


ABYXOTAITHAS ®OTOBJIEKTPOHHAA JTUTOI'PA®USA

K MEXaHUKe U MO3BOJISIET CAeNaTh yCTAaHOBKY COBME-
ILIEHUSI-OKCTIOHUPOBAHUSI HA OCHOBE MUKPOCKOIA,
CM., HaripuMmep, [6].

B HacTtosiieit padboTe Mbl peanu3yeM OINTUYE-
CKYIO 4acCTh JAHHOTO ABYXCTYIEHYATOIO Ipoliecca
JuTorpacun — caMoIeNbHYI0 YCTaHOBKY, 000py-
JOBAHHYIO MUKPOCKOIIOM UM MaHUMYJISITOPOM AJs
COBMEIIEHUS] KOHTaKTHBIX MAaCOK ¢ BO3MOXHOCTbIO
yAbTpacduoieToBOi 3acBeTKM. PaKTUISCKU TaH-
HbIA MpUOOP SIBSIETCS] YMEHbILIEHHOUN 1adopaTop-
HOIi BepcHreil yCTaHOBOK COBMEIIEHMSI-3KCIIOHUPO-
BaHUs. Mbl 1eMOHCTPUPYEM CO3JaHHBIE CTPYKTYPHI.
PazpaboTraHHbIe pellIeHUS SIBISIOTCS €CTECTBEHHBIM
JNOTIOJTHEHHUEM K 3JIEKTPOHHOMY JUTOrpacdy, OHU
pacIIUpSIIOT BO3MOXHOCTH JIa0OPaTOpHUii, BEAYIIINX
HCCIIeO0BaHMS B 00J1aCT HAHOCTPYKTYD.

2. OIMCAHUE YCTAHOBKHA

Ha ontuueckoii miute pasmepoM 20%30 cm? 6bLT
3aKpeIuieH CTepXKeHb, Ha KOTOPOM ObLJI YCTaHOBJIEH
KOMTIAKTHBIN MeTanaorpa¢puueckKuii MUKpPOCKOTI
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(Radical, Hnus1) ¢ BO3MOXHOCTBIO BpallleHUS
Ha 180 g Takxxe Ha MUKPOCKOIIE€ ObUTU YCTaHOBJIEHbI
KaMepa U MOHUTOP, UTO 00ECIIeurBaj0 BO3MOX-
HOCTb TPAHCJISILIUM HAa HEero u3o0paxkeHus oopasia.
Ha Toii e mmTe ObLIa yCTaHOBJIEHA CUCTEMa ITOMI-
BIKHBIX CTOJIMKOB C MUKPOMETPUUYECKMMU BUH-
tamu. bnaromapst aToMy nosiBriiach BO3MOXKXHOCTh
MepeMelleHsI MaCKd U CTOJIMKa ¢ 00pa3lioM Kak
BMECTE, TaK M1 OTHOCUTEILHO APYT Apyra, B 4aCTHO-
CTH, BO3MOXHOCTD BpalllecHUsI M HAKJIOHA CTOJIMKA
¢ obpazuom. Obpazel ObLT 3aKpErIEH Ha CTOJIMKE
IIpY IIOMOIIY IBYXCTOPOHHETO cKoT4Ya. Macka ynep-
SKUBAeTCs MPYDKUMHBIMU JIAITKaMU JJIST TTPEIMETHBIX
crekos. DoTorpaduu ycTaHOBKU B IOJIOKEHUSIX
COBMEIIIEHUS 1 3aCBETKM TIpUBeIeHBI Ha puc. 1a, 10
COOTBETCTBEHHO.

[lepemMerieHre Bcero MUKPOCKOIIA B BEPTUKAJIb-
HOM HaIlpaBJIECHUU IT03BOJISIJIO ITOCJIEI0BATEILHO
¢ oxycupoBaThbCsl Ha Macke M Ha oOpaslie, 1001Ba-
SICh COBMEIIEHUSI C TOYHOCThIO 10 5 MKM. [locie
COBMEIIIEHUSI MacKyd ¢ 00pa3lioM U IIPpUBEACHUS
UX B MEXaHMYECKUI KOHTAKT MUKPOCKOII pa3Bopa-

O

Puc. 1. ®ororpadust yctaHoBKY 1151 MacouHOoit YD-muTorpacdun: a — MOJIOXKEHNE COBMEIIEHMS, 0 — TTOJIOXKEHNE 3aCBETKU:
1 — Mukpockorn, 2 — jgammna, 3 — CTOJIMK, 4 — cucTeMa MUKPOMETPUUECKMX MOIBXKEK.
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yuBajcd M HajJ o0paslioM pasMmeliaiach YP-iamna
JUUIS1 3aCBETKU.

B xauecTBe MCTOYHMKA 3aCBETKU MCIIOJIb30Ba-
JINCh CTaHAAapTHAs PTYTHAs JJaMIIa JJIsl KBaplieBaHUs
MOMEIIeHUI ¢ 1okoieM E27 u mepeMeHHOe HaIlpsi-
xkeHue 220 B momHocThio 20 BT. Bpems 3acBeTku
cocTaisiiio okojio 10—15 muH. beuto ycTaHOBNIEHO,
YTO JIJIs1 3aCBETKU BaXKHO HAJIMYKME B CIIEKTPE JIAMITbI
JINHUMU C IJIMHOM BOMHBI 185 HM. JIaMIIBI, B cieKTpe
KOTOPBIX He OBLII0 JAaHHOM JJIMHBI BOJIHBI, HE 3aCBE-
YMBaJIM PE3UCT 3a CTOJb MaJIo€ BpeMs. YCTaHOBKY
MPUXOAWIOCH pacIioyiaraTh B BBITSDKHOM IIKady, Tak
Kak mpu padote YD-gaMIbl BHIACSICS O30H.

M3zrorosiaeHue macku (poroiradbioHa) B JTaHHOK
paboTe OCYILIECTBISIJIOCH IIPU MOMOIIY B3PHIBHOM
nuTorpa¢uy Ha BaHAIWM, HAIIBLJICHHOM 3JIEKTPOH-
HBIM JIYYOM Ha IJjiaBjieHoe KBapleBoe cTekio KY-1
(TonmmuHa BaHaaus — 200 HM, TOJIIIIMHA CTEKJIa —
1 mm). Tonorpaduueckuii pruCyHOK HaHOCHJICS
Ha moBepXHOCTh (otopesucta AZI512HS npu
MOMOIIU JUToTrpada ¢ TpsIMOIi Ja3epHOI 3aIMChIO
Heidelberg muP G101 Ha mrHe BoaHB 405 HM.

Ha puc. 2 npuBeneH nmpuMep I0CIeI0BaTEIbHO
BBITIOJIHEHHBIX 3TAaIllOB M3TOTOBJAEHUs oOpasla.
MexaHu4ecKy OTHIEIJIEHHAs Yellyiika, B JaHHOM

MAPTAHOB u mp.

ciydyae pedb UIAET O CJIOMCTOM Martepuaje ¢ BOJ-
Hamu 3apsnoBoii tiotHoctu 1T-TaS,, nepenocurcsa
Ha nomnoxky Si/SiO, ¢ TonunHoit okcuaa 200 HM,
Ha KOTOPYI0 HAHOCSTCS METKU COBMEIICHMS IJIsI
3JIEKTPOHHOM muTorpaduu (puc. 2a). Jdamee mpo-
MU3BOJIUTCS 3aCBETKA B 2JIEKTPOHHOM MUKPOCKOTIE
JEOL JSM-64 ¢ npucraBkoit NanoMaker He601b-
110¥1 006aCcTH, BKJTIOUAIOIIEH KOHTAKTHI K YelllyiiKe
(puc. 26). [lonyyeHHas1 3aroTOBKA IMPHU TTOMOIIHN
YCTAaHOBKM COBMEIICHUSI-3KCIIOHUPOBAHUS COBME-
IIAeTCsI ¢ MACKOM IUIST CO3MaHUST KOHTAKTHBIX I1J10-
anoK, 1 npoBoautcs YM-3acBeTKa (3aCBeUCHHBIE
00J1aCTH 10 TPOSIBJICHUS BUIHBI Ha pUC. 2B). Pe3uct
nposiBisieTcs (pUc. 21), MPOMU3BOIUTCS TEPMUYECKOE
HaIlblJIEHMEe MeTaJjljla OBEePX YEIITYIKH C MOCISIYI0-
IIIMM B3pBIBOM pe3ncTa B cHUMartese (puc. 2m). Jns
TOr0 YTOOBI KOHTAKTHI HE IIpeTepIieBalu pa3phiBa,
TOJIIIMHA HAMbUIEHHOTO MeTajla JO0JKHa OBbITh
Oosibllie, YeM TOJIIIMHA Yyelnyiiku. B manHoM ciy-
yae TOJIIIMHA HaMNbIJIEHHOTO MeTajljia COCTaBJsIeT
200 HM, B TO BpeMs KaK TOJIIMHA YEITYHKN OKOJIO
100 aM. Bun roroBoro o0pasia B 3JIeKTPOHHOM
MUKPOCKOIIE IT0OKa3aH Ha pucC. 2¢.

CpaBHeHME MPEIOKEHHOTO MapIlIpyTa Mo CO3-
JaHWIO KOHTAaKTOB K MUKPO- M HAaHOCTPYKTypam

v >
v

L B
%500 50 Mxm

25kV 09 48 SEI

Puc. 2. [Tpumep 3TarmoB M3roTOBJIEHUST 00pasiia: a — Yellyiika U MeTKHU IJIsi COBMEIEHUST, 0 — YaCTUIHO MPOSIBIICHHBII

SJIEKTPOHHBII PE3UCT MOCIIe 3aCBETKU 00JIACTY KOHTAKTOB C 00pa3lioM, B — N300paskeHre B MUKPOCKOTIE ITOCIIe 3aCBETKI

Y®-namrioii, KBaapaTaMu IToKa3aHa 00J1acTh 3aCBETKHU, T — U300pakeHUE TTOCTIE TIOJTHOTO TTPOSIBICHUST PE3UCTa, A — FOTO-

BBII 00pasell mocjie HalbJIEHWST MEeTaJIa M B3pBIBHOI TuTOrpacdum, € — n3oopaxkeHre oopasiia B 3JIeKTPOHHOM MUKPOCKO-

ne. U3o006paxeHus a—1 MOJIyYEHbI C TTOMOIIBIO ONTUYECKOI0 MUKPOCKOIA, M300pakeHUe € — C TIOMOIIbBIO 3JIEKTPOHHOTO
MMKPOCKOTIA.
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Ta6.1mua 1. ComocTaBieHue CTaHAAPTHOT'O U MPCA1ara€Moro TEXHOJOTUYCCKUX MapIIPyTOB ITO IMTPOU3BOACTBY KOH-

TaKTOB K HAHOCTPYKTYpaM

Ne CraHnmapTHBII MapuipyT

IMpemtaraemMbiii MapipyT

HaHeceHne 3,1eKTpOHHOTO pe3rcTa Ha TTOIJIOXKY
¢ oOpas1oM.

HaneceHue aneKTpoHHOTO pe3ucTa Ha TOUTOXKKY
¢ 00pasIoM.

DneKTpOHHAasT TUTOTpadusl YaCT KOHTAKTOB CyOMU-
KPOHHBIX pa3MepoB BOIM3U 00pasia.

DJIeKTpOHHAas TUTOTpadus YacTU KOHTAKTOB CyOMU-
KPOHHBIX pa3MepoB BOJIMU3U obOpaslia.

3 HpOHBI[CHI/IC QJICKTPOHHOI'O pe3ucTa.

Macounast YO-nurorpadus moaBoasmnX KOHTaKT-
HBIX TJIONIA0K C XapaKTepHBIM pa3MepOM COTHU
MUKpPOMETPOB.

HamnbineHue MeTtaia ¢ mocieayomeil B3pbIBHOM
Jutorpadueii.

Hp OABJICHUEC JICKTPOHHOTI'O pE3UCTA.

HaneceHne onTHYecKOro pe3ncTa Ha MOIIOXKKY
¢ oOpaszioM.

Hanbinenue metania ¢ nocienyolieil B3pbIBHOM
Jutorpadueii.

MacouHas ujam Jia3epHast JUuTorpadust MOIBOMSIIINX
6 |KOHTaKTHBIX IJIOIIAN0K C XapaKTEPHbIM PasMepoM
COTHU MUKPOMETPOB.

7 | [IposiBieHUEe ONTUYECKOTO PE3UCTA.

HanbineHue MeTaia ¢ nmocieayolei B3pbIBHOK
qutorpadueii.

CO CTaHIAPTHHIM MapUIPyTOM IIPUBEIEHO B TaOII. 1.
CraHgapTHBI MapLIpyT IIpenriojiaracT aBa Ipo-
liecca HaHeCEHUs pe3ucTa M B3PBIBHOM JUTOIpa-
¢um, B TO BpeMs Kak IipeajiaraeMblil MapIipyT (Tipa-
BBIi1 CTOJIOEIT) IIPEIIoiaracT IPOBOAUTh HAHECEHUE
U CHSITHE PE3UCTa OIUH pa3.

Kaxmoe HaHeceHre pe3rcTa MOBBIIIAET BEPOSIT-
HOCTb 3arpsi3HUTh UCCIIeyeMble HAHOCTPYKTYPHI.
Kpowme Toro, Ha aTanax B3pbIBHOI TUTOTpaduu ecTh
BEPOSITHOCTh CMBITh CJ1a00 CBSI3aHHBIC C TTOIJIOXKOM
HaHOCTPYKTYpHl. Takum oOpa3zoM, IIpeajiaraeMblil
MapILIpyT SBsIeTCs 6ojiee 6e30MacHbIM 1J1s1 00pa3-
LIOB, TaKXXKe OH SKOHOMMT BpeMs HaHoauTorpada,
SIBJISTIONLIEECS] OTPAHUYEHHBIM U LIEHHBIM PECYPCOM.

3. BAKJIIOYEHUE

Co31aHO JOMOJMHEHUE K DJIEKTPOHHOMY JIMTO-
rpacdy 1Sl peanu3aluu IBYyX3TalmHON JUTOrpaduu:
TOYHOIi — B IuTOrpade u rpydboil — B mpucTaBKe-10-
MoJIHeHUH. VICcIiob30BaHWE OMHOTO HAIlbLIMTEIb-
HOToO IIpolecca IJsl CO3IaHusI BCE MeTaJiu3a-
LIUM TIOBBIIIACT BEPOSITHOCTh COXPAHUTH XPYIIKHE
o0Opa3sipl, TakKue KaKk HaHOTPYOKM, HaHOIPOBOAA
U BaH-Jep-BaajibCOBbI TeTePOCTPYKTYpPHI. IJ1s1 HEKO-
TOPBIX MaTepUaJOB CBEPXIPOBOISIINX KOHTAKTOB
(Harmpumep Al) ucrmonb3oBaHUe eAMHOTO Mpollecca
MO3BOJIIET U30eXaTh 00pa30BaAHMSI HEXEIATEIbHbBIX
J>K03e(PCOHOBCKUX IepexogoB Ha obpasue. Takxke
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MPEMTOXKEHHBIN CMOCO0 COo3MaHNs KOHTAKTOB KO-
HOMMUT BpeMsi pabOThl U pecypc DJIEKTPOHHOTO
JuTorpada, NoCKOJIbKY OH 3HAUUTEIbHO YCKOPSET
co3naHue Haumbosee KPYIHOIro U 00d93aTeIbHOrO
3JIeMEHTA J1000ro mprubopa Ha Ynile — KOHTAaKTHBIX
TUI0LIATO0K.
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