z)Ha 3TOM y4yacTKe OIpEeeNsIeTcs
YIOPYTUMHU CBOMCTBaMM oOpa3lia M KaHTWiIeBepa. Eciu B3aumoeii-
CTBUE 30HJa M 00pa3ia abCOJOTHO YIPYroe, TO 3aBUCHMOCTh H3-
ruba KaHTWIEBEpa OT PACCTOSIHHS JI0 TOBEPXHOCTH, PETHCTPUPYE-
Masi Ha O0OpaTHOM XOJIe, COBIAJAaeT C 3aBHCUMOCTBIO, IMOJIy4aeMOM
Ha IpsAMOM Xoje. J[is TIacTUYHBIX 00pa3lloB, TAKUX KaK IUICHKH
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OpPTaHMYECKUX MaTepUaoB, OMOJIOTUYECKUE CTPYKTYPBI U Ip., a TaK-
e 17151 00pa3ioB, Ha TOBEPXHOCTH KOTOPBIX HAXOMSATCS ancopOupo-
BaHHBIE CJIOW PA3IMYHBIX MAaTEPHaJIOB, KpuBble AZ = f(z) uMetoT Oomee
CIIO’KHBIN XapakTep. B 9ToM cirydae Ha BU 3aBUCHMOCTH CYIIIECTBEH-
HOe BIMsIHUE OKa3bIBaroT 3¢ dexTsl kammmsipHocT. [Ipu moasoxe
30H/I0BOT'O JIaTUYMKa K 00pa3ily MPOUCXOAUT CMaYMBaHUE 30HAA KU/
KOCTBI0, cofieprKalleiics Ha moBepxHOCTH oOpasua. [Ipu aTom Ha rpa-
HUIIE KOHTAKTa 30H7a C )KUAKOCTBIO popMupyercsi MeHUCK. Ha 30H7,
MOTPY>KEHHBIH B >KUAKOCTb, ACUCTBYET IOMOJHHUTENbHAS CHJa IO-
BEPXHOCTHOTO HATSDKEHHSL. DTO MPHBOAUT K TOMY, YTO MPH OTBOAE
30H/I0BOT'O JIaTYMKa TOYKA OTPhIBa KAHTHJIEBEpA OT OBEPXHOCTH Ta-
KOro o0pasiia cMeIaercst B 00J1acTh O0NbIINX Z.

Ha puc. 6 cxemarnuecku nmokasaHbl KpUBBIE MOJIBOJIa — OTBOJA
Ui ynpyroro o0pasna B BaKyyMe M 00pasia, CoAepIKallero Ha Io-
BEPXHOCTH CJIOW JKMAKOCTH. B mocienHeM ciyyae Ha 3aBUCHMOCTSIX
Ha0JI0JaeTCS THCTEPE3HC.

A2, F

AZF a)

Puc. 6. CxemaTnueckoe n300pakeHre KPUBBIX IOABOJA M OTBOJIA 30Ha
JUISL CITy4aeB «4HCTOro» ynpyroro obpasua (a),
n o0Opasia, Ha HOBEPXHOCTH KOTOPOTO HMEETCs
azcopOupoBaHHBIN ciaoi xuakoctu (b)

Taxum 00pa3oM, 1o BUIY 3aBUCUMOCTEH AZ = f{z) MOXKHO CYAUTh
0 XapakTepe B3auMOACHCTBHS 30HIA C MOBEPXHOCTHIO, UCCIIEA0BATD
JIOKQJIbHYO )KECTKOCTh B Pa3IMYHBIX TOYKaxX oOpaslia, u3ydarb pac-
npeaeNeHne CHI aAre3uy Ha IOBEPXHOCTH 00pa3IoB.

s nonyuenus 3asucumocmeit AZ = f(z) npu pabome xanmune-
6epa 6 KOHMAKMHOM PedcUMe NPUMEHAIOMCA CNeYUuaibHble CUCIEeMbl
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ynpaenenus ACM. Kaxk npaBuigo, cucteMa yHOpaBiICHHUS COCTOUT
n3 U(POBOI YaCTH, peaTM30BAHHON Ha 0a3e MepCoOHAEHOTO KOMITHIO-
Tepa, U aHAJIOTOBOW YaCTH, BBITOJHIEMOM 00BIYHO B BHJIE OT/ICIBHOIO
onoka. IlupoBas 4acTh CONEPKUT B OCHOBHOM ITU(PPO-aHATIOTOBBIC
(LTAIT) u ananoro-mudpossie (ALIT) npeodpazoBatenu. JIByxkaHasb-
Hble nugpo-ananorossie npeodpazosatenu LIATT-X u LAII-Y ciyxar
Ut (POPMHUPOBAHHS CTPOYHBIX M KaJPOBBIX pa3BepToK. M3 ckazaHHOTO
SICHO, UTO CHCTEMa YIpaBICHHUS AOJDKHA COACPIKAThH METII0 00paTHON
csizu (OC). Iletns oOpaTHOM CBSA3M OOBIYHO COCTOUT W3 (POTOAMO-
Tia, TPEABAPUTEILHOTO YCHIIUTEINS, KOHCTPYKTHBHO PACIIONIOKEHHOTO
B u3MepuTenbHoi ronoBke ACM, cxeMbl CpaBHEHHUS, BBICOKOBOJIBTHO-
IO YCHJIMTENS W THE30TpPeo0pa3oBaTelis, PeryIHpYIONIero BEININHY
n3ruba KaHTUIIEBEPa, a CIICIOBATENIbHO, CHITY B3aHMMOJICHCTBUS 30HIA
C TIOBEPXHOCTHIO. B crcTeMe Taxke MMEIOTCS DIIEKTPOHHBIC KITFOUH,
IIpeIHa3HAYCHHbBIC [ €¢ KOH(PUIYPUPOBAHMUSL.

[lepen Hauamom pabOTHI OMEPaATOP FOCTUPYET ONTHUECKYIO CXe-
MY CHCTEMBI PETHCTPAIMN OTKIIOHEHUS KAHTHUJIEBEpa TAKUM 00pa3oMm,
YTOOBI TOK C Pa3JIMYHBIX CEKTOPOB (POTOIMO 1A ObLIT PABHBIM, a €TI0 Be-
JUYMHA MaKCUMAaJIbHOW. 3aTeM YCTaHaBIUBAETCS HAIpsDKEHUE, TPO-
MOPIHMOHATIbHOE paboueMy 3HAYCHHIO OTKIIOHEHUs KaHTUiIeBepa AZ,
KoTOopoe Oy/eT MOAIepKUBATHCS MOCTOSTHHBIM CHCTEMOM 00paTHOM
cBsa3u. [locie aToro BkIO4WaeTcs cucrema CONMKEHHS 30HJA U 00-
paszua. [Ipu 3TOM yrpaBisitoliee HaNpsHKEHUE TTOJIASTCS Ha IBUTATENb
MEepEeMEeNIeHHsI 10 BEPTHKAIN, OOBIYHO IIATOBBIM IMTHE30/BUTATEIb.
B HavyambHOM COCTOSIHUM HAIIPSKEHUE B TIETIIE 00paTHOM CBSI3H (TIpO-
MTOPIIMOHATIFHOE Pa3HOCTH TOKOB MEXIY BEPTUKAIHHBIMU CEKTOPAMH
¢dorommoa) MEHbIIE, YeM 3HAYCHUE, YCTAHOBJIEHHOE OIEepaTopoM,
Y CKaHep MaKCHMAaJIbHO BBITSHYT B HallpaBlieHUH 30Ha. [Ipu moaxo-
ne o0pasia K 30H4y KaHTHIIEBEp U3TN0ACTCs, TIOSBIISIETCS Pa3HOCTHBIN
TOK ¢ ()OTOIMOJIA, U CUCTEMA COJIMIKCHUS MEPEXOJUT K MPOLEAYPe
TOYHON YCTaHOBKH 0oOpasma. B 3ToM peknMe TpOUCXOIUT MaabHeH-
niee JBIKeHHE 00pasiia K 30HY ¢ MOMOIIBIO ABUTATeNs H OJHOBpE-
MEHHOE OTOJIBHTaHHe ero ¢ moMoInbio ckanepa (OC momnepKuBaet
MMOCTOSTHHBIM M3rH0 KaHTHJIEBEpa) 70 TeX IMOp, MOKa MIOCKOCTh I10-
BEPXHOCTH 00pa3lia He JOCTHTHET MOJOXKEHHsI, COOTBETCTBYIOIIETO
cepearHe JMHAMUYEeCKOTo AMaa3oHa repeMeniennii ckanepa. [loce
ATOr0 MHUKPOCKOII TOTOB K padore.

12



Kosie6ameibHble Memoouku
8 aMoMHO-CU/1080l MUKPOCKONUU

Jlnst vccneroBaHus MATKUX U TUTACTUYHBIX 00pa3IoB 4acTo MpH-
MeHsoTCsl KoniebarenbHble ACM-METOANKH, OCHOBAaHHBIE HA PErH-
CTpalui TIapaMEeTPOB B3aMMOCHUCTBUS KOJEOIIOMIEroCs KaHTHIIe-
Bepa C MOBEPXHOCTHIO. JlaHHBIE METOIUKH IMO3BOJSAT CYLIECTBEHHO
YMEHBUIUTh MEXaHUYECKOE BO3JCHCTBUE 30HIIAa HA IOBEPXHOCTb
B IIpoliecce ckaHupoBaHusi. Kpome Toro, pasButue KoJeOaTeIbHBIX
METOAMK CYIIECTBEHHO PACLIMPUIO apceHal Bo3MokHOcTell ACM
10 U3MEPEHUIO PA3IMYHBIX CBOMCTB MOBepxXHOCTU. Kak yrmoMuHanoch
paHee, KojeOaTeIbHbIE METOJUKH PEAU3YIOTCS B IMOJIYKOHTAKTHOM
1 OECKOHTAKTHOM peXuMax. B OECKOHTaKTHOM peXHME KaHTHIICBED
COBEpIIIaeT BBIHYKJCHHBIE KOJIeOaHUS ¢ MAJIOW aMILUIATYIOW TOPSi-
ka 1 aM. McTtounnkom koneOaHuii OOBIYHO SBISETCS MTEE30BUOPATOD,
Ha KOTOPOM 3aKperuisieTcss OCHOBaHWe KaHTwieBepa. llpu mpubmu-
JKEHUH 30HJIa K MMOBEPXHOCTH Ha KaHTWJIEBEP CO CTOPOHBI 00pasiia
HAaYMHAET JEHCTBOBAThL NOMOJNHUTENbHAS cuna F, . Ilpu BaH-nep-
BaaJbCOBOM B3aWMOJICHCTBUH 3TO COOTBETCTBYET TOW OOJIACTH pac-
CTOSIHUH MEXIy 30HIIOM M 00pa3IioM, TJie JCHCTBYET CHIIa IPUTSIKE-
Hus. Eciu 3001 ACM HaxoquTest Ha pacCTOSHUM Z, OT TIOBEPXHOCTH,
TO B CJIy4ae MaJbIX KOJIeOaHUH MOKHO 3aIHCaTh:

oF .

FPS:FPSD_‘_E(:(])':(I) (4)

DTOo mpHBENET K TOMY, YTO B TIPAaBOi 4acTH ypaBHEHUS, ONHCHI-
BAaIOIIETO BBIHYX/ICHHBIC KOJIEOaHMsI KAaHTHUIIEBEpPa B TUCCUITATHBHOM
cpene, MOSBATCS IOIMOJNHUTENbHBIE ciaraemblie. ClencTBUEM TOSB-
JICHUS] ITUX CllaraeMbIX OyAyT W3MEHEHUS aMIUIUTYAHO-4aCTOTHBIX
1 ($a30-49aCTOTHBIX XapaKTEPUCTHK cucTeMbl. OHAKO peajbHO ATH
VM3MEHEHHUs OyAyT He CIMIIKOM BenuKH. lloaToMy permcrpanus uz-
MEHCHHUS aMIUTUTYI5I U (Pa3bl KoJeOaHmii KaHTUIIEBEpa B OCCKOHTAKT-
HOM peXrMe TpeOyeT BBICOKOH YyBCTBHUTEIHHOCTH M yCTONYNBOCTH
paboTel oOpaTHOH CBs3U. Ha mpakTuke daie UCTONb3yeTCsT TaKk Ha-
3BIBAEMBI  TIOJYKOHTAKTHBINY» pEXHM KoJjeOaHUil KaHTHIIEBepa
(MHOTIa €T0 HA3bIBAIOT MPEPHIBUCTO-KOHTAKTHBIN, a B HHOCTPAHHON
UTEpaType — «intermittent contacty wim «tapping mode» peKUMBI).
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[Ipu paboTe B 3TOM pexkuMe BO30YXKAAIOTCS BBIHY)KICHHBIE KO-
nebaHus KaHTWIeBepa BOJIM3M pe30HAaHCA C aMIUIMTYIOW TMOpsSAKa
10-100 am. KanTHieBep MmoIBOIUTCS K TOBEPXHOCTU TaK, YTOOBI
B HIDKHEM TIOJIyIIEPHO/E KOJIeOaHWH MPOUCXOIUIIO KacaHHue TOBEPX-
HOCTH 00pa3ia (3TO COOTBETCTBYET OOJIACTH OTTAIKMBAaHUS Ha Tpa-
(uKe 3aBUCUMOCTH CHIIBI OT paccTosiHUsA (pHc. 7)).

F

Puc. 7. 3aBUCUMOCTbh CMEIIEHHS KAaHTUJIEBEPA OT BpEeMEHH
B IOJYKOHTAKTHOM pexkume — 2. KpuBas 1 — 3aBucuMocTh
CHUJIBI B3aMMOJICHCTBHS KaHTHJIEBEPA C IOBEPXHOCTHIO OT PACCTOSHUS

BsanmogeiicTBre KaHTHIIEBEpa C MOBEPXHOCTHIO B «IOJTYKOH-
TaKTHOM» PEXHME COCTOMT W3 BaH-IEp-BaalbCOBOTO B3aUMO/IEH-
CTBUS, K KOTOPOMY B MOMEHT KacaHWs M0OaBJseTCA ynpyras cuia,
JISUCTBYIOIAs HAa KaHTUJIEBEP CO CTOPOHBI MOBEpPXHOCTH. Teopus
«TIOJIYKOHTAKTHOT0» PEXHMa SIBIISIETCS BECbMa CI0KHOH, TTOCKOJIBKY
B 3TOM cllydae ypaBHEHHE, ONHCHIBAIOIIEE ABI)KEHHE KaHTHIIEBEPa,
CYIIIECTBEHHO HEIMHEWHO. XapaKTepHbIe OCOOCHHOCTH NAHHOTO pPe-
JKUMa CXOJHBI C 0OCOOEHHOCTSMH OECKOHTAKTHOTO PEXHMMa: aMILIH-
Tyna u (aza KojeOaHWI KaHTHIEBEPa 3aBUCST OT CTEIIEHH B3aWMO-
TEHCTBUS TIOBEPXHOCTH W 30H/A B HIDKHEH TOUKe KOIeOaHWN KaHTH-
neBepa. [IockonbKy B HIKHEH TOUKE KOJCOAHWMM 30H] MEXaHUICCKH
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B3alMOJICHCTBYET C MOBEPXHOCTBbIO, TO Ha M3MEHEHHE aMIUIUTY/IbI
u ¢a3bl KojeOaHni KaHTUIIEBEPA B ATOM PEKHME CYILECTBEHHOE BITHU-
SITHUE OKa3bIBAET JIOKAJIbHAsS )KECTKOCTh MOBEPXHOCTH 00Pa3IIOB.

Casur o ¢asze MexIy KoueOaHUSIMH BO30YKIAIOLIETO MbE303-
JIEKTPUYECKOro BUOpaTopa U YCTaHOBHBIIMMUCS KOJIEOAHUSIMH KaH-
TUJIEBEpPA MOYKHO OLIEHHUTh, €CIIM PACCMOTPETH MPOIEcC AUCCUTIAIINN
SHEPTUH MPH B3aUMOJCHCTBUM 30HAa ¢ obpasnom. [Ipu yctaHoBUB-
LIMXCS KOJIEOaHUSIX DHEPIHs, MPUXOAALIas B CHCTEMY, IOJDKHA OBITH
B TOYHOCTH paBHa YHEPruH, paccenBaeMoil cuctemoil. Takum oOpa-
30M, ()a30BbIN CABHUT KOJICOAHUH KaHTUIIEBEPA B «IIOTYKOHTAKTHOM
peXXUMe ONpeAeNsieTcs] SHeprueil NUCCUNaTUBHOTO B3aUMOJICHCTBHS
30HJ]a C IOBEPXHOCTBIO 00pa3Ia.

dopmupoBanne ACM-n300pakeHHsT TOBEPXHOCTH B PEXKUME
KoJIeOaHUil KaHTUIIEBEpa MPOMCXOAMT cieAytomuM obpazom. C mo-
MOIIBIO TIHE30BUOpaTopa BO30YKIAIOTCsA KoyeOaHUs KaHTHIIEBEpa
Ha 4yacToTe @ (OJU3KOM K Pe30HaHCHOW 4acTOTe KaHTHUJIEBEpa) C aM-
mutynoi A . Tlpu ckanupoBanun cuctema oOpatHo# cBasu ACM
MOJ/ICP’)KUBACT TOCTOSHHOM aMIUIMTYAy KojeOaHMH KaHTHJIEBEpa
Ha ypoBHe A, , 3anaBaeMoM omeparopoM (4, < A ). Hanpsixenue
B IIeTie 0OpaTHOW CBA3M (HAa z-dJEKTPOAE CKaHepa) 3alHChIBACTCS
B aMATh KOoMIbIoTepa B kKauecTBe ACM-u3o0paxenus penbeda mo-
BepxHOCTH. OJHOBPEMEHHO NPU CKAaHHUPOBAHUH O0pasna B KaxIOu
TOYKE PErUCTpUpyeTcsl u3MeHeHue ¢a3bl KoieOaHUi KaHTHIIEBEpa,
KOTOpOE 3aIllMCBIBAETCS B BUJE pacipeeseHus (azoBoro KOHTpacra.

OCHOBBI
3JIEKTPOCUJIOBOM M MAaTHUTHO-CHUJIOBOM MUKPOCKONHUH

3./leKmpOCll/lOBa.ﬂ MUKpOCKoOnus

DJEeKTPOCHIIOBAass MHUKPOCKONHUSI OCHOBAaHAa Ha PETUCTPALUU
CHJI 3JIEKTPUYECKOI0 B3aMMOJCHCTBUS MEXIY 30HIOM M 00pa3LoM
JUIs TIOJTy4eHHst MHGOpMauK O CBOICTBaX MOBEPXHOCTU. B Heil nc-
MOJIB3YIOTCS] 30HJIOBBIE JAaTYMKH, Y KOTOPBIX 30HIBI UMEIOT IPOBO-
Jsiliee MOKpBITHE, a 00pasipl coaepKaT JOCTATOYHO TOHKHH CIIOH
M3y4aeMoro Marepuaia Ha XOpOLIO IPOBOAALICH MOUIOKKE. Mexty
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30HJI0OM U 00pa3LOM MOJAETCA MOCTOSHHOE cMemenue U, u mepeMeH-
Hoe Hanpsbkenue U = U, -Sin(wt). Ecin TOHKME €O Ha MOJIOKKE
MpeJICTaBiIsIeT co00# MOMYIMPOBOJIHUK WU JIUAICKTPUK, TO JIOKAb-
HBI TIOTEHIIMAJ MMOBEPXHOCTH 00pa3iia OTIMYACTCS OT MOTCHIMAIa
ITOJITIOKKH, TaK YTO CYIIECTBYET pacIpelieiiCHUE MOTeHIUaIa ¢(X,)).
HanpsbxkeHnue Mex Tty 30HI0M U IIOBEPXHOCTHIO 00pa3iia MOXKHO Tpe/l-
CTaBUTH B BUJIE

U=U,+U,Sin(an)—@(x,y) (5)

Cucrema «30HI — o0Opasery 001anaeT HEKOTOPOH 3/IeKTpuye-
cKoil eMKOCThiO C, TaK 4YTO JHEPrHs TaKOH CHCTEMbI MOXET OBITh
IIPEJICTaBJIEHA B CIIEYIOLIEM BUJIE:

CU*
E=—— (6)
2

Z-KOMIIOHEHTa 3JIEKTPUYECKON CHJIBI B3aWMOJEHCTBUS 30HJA

u oOpasia B 3TOM Cilydae paBHa
OE 1 ,oC
== U )

[oxcrassist (5) B (7), MOXKHO yOSIUTBCS, YTO CHJIa B3aUMOJICH-
CTBUS UMEET TPH COCTABJISIIONIHE:
MTOCTOSTHHYIO COCTaBJISIOIIYIO

1( > 1., oC
i ==\ (U,—o(x,v)) +=U’ |}x—:; (8
=0 2 ( 0 QJ. o )) 2 1 aZ ( )
COCTaBJISIONIYIO HAa 4aCTOTE (
. ) N 1 oC
F;-_"m:r :_[((/'0 —@(X,Jf))'{/alsm(ﬂ)]xa—5 (9)
iz
COCTAaBJIAIOLIYHO HA 4aCTOTC 2m
1, oC
F.,, =1=U; Cos(2an ) p x—- (10)
4 oz

Peructpanmst amrummtynbl KojeOaHUil KaHTHJIEBepa Ha 4acTo-
Te 2@ TO3BOJIET UCCIEA0BATh PACIPE/IEICHHE BJIOJIb TOBEPXHOCTH
Besmuuubl C” (X, y ) — NPOU3BOJHOM OT €EMKOCTH 1O KOOPJMHATE
z. C TIOMOIIBIO0 3TOTO METOJ[a MOKHO M3y4aTh JIOKAJIBHBIC AMIJICKT-
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PUYCCKUC CBONCTBa MMPUTTIOBEPXHOCTHBIX CJIOCB 06p33L[0B. I[J'ISI 1o-
JIYy4€HUA BBICOKOI'O pa3pCuICHHA B JTaHHOU MECTOJHUKE HeO6XO,I[I/IMO,
YTOOBI QJICKTpHUYCCKad Cujia B CUCTCME «30H,[[OBI:II\/'I JaTYUK — 06pa—
3C» OoIpeacidiiacb B OCHOBHOM B3aHMOI[6[>iCTBHCM MEKAY 30HAOM
U TMOBCPXHOCTLIO. Cuna BBBHMOHCﬁCTBHﬂ 30HJa C IMOBCPXHOCTBIO
Ha OCHOBEC HpOCTOﬁ MOJACIN INNIOCKOTO KOHACHCATOpa MOKET OBITh
NpeaAcCTaBJIiCHA B BU/C

1 ,eC 1 L 7R

F,,=—U"—=——aU*~— (11

P2 a2 n
Iie o — IMOCTOSIHHAs BEJIUYHMHA, R — XapaKTEepHBIA pPanyC 3aKpyr-
JICHHUs] KOHYMKA 30HJA, /I — PacCTOSHUE «30H] — TOBEPXHOCTDHY

(WM ToNIUMHA TUICHKH JUDJICKTPUKA HA MPOBOJSINCH IOIIOXKKE).
TunuuHble 3HAYCHUS /1 COCTABIISIOT puMepHO 10 HM.

HOCKOJ’ILKy caMa BCIM4YHHa 67 3aBUCHUT OT pACCTOSAHUA «30H —
/4

oOpazery, Uil MCCICIOBAHUS AUAIICKTPUUYECKUX CBOHCTB 00pas3LoB
MIPUMEHSETCS ABYXIPOXO/AHAs METOAMKa. B Kkax0il cTpoke CkaHH-
pOBaHMA POU3BOIUTCH ciexyromas npoueaypa. Ha nepsom nmpoxoze
C TOMOUIBIO NbE30BHOpaTopa BO30YXKIAIOTCS KOJeOaHMs KaHTHJIC-
BEpa Ha 4acToTe, OMM3KOM K PE30HAHCHOH 4acTOTE M), U CHUMAETCS
ACM-n306paxkenne penbeda B IOITyKOHTAKTHOM PEKUME. 3aTeM 30H-
JIOBBIA IaTYMK OTBOJUTCS OT MIOBEPXHOCTU HA PACCTOSHHUE Z,), MEKIY
30HJIOM M 00pa3LOM I0JAETCs IEPEMEHHOE (Ha YaCTOTE M = ®,) Ha-
MPSUKEHKE, U OCYIIECTBIISICTCS IOBTOPHOE CKaHUpoBaHKe. Ha BTopom
MIPOXOJI€ JaT4YUK JBUKETCS HaJl MOBEPXHOCTHIO 110 TPAEKTOPHUH, I10-
BTOpSsitOLLIEH penbed obpasua.

Takum oOpazom, utoroBeli DCM-kaap npeacTaBisieT cOOOH
nBymMepHy1o Gynkuuio C’ (' X,y ), XapaKTepH3yIOLLyI0 JIOKAIbHBIE 13-
JIEKTPUYECKUE CBOMCTBA 0Opasia.

[TockonpKy B Ipolecce CKaHMPOBAHUS JIOKAJIBHOE PacCTOSHHE
MEX/ly 30HJOBBIM JATYMKOM U MOBEPXHOCTBIO B KaXKJIOM TOUYKE ITO-
CTOSTHHO, M3MCHEHHs aMIUIMTYIbl KOJeOaHMI KaHTHWJIEBEpa Ha ya-
cToTe 2 OyayT CBS3aHBl C M3MEHEHHEM E€MKOCTH CHUCTEMBI «30HI
— oOpasen» BCIeACTBUE U3MEHEHUS JUIJICKTPHUECKUX CBOWCTB 00-
pasua. Peructpauus curaana Ha yacToTe w MO3BOJISIET U3y4daTh pac-
npeaesieHne MOBEPXHOCTHOTO MOTeHIMana ¢(x,y) (Tak Ha3bIBaeMbIi
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metox KenbBuna). [lyist 3T0r0 npu ckaHMpoBaHUM 00pa3lia Ha BTOPOM
MpoXoJie B KaKIOH TOYKE MPOM3BOIMUTCS CIEAYIOLIas MpoLeaypa.
C nomouipio nepecTpanBaeMoro UCTOYHHKA MMOCTOSHHOTO HaIlpshKe-
Hus noabupaercs BenuduHa U, Takum 00pa3oM, 4ToObl aMILIUTY/a
KoJieOaHUil KaHTUJIEBEpa Ha 4acTOTE (@ CTAHOBWJIACH PABHOM HYJIIO.
OTO MPOMCXOAMT B TOM Cllydyae, €CIU BBIIOJHACTCS PaBEHCTBO
U,= ¢(x,y) B 1aHHOH TOYKE MOBEPXHOCTH.

MazHumHo-cusi108a1 MUKpoOCKonus

MarnautHO-cunoBoit Mukpockon (MCM) npenHazHadeH IS HC-
CJIETOBAHMS JIOKAJIbHBIX MAarHUTHBIX CBOMCTB 00pasnoB. TOT Mpuodop
MIPEACTABIISIET COOO aTOMHO-CHIIOBOM MUKPOCKOII, Y KOTOPOTO 30H]
MIOKPHIT (pepPOMAarHUTHBIM MaTEPHUaJIOM C OINPENEICHHON YyIenbHOU
HaMarHW9YeHHOCTHIO.

B obmem cmywae ommcanme B3amMoaccTBusa 30Hma MCM
¢ nojieM oOpasua H(r) npeacrapiser co00H JOCTATOUYHO CIIOXKHYIO
3azady. B kauecTBe mpocTedmiedl MOJENIM MOXKHO pPacCMOTPETh
MCM-30HA B BUI€ OJMHOYHOTO MAarHUTHOT'O IO, XapaKTEepPHU3y-
IOIEroCsi MAarHUTHBIM MOMEHTOM m. [loTeHnnanpHas SHeprus Takou
CHUCTEMBI paBHA

w=—(mH ) (12)
B none H Ha MarHUTHBIN AUNOJIb AEUCTBYET CUIIA
f =—grad(w)= V(mH ) (13)
U MOMEHT CWJI, PaBHBIN B .
N=/mH] (14)

B oxHOpogHoM MarauTHOM mone cuia f'= 0, Tak 4TO Ha JUMONb
JEHCTBYET JUIIIb MOMEHT CHJI, KOTOPBIA pa3BOpadyMBAET MAarHUTHBINA
MOMEHT m BJIOJb TI0JIsl. B HEOTHOPOTHOM TIOJI€ TUTIONE BTATHBACTCS
B o0acTh ¢ OoubIei HanpshkeHHOCThIO H. B 001mem ciryyae MmarauT-
HbII MOMEHT 30H1a MCM MO>XXHO IPEICTaBUTh KaK CYNEpIO3ULIUIO
JIATIOJIEN BUIA -

My )dVv,
rae M — ynenbHas HAMarHUWYEHHOCTh MATHUTHOTO TIOKPHITHS, dV —
3JIEMEHTAapHBIN 00BeM.
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Torma monHasi 3HEPrUs MArHUTHOTO B3aUMOJICHCTBHS 30HIA

1 oOpa3na MOKeT ObITh MPECTaBIeHa B CIEAYIOIEM BHIE:
W,.=—[M(F ) -H(F+7 )dV’ (15)
¥y

35ech r — pajnyc-BeKTOp Havaiaa CUCTEMbl KOOPJIUHAT, CBSI3aH-
HOW ¢ OCTpUEM 30H/1a B JTAOOPATOPHOI cHCTEME, F¢ — painyC-BEKTOP
JAHHOTO JIUTIONSI B CUCTEME KOOPJIUHAT, CBS3aHHON ¢ OCTPUEM 30H]IA.
WuTerpupoBanne NpoBOJUTCS MO MATHUTHOMY CJIOKO 30H/IA.

Ortcrona criia B3anMOACHCTBHS 30Ha ¢ TToJIeM 00pasia paBHa

F=—-grad(W_ )= ‘[?(Mﬁ )av’ (16)
Ve
COOTBETCTBEHHO Z-KOMIIOHEHTA CHJIBI:
5 oH, g
Fo=- s 0, S, S T | (7)
Z Z z ¢z

Ve

Jus nonydenuss MCM-u300pakeHuii 00pa3IoB NPUMEHSIOTCS
KBa3UCTaTHUECKUE M KojeOaTelbHble METOAWKU. B KBasucraTmue-
CKUX PEXHMax MarHUTHO-CHJIOBBIC M300pakeHUs MOBEPXHOCTU 00-
pas3ioB, UMEIONNX c1abo Pa3BUTHIN pelibed MOBEPXHOCTH, MOJTyYa-
I0TCS TPU CKAaHUPOBAHUM B Te€X CIydasx, KOI/Ia 30HJOBBIM JaTunK
nepeMeriaeTcsi HaJ o0pa3lioM Ha HEKOTOPOM PAacCTOSIHUU h=const.
[Ipu sTOM BenuumHa M3rnba KaHTUJIEBEpa, perucTpupyemasi onTH-
YEeCKOM CHCTEMOI, 3arrchIBaeTcs B BUJie N300pakeHus F(x,y), npea-
CTaBJISIONIET0 cOOOM pacrpeseneHne MarHUTHOTO B3aUMOJIEHCTBUS
30H]1a ¢ 00pa3IoMm.

Jliss MarHUTHO-CHJIOBBIX HCCIIEIOBaHMH 00pasloB € CHIBHO
pPa3BUTBIM penbehOM TMOBEPXHOCTH MPUMEHSIETCS ABYXIIPOXOIHAS
MeTtojuka. [Ipr 3TOM B KakJI0H CTpOKE CKaHWPOBAHUS MPOU3BOIUT-
cs cieayromiast mpoueaypa. Ha mepBom mpoxojie peructpupyercs
ATOMHO-CHJIOBOE M300pakeHHe pebeda MOBEPXHOCTH B KOHTAKTHOM
WM «TIOJTYKOHTaKTHOMY peXHUMe. 3aTeM 30HI0BBII JJaTYUK OTBOIUT-
Csl OT TIOBEPXHOCTH HA PACCTOSIHUE Z, U OCYIIECTBISIETCS TIOBTOPHOE
CKaHMpoBaHHE. PaccTosnue z, BHIOMPAETCS TaKUM 00pa3soM, YTOObI
cuna Ban-nep-Baanbca Oplia MEHBIIIE CHIIBI MarHUTHOTO B3aUMO-
JerictBus. Ha BTOpoM mpoxoje AaT4MK MepeMeliaeTcs Haj MoBEpX-
HOCTBIO 110 TPACKTOPHUH, MTOBTOPSIFOIIEH peibed oOpasia. [lockonbky
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B OTOM CJIy4ae JIOKaJIbHOE PACCTOSHUE MEXKIY 30HIOBBIM JaTYMKOM
U TIOBEPXHOCTBIO B KaXKJOH TOUYKE TOCTOSHHO, M3MEHEHHsl M3ruda
KaHTHJIeBepa B MpOIlecCe CKAaHWPOBaHMS OyIyT CBSI3aHBI C HEOIHO-
POOHOCTBIO MATHUTHBIX CHJI, JICHCTBYIOLIMX HA 30H] CO CTOPOHBI 00-
pasua. Takum oOpaszom, utorossiii MCM-kaap npenctaBisier co00i
IBYMepHYI0 (yHKUMIO F(X,y), XapakTepu3yIOUIyI0 paclpelnenecHue
CHJIBI MATHUTHOTO B3aUMOACHCTBHS 30H/a C 00pa3LOM.

[lo cpaBHEHHMIO C KBa3UCTAaTHUECKMMH METOIMKaMH Koneda-
TEJIbHbIE METOAUKU B MAarHUTHO-CUJIOBOM MUKPOCKOIIUU TO3BOJIIFOT
peanu3oBaTh OOJNBINYI0 YYBCTBUTEIBHOCTH U MOJy4YaTh Oosee Kade-
crBeHHble MCM-m300paskennst oOpa3noB. Tak ke Kak U B ciydae
konebarenbHbIX ACM-n3MepeHnii, HaTuyue rpaiueHTa CUilbl IPUBO-
JUT K U3MEHEHUIO PE30HAHCHOM 4acTOThl U K CABUTY aMILIUTYIHO-
YacTOTHBIX M (Pa30-4aCTOTHBIX XapaKTEPUCTHK CHCTEMBI «30H]
— oOpasen». [laHHble M3MEHEHHs PE30HAHCHBIX CBOHCTB CHCTEMBI
WCTIONB3YIOTCS ISl TIOJTyYeHHs MHPOPMAHK O HEOAHOPOIHOM pac-
MpeaeNeHn HAMarHMueHHOCTH Ha MIOBEepXHOCTH 00pa3uoB. B ciyyae
MAarHUTHOIO B3aMMOJEHCTBUS 30HJA C IMOBEPXHOCTBIO CABUI PE30-
HAHCHOM 4acTOTHI KOJIEOIIOMIErocs KaHTUIeBepa OyIeT ONnpeeisiTh-
Csl IPOM3BO/THOM 110 KOOP/IMHATE Z OT BEJIUYHMHBI £

oF, - 2
- aaer ) S ar (18)
Todz g, oz"
Wy B TOKOMIIOHEHTHOM BHUJC:
‘ : O°H H
F :aiz‘l‘ ﬂaf\ajj} + M 2}. +1M,811,r: dav  (19)
B oz A z G © oz

s nonmydyenunss MCM-u300pakeHUil MOBEPXHOCTH B Koseda-
TEJILHBIX PEXKUMaX TAKXKe UCIIOB3YIOTCS IBYXIIPOXOIHbIE METOIUKH.
C nomomuipio mbe30BuOpaTopa Bo30YKAAIOTCS KOJIeOaHUs] KAaHTHIICBE-
pa Ha yactoTe » BOIM3M pe3oHaHca. Ha iepBoM Ipoxo/ie B «IIOITyKOH-
TaKTHOM» PEXHUME 3amuchiBacTcs penbed nmosepxHoctu. Ha Bropom
MIPOX0/I€ 30HA0BBIN TaTUUK JBMIKETCS HaJl 00pa3LioM 0 TPACKTOPHUH,
COOTBETCTBYIOIIEH penbedy, TaK YTO PacCTOSHUE MEKIY HUM U IO-
BEPXHOCTBIO B KaXKI0M TOUKE PABHO BEIMYUHE Z, = CONSt, ONpeense-
Moii oneparopoM. MCM-unzobpaxkenne HopMUpyeTcsi HOCPEACTBOM
perucTpaury U3MEHEHHH aMIUTUTYAbl Wi (as3bl KojeOaHud KaHTHU-
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jaeBepa. AMmuTyaa U Qasza KoireOaHWH KaHTUIEeBEpa MOTYT OBITH
NPECTABIEHBI (IIPU yCIIOBUH, YTO BapHaluu F'_ BIOJIb OBEPXHOCTH
HEBEIIMKH) CIEAYIOMINM 00pa3oM:

A(F,)= A(F,)+ 4, (F. | AF., (20 2)
PF)=p(F, )+ g (F. | AF (20 6)

Torna u3MeHEeHUs] aMILTUTYAbI M CIBUT (a3bl KoieOaHui, CBS-
3aHHBIE C BapUAIMAMHU IPAJUEHTa CUIIbI, OyIyT PaBHBI

AA=A(F )— A(F,)=A_(F ) AF,, (21a)

Ap=9(F. )-o(F. )=¢ (F.)

Kospduuuentsr mepex AF’ onpenensoT 4yBCTBHTEIBHOCTH
aMIUTUTYIHOTO W ()a30BOTO METOJIOB M3MEpEHHUsl. MaKCUMyM 4yB-
CTBHTEJILHOCTH JIOCTHTAETCSl TP BIIOJHE OTPEIEICHHBIX YacTOTax
BO30YyKIeHUSI KaHTHIeBepa. [103ToMy B KOHEYHOM UTOTE KOHTpAcT
Ha MCM-n300paxeHnsax CBsi3aH ¢ pacnpeseieHueM HaMarHH4eHHO-
cTu B oOpasIie.

Cucmemwt ynpasnenuss ACM, 9CM, MCM ons xonebamenvhvix
MEMOOUK 00bIYHO cmpoamcs credyiowum oopazom. B cxemy yrpas-
JICHHSI BXOJAT JICKTPOHHBIC KITIOUHM, KOTOPbIC YIPABISIOTCS HATIPS-
KCHUSIMH C BBIXOZHOTO PETUCTpa U CIYKaT JJIsl KOHPUTYpUpOBaHHS
CHCTEMBI yIpaBieHUs. B cxeMy BXOJHT TakKe reHEepaTop, KOTOPBIN
(dbopMHpyeT rapMOHHUYECKHE CUTHAIBI JJIsl BO30YKICHHUsT KoJeOaHui
KaHTHJIeBepa. BenmnunHa aMIuMTy sl M 3HAYEHUE YacTOTHI CHTHAJa
reHepaTopa 3aJalTcs ¢ MOMOIIbI0 AByxkaHanbHOro LIAIL. Mexanu-
Yeckue KoyieOaHusl KaHTHUIeBepa BO30YXKIAIOTCS C MOMOINBIO Ihe-
30BUOpaTopa. AMIuiuTya U (paza 3TUX KOJICOAHUN JIETEKTHPYIOTCS
C TMOMOIIIBI0 CHHXPOHHOT'O IETEKTOPA.

Ha mepBom »sTame m3MepsioTcsi aMIUTUTYAHO-9acToTHas (AYX)
u dazo-uyacrorHast (OUX) xapakTepuCTUKN KaHTUIIEBEPA B CBOOOJHOM
COCTOSIHMH (JJAJIEKO OT MOBEPXHOCTH). [[JIsT 3TOr0 COOTBETCTBYIOIIHIA
AIIEKTPOHHBIA KITFOY 3aMBIKACTCS, U CHHYCOMIAJIBHOE HAINpsHKCHUE
C TeHepaTopa TO/AeTCsl Ha Nbe30BHOPATOp M OJHOBPEMEHHO B Kaue-
CTBE OTMOPHOTO HANpPSHKCHUSI HA CHHXPOHHBINA JeTekTop. Komebanms
KaHTWJIEeBepa MPUBOJIT K TOMY, YTO TOK (hoToamoia OyAeT collepKaTh

AF (216)
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MEPEMEHHYIO COCTABIISIONIYIO Ha YyacToTe Bo30ykaeHus. C MOMOLIbIO
LAIl-reneparopa Qopmupyercss nriiooOpa3HOE yHpaBIIoIee Ha-
NpshKEHHEe, KOTOpPOe TepecTpanBaeT 4acToTy IeHepaTopa B BBHIOpaH-
HOM OIIepaTopoM jauana3one. Hampspkenue ¢ ¢poroauoaa ycuimBaeTcs
MpEe/IBAaPUTEIBHBIM YCUIIUTEIEM U TOJIAeTCSl Ha CHHXPOHHBIN JICTEK-
TOp. AMIIMTYAa U (paza curHana (CHHXpoHHO ¢ HanpsbkeHnem LIATT-
TeHepaTopa) 3amuchIBatoTCs ¢ momontsio AL B maMsATs KoMIbrOTEpAa.
3arem AUYX- u OUX-xapakTepUCTUKH BH3YaU3UPYIOTCS Ha SKpaHe
MOHHTOPA CPEACTBAMH KOMITBIOTEPHON TpaduKy.

ACM-u300pakeHHs. MOBEPXHOCTH B OECKOHTAKTHOM M «IIO-
JIYKOHTAKTHOM» PEXHUMax KoJIeOaHW KaHTHIIEBEpa (POPMHUPYIOTCS
cnenyromuM o0pasoM. C MOMOIIBI0 TeHepaTopa 3a/JaeTcsl 4acToTa
BBIHY)KJCHHBIX KOJIeOaHMH KaHTWIIEBepa BONM3M pe3oHaHca. AM-
IUTATY/Ia 3TUX KOJIEOAHUH TETEKTUPYETCS C TTOMOIIBI0O CHHXPOHHOTO
JETeKTOpa, U HampspkeHue U, TMponopluuoHaIbHOE aMIUIUTYJE, I0-
CTyIIaeT Ha BXOJ CXeMbl CpaBHeHUs. Ha apyroit BXoa cxembl cpaB-
HEHUsI MIOJIAETCS 3a/1aBAEMOE ONEPATOPOM Hamnpsbkenue U, COOTBET-
CTBYIOIIEE aMIUIUTY I KOJIeOaHUH, KOTOPYIO IOJDKHA MOICPKUBATD
cucrema obpatnoi ceszu (U, < U). Ilpyu 3amMbIkaHuy TIETIIM 0OPaTHOM
CBsI3M CKaHep OyJieT MOoJBUTaTh 00pa3el] K 30H/aYy JIO TeX Iop, IMOoKa
aMIUTATYyJla KOJeOaHWH KaHTHIIEBEpa HE YMEHBIIUTCS HACTOJBKO,
uTo Hanpsbkenue U craner pasHbiM U,. Ilpn ckanupoBannn oGpas-
12 aMIDIUTYyAa KOJIeOaHWW TIOJIEPKUBAETCS Ha 3a/JIaHHOM YPOBHE
Y YTIpaBIISIONIee HAMPSKEHNE B [IENN 00paTHOW CBS3H 3aIHChIBACTCA
B kauectBe ACM-u300pakeHusI B mamsiTi Kommbiotepa. Kak Obuio
ITOKa3aHo, aMIUIATYyAa KoeOaHui m3MeHsIeTcs 3a cueT casura AUX,
00YCIIOBJIIGHHOTO TPaJMCHTOM CHJIBI B3aUMOJCHCTBHSI 30HIA C TIO-
BepxHOCTBIO. [loaTromy ACM-m300paxeHne, mogydaeMoe Mpu CKa-
HUPOBAaHUM 00paslia B peKUME MOCTOSHHOW aMIUIUTY bl KOJIeOaHMii
KaHTHJIeBepa, MPEACTaBIsIET COOOH MOBEPXHOCTh MMOCTOSHHOTO Tpa-
TUEHTa CHIIBI, KOTOpasi, B OTCYTCTBHE DIEKTPHUECKUX W MarHUTHBIX
B3aMMOJICHCTBUH, onpeesisieTcs: cuiiamu Ban-nep-Baanbca u ¢ 6051b-
II0W TOYHOCTHIO COBIAIAET C peibe)oM oBepXHOCTH. O THOBpEMEH-
HO ¢ pelibe()OM MOBEPXHOCTH YaCTO PETUCTPUPYIOT a3y KosedaHuit
KaHTHJIeBepa. DTO 1Mo3BojsieT cTpouTbh ACM-u3o0pakeHus dazo-
BOTO KOHTpAcTa W aHAJN3UPOBATh YIPYTHE CBONCTBA MOBEPXHOCTH
MIPU «IIOTYKOHTAaKTHOMY PEKHMe KoJeOaHMi KaHTHIIeBepa.
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HccnenoBannsi MarHUTHBIX 0OPa3lOB MPOBOAATCS C TOMOIIBIO
CTHENHAFHBIX 30HAOB C MarHUTHBIM TOKpbITHEM. [l monmydeHus
MarHUTHBIX W300paKeHUH NpUMEHSETCS IBYXIIPOXOAHAS METOAMKA.
B kax1oii cTpoke CKaHUPOBaHHS Ha MIEPBOM MPOXOJIE PETUCTPHPYETCS
penbed MOBEPXHOCTH B «IOJYKOHTAKTHOMY PEXUME KOIeOaHUi KaH-
tunesepa. Ha BTropom mpoxozae oOpaTHasi CBSI3b paspbIBACTCS, U MPH
CKaHUPOBAHUH C TTOMOIIBIO cooTBeTCTBYIOMETO LAl 30HMOBEIH maT-
YHK POBOJUTCS HaJl 00pa3loM Ha HEKOTOPOH BBICOTE 110 TPACKTOPHH,
MTOBTOPSIIONIEH penbed TaHHOTO ydacTKa MOBepXHOCTH. llockombky
CpelHee paccTOsTHUE MEXKIY 30HIOM M 00pa3lioM B KaXKJIOH TOUKE T10-
CTOSTHHO, U3MEHEHUS aMIUTUTYbI U (a3bl KoleOaHuli KaHTHIeBepa Oy-
JyT CBSI3aHbI TOJILKO C M3MEHEHHEM I'PaJIMCHTa MATHUTHOM CHJIBI, JeH-
CTBYIOLIEH MEXY 30HI0M M OBEPXHOCTHIO.

Hcnonp3oBanme MpoOBOASAIIMX 30HI0B TIO3BOJISIET UCCIIE0BATh JIO-
KaJbHBIE JJIEKTPHUYECKHE CBOMCTBA 00pasloB MeTonoM DCM. B atom
clly4ae NepeMeHHOe HalpshKEHHE C TeHepaTopa v MOCTOSHHOE HaIpshKe-
Hue ¢ [AIT onopHOro HanpsHKEHUsT CyMMUPYIOTCSI M ITOJTAKOTCS HA 30H.
OOpaszer 3a3eMIISIeTCsI ¢ TIOMOILBIO JIEKTPOHHOTO Kitoua. Konebanus
KaHTHJIeBEpa BO30YKIAIOTCS MO ISHCTBHEM TIEPHOTNYECKOM IEKTPH-
YECKOW CHITbI MEXKJy 30HIOM K 00pa3iioM. AMIUIMTY1a U (a3a KosieOa-
HUI Ha 9acToTe BO30YK/IEHHS M Ha YIBOCHHOHN YaCTOTE IETEKTHPYIOTCS
C TIOMOIIBIO CHHXPOHHOTO JieTeKTopa. [Ipu uccrienoBanni HEOAHOPOI-
HOCTEH 3JIEKTPUYECKOTO B3aMMOZCHCTBHS 30HIAa C OOpa3LiOM TaKKe
MPUMEHSIOTCST JIBYXIIPOXOJIHBIE METOMMKH. Ha mepBoM mpoxojie peru-
cTpupyeTcst penbed JaHHOTO y4acTka MoBepxHOcTH. Ha BTOpOM mpo-
XO7Ie 30HOBBII JTATYHMK JBIDKETCS 1O TPASKTOPHUH, COOTBETCTBYIOIIEH
pernbedy, Ha HEKOTOPOM PACCTOSHWUM HAJl MOBEPXHOCTHIO. [lpw aTOM
WM3MEHEHHEe aMIUIUTY/Ibl CUTHaNA ¢ (OTOANOa HAa YABOCHHOH 4YacToTe
3aIMChIBACTCSl B MAMSTh KOMITbIOTEpa KaK pacrpe/eiieHHe MpPOU3BO-
JHOM DJIEKTPUYECKON €MKOCTH CHCTEMBI «30HI — obpasem» C’(x,y).
Jnist ompenenieHnsl  JTIOKaJbHOTO TTOTEHIHANIA TIOBEPXHOCTH METOIOM
KenpBrHa B K01 TOUKE CKAaHUPOBAHMSI TIOCTOSHHAS COCTABIISIOIIAS
HanpspkeHnst u3Mensiercst ¢ momotipio [[AIl omopHOro HampspkeHUS
JI0 TeX TI0p, IOKa aMIUTUTY/Ia KoJieOaHU Ha 4acToTe BO30Y KIeHUsI (aHa-
JM3UpyeMasi KOMITBIOTEpOM) HE CTaHeT paBHOH Hymo. COOTBETCTBYIO-
1iee JAaHHOMY YCJIOBUIO HAINPSKEHHE 3aMChIBACTCS B IAMSITE JUIst hop-
MHUpOBaHus (aiina pacnpeaeseHus IOBEPXHOCTHOTO MOTEHIMANA ¢(X,)).
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[TopsAOK BbINIOJIHEHUA PaGoOT
B pe>KUMe aTOMHO-CHJIOBOM MUKPOCKONUU
Ha MUKpockone CMM-2000

Ycmanoeka kanmusesepos Ha ACM-cmouke

B xommniexkt mukpockorna CMM 2000 BXoAsT npegHa3HAYCHHBIC
JUIsl pabOThl B KOHTAKTHOM PEXKMME KaHTWIIEBEPHI QHUpPMBI Veeco,
CIHIA mapxku MSCT-AUHV wiu MSCT-AUNM. OHu UMEIOT TATh
KOHCOJIEM C OJHOW CTOPOHBI U OJHY KOHCOJIb C APYIOM CTOPOHBI
(cM. puc. 8). UeM kécTue KaHTUIIEBEp, TEM OH CHJIbHEE MpPHKUMa-
eTcs K o0paslly M TOYHEe OMHUCHIBAET €ro peiibed, HO yBeTUueHHE
KECTKOCTH KaHTHJIEBEpa MpeJIoiaraeT NCIoIb30BaHne Ooee KECT-
KX 00pa3noB. Bce koHconu, 3a uckoueHueM Oanku B, sBistoTcs
V-00pasupiMi. banku xapakTepu3ylOTCs CIEIyIOIUMH 3HAYCHUS-
MH JJIMHBI 1 KecTkocTh: A — 180 mxwm, 0,05 H/m; B — 200 MkwMm,
0,02 H/m; C—320 mxMm, 0,01 H/m; D — 220 MM, 0,03; E— 140 MM,
0,1 H/m; F — 85mKm, 0,5H/m.

i A
! /

—— B
[—==C
MSCT-AUHW/NM

WWW VEECOo.com
== F

— s

Puc. 8. Cxemarnunoe n3odpaxenue kantmiesepos MSCT-AU

B GombmmaCcTBE citydaeB B Mukpockorre CMM-2000 y kaHTH-
nesepoB MSCT-AUHV(NM) ucnoms3yercs O6anka A, a Takxe Oan-
ki C u D. banka B Toke MokeT OBITh MCIOIB30BaHa, HO o0Opa3iax
C MUHUMAJIBHO Pa3BHUTBIM pelibe)OM, T. K. OHA siBIsieTcs [-o0pazHoi
Y WCIIBITBIBACT KPYYCHUE MpPHU MOMaJaHuu e€ ocTpus Ha OOKOBBIC
CKJIOHBI OOBEKTOB, M3-3a 4ero (hopMa 00bEKTOB HCKakaeTcs. OcTab-
HbIe OAJIKU MPAKTHYECKH HE MCIIONIB3YIOTCS BBHY MX MAJIOW JIJTHHBI
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Y CBSI3aHHBIX C 3THM TPYJAHOCTEH B IMOJYYCHUH JIOCTATOYHO OOJIBIINX
OTKJIOHEHHUH J1a3epHOro Jyya.

Jlnst yCTaHOBKM KaHTWIIEBEpPa Ha CTOJHMK HEOOXOIUMO IepeBep-
HyTh ACM-CTOJIHK U [TOJIOKUTH €T0 Ha MSTKYFO IPOKJIAIKY (ITOPOJIOH
WJIU TIOPUCTAs pe3UHA TONIUHOM 2—5 MM) MOJIUPOBAHHBIMU HOKKAMHU
BBEPX U OTKPYTUTb BUHT O] TPEYTOIBHOU MPYKUHOU, MPIKUMALO-
e KaHTHIIEBEPHI (pUc. 9) 10 TeX Mmop, MoKa KOHEIl MPYKUHBI HE MTPH-
noAHUMeETCs Hal kKantuiaeepom Ha 0,3—0,5 mm.

&~ o

Puc. 9. ITocnenoBaTenbHOCTh YCTAHOBKM KaHTHUJIEBEpa MOJ MPYKUHY
Ha ACM-cronuke. CiieBa KaHTHJIEBEp HaXOAUTCS Ha IJIOLIAJKE,
CIipaBa — BUHT OTXKAT U KAaHTUJICBEP MOMCIICH T1OJ] IPYKUHY

UUCTHIM MHUHIIETOM B3SITh HOBBIM KaHTUJIEBEP U TMOJOKHUTH €TO
30HAaMM BBepxX Ha Iuiomanky ACM-cronuka psaoM ¢ NpYKUHOU
3aKuMa KaHTwieBepa. [lajiee HEOOXOAMMO MOMECTHUTh KaHTHJICBED
[OJT IPY’KUHY, HE TIPUIIOTHUMAS €T0, TaK YTOOBI He 00JIOMHUTh 30H/IbI
C TOUM CTOPOHBI, KOTOpask 3aXOAUT MO npykuny. Kantunesep Hamo
Pa3MECTUTh TaK, YTOOBI OaJIKU, HAXOSIIUECs TI0]] IPYKUHOM, OKa3a-
JIUCh TIPUMEPHO B IIEHTPE OTBEpCTHs B mpyskuHe. [locne ycTaHOBKH
KaHTUJIEBEpA MO MPYKUHOM HA/I0 3aKPYTUTh OTKUMAIOLIUN €€ BUHT,
MOKa OH He JOWUIET M0 KOHIAa. BUHT Bpaimaercs cHadanga ¢ yCUIHEM,
[IOKa TOJIOBKA BUHTA HE OTOMIET OT MPY>KUHEIL. B 7TOT MOMEHT IpyKUHA
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3a)KMET KaHTHJIEBEP U JaJjiee BUHT BpaliaeTcs cBOOOIHO, TOKa HE A0H-
JeT 710 KOHIA. B KoHIle ¢ He0OIBIINM yCHIIHEM clleayeT 3a(ukcupo-
BaTh BHHT, YTOOBI OH HE MEPEMEILAJICS IPH CKaHUPOBAHUH.

Kanmunesepbvr aensiomea 0ocmamoyno 00po2uMu U30enusmu,
U320MABIUBAEMbIMY  MEMOOAMU COBPEMEHHOU HAHOMEXHONO02UM.
Ilosmomy neo6x00uMo 3HamMb OCHOBHbLE NPUUUHDBL, NO KOMOPLIM OHU
MO2Ym 8bIXOOUMb U3 CIPOL.

[loBpexxaenne O0anok KaHTWIEBEpa NPOUCXOAUT AOCTATOYHO
penko. B ocHOBHOM 3TO 00ycIOBIMBAETCSI HEOCTOPOKHBIMU M He-
MIpaBWJIBHBIMU JAEUCTBUSAMU OINEpaTopa MpH YCTAHOBKE KaHTHIIEBEpA
Ha ACM-cronuk. [loBpexkaeHust U MOJTOMKH OalOK MOTYT TPOUCXO-
IUTh TaKKe BO BpeMs MOABOAA KaHTWJIEBepa K oOpas3ly MpH Hempa-
BUJIbHOMU HacTpoiike ACM-cTonMKa Wi HEMPAaBUILHOM 3aKpeNIeHUH
o0pasiua, TakoM, YTO 30HJ NPH CKAaHUPOBAHWH MOMaaeT Ha Kpai 00-
pasua. [Ipn nonmaganuu oOpasua 1Mo NPKUMHYIO MPYKUHY KaHTHU-
JIeBep, KaK MpaBUIlo, HE JJIOMAeTCsl. 30H MOKET TaKKe MOJYyYUTh M0-
BPEKACHUS U BBIMTH U3 CTPOSI IIPU CKAHUPOBAHUHU 00PA3LOB C CHIILHO
Pa3BUTHIM penbedoM, Mepenaja BhICOT U XapaKTepHbIE JIaTepalbHbIe
pa3Mepsl HEpOBHOCTEH KOTOPOTO COCTABJIAIOT HECKOJIBKO JECSTKOB
HaHoMeTpoB. [Tonaganue 30H1a Ha Tak1e HEPOBHOCTH NP CKaHUPO-
BAaHUU MOXET MIPOCTO MPUBECTH K €r0 OTJIAMBIBAHHUIO.

OcHoBHas ke IpUYHMHA BBIXOJa U3 CTPOsI KaHTHUIIeBepa — ITO 3a-
IpsI3HEHUE MOBEPXHOCTH oOpasua. CieqyeT y4uThIBaTh, YTO B «BO3-
JQYUIHBIX» MHKPOCKOMax, KakoBbIM sBIsiercs 1 CMM-2000, Ha mo-
BEPXHOCTH 00paslia BCeria ecTh 0 aacopOnpOBaHHON JKUAKOCTH.
Ecnu B 9TOH ®HIKOCTH UMEIOTCS a/ICOPOMPOBAHHBIE aTOMBI, TBIJICBHIC
YacTHLBI, OMOJIOTHYECKUEe OOBEKTHI, TO MPH CKAHHUPOBAHUU MPOWC-
XOAUT HAIWIIaHUE Ha KOHEIl 30H/a BCEX 3TUX 3arps3HeHHi ¢ oOpasua.
W3-3a TOrO KOHEI 30HIA YK€ HEe OyAeT MpeacTaBisiTh cOOOW 4acTb
cdepudeckoit moBepxHoctu ¢ paguycom 100—200 anrcrpem, a Oyzaer
SIBIIATBCSI HEKOTOPBIM KOMKOM, PaguyC KPUBH3HBI KOTOPOTO MOKET
JOCTUraTh €AMHUL MUKpOMeTpoB. [Tomyyaemble mpu 3TOM KaJpbl OKa-
3BIBAIOTCSI OUEHb PA3MBITHIMU U XapaKTEPU3YIOTCSI HU3KUM pa3pelie-
HueM. [IpoMbiBKa 00pa3oB B OpraHUYECKUX PACTBOPUTENSAX, HAIIPH-
Mep B CIIUPTE UJIM alleTOHE, K MOJIOKHUTEIbHBIM pe3yJibTaTaM He MpH-
Boxut. OOpasyromascsi Ha MOBEPXHOCTH oOpas3lia Mpu MPOMBIBKE
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B OPraHUYECKUX PACTBOPUTEISIX MJIEHKA 3arpsi3HEHU OOBIYHO UMEET
TOJILIMHY B HECKOJIBKO COTEH M Jlaxe ThIcsiu aHrcTpeM. [loatomy uc-
II0JIL30BaTh TAKYIO ITPOMBIBKY HE CIIEIYET, U TIPH 3aIbUICHUH 00pa3iia
JIy41ie 00Ty Th €ro MOBEPXHOCTh CYXUM BO3IYXOM.

B ACM-pexume, Tak xe kak 1 B CTM-pexxnume, CHU3UTh BIUS-
HUE PA3IUYHBIX 3arpsS3HEHUS MOMOTAET MACCUBALUS MOBEPXHOCTH
HCCIIeyeMbIX 00pa3ioB. Takyro macCHUBAIlUI0 MOXHO OCYIIECTBHTH
C IOMOIIBI0 MArHETPOHHOT'O HANIBUICHUE TOHKOH MIEHKU U3 CHIIUIIN-
na Boib(pama. [Ipu 3ToM mpoie BCcero UCroyib30BaTh B MAarHETPOHE
BOJIb()PAMOBYIO MHUIIIEHb C HAKJICCHHBIMH MPOBOJSIIUM KJIEEM KYy-
coukamu rpaduTa. [Inénka cunuiuaa Bosibdpama JJIMTEIbHOE BpeMs
(Oonee mecsiia) HE OKHCISETCS, SBJISCTCS CIUIOIIHON U JOCTATOYHO
xEcTKoN (HaunHas ¢ TomuuH 30—40 aHrcTpem), XapakTepuzyeTcs
MaJIbIM CPEHUM Pa3MepoM 3epeH (OKOJIO 5 aHTCTPEM) U BEIpaBHHBA-
€T 3apsijl Ha TIOBEPXHOCTH 0o0pa3iia Oyarojaps 10CTaTOYHO BBICOKON
MPOBOJUMOCTH IUIEHKU. M3-3a Manoil TONIIMHBI IUIEHKH, TOpa3ao
MEHBIIIEH paauyca 3aKpYTICHUS 30HI0B KaHTUJIEBEpa, U Majou 3ep-
HUCTOCTH ITUVIEHKU, HE YBETUUUBAIOIIEHCS CO BpDEMEHEM, HE yXy/IIIa-
eTcs paspemieHue. Bee cinabo cBsi3aHHBIC ¢ TIOBEPXHOCTHIO YACTHIIBI
Y aTOMBI, OPTaHHYECKUE 3arPS3HCHUS U CaMU OpPraHUYecKue u Ouo-
OpraHHYeCKHe OOBEKTHI 3aKPHIBAIOTCS 3TOH TUIEHKOW W HE 3arpsis-
HAIOT 30HABL. Kpome Toro, u3z-za mpumaHusi IUIEHKON >KECTKOCTH
MSATKAM OPTaHHMYECKUM M OMOOPraHUYEeCKUM OOBEKTaM KaHTUIICBEP
He neopMUpPYeT UX U AaéT MEHEe MCKaKEHHBIC M3-3a STOTO KaJphl.
Ecnu Ha moBepxHOCTH 00pa3iia MMEHOTCS DJICKTPUYCCKUE JTOMEHBI
(mpe3okapaMmKa, KBapil), TO U3-3a2 JIEKTPOCTATUUYCCKUX CHIJI Oaka
KaHTHUJICBEPA MOXKET MM OTTAIKUBATHCA C OTPHIBOM 30HNA OT 00-
pasiia, UM CHIBHO MPUTATHBATHCS K 00pa3Ily ¢ OMAaCHOCTBIO pa3py-
meHus kantuiaesepa. McnonszoBate ACM-pexum mpu uccieaoBa-
HUU Takux oOpa3ioB Helsb3s. [lokpeITHE MX MPOBOASINEH MIEHKOM
CWIHMIIAJA BOJb(ppaMa BBIPABHUBACT JJICKTPHUSCKUE IMOTEHIIMA-
JIbl HA MOBEPXHOCTU U IO3BOJISET MCMOJB30BATh AJIA HCCIEI0Ba-
HUs YKa3aHHBIX 00pa3IoB MUKPOCKOI, paboTaromuii kak B CTM- |
Tak U B ACM-pexume.

[Tocne ycTaHOBKHM KaHTUJIEBEpA CIEAYET MPUCTYIUTh K yCTAHOB-
ke oOpasia.
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Kpensenue o6pa3yoe 04151 pa6omvl 8 pexcume ACM

Haubonee npocTbiM crioco0oM KperuieHus 00pasiia SBISIETCS €ro
HaKJIeMBaHUE Ha JBYCTOPOHHUH CKOTY, KOTOPBIA BXOJIUT B KOMILJICKT
MOCTaBKU MUKpOcKomna. HakienBaTsb IBYCTOPOHHUI CKOTY Ha AeprKa-
TeJIb 00paslia ¥ CHUMATh C HEro Oymary, 3allMIIAoNIyIo ero BTOPYIO
(BEpXHIOI0) CTOPOHY, HEOOXOIUMO, KOTAa AepkaTenb oOpasua eme
HE MPUKPYYEH K CKaHepy, YTOObI He MpHIaraTh KakKux-Iu00 YCHIIHHA
K CKaHepy IpH 3THX onepanusax. Jlanee aepxareib Hal0 NPUKPYTUTD
K CKaHepy M TOJIBKO IOCJE 3TOTO MOJOXHTh CBEPXY M NPHUKICUTDH
oOpasel, cierka HaJlaBUB HA HETO BEPTHKAJIbHO BHU3 B HECKOJBKUX
TouyKax 1o OokaM oOpasua. OOpaser >kenaTeNbHO NPUKIECHBATh TaK,
YTOOBI Ta CTOPOHA, HA PACCTOSTHUU 1,52 MM OT KOTOPOW HY>KHO HC-
cieioBaTh o0Opasel, Obula pacroioKeHa TOPU3OHTAIBHO K OTeparTo-
PY ¥ HaXOIWJIach Ha PacCTOSHUHU 1—2 MM OT LEHTpa JepiKaTelis cKa-
Hepa. DTO MOJI0XKEHHUE SBJISIETCS ONTUMANbHBIM ISl MCCIIEAOBAHMS
B ACM-pexume, T. K. 00paszenl He JOJKEH 3aXOAUTh MOA MPYKUHY
KpETUICHNsI KaHTHJIEBEPA.

J‘

Puc. 10. HecummeTpruuHOE 3aKperieHne oopasia Ha jJepkarerine
st uccnenoBanus B ACM-pexume

[Ipu mpukpyumBaHUM AepkaTens oOpasla K CKaHepy, TaK Ke
kak u B cirydae CTM, Henmb3s IpriiaraTh IPH 3TOM OOKOBBIX YCHITHI
K CKaHepy, T. K. OH TPEJCTaBIseT cO00l TOHKOCTEHHYIO XPYIIKYIO
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MBE30TPYOKY M MOMKET TPECHYThb B OCHOBaHWH. JlepkaTenb oOpas-
1[a MOYXHO CHayaJla MOJO0KUTh BUHTOM B BBIEMKY M IIOTOM HAauHWHATh
3aKpy4yHBaTh. B KOHIIE 3aKpyTKH HEOOXOIUMO MPUIOKUTH HEOOJIb-
ioe AONOJHUTENbHOE yeunue. TakuM oOpa3zoM obecrieunBaeTcs Ha-
AEXKHOE CLEIUIeHHE AepKaTelis o0paslia co CKaHepoM, HE0OX0AuMOoe
JUIsL TOTO, 4TOOBI 00pa3el] He mepeMenancsi OTHOCUTEIbHO CKaHepa
P CKAaHUPOBAHHH.

Ycmanoska ACM-cmoauka

[Tocne yctanoBkH 00pasima HEOOXOAMMO TTOAHSITH TOA3YH B MaK-
CHUMAaJIbHO BEpXHEE MOJI0KEHHUE U TPOBEPUTH 3a30p MEXKAY 00pa3roM
n xautuwieBepoM Ha ACM-ctonuke. /[y 3TOro Hajo0 BKIIOYNATH TH-
TaHHE MHUKPOCKONA BKIIOYEHHEM OKHA YIPABIECHUS MHUKPOCKOIIOM
(SMM-2000N Control Panel), Ha>xaTh Ha TIpaByIO KIaBHIIY MBIIIH H,
yaepuBas e€, METKHYTh JICBOI KIIaBUIIeH 1o kHomke «Parky B oxHe
YIPABJIEHUSI MUKPOCKOIIOM. MUKPOCKOII HAYHET IIENIKATh, TOJAHUMAS
nos3yH. [Ipy 3TOM Haz0 CIeANTH 3a 3a30pOM MEXKTy MTOJI3YHOM H CTe-
KJIOTEKCTOJINTOBOM IIJIAHKOM, OrpaHUYMBAIOLICH €r0 BEpXHEE I10JIO-
skenue. Korma 3a3op cranoButcss MuanManbHbIM (0T 0,1 10 0,5 MM
B Pa3HBIX MUKPOCKOIIAX ), HAJI0 OCTAHOBHUTH MOABEM KHOTIKON «Stop».
B HEKOTOPBIX pa3sHOBUAHOCTSIX MHUKPOCKOMA MPHU JTOCTHKEHUH MaK-
CHUMAaJIEHO BEPXHETO IMOJIOKEHUS [TOTAETCS KOPOTKUI CUTHAII HU3KOTO
TOHA U MOABEM OCTaHABIMBAETCS aBTOMaTtuuecku. Eciu pazgaércs
JUTMHHBIA CUTHAJ HU3KOTO TOHA W (WJIM) ITOJI3YH OCTAHABJIMBACTCS,
HY)KHO eIé pa3 MoBTOpUThH Haxkatue Ha KHonKy «Parky. ITocie non-
HSTHS MOJI3yHa B MAaKCHMAJIBHO BEpPXHEE IMOJOXKECHUE HEOOXOJUMO
BBIKJITIOYUTH MUKPOCKOII ITyTEM BBIXO/Ia U3 OKHA YIPABICHUS MUKPO-
ckorom (SMM-2000N Control Panel).

[Tocne moguATHS MON3yHA HAZO ycTaHOBUTH ACM-CTONHUK, OITy-
CTHB €T0 JBYMS 3aTHUMH KPYTJIBIMUA HOKKAMH Ha JBa 3aHUX IIapH-
Ka mon3yHa. [IoToM, KOHTPOIHUPYS pacCTOSHUE MEXKTYy KAaHTUIIEBEPOM
1 00pa3IoM, HaI0 OIYCTUTh CTOJIMK TepeAHeN YacThio Ha MEePeTHHH
[IapHK MOI3yHA. 3a30p MEKIY KaHTUIIEBEPOM M 00pasIoM MpH MO-
HATOM TIOJ3YHE J0JKeH cocTaBiaTh 0,3—1 MM (Makcumym 1,5 mm),
Ecnu yka3aHHbIe pacCTOSIHUS JOCTHTHYTHI, 00pa3er; MOXHO CUUTATh
YCTaHOBJIEHHBIM.
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Ecnu 3a30p MexIy KaHTUIIEBEPOM U 00pa3LiOM COCTaBIsieT 00-
nee 1,5 MM, HeoOXoaMMO NPUNOAHATH oOpasen. s 3Toro Hamo
CHSITh CTOJIUK, OTKPYTHTB JA€pKaTeib 00pa3ua, CHAThH ¢ Hero o0pasern
u 00s13aTeNbHO yOpaTh CKOTY. Jlanee HOBBIM IBYyCTOPOHHUM CKOTYEM
CIIeyeT MPHUKIIEUTD K AepKaTesto o0pasia MpoMeKyTOUHYIO a0y
TOJIILMHOHN 4yTh MEHBIIIE HAYaJIbHOTO 3a30pa MEXI1y 00pa3LoM U KaH-
THJIEBEPOM. 3aTeM Ha 3Ty WIall0y Hag0 MPUKICHUTH JIBYCTOPOHHHM
CKOTY M CHATH C Hero Oymary, 3allMIIaIoNIyl0 BEPXHIOIO CTOPOHY.
[Tocne sToro cienyeT NPUKPYTHTH AepiKaTellb Ha CKaHep, MOJIOKUTh
CBEpXy M CHOBa IpHKIeHTh oOpasen. Ilocne atoro ciemyer ycrano-
BuUTh ACM-CTONHK, KaK 3T0 OBIJIO OMUCAHO BhIILE. [Ipu 9TOM pazbém
OT CTOJIMKA CJIEAYET IOMECTUTD 3a MpeJiesibl OKHa MUKPOCKOIIA Ha T10-
KpaIleHHYIO TOBEPXHOCTH,

[Toce ycTaHOBKH CTOJNHKA MOKHO B35ITh Pa3bEM OT CTONHKA (Py-
KOH WJIM MMHIETOM) ¥ BOTKHYTB €T0 B THE3/I0 CIpaBa CIepein B OKHE
MHUKpocKoma. benyro Touky Ha pa3zbéMe HE0OXOIMMO COBMECTHUTH
c Oenoii Toukol Ha THe3de. Eciau pa3bem OyneT MOJKIIOUEH Hempa-
BUJIBHO, MUKPOCKOI pabotaTh He Oyner (He Oynmer paboTaTh MOIy-
MIPOBOJHHUKOBBIN JIa3ep), HO AIEKTPOHHKA MHUKPOCKOIA HE TOCTpa-
Jaer. 3areM CiedyeT NpOCIeIUTh, YTOOBI MpPYKWHKA-IPOBOJIOYKA,
uaymas ot pa3béma, He OblIa HATSIHYTA WM CKaTta, T. K. OHa B 3TOM
ciryyae OyeT cMelaTh CTOJMK OTHOCHTENLHO oOpasua. [IpykuHky-
MIPOBOJIOYKY MOYKHO clieTKa 1e(opMUpOBaTh PYKOW WM MHUHLIETOM.
JenaTh 3TO CIEAyeT OCTOPOXKHO, T. K. HEOCTOPOXKHOE OOpallleHue
C MPYKUHKOH M3 TISITH MPOBOJKOB, nuTaromeid ACM-CTOIUK, MOXKET
MIPUBECTH K €€ MOBPEKACHUIO.

[ocne ycTaHOBKH CTONMKA HAZ0 MOBOIUTD €TI0 B TOPU30HTAILHON
IUIOCKOCTH, HE Ha)KUMasi Ha CTOJIMK CBEPXY BHHU3 BO M30eXaHHE MPO-
CKaJIb3bIBAaHMS MOJI3yHA BHU3, U YCTAHOBHUTH KAHTHJIEBEP HAJ HYKHBIM
MecToM Ha obOpasue. st BU3yalbHOrO KOHTPOJIS [TOJI0KEHHUST KaHTH-
neBepa cienyeT ucnonb3oBats Mukpockon MbBC-10. Ipu atom o0pa-
3l He JI0JDKEH 3aXOAMTh MOl IPIKUMAIOIIYIO KaHTHIIEBED MIPYKUHY,
T. K. B 9TOM Cllyyae KaHTHJIeBep He OyJeT KacaTbest oopasua. s ocy-
LIECTBJICHNS! BU3YaJBHOTO KOHTPOJISI TOJIOKEHHUSI oOpasua ciemayer
OCTaBIISITH HEOOIBILION 3a30p MEXIy KpaeM o0paslia U TOH CTOpOHOU
okHa B ACM-cTonuke, U3-1oJ KOTOPOM BBIXOAUT KaHTHUIIEBED.

30



Hacmpoiika onmuyeckoii cucmemul ACM-cmoauka

Hactpoiiky ontuueckoii cxembl ACM-cTonnka MOKHO MPOBO-
JUTH C MOMOIIBIO BCIIOMOTATENbHOIO KpaHa. /[ 3Toro Hamo BbI-
pe3aTh HEOONBLIYIO MOJNOCKY Oenoi Oymaru mmpuHOM 12—14 mMm
u pouHon 50-70 MM M momecTHTh ee moj ocd Ha ACM-crToimke,
npukpsIB poToanoxn Ha crosnuke (puc. 11).

Puc. 11. Bua ycTaHOBIIEHHOTO, BKJIIFOUEHHOTO U HACTPOEHHOTO
ACM-cTonmukKa co BCIOMOTaTelIbHbIM 3KPaHOM

Ha momyyeHHOM 3KpaHe MOXHO JIOCTaTOYHO YETKO HaOII0AaTh
OTpa’KEHHBIN OT KaHTHJIEBEpa Jiyd Jazepa. Jlyu nasepa, mpoias ye-
pe3 dokycupytomue guH3bl B Tene ACM-cronuka, cHavyana nonajia-
€T Ha NEepBOE 3epKajlo, KOTOPOE MOBOPAYMBACTCS B BEPTHKAIbHON
OCH PBIYaXXKOM OT BHHTa 2. Jlanee nyd uaét Ha BTOpoe 3epKajio, KO-
TOPOE MTOBOPAYUBACTCSA B TOPU3OHTAIBHOM OCH PBIUAKKOM OT BUHTA
1, u nanee momagaer Ha OOPaTHYIO OTHOCHTEIBHO MIOJIOK CTOPOHY
KaHTHJICBEPa, MOKPHITYIO 30J0TOM JJIsl HAWIYYLIErO OTPAXKEHHUs CBe-
ta. PoKyc nazepa HACTPOCH HE HA caMoil OaJike KaHTHJIEBEPa, a MpH-
MepHo B 0,5 MM ot Heé. M3-3a 3TOT0, BO-IIEPBBIX, HA 007aCTh OaOK
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KaHTWJIEeBepa MajaeT JOCTaTOYHO LIMPOKUH My4YOK CBETa OT Jla3epa
1, BO-BTOPBIX, OTPAa3HBLIMHCS OT OalKh IyYOK PACXOAMTCS, UMEs
LEHTPOM DPAcXOKACHUS MHUMBIA (okyc B 0,5 MM nambiue Oajxw,
rze Obl Jiyd choKycupoBasics MpH OTCYTCTBHU Oanku. B pesynbraTe
Ha OyMakKe-dKpaHe, HaxoJsueiics npumMepHo B 50 MM OT KaHTHJIe-
Bepa, BO3HUKaeT yBenuueHHoe mpumepHo B 100 pa3 m3oOpakeHue
0aJIOK KaHTHUJIEBEPa, XOPOILIO IPOCMAaTPHUBAEMOE IJ1a30M U 0e3 KaKoi-
00 ONTHKH WK BHAeocHcTeM. OTpak€HHBIM OT OaJku KaHTHIIe-
Bepa CBET MPOXOAUT TAKXKE JABa 3epKaja: OJHO MOBOPOTHOE B I'OPH-
30HTAJIBHOM OCH (BUHT 4) U BTOPOE MOBOPOTHOE B BEPTHKAIBLHON OCH
(BUHT 3) — W momajaeT Ha YeTHIPEXCEKIIMOHHBIH (POTOINOA WIIN Ha
3aKpBIBAIONIYIO €r0 OYyMayKKy-9KpaH.

[lepBast omepauus mnpu HACTpOWKE ONTHUECKOM CHCTEMBI
ACM-cTonuKka — 3TO HaBEJCHHUE Jiyya OT Jia3epa Ha HY>KHYIO Oaj-
Ky Ha KaHTuieBepe. [lyg aToro BUHTOM | cHavana HaJlo MEpPEeBECTH
nyd4 nazepa Ha Teno ACM-cronuka, T. €. yBeCTH JIyd Jla3zepa oT 0allok
KaHTWJIEBEpa CHayala Ha TeJIo KaHTHIIeBepa, a motoM emeé Ha 0,5 MM
naneire, Ha Teno ACM-cTonmka.

Bpamate BuHTEI Ha ACM-CTONNKE CleyeT, PUAEpKHUBas CTO-
JIMK OT cMelleHns: BOOK M TIOBOPOTa, HO HE OKa3bIBas Ha HETO Cylle-
CTBEHHOTO JaBJICHHS, YTOOBI MOJI3yH HE CMECTUIICS BHU3 U KaHTHJIE-
Bep TPH 3TOM He «Bbhexan» B o0pasel. Kpome Toro, He cieyer Takke
JaBUTh OTBEPTKOW M HAa BUHTHI BO M30€XKAHUE TOTO K€ CMEILCHHS
oJi3yHa BHU3. JKenaTenbHo He 1aBUTh OTBEPTKOI Ha THO Ma3a BUHTA,
a KpyTUTb BUHT KacaHHEeM OTBEPTKU OOKOBBIX CTEHOK Mas3a.

Crnenyet mo4epKkHyTh, YTO MUTAHUE Jlazepa MOABOAUTCA K HEMY
HEMOCPEICTBEHHO OT KOMIIBIOTEPA U HE BBIKIIIOYAETCS MPHU BBIKITIOUE-
HUM OKHA ympaBieHus: MUkpockonioM «SMM-2000N Control Panel».
3TO caenaHo st BO3MOKHOCTH HACTPOHKHU CTOJIMKA 0€3 BKIIOYSHHUS
BCEX OCTAJIBHBIX llenel muTanusa Mukpockona. Ho u3-3a toro, uro na-
3ep umeet orpannueHHbI 1 000 yacamu pexuM OAHOMOIOBOH pabo-
ThI (ITOCJIE ATOTO OH MEPEXOAUT B MHOTOMOJIOBBIN PEXHUM M IOCTe-
MEHHO TacHEeT), HeoOX0UMO Tociie ckanupoBanus B ACM-pexxume
CHMMAaTbh CTOJMK U 00pabaThIBaTh MOJYUYCHHBIE KaJpbl 0€3 Hero.

BunTtoMm 2 mocine 3Toro Hajio MOBOAMUTH JIYUOM Ja3epa Mo Tely
KaHTWJIEBEpA U YCTAHOBHUTH €ro NMPUMEPHO IO LEHTPY KaHTHIIEBE-
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pa, 4TOOBI MpU JaNbHEHIIIEM MEepEeMEIICHUH JTydya K 0alKkaM-KOHCO-
JISIM OH Tonan npuMepHo Ha Oanku A wiu D. Tak kak camast ITiH-
Hasi V-oOpasnas Oanka C y xantuneBepoB MSCT-AUHV(NM)
HaxOJIUTCS HEMHOTO JIEBEE IIEHTPa, MOXHO BHHTOM 2 YCTaHO-
BHTH JIy4 HE Ha IICHTP, a HEMHOI'O JIeBee, C TEM PacdyéTroM, YTOOBI
JIyd TOMaj Ha 3Ty KOHCOJb MPH JAJHEUIIEM ero mnepeMenicHUun
B CTOpPOHY OaJoK.

Jlanee ¢ moMoIipr0 BpalieHusl BUHTa | HaI0 BECTH JIydY Jiazepa
B CTOPOHY OaJIOK, cliesl 3a 3kpaHoM. Korpma jyd mogoiaer K kparo
Tela KaHTWJIEBEpa, OTPAKEHUE OT 3TOTO Kpas JacT TOPHU30HTAIb-
HOE «3apeBo» Ha 3kpane. [Ipu nanpHEieM cMelIeHUH JTyda, KOT-
Jla OH MOMNaAET HA HUX, HAJl «3aPEBOM» Ha 3KPaHE BO3HUKHYT OJHA
WK 2—3 «3BE3IOYKI». DTO OTPAKCHHUS OT OAJIOK KaHTHIIeBepa. Eciu
MPOJIOJIKATh BpallaTh BUHT | B TOM K€ HalpaBICHUH, «3BE3104-
KH» U «3apeBO» UCUE3HYT, T. K. JIyd yUIET Aanbline HuX. Torma Hajao
MMOBEPHYTh BUHT 1 B 0OpaTHYI CTOPOHY U JOOUTHCS HAXOXKICHHUS
Ha DKpaHe OJIHOH — JIBYX «3BE3T0YCK).

LlenecooOpa3Ho B IEpBYIO OYEpe/ib HABECTH JIy4 CHavaja Ha Oall-
ky C. Ecniu «3BE€3104Ka» OT 3TOM Oasiku OyJIeT HaXOUThCS HE B IICH-
TPE BCETO IMATHA OTPAXKEHUS, HAJIO TIOCTAPAThCS TIEPEBECTH €€ B 3TOT
LeHTp, Bpamasi BUHT 2. [locne 3Toro Hy»kHO, Bpaias BUHT 1 B 0JlHY
U IPYTYI0 CTOPOHY, JOOHUTHCS HauOoJiee SPKOTO U XOPOIIo choKyCH-
POBAHHOTO ISITHBIIIKA.,

UYetbipe ceknuu GoTouosa, kKaxaas pazmMepom 11 MM, B MEKpPO-
ckorie CMM-2000 nonapao 00beiuHeHbl. OObEIMHEHBI ITOTIAPHO JIBE
BEPXHUX CEKIIMU U JIBE HIPKHUX CEKIIMU COOTBETCTBEHHO. [Ipu Takom
COCIMHCHUH WTOTOBBIM CUTHAJIOM OT QoTroauona OyneT pa3HOCTb
MEXIy CyMMapHbIMH (DOTOTOKaAMH JIByX BEPXHUX U JBYX HIDKHUX
cekiuii. [loaTOMy 1j1s1 TOrO, 4TOOBI CHTHAJ OT TEPEMEIIECHUsT 0Tpa-
JKEHUs OT OaJIKi ObLI CUJIBHBIM, HAI0, YTOOBI 3Ta «3BE3104YKa» ObLiIa
HE CIIMIIIKOM OOJBIION MO BBICOTE. TOra, €Clii OTPaKEHHBIA CBET
OyJeT monanath B HEHTP (POTOAMOA, CMEIICHUE «3BE3IOUKMY OyIeT
MIPUBOJIUTH OJHOBPEMEHHO K YMECHBIIICHUIO WHTCHCUBHOCTU CBETa
Ha OJTHOY Tape M K YBEJIIMYCHUIO HHTCHCUBHOCTH Ha BTOPO#i nape ¢o-
Tonnoa. ITOroBeIil pa3HOCTHBINM CUTHAT OyIET IPU STOM B J[Ba paza
0oJIbIlIe, YeM H3MEHEHHUS IPKOCTH Ha KaXKJOW Tape B OTACIbHOCTH.
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Tak kak oT doromnona Oep€Tcs Pa3HOCTHBIA CHUTHAN C IOYTH
OJIMHAKOBBIX €ro IUIOLIajel, o0mas 3acBeTka OT KOMHATHOIO CBETa
B IIEPBOM TIPHOIMKCHUH BITOJIHE JOMYCTUMA, T. K. BBIYUTACTCS cama
n3 cebs. OpHako Npu HEOOXOIMMOCTH TOIYYEHHs HMOBBIILIEHHOTO
pa3pernieHus KeIaTeIbHO BHEIIHIO 3aCBETKY CBECTH K MUHUMYMY.

[Tocne monyuenus Hy>KHOW QOPMBI «3BE3IOUKN» — OTPAKECHUS
oT Oankyu — e€ Hy)KHO HaIllpaBUTh IPUMEPHO B LEHTP (oToxuoja.
st 5TOr0 SKpaH-OyMaXKy HEMHOTO BBIHUMAIOT Tak, 4TOOBI OH 3a-
CIIOHAJ TOJIBKO TOJIOBMHY (oToauona. Bunrom 3 mnepememiaror
«3BE3I0YKY» TPUMEPHO B IIEHTP B TOPU3OHTAILHOM HAIpPaBICHHH.
BpICOKO# TOYHOCTH B MOJIOKEHUH «3BE3TOUKM» JOOMBATHCS HE HAZIO,
T. K. JUIA CUTHAJA W3-3a TIOTIAPHOTO O0BETMHEHNS BEPXHUX U HIDKHUX
cekmid GoTtoarona Oe3pa3InvyHO, B KAKOM MECTE MO TOPU30HTAIN
«3BE3104Ka» OyIeT MepeceKaTh CPEeIHIO I'OPU30HTAIBHYIO JIMHHIO
¢doromuoaa BBepX WM BHU3. [IpuM TOpH3OHTAIBHOM HAlEIWBAHUN
«3BE310YKM» HA (POTOAMO BaXKHO JIMIIb, YTOOBI Ha POTOAMNON MTOMana
Haubosee ApKas U y3Kas M0 BEPTUKAIN YaCTh «3BEZTOUKNY.

[Tocne 3TOro BUHTOM 4 CIBUTAIOT «3BE340UYKY» B BEPTUKAILHOM
HaIpaBJIEHUH TaK, YTOObI OJOBUHA «3BE3L0UKN» TIOIAa Ha SKPaH-
OyMa’kKy, TpaHHIa KOTOPOTO COBMAgacT C CepeAuHON (oTomuona.
OTOro TOYHO TaKXke JeyaThb HE Halo, T. K. Oojiee TOUYHAs HACTPOIi-
Ka 3TOr0 BEPTUKAJIBHOTO «HALETUBAHMSD MPOU3BOIUTCS 10 YHCIAM
Ha aucruiee nocie BkinoueHus ACM-pexxuma.

[Tocne pyanoit mHactpoiiku ACM-cTronuka cienyer emé pas mpo-
KOHTPOJINPOBATh €r0 MOJI0KEHHE B TOPU30HTAIBHOM MIOCKOCTH OT-
HOCUTEIILHO 00pa3La u CKOPPEKTUPOBATh €I0 B Cllydae HEOOXOJUMO-
cti. ACM-peXxuM HEUYBCTBUTENEH K JIEKTPOMAarHUTHBIM TIOMEXaM,
[IO3TOMY KPBILIKY F'OJIOBKM MHUKPOCKOIA MOKHO HE 3aKPBIBATb.

Ilodzomoeka mukpockona CMM-2000
K CKAHUpOo8aHu1o 8 pexcume ACM

3akoHUMB pyuyHyr0 HacTpoiky ACM-cTonuka, Hago BKIIO-
yuTh pexxuM ACM u Hactpoutb ACM-CTOJIMK ¢ MOMOIIbIO MaHEIN
ynpasiieHus. I 3TOro BKJIIOYAIOT OKHO yNPaBICHUS MUKPOCKOIIOM
«SMM-2000N Control Panel» n xHonmkamu «Mode» B mpaBoii BepX-
HEH YacTH ATOro OKHa ycTaHaBIUBAIOT «F»-pexxnm ACM (puc. 12).
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[Mon magmuceio «Mode» Bmecto mapamerpoB CTM-pexxnma mosiB-
nstotest napamerpsl ACM-pexxnma. CrieflyeT Mosib30BaThCsl TONBKO
nByms mapametpamu: F(nN) u FO(nN). [Tockonbky n3MepeHus mpo-
BOJSTCS] B KOHTAKTHOW MOJIE M B CHCTEME NPe00IIaialoT CHIIBI OTTaJ-
KHBaHUs, 3HaK B MapaMeTpe JOJDKEH ObITh Bcerga «+». OcrajbHbIe
rapaMeTpsl He ClIelyeT U3MEHATh, Kak 3TO M0Ka3aHo Ha puc. 12.

uSMM -2000M Control Panel !-- %3 SMM-2000M Control Panel HiE E3
| Z=00935 0 m £ 003 & Mode: F 4] * Z=003725 rm + D0ET & Mode: F - 4

®| Frame || FInN=592143:000855 [ FB || @] Frame |[ FInNI-E16803:004578 v FB
W omove ||| Presst  K:01.00 4|+ Calir Wromove || _| Presst  K:01.00 o]+ Caliw
Zappr || FORNE@[2000 4 ] »|0] Zappr || FONE@[2000 < | 0]
=] Step | |Tauims): 12.00 <] | o] fact 1824 =] st ] [Taums): 12.00 «] ] | 18,24
Scan Step: 9774 <] ¢ Measi6 o« Sean Step 9774 4| Meas164]2
V1085 mkmds 4| ] Dens1 2] ] Stop | [ 1085 mkmés 4]+ Dens1 2]t
Back Z Delay[mks]:‘lﬂ_‘_lj VRl 2 Back Z Dela_l,l[mks]:'lﬂjj VIR vz
o (w15 1 - J. || o= [Iv Js J1 1— .
Artable y || poubleScan || Autoscan Artable w || Double Scan || Autoscan
X alla e 2 Deap(sk0 1] »| X i] @ oo 2 Delayisk0 o] ¢
‘]’ hd 1l Al | Save each ‘J’ x >t A ]| | Saveeach
Puc. 12. Okno ynpasnenust Mukpockornom « SMM-2000N Control
Panel» B pesxxume ACM. CneBa — COCTOSIHHE JI0 TTOIBOJA 30H/a

(mpenBapuTenpHO ycTaHOBIEHO 3HaueHue FO ~ 700),
cIpaBa — COCTOSIHHE cpasy Iociie MoJBOJIA

[Tapamerp F(nN) — 3to curnan ¢ poronuoga ACM-cronuka, co-
OTBETCTBYOIINHN YTy U3ri0a HAXKMMAFOIIEr0 Ha 00pa3el] KaHTUJICBe-
pa u cuiie Ha)xuMa 30H71a Ha 00pasel] Uit KOHKPETHOM Oallku orpe/ie-
TNEHHOU KECTKOCTH.

[Mapamerp FO(nN) — 310 cMmemieHue curHaiga c¢ (oTommoaa
ACM-cTonmKa, 3aaBaeMo€e OIepaTopoM, KOTOPOE MPH BKIFOUEHHOU
kHomnke «FB» (momkHa OBITH BCeria BKIIOUEHA) JTOJKHO ITOIICPHKH-
BaThCs Ha TMIOCTOSIHHOM YPOBHE ITOCJIE TIOJ[BOJIA 30Ha K 00pas3iry. JTo
CMEIIIEHUE COOTBETCTBYET ONPEICIEHHOMY H3TH0Yy HaKUMAIOIIETO
Ha o0Opasel KaHTUJIeBepa U MOJIEP)KUBAEMON Ha TIOCTOSTHHOM YPOB-
HE CuJie HAKUMa WIJIBI Ha o0paser] /Ui KOHKPETHOH Oaiku omnpee-
néuHol skéctrocT. OOBIUHO HCmoNb3yrOT 3HadeHuss FO(N) ot 5
1o 30. Yem menbmie FO(nN), Tem MeHbIIe crjla HAXKUMa Ha o0pasell
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U TeM Xyke OyZeT OTClexuBaHue penbeda oopasia, OJHAKO ATH Ma-
nele 3HayeHus: FO(nN) Hy»)HO ncnonb3oBaTh Ha oOpasuax, He olua-
JIAIOIINX BBICOKOH TBEPIOCTHIO.

[Tocne pyunoii HacTpoiiku ACM-cronuka 3aadenue F(nN) moxer
HaXOJWTHCS B JIFOOOHM TOYKE CBOETO Juara3oHa rnpuMepHo oT —1 800
1o + 1 800. Otu kpas quanazoHa COOTBETCTBYIOT HACHILIEHHIO (HOTO-
curHana F(nN) npu cMeriennn «3BE300UKM» U3 LEHTpa (OTOAHOAA
Ha pacctosiHue okoio 0,1 MM. Tak kak BU3yaJlbHO TOYHO HACTPOHUTHCA
«3BE3/I0YKOI» Ha LIEHTP HENb3s, HY’KHO elE pa3 MOJCTPOUTh BEPTH-
KaJIbHOE HalleIMBaHUe «3BE3M0UKM» Ha oroauon no curaaiy F(nN).
g storo, npuaepxkusas ACM-cToNMK, cHavajga HaJ0 MOKPYTHUTH
BUHT 4 B OJHY M JPYTYIO CTOPOHY M HaliTu mo curHainy F(nN) tou-
Ky Tiepexoja «3BE3I0ukm» uepe3 ueHTp dporoauona. [lpu stom F(nN)
Oyzet pesko (3a 0,5-2 00opoTa BUHTA) EPEXOTUTH U3 OJHOTO Kpas
nuarnasoHa B gpyroi, mpuMepso ¢ +1 800 na —1 800. Korna 3Hauenue
F(nN) 6yzaer npesbitiate npumepsro +600 (+700) (mpu FO(nN) = 20),
3Ha4YeHue Z(nm)-KOOpAUHATHl CKaHepa B OKHE YIPaBJICHUS MHUKpPO-
ckorioM «SMM-2000N Control Panel» nepexirounTcs Takxe ¢ «MH-
HYC MaKCUMyMa» Ha «IUTIOC MaKCUMyM». DTO 3HAYUT, YTO padoTaro-
11as cucTeMa MoAepKaHusl MOCTOSIHHOTO YPOBHS CUT'Haja (B ciiydae
ACM-cunel HaxkuMma 30812 FO) npunsiina usmenenue curnana F(nN)
KaK peajbHOE M3MEHEHHE CHJIbI Ha)XnMa OOIbIlle HEKOH 3aJaHHOU
BEJIMYMHBI U CTAPAETCs] YMEHBUIUTD 3TOT HAXHM, [TOJTHOCTBIO OTBEAA
CKaHep BHH3, OT UIJIbl. DTO TOBOPUT O MPAaBUIBHOM paboTe CUCTEMBI
MoJ/IepKaHus MOCTOSIHHOTO YpOBHSI curHana. LlemecooOpasHo mpu
Kax110il HacTpoiike ACM-cTonuka 3T0 IpOBEPSITh.

[Tocne 3TOr0 € MOMOIIBIO TOTO K€ BUHTA 4 HAJO YCTaHOBUTH
3nauenue F(nN) Tak, yToOBI OHO MOMajzano B JUANa30H 3HAUYCHHUH
or—1 000 go — 400. lym ycranoBneHnoro curnana F(nN) Oyzer
3HAYUTENILHBIM M3-32 QIIyKTyauui B Bo3ayxe. Bonmsu obpasma Bo3-
OyX OyAeT MOYTH HEMOABMXKEH («IpHBS3aH K 00pasiy»), W IIyM
CHJIBHO yMeHbIUTcs. Ho BONMM3H 0Opasiua j1yd jazepa, nonaaaionmi
Ha Oasky KaHTHIeBepa, OyneT momagatbh M Ha oOpasen. OTpaxkasch
oT o0pasla, yacTb CBETOBOTO MOTOKa OyneT momajaaTh Ha (OTOIu-
on, cmenias ero curaan F(nN) B monoxutensHyto obnacts. MenHo
0 ATOH MPUYUHE CeAyeT ycTaHaBnuBarh curian F(nN) no nogsona
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K 06pa3uy HE B HYJIb, 4 HCMHOI'O B OTPHULATCIIbHYIO 06J'IaCTL, YTOOBI
HC BO3HHKAJIO HCO6XO,Z[I/IMOCTI/I noACTpanBaTh CMCIICHUE 3TOTO CUT-
Halla BOIM3U 06pa3ua nopu noaBOAC 30HAA. I[OHOJ'IHI/ITCJ'ILHSJI noa-
CTpOﬁKa BUHTOB B ACM-CTO/IMKE HA TOM 3aKaHUYMBACTCH.

CkaHuposaHue 8 ACM-pedxcume

[TonBox 30H1a K 00pa3iyy B ACM-pexuMe OCyIIECTBISIETCS TaK
e, kak u B CTM-pexxume. Boioupaercst pamka (Frame mnu 1o umero-
nieMycs KaJipy), IeJiaeTcsl HallelTMBaHue Ha TIepBYI0 TOUKY Kajpa (XY
move) u BKJIYaeTcs moaBoa (Zappr). MHUKPOCKOI HauHMHAET INEN-
KaTh. B 3TO Bpems Hamo cienuts, 9T0061 ACM-CTOIMK HE CMEaIcs
W3-32 BUOPAIHiA TIOABO/IA B CTOPOHY M HE «HAE3KAI TPYKUHOH MO
KUMa KaHTHIIeBepa Ha oOpasen. MoKHO TOpoOoBaTh KOMIIEHCHPO-
BaTh BPYy4HYI0 OOKOBOM yXOJI CTOJIMKA BO BpeMsi TIOBOA 30H1a. Ecin
B HAYQJILHOM COCTOSIHHHU 30H]] HAXOJIUJICS TAJIEKO OT 00pasiia, MOKeT
OTPeOOBATHCS TIOBTOPHBIN 3alyCK M0/BOAa (Zappr) IpHU €ro ocTa-
HOBKC M IIOoJa4€ AJIMHHOI'O CHUI'HaJla BBICOKOI'O TOHA. HpI/I ycneurHomM
MTOBOJIC U3 MUKPOCKOTIA pa3maéTes xapakTepHbii 11t ACM-pexnma
CUTHAJI, a U3 KOMIbIoTepa — 00baHEIN 1 111 CTM-pexuma KopoT-
KW CUTHAJ BBICOKOTO TOHA. [Tocie 3Toro MokKHO 1o HE0OXOANMOCTH
MIOJICTPOUTH 3HAa4eHHE Z(hm) cKaHepa maraMu Step 30HAa («+» uim
«—») ¥ 3aIyCTUTh CKAHUPOBAHNE KHOTIKON «Scany.

Hepeﬂ Ha4yaJIOM CKaHUpPOBaHUSA HMECT CMBICIT JONOJHUTCIIb-
HO IIPOBCPUTH CHUCTEMY HNOAACPKAHHUA 3aJaHHOI'O0 3HAYUCHHA CUT-
Hama (B ACM-pexume — curHana F0). Ecam 3amaHo 3HaueHue
FO(nN) = 20, mpu noasenéunom 30u1¢e Ha F(nN) mommKHO mOaIepKu-
BaThCs 3HaueHUe 20, YMHOKEHHOE Ha HeKHi KOd()(MUIIMEHT poTop-
OHOHATBHOCTU. Yarme Bcero 3HaueHue 3TOro KodddummenTa okoso
30 (mpu K = 1), 1. e. ecnu 3agano FO(nN)=20, To npu noaBeaéHHOM
3ou7€e Ha F(nN) nomkHo moaaepkuBarbes 3HadeHue okoso 600. Ecim
n3menuTs 3HaueHue FO(nN), 10mKkHO HaOIII01aTHCS TPOTTOPIIUOHATb-
HOE U3MEHEHHUE peallbHO MoaepKuBaeMoro curaana F(nN).

[Nepen HavaI0M CKAHUPOBAHUS TIOJIE3HO TAKXKE TPOBEPUTH 3HAYC-
nue curnana F(nN) BOim3u o6pasna mocie mojasoa. st 3Toro HaJio
HaxkaTh KHOTMKY «Back» omgwmn mnmm Heckombko pa3, Z(nm) ckaHepa
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JOJDKHO CTaTh MPH STOM PaBHBIM «MHHYC MaKCUMYM», YTO COOTBET-
CTBYET OTXOJy 30Hjaa oT oOpa3na. 3Hadenue F(nN) mpu sToM u Oy-
net 3HaueHueM F(nN) BOmm3u oOpasia. OTKIOHEHHE STOr0 3HAYCHHUS
OT HyJII MOKHO JOCTaTOYHO MPOCTO yuecTb. Ecim, Hampumep, 3Ha-
genue F(nN) Bomm3u o6pasma 66110 paBaO — 600, ToUKa MmomaepxKa-
Hust dtoro curHana F(nN) = +600, 4To coOTBETCTBYeT U3rN0y Oaliku
FO(nN) = 20, To ansa monnepkaaust F(nN) = +600 6anka moypkHa CHa-
yana cornyTbes Ha 20 u 00nynuTh F(nlN) = — 600, a moTOM COTHYThCS
emé Ha 20, uro6br moBectr F(nN) mo +600. T. e. ecnu Hy)XHO Ha3Ha-
yuTh emeé OoJibliee 3HaUYeHUE M3rnba M Ha)XnMa OaiKu MpH CKaHU-
POBaHUM, YeM 3TO BO3MOXHO Auana3oHoM 3amanHus FO(nN), MoxHO
3a cu€t HacTpoitku ACM-cronuka fenath 3Hadenue F(nN) 3aBegomo
OTpHLATEIbHBIM, TpHUéM Kaxasle —30 mpu Hactpoiike F(nN) OymyT
MIPUBOANTH K TOTOJHUTEIbHON equauIe FO(nN).

CkanupoBanne B ACM-pexuMe MOKHO BECTH NPH HECKOJIBKO
Ipyrux napamerpax, yeM B CTM- pexume. ACM- 30H] pU CKaHU-
POBaHUM HAXOJMTCSl B KOHTAKTE ¢ 00pa3oM, U HET HEOOXOAUMOCTH
BBIMOJIHATH CKAHUPOBAHUE HA MUHUMAJIBHBIX IIarax, YTo0bl HE CTOJI-
KHYTbCS ¢ 00pasrioM, kak 3To memaercs B CTM- pexume. [Toatomy
MOKHO B HECKOJIBKO pa3 YBEIHUUTH IIar Step. OTO CHIBHO YBEJIUYUT
CKOPOCTb CKaHMPOBAHMSI M YMEHBIIUT BpeMs CHATUS Kanpa. OnHa-
KO JIydIlle YBETUYUBATh CKOPOCTh CKAHUPOBAHUSA, U3MEHSS 3HAUCHUS
«V», a moToM yke yBenudeHueM mara Step. Ilpu sTom ciexgyer cie-
TUTH 32 KA9eCTBOM KaJpa, MOCKOJIBKY Ka4eCTBO MPOPHCOBKHA OOBEK-
TOB MOYET yXY/IIAThCsl Ha OONBLION CKOPOCTH CKAHUPOBAHMSI.

Hpyroe cymectBenHoe otinnuue pexxuma ACM ot CTM-pexxuma
— 9TO MHOE ONTUMAJIbHOE OBICTPOACHCTBHE CUCTEMBI ITOIIePKAHUS
o0OpatHoii cBs3u. B ACM-pexime MOKHO TOCTHYh BO30YKICHUS CH-
CTeMBI MOJICPKAHNS TTOCTOSHHOTO CHUTHAJIA TOJIBKO MPH OYEHb Ma-
nbIX 3HaueHusX Tau = 4-5Swmc. [1pu yBennyennn Tau Ha oguH — /Ba
1iara nojy4aemMoe 3HaueHre Tau Bc€ paBHO OCTAHETCSI OUEHb MaJIbIM.
Takoe BbICOKOE OBICTPOJCHCTBHE KaK pa3 U HEOOXOAUMO ISl OTCIie-
KUBaHUs penbeda Ha 6ompmux ckopocTsx. Takum odpazom, ACM-
KaJip OOJBIION TUIOIIAAX CHUMaeTcsi ropaszfo Obicrpee CTM-kampa
TaKOMU K€ TIOLIA IH.

Bce ocranbHbIe mapaMeTphl CKaHUPOBAHUS, a TAKXKE JOTIOJIHHU-
TeJIbHBIE BO3MOXKHOCTH NPH cKaHupoBaHuu (Autoscan, Double Scan,
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Stop, Step, u3MeHEeHUs ManuTp U T. I.) B ACM-pexxume moJicTpanBa-
I0TCS ¥ MCTIONIB3YIOTCS Tak ke, Kak u B CTM-pexume.

Xots Bpemst ToydeHust 001bInX KaapoB B ACM-pexxuMe MeHb-
me, yeM B CTM, u3-3a ropasno OoJbIIEro pajuyca 30HIIOB, pa3pe-
LIEHHEe, KOTOPOe MOKHO 0Xkuaate oT ACM-pexnma, Kak MUHUMYM
Ha TOPSI0K MEHbILIE pa3pelieHus, noinydaeMoro B pexxumax CTM.

KoMIuieKcHbIe MccieJOBaHUS
pesibeda 1 MOPPOJIOrMU MOBEPXHOCTH

Ha MUKpockKone CMM-2000

N3BecTHO, 4TO B npoliecce 00JIydeHusI TOBEPXHOCTH TBEP/IBIX TEI
HOHaMM cpeHuX dHepruil (~10 k3B) 00pa3yroTcsi pa3inuvHbIe THITBI
MuKpopenbeda. Cpeau HUX CyHIECTBYET TaK Ha3bIBAEMBIH BOJIHOO-
OpasHblii MUKpoOpenbed, MOTYUYHBIIMN B WHOCTPAHHOW JIMTEPAType
HaszBaHue «ripple structure». IMEHHO K 3TOMY TUITy MHKpoOpeibeda
MIPOSIBIISIIOCH BO3pacTaroliee BHUMaHue ¢ koHma 1980-x rr. MHTtepec
K HeMmy ObIJI CBsI3aH B MEPBYIO OYepe]b ¢ IPUMEHEHHEM JIJIsl Ucclie-
JIOBAaHUI METOJ]a BTOPUYHO-HOHHON Macc-criekTpomerpun (BUIMC).
B 1988 1. ObuH 0my0IMKOBaHBI Pe3yIbTaThl HCCIICAOBAHHMS, B KOTO-
pOM OBUIO OOHApY)KEHO MOBBIIICHHE YPOBHS SMHCCHUH BTOPHUYHBIX
noHoB O," u As' Ha onpe/ie]IeHHON CTaiuM pacmbLIeHUs (IIyOuHe
OT UCXO/IHOIM MOBEpPXHOCTH) MOHOKpUcCTaoB Si U GaAds mydykom
noHoB O," ¢ snepruei 2,5 + 8 k3B. C NOMOIIBIO TEXHUKU pacTpo-
BOH 37eKTpOHHOW MuKpockonuu (POM) aBTOphl yCTaHOBWIIM KOp-
PEISIMIO  YKa3aHHOTO W3MEHEHUS SMHCCUH ¢  (OpMUPOBAHUEM
BOJIHOOOpa3Horo Mukpopenbeda. BoiaHooOpa3Hblii Mukpopenbed
npeacTaBisieT co0ol CTPYKTYpY Ha IMOBEPXHOCTH, KBa3UIIEPUOIHUE-
CKYIO B HallpaBJCHUH TUIOCKOCTH TaJICHUs HOHHOTO My4yKa C OpUEH-
TanMed rpeOHeil BOMH MEepHeHIUKYISIPHO JaHHOW miockoctu. Cra-
JIO0 SICHO, YTO MHKpOpeNbed MOBEPXHOCTH, HHUIIMUPYEMbBIH HOHHOM
00MOapIUPOBKOH, SIBISICTCS HETaTHMBHBIM (DaKTOPOM TIOCIOWHOTO
BUMC-ananu3a, orpaHUYUBAIONIUM pa3pelieHue mo rimyoune. B pa-
00Tax, HaNpaBJICHHBIX Ha W3yueHHE JaHHOTO MHUKpopenbeda, ¢ 1mo-
sunmid Merona BUMC ucnonbzoBanu myuku uwonos O,°, Cs* u N,’,
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a Taxxe matepuaiel Si, Gads, AlGaAs, sBnstonrecs Tpa uIlMOHHBIMU
oobekramn BUMC-ananuza. C pa3BUTHEM METOAOB CKaHHPYIOLIEH
30H/I0BOH MUKPOCKOITUH /7151 00HApYKEHUSI MUKpOpeibeda cTalu uc-
M0JIb30BaTh METO]] CKAHUPYIOIEH TYHHEIbHOH MUKPOCKOIIHH.
OpHako B AanbHEWIIEM ObUIM MOJYYCHBI JaHHBIE, KOTOPBIE MO-
kas3piBasy, uto Metoq CTM mMeeT orpaHMYeHHUs] MPHU HCCIIEAOBa-
HUM TIOJTYNPOBOAHUKOBBIX 00pPAa3LOB, COAEPKAIIUX CKPBITHIE AWd-
JIEKTPUYECKUE CIIOH, B YACTHOCTH 00Pa3lOB KPEMHHUSI CO CKPBITBIMHU
ciosiMu 6opocuukaTHoro crekia. Ha mepBom atane B pexume CTM
Ha Mmukpockorne CMM-2000 wuccrnenoBaiu MOBEPXHOCTh pacTpa,
MOJYYEHHOTO B PE3yJIbTaTe MOHHOTO TPaBJICHHS MpPU IOCIOHMHOM
BUMC-ananu3e, BOm3Hu ero, pactpa, kpas (puc. 13, 14).

Size: [25.3]1 mlan x 2531 mbom x 197 mkm] [163x 163 pi] —— 5.000 mkm

Puc. 13. Mopdosorus moBepXHOCTH pacTpa
(U(manpspkeHue «30H1 — oOpasery) = 2500 mV,
10 (TyHHenbHBIN TOK) = 4 nA)
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Section [ 0.0° course, [22,137] --> [84,137] i Line

-791.3 nm
(503.5pm)

-791.4 nm
-791.7 nm
(-274.7 pm)

-791.8 nm
(0.0)

0 0.0 9.688 mkm (9.688 mkm)-0.002 ° Base:9.688mkm

Puc. 14. Ceuenne noBepXHOCTH BAOJIb JIMHUU, TOKAa3aHHOHN Ha puc. 13

Ha monmyueHHBIX KaJipax ObIIIO XOPOIIIO BHIHO, YTO B PE3ybTaTe
HMOHHOTO TPABJICHUST MUKpOpebed HE 00pa30BbIBATICS, U BCE HEPOB-
HOCTH HAOJIOIANNCh TOJILKO BOJIM3HU Kpasi pacTpa, a OJImKe K cepe/iu-
HE pacTpa BHICOTA HEPOBHOCTEH HE MpPEBBINIATA HECKONBKHX COTCH
pm. KoHTposbHBIE U3MEPEHNUS TIPOBOAMINA HA WCXOJHOW MOBEPXHO-
CTH, HE TIOJIBEpPraBIIICiiCs HOHHOMY TpaBiicHHI0. HeoxumaanHo ObLTO
O00HAPYKEHO, YTO MOJyJIaeMble KOHTPOJIBHBIC H300paXKCHUS MPE-
CTaBJISIFOT BECbMa Pa3BUTYIO MOBEPXHOCTh C BBICOTOW HEPOBHOCTEH
100-200 uMm (puc. 15, 16).

Size: [ 7.500 mkm x 7.500 mkm x 426.0 n m] [97 x 97 pt] ———— 3.000 mki

Puc. 15. Mopdoxorus ucxomHoit mOBEpXHOCTH
(U=2500mV, 10 =4 nA)
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Section [ 0.0° conyse, (16,47 --= (83047

-332.81m
{185, 7nm |

-381.8 nm
-474.8 nm
(-9207 pm

5184 nm
(0.0

0 0.0 S000 mlan (S00 mlan} -1.065 ° Base:5.000 mkm

Puc. 16. Ceuenne noBepXHOCTH BJOJb JIMHHUH, TOKA3aHHOK Ha puc. 15

[TockonbKy ATOT pe3yabTaT HE COTJIACOBAJCS C PE3ylbTaTaMu
BUMC-ananu3a, BO3HHUKIIO TIPEIIOI0KEHHUE, YTO HAOIIOIaeMbIH pe-
Jbed) SIBIIICTCS JTOKHBIM. /1)1 IPOBEPKH ATOTO MPEAIIOIOKEHUS ObLITH
MIOJTyYeHBbI HM300paXKeHHsI €Ié MpH JBYX 3HAYCHUSAX HANpSIKCHHS
«30HI — obOpazeny (puc. 17, 18, 19, 20).

Size: [ 7500 mEkm x 7.500 mkm x 1.722 mkm] [97 x 97 pi] | {3000 mlam

Puc. 17. Mopdoxorus ucxoaHoi MOBEPXHOCTH
(U=1250mV, 1 =4nA)
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Section [N.0N° comige. (4330 = (43000

-05.59 nan
(4707 nan )

-179.2 nan
=323 1 mn
{-143.2 nny)

-567.3 nan
(0.0}

1] 0.0 6.953 mlan {6.253 mlan}-1.186 °  Base:0953mlan

Puc. 18. Ceuenne ucxonHON MOBEPXHOCTHU BJOJIb JINHUH,
rokazaHHOU Ha puc. 17

Size: [ 7.500 mkm x 7.500 mkm x 426.0 n m] [97 x 97 pt] | { 3.000 mkn

Puc. 19. Mopdosorus ucX0IHO MOBEPXHOCTH
(U=5000mV, 10 =4 nA)

Section [ 20.0 “cowrse, [44.2] = [44 85] o
-383.8 nn

{1616 nm

-478.0nm
-4851 2 n
{-7.829 mmn

-545 5 nm
(0.0}

0 0o 0484 mlan { 6434 mlkm) -0062 °  Base:d 434mkm

Puc. 20. Cedyenne noBepXHOCTH BAOJIb JTUHUU,
rokazaHHOW Ha puc. 19

43



Brio obHapyskeHO, 4To MOP(HOJOTHs MOBEPXHOCTH M BBICOTA
HEPOBHOCTEH 3aBUCAT OT BEJIWYMHBI MPHIOKEHHOTO HAMpPSKEHUS.
OTOT pe3ynbTaT SBISUICA NPAMBIM MOATBEPHKAECHUEM MPEIOoI0xkKe-
HUS O JIOKHOCTH Habironaemoro penbeda. [losBnenne Takoro nox-
HOTO penbeda MOTIo OBITH CBA3aHO C U3MEHEHUEM TOKa YTEUKH ue-
PE3 CKPBITHIN ClIoK OOPOCHITMKATHOTO CTEKIIA.

Opnako panbHelmmme uccienoBaHust BAX B paznuuHbIX TOU-
Kax oOpasla MoKa3ajd, 4TO MOSBIECHHE JIOKHOTO penbeda He cBsiza-
HO C TOKOM YTEYKH, a SIBJISIETCS CIEACTBHEM Iepe3apsiiku EMKOCTH
B RC-nienouke, 00pa3oBaHHOM CONMPOTUBICHUEM PACTEKAHHS OTCEYEH-
HOTO CJI051 HOJTYIPOBOAHMKA U EMKOCTBIO CKPBITOTO AUAIEKTPUYECKOTO
ciost. JlecTBUTENBHO, CUCTeMa «30HA — oOpazem» (puc. 21), Moxer
OBbITh 3aMEHEeHa YKBUBAJICHTHON CXeMOH, IOKa3aHHOW Ha pHcC. 22.

— | —

Si
77 777 yypyrEy
"/‘ / /’ ‘,f/ ,/y//", / ,F’(;("‘// 1111 //

Si

B I )

Puc. 21. Cuctema «30H1 — oOpazemy

U,

Puc. 22. DxBUBajeHTHASA cXeMa CHCTEMBI «30HI — 00pa3zemny:
UO — nampspkenne, RT — conpoTuBiieHHEe TYHHEIBHOTO POMEXKYTKA,
Re — comporuBnenne pacrexanus, Cb — EMKOCTb CKPBITOTO CIOA
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Jlerko MoKas3aTb, 4YTO 3aBUCUMOCTL HAIPSKCHHUA Ha EMKOCTH
CKPBITOI'O CJI0A U ot BPEMCHHU OIMUCBHIBACTCA YPABHCHUCM!

w (v v)_ v,

+— + = 22
d¢ C,\\R, R ) R,C, (22)

Pewenue 3Toro ypaBHeHUs: UMEET BUJL:

R —
U=U,——~—|1-e *“ |, (23)
R, +R,
rac

R = _RR, (24)

R, +R,

TOF,I[a 3aBUCUMOCTD TYHHEJIBHOT'O TOKAa OT BPEMEHU B HavaIbHBIN
MOMCHT 6y,Z[CT OIMMCBIBATHCS BBIPAKECHUEM!

t

I(t):ﬂ R, R v (25)
R\ R, +R, R,+R,

[TosicHuTh 00pazoBaHME JOKHOTO peibeda MOKHO CIIeIyIOIUM
oOpazom. IlycTs B HauyasbHBIE MOMEHT BPEMEHU BEJIMYHMHA TYH-
HEJIBHOTO IMPOMEXYTKa TOYHO COOTBETCTBYET 3aJaHHOW BEIMYHHE
TYHHEJBHOro Toka. OJIHaKO NMpH MPOBEACHUM W3MEPEHUH 3TOH Be-
JIMYUHBI BOZHUKHET OIpe/esIEHHAst 3aepKKa, T03TOMY H3MEPEHHas!
BEJIMYMHA TOKA, KaK BUIHO M3 (25), OKa)KETCs] HECKOJBKO MEHBIIIE
3aJaHHOM, M CKaHep HA4YHET MpHONMXKaTh 30HA K 00pasily, yMEHb-
11asi BEJIMYMHY TYHHEJIBHOTO MPOMEXyTKa. B pesynbrare usmepen-
HBI YPOBEHb HMOBEPXHOCTH OK@)KETCSl HIDKE MCTUHHOTO. 3a CYET
9TOrO Ha OJHOM M3 IOCJIEAYIOUIMX LIaroB B HAdajbHBIH MOMEHT
BPEMEHHU BEJIMYMHA TYHHEJIBHOTO TOKa OyJeT 0oJibllie Ha3HAuUEHHOH,
U CKaHep HayHET yAansaTh 30HI OT oOpasua. [locienoBarenbHOCTD
TaKUX COOBITHH MOXHO MHTEPIPETUPOBATh KaK BOSHUKHOBCHHE aB-
TOKOJI€0aHU, B pE3yJIbTaTe KOTOPHIX Ha MOIYYaeMbIX KaJIpax MOXKET
MOSIBUTBHCS JIOKHBIN peribed.

[IpoBeneHHbIE TOCIIE 3TOTO MCCIECAOBAHUS TOBEPXHOCTH 00pa3-
LIOB CO CKPBITBIM CJIOEM OOPOCHIIMKATHOTO CTeksa B pexume ACM
[OKa3ald, 4TO B ATOM PEKUME JIOKHBIA pesibed HEe Halmogaertcs.
[IpuBeneHHBI NpUMep MOKA3bIBACT, YTO NPH H3YYECHHUH OOBEKTOB
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C IIOMOIIBIO CKaHprIOIJ.leI 30H]I0BOM MHKPOCKOIINHU KCJIATCIIbHO UC-
MOJIb30BATh PA3JIMYHLBIC PEKHUMbI U MCTOJUKHU, T. €. IPOBOJAUTH KOM-
MJICKCHBIC HCCIICAOBAHUA, TMOCKOJIBKY HCCICAOBAHUA B KOMIIJICKCC
MNOBBIAOT JOCTOBCPHOCTH MOJYHaCMbIX PE3YJIbTATOB U MO3BOJIAIOT
HCKIOYaTh HCOXKNAAHHO BO3HUKAIOIIHEC apTe(baKTBI.

Kam6poBka mukpockona CMM-2000

Kam6posky mukpockorma CMM-2000 HE0OXOAMMO TPOBOIUTH
C IEPUOIMYHOCTHIO OJIMH pa3 B Toj 160 uepe3 kaxapie 1 000 gyacos
paboTHI ¢ BKIIIOYSHHBIM MUKPOCKOTIOM. Takast He0OX0IMMOCTh CBsI3a-
Ha C Jerpajaiuei mbe30K03(PPUIMEHTOB CKaHepa KaK 110 UCTCUCHHH
BPEMEHH, TaK M TMPH MPUIOKEHUH HANPSKEHUH K HEMY B IpOIEeC-
ce IKcIuTyaTanuu. s kKammOpoOBKM CKaHepa MOYKHO HCIOJIB30BATh
JO0BIE CTPYKTYPBI, 3TaJOHHBIE 00pa3lbl, MEPhl C W3BECTHBIMU JIU-
HEHHBIMU pa3Mepamu, Kaapbl KOTOPHIX MOXHO MoaydnTh B ACM-
nim CTM-pexumax.

Jlyumie Bcero MCmonb30BaTh CTaHAAPTHYIO Mepy, Ha KOTOpPOit
MMEIOTCSl CTPYKTYPBI U3BECTHBIX Pa3MEpPOB U IO JUIMHE, U T0 IIHPH-
HE, U IO BBICOTE.

Takass Mepa BXOAWT B TOJHBIA KOMITIEKT MHKpockoma CMM-
2000. Ha neit umeercs o06xacts 2°2 MM (puc. 23) ¢ IpOTpaBICHHBIMHA
KpYTJIBIMU SIMKaMu T1yonHo# 180 HM ¢ Tpaneren/1anbHbIM CeUeHUEM.

[lepuoas! cTpyKTYpHI, 00pa30BaHHON SIMKaMH, PaBHBI 4 MKM Kak
110 HalpaBJIEHNIO X, TaK U 10 HanpasjeHuto Y. [Tpu nposeaenun us-
MEpEHUN Mepy JKeIaTelbHO PACIIOIOXKUTh HAa CKaHEpE TakK, YTOOBI
SMKW Ha UTOTOBOM KaJjpe 00pa30BBIBAIM PsIbl, MapajliesibHbIe Ha-
npasieHusM X 1 Y. Mepa nokpbITa NpoBOAALIEH 30JI0TON IIIEHKOMN
u nonyckaet m3mepenus B CTM-pexume, HO 17151 KATHOPOBKH JTydIIIe
MCTONB30BaTh peskuM ACM, T. K. B 3TOM peKUME HEPOBHOCTH peibe-
(ba craaxMBalOTCA M YCPETHSIOTCS.

46



06NAacTb ANA KANWGpOBKM

Puc. 23. Bujg crangapTHOl Mepbl,
BXO/sIIEH B KOMIUJIEKT MUKpockona CMM-2000

[Tocne ckaHnpoBaHus MO MOJIYYEHHOMY Kaapy (puc. 24), ncnoib-
3ysl METOJ| ITIOCTPOEHUSI CEYEHUH, U3MEPSIOT CPEJHUN MEPUOJ SIMOK
no X’ W CpeHUi mepuoi sSMOK Mo Y, a TaKKe CPeJHIOI0 TTyOuHy
sIMOK 110 Z’. IIpu 3TOM M3BECTHO, UTO UCTUHHBIE 3HAYEHUSI COOTBET-
CTByIOIUX napamerpoB pasHbl X0, Y0, Z0.

L C:Xsmm2000\te st0D2. smm =] E |
11.96 mkm » mx ram K [=14 ~|!
| ——— =

@ ®
Py
P

vvll

b

' @
& &
& s X

Al al' c-iawunlwszmkm |z|<| T o]

Puc. 24. Kanp, mory4eHHBIH ¢ 007aCTH KaIHOPOBKH MEPHI
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UYucna, KOTOpbIE OTPaXKaloT TEKYIIYI0 KaTMOPOBKY MHUKpPOCKOIIA,
HaxonsTcs B (aiine mapameTpoB Mukpockona (smm2000n.par). 3to
pasmep nosst ckanupoBanus no X (DACX scale), pasmep nosst ckaHu-
poBanus o Y (DACY scale), nuamnaszon ckanepa o Z (DACZ scale),
Iuana3oH u3MepeHuii penbeda kanaiom Z1 (umcna channel max
value u channel min value) u fuanason n3MepeHuii penbeda KaHAIOM
Z2 (uucna channel max value u channel min value).

OTH yucna cleayeT U3MEHNUTh B COOTBETCTBUU CO CIEAYIOLIMMHU
dopmynamu:

(moBoe DACX scale) = (crapoe DACX scale) x ( X0/ X’)

(moBoe DACY scale) = (crapoe DACY scale) x (YO/Y”)

(moBoe DACZ scale) = (crapoe DACZ scale) x (Z0/Z’)

(aoBoe channel max value Z1) = (crapoe channel max value Z1) x (Z0/Z”)
(aoBoe channel min value Z1) = (ctapoe channel min value Z1) x (Z0/Z”)
(aoBoe channel max value Z2) = (ctapoe channel max value Z2) x (Z0/Z)
(noBoe channel min value Z2) = (ctapoe channel min value Z2) x (Z0/Z)

W3MeHsITh uncna Halo B KAKOM-JTHO0 MPOCTOM PeAaKkTope, He Ha-
pyliaromemM cTpykTypy ¢opmara, Hanpumep Notepad, Ipu BBIKITIO-
4yeHHOH nporpaMMe Scan Master.
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KonmposbHble gonpocbwl

1. Kakue MeToabl CKaHUPYIOIIEH 30HA0BOM MUKPOCKOMUUA MOXK-
HO OTHECTH K CHIJIOBBIM?

2. O0OBSICHUTE TPUHITUN JEHCTBUS aTOMHO-CHIIOBBIX MHUKPOCKO-
noB. Kak cuia Ban-nep-Baanbca 3aBUCUT OT pacCTOSHUS MEXy B3a-
MMOJIEHCTBYIOITUMH aTOMaMu?

3. KakuMm o00pa3oM TOMydarOT W300paKEeHHWE ITOBEPXHOCTH
B ACM? Kakne mapaMeTpsl peTUCTPUPYET ONTHIECKasT CHCTEMa MU-
Kpockora?

4. OnumunTe OCHOBHBIE OCOOCHHOCTH pPabOTBI MHKPOCKOIIOB
B KOHTaKTHOM, OECKOHTAKTHOM H ITOJTyKOHTAaKTHOM PEKHAMax.

5. Kakue cBoiicTBa MOBEPXHOCTH MOXKHO HM3y4aTh C MOMOIIbIO
AEKTPOCHUIIOBBIX M MATHUTHO-CHIIOBBIX MUKPOCKOIIOB?

6. Kakne xantuneBeps! ncmonb3yioT B ACM? Kakne kanTuiese-
PBI BXOAAT B KOMIUTEKT MUKpockorma CMM-20007?

7. llepeuricnuTe OCHOBHBIE MPUYWHBI, IPUBOAIINE K pa3pyIe-
HUIO KaHTHUIIEBEPOB.

8. OmuImmTe MOPSAIOK 3aKpeTieHUsT 00pas3oB Ha CKaHEPEe MHK-
pockonia CMM-2000 mipu pabote B pesknme ACM.

9. OrumuTe mopsAaok ycraHoBkH ACM-CTOIMKa B MHKPOCKOTIS
CMM-2000.

10. KakuM 00pa3oM OCYIIECTBISIIOT HACTPOUKY ONTHUSCKON CH-
ctembl ACM-ctomnmka B Mukpockone CMM-2000?

11. Kak 4gacTto W KakuM 00Opa3oM OCYIIECTBIISIOT KalTHOPOBKY
mukpockorra CMM-2000?
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