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3akoH Omo

L5 PA3OMKHYTOM LIEMM W...
TYHHENbHbIM MUKPOCKON

1826 TO/lY HEMEIIKUIT ®U-

3uk ['eopr Cumon OM ycTaHO-

B 3aKOH (MOJIyYMBIINiA BIIOC-
JIEJICTBUM €0 WMs1), KOTOPBIH oIpe-
JleJisieT CBSI3b MEXK/Y 3JIEKTPHYECKUM
TOKOM, TEKYII[UM Yepe3 IIPOBOJIHUK, CO-
MPOTUBJICHNEM TPOBOJHUKA W HampS-
JKeHWeM Ha HeM. V3 aroro 3akoHa, B
YACTHOCTH, CJIEAYET, YTO B PA3OMKHY-
TO 2JIEKTPUYECKOI 1IETTH, KOT/IA COITPO-
THBJIEHHE GECKOHEYHO BEJUKO, TOK
Bcer/la paBeH HyJifo. VIHbIMU cJi0BaMH,
€CcJM MeXIy TPOBOJAHUKAMH WMMEETCS
3a30p, TO TOKa HET, a €CJU HeT 3a30pa
— 1ok ectb (puc.1). U BoT 3/16Ch BO3HU-
KaeT 3aKOHOMepHBIN Bompoc. Kak mo-
SABJISIETCSI  TOK 10 Mepe COJMKEeHUs

NPOBOJIHUKOB: PE3KUM CKAYKOM VLJIH
€CTb 006J1aCTh IIJIABHOTO U3MEHEHUS TOKa ?

Kazamnoch 6bI, OTBET MOXKHO TIOJIY-
quTh U3 onbiTa. OHAKO TPOBECTH IKC-
TIEPUMEHT JIJIST CIydas ¢ MIOCKUMHA Tia-
pAJLITeJbHBIMU TTOBEPXHOCTSAMH JIOCTa-
TOYHO CJIOKHO. Bo-TlepBBIX, TPyIHO
06ecreYnTh MapasIebHOCTD IBYX TLI0C-
KocTell Ipu cOMMKEHUH Ha MaJible pac-
crosHusg. Bo-BTOPBIX, peasbHbIe TLIOC-
KOCTH IIIEPOXOBATHI, U IEPBOHAYAJIBHOE
KacaHue BCe PaBHO MPOU3OI/IET B Ka-
KOH-TO OJTHOM TOUKE. DTa HeOoTpeiesieH-
HOCTD 3aIyTaeT TPAKTOBKY U3MEPEHUI,
M, KaK TOBOPHTCS, YHCTOTA IKCIEPU-
MeHTa GyjeT HapyIleHa.

Ho pas niockoctr Bce paBHO KacaioT-

cq CHayajla B OJHOW TOYKE, MOKHO
MOCTYIUTh WHAYE — BMECTO JBYX TLJIOC-
KOCTEH B3SITh OJIHY, a B KaU€CTBE BTOPO-
O 3JEKTPOJIa B3SATh OCTPYIo uriy. Tak
u caennan B 1971 roxy Paccens SIur (c
KOJLIeTaMi) ¥ OGHAPYKUJI TIEPEeXOfl-
Hy0 06J1aCTh IIJIABHOTO N3MEHEHHUSI TOKA
npu cOMKEHUN JIBYX 3JIEKTPOIOB. B
CBOUX HKCIEPUMEHTAX OH HCIIOJIb30BaJ
BoJIb(PAMOBYIO WTJYy W TJIATUHOBBIH
AJIEKTPO/I C TLJIOCKON MTOBEPXHOCTHIO.
Takum 06pazom, Anrom 6111 OCyIILE-
CTBJIEHBI IIEPBBIE IIPSIMbIE SKCIIEPUMEH-
THl 110 PErUCTPALUU DJIEKTPUUECKOrO
TOKAa, TPOXO/IAIIEr0 Yepes 3a30P MEKIY
npoBogHuKamMu. OGHapyKeHHOe UM
SIBJIEHUE €CTh OJIHO U3 MPOSIBJICHUN TaK

vnnoctpauymsa [1.HepHyckoro
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Puc.1. [Mpuv 60716 LLIOM 3a30p€e MEXAY MPOBOAHMKAMY TOK PaBEH HYJIO, NP KOHTaKTe
MPOBOAHMKOB B Ljenu TedeT ToK, Hanpumep 1 A. [Jo kakoro pacctosiHna d Hy>XHO
cbnm3nTb ABa NPOBOAHUKA, YTOObI MOSBUIICS 3aMETHBIV 3NEKTPUYECKUI TOK?

Ha3bIBAEMOTO MYHHEAbHOZ0 AP pexma.
TynneapHbIl 3P(HEKT — 3TO MPOXOXK-
[IeHIE YePe3 NOMeHyudbHulll 6apvep
MHUKPOYaCTHIIbI, SHEPTHSI KOTOPOi MEHb-
e, 4yeM BbIcoTa 6apbepa. B akcmepu-
MeHTe SIHra 2JIeKTPOHBI HAXOAATCS B
MOTEHI[MATBHONW sIME, W UX IHEpPrus
MeHbIIIe BBICOTBI MOTEHIMATBHOTO 6a-
pbepa, 06pa3yeMoro BO3/[yITHBIM 3a30-
poM. OIHaKO 4acTb 3JIEKTPOHOB IIPOXO-
JIAT CKBO3b 6apbep — TYHHEJHUPYIOT.
Crporoe o6bsicaenue 31oro 3dderra
JlaeT KBaHTOBass MexaHuka (MCXo/s u3
HEOIPE/IEJIEHHOCTH HMITYJIbCA MUKPO-
vactuibl B obnact Gapbepa). TyH-
HeJIbHBIH 3 @EeKT MPOosIBISETCS B pa3-
JIMYHBIX CHCTEMaX; HalpuMep, CIIOH-
TAHHOE U3JIyUYeHHeE SIJIPOM JIEKTPOHA —
[B-pacmas — HpOMCXONUT TAKIKe BCJIe/l-
CTBUE TYHHEJBHOTO 3 deKTa.
HeoxunpanHoe npruMeHeHe TYHHEIb-
Horo adpdexra HatIo cebs B mpubope,
ckoHcTpyupoBaHHoM B 1981 roay co-
TPYHUKAMU UCCJIE/0BATENBCKOTO IIEHT-
pa ¢dupmer IBM B lIBeiinapun I'epaom
Burnurom un 'eapuxom Popepom. I11Beii-
I[apCcKKe y4YeHble MOCTABUJIM 1eJb CO-
3/1aTb YCTAHOBKY /IS CHEKTPOCKOIIH-
YeCKUX UCCJIEI0BAaHNI CBEPXIIPOBO/HH-
koB. OHH TIpejIoJaraiy, 4Yto ¢ ee 1o-
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Puc.2. ObLMVI BUL MEXaHUYECKOM CuCTe-
Mbl MUKPOCKOMa KOHCTPYKUMU BUHHATa n
Popepa. Virna T pacrnionoxeHa Ha Tpexko-
OPANHATHOM MaHWMyIATOPE C TPEMS 3/1eK-
Tpogamu X, Y, Z. [lns ocyLecTBieHs Ha-
YanbHoro conmxeHuns obpasey S ycTaHoB-
JIeH Ha «TPEeXHOrov XoAuaKe» — MaHuy-
naTope rpybbix nepemeiyeHnvi L. C yenbio
BUOPOU3ONALUMN MEXAHMKA MUKPOCKOMNa
roaBeLleHa Ha MArKuX rnpyxuHax P

3%

MOII[bIO CMOTYT YBU/IETb OT/I€JIbHbIE y4a-
CTKH TTOBEPXHOCTH Pa3MepPOM TIOPSI/IKA
10 nanomerpos (0HOH CTOMUJIIMOH-
Holl merpa). CosjgaHHbIl UMU TPUGOP
MPEB30IIe] BCe OKHUIAHUS — 4 MapTa
1981 roga Bunnur u Popep (coBmecTHO
C KOJIJIETaMU) YBUIEH OT/IeTbHBIE ATO-
Mbr (1) Ha TTOBEPXHOCTH KPEMHUSA. DTOT
JIeHb MOKHO CUUTATb JHEM DPOXKICHUS
HOBOTO NpHOOpa — CKAHUPYIOW,E20
mynneavnozo muxpocrxona (CTM).
«I'mazaMmy MIKPOCKOTIA ABJISAETCS €TO
Mexanndeckas vactb (puc.2). B tym-
HEJIbHOM MHMKPOCKOIIE U3YYalOT IIPOBO-
asiue o6pasibl. /11 Ha6I01eHus 1M0-
BEPXHOCTH 06pasiia ero 3aKPeIISIoT Ha
CTOJINKE MUKDPOCKOTIA, a 3a0CTPEHHYIO
UTJIy YCTAaHABJMBAIOT HA CIEIUATbHOM
MaHUIYJATOpe — Tbe3ockaHepe. Kak
c/leJIaTh WIJIbI JUISE MHUKPOCKOTIA, MbI
MMOTOBOPMM T033Ke, a ceiiyac — 006
YCTPOICTBE The30CKaHePa.
[Tbe3ockanep mepBOTO MHKPOCKOMA
uMeJs BUJI TPEHOTH, M300pakeHHON Ha
pucynke 2. KaXayio n3 «HOT» TaKOTO
MaHUITYJISITOPA U3TOTABIUBAJIHN U3 Ibe-
30KepaMuKd B OpMe YAJTIMHEHHOTO
6pycka kBajgparHoro ceyenus. Ha mpo-
TUBOIIOJIOKHBIE T'PaHU OPYCKOB ObLITH
HaHeCeHbI MeTaJJINYeCKUe JEKTPO/IbI.
[IpukmanbBasg 2jeKTpHUECKOe HATIPS-
JKeHIe K 3JIEKTPOoJaM, MOXKHO OBLIO
VIIPaBJIATD AJTUHOH 6PYCKOB — yKOpa-
ynBath uau yaauHATh. (Takoe cBoii-
CTBO TTbE30KEPAMHUKHU HCIOJIb3YyeTcs He
TOJIbKO B TYHHEJIbBHOM MUKPOCKOIIE, HO
U, HApUMeEp, B Oy IUJIbHIKE 3JIEKTPOH-
HbIX uyacoB. IIbe3oguck B yacax IOZA
JIefICTBUEM MEePEMEHHOTO HAIPSIKEHUS
MEHSIET CBOU Pa3Mepbl, TEM CAMbIM BO3-
6y>kJast B BO3JyXe 3BYKOBbIe KoJieba-
HUs, KOTOPbIE HAC U GY/SIT [0 yTpam.)
Eciu npuioxKuTh 31eKTpuyecKoe Ha-
IpsDKEeHHEe K KaK/JOW M3 TpeX <HOT»
MaHWITYJISTOPA, TO MOKHO OCYIIECTBUTD
mepeMeleHre UrJabl TI0 TPeM B3aNMMHO
MEePHeHANKYJISIPHbIM HANPABIEHUSIM.
Takne MaHUIYJISATOPBI 00€CHEYNBAIOT
nepeMelieHre Uribl Ha PACCTOSTHUS 10
10 MUKpOH.
B coBpeMeHHBIX TYHHEIBHBIX MHUKPO-

TYHHEJBHBIU MUKPOCKOT I

CKOMaX UCHOJb3YIOTCS MAHUITYISTOPEI
B BHUJI€ MOHOJTUTHOM TPYOKH C CHCTEMOI
anextpoos (puc.3). Eciu npuioxurs
HaIpssKeHue K Z-3JeKTPpojaM, TO BepX-
HsIS YacTb TPYOKM U3MEHHUT JIJINHY, 06ec-
meYnBas mepeMelieHne Urabl BAOIb Z-
xoopauHaThl. Ilepemernienne WUIIBI IO
JIPYTUM KOOPAMHATAM OCYIIECTBIISCTCS
3a cuer uaruba Tpy6ku. [locturaercs
3TO cJaexyfouM o6paszoM. B HukHel
yacTu TPyOKM uMeeTcsl cucreMa X- W
Y-anexkrpogos. Ecam k ogHomy wus
X-3JIeKTPO/IOB IPUJIOKEHO TTOJIOKUTE -
HOe HaTIpsKeHne, a K APYroMy OTpHUIia-
TeJbHOE, TO OJTHA CTOPOHA TPYOKHU YKO-
porutcs, a Apyras YIJIUMHHUTCS, B pe-
3ynbrate TpyOKa W30THETCS, a WrJa
MepeMecTUTCSA TNPAKTHYECKH BJOJID
X-KoopAuHATbl. AHAJOTMYHO MOKHO
OCYIIECTBUTD TIepeMelIeHne UTJIbI U 10
koopauHate Y. Ilpu pawsae TpyOKH
5> CM, HapyXHOM auamerpe 1 cM o
ToJmuHe cTeHok 0,3 MM mepeMereHue
1o koopaunaram X u Y MOXeT JOCTH-
ratb 250 MKM, a 1o KoopauHare Z — 110
10 MxM. IIpu aTOM TOUHOCTD TOA/IEPKA-
HUS PasMepoB TPYOKH — COTBIE JOJIH
HaHOMETPA.

[l Toro 4To6BI MOJTYYHTh BBICOKOE
paspelienne B TYHHEJIbHOM MHKPOCKO-
e, HeOOXOAUMO MPUMEHSTb WIJIbI C
OCTPBIM KOHYHKOM. yKesaTenbHO, 4TO-
6Bl Ha KOHIIE OCTPYS HAXO/UJICS BCETO
Jumb oguH atoM. K cuacTbio, Ha MoO-
MEHT U306peTeHUs TYHHEJbHOTO MUK-
POCKOIIA TaKWe UTJIBI YK€ YMeJH 1eaTh
(mo06HbIE WTJIBI WCTIOJIb30BATACH B
HOHHOM IIpoeKTope). Vbl H3roTaB/iu-
BaJIUCh M3 TOHKOI BOJIb(paMOBOii Ipo-
BOJIOKM, OCTPHE HUTJBI MMeJo (QopMy

+Y-

Puc.3. ToHkoCTeHHas Tpybka 13 nbezokepa-
MuKy 0becreqnBaeT nepemeLLeHmne Uribl Mo
Tpem KoopauHatam. [ns 3Toro Ha Tpybke
HaHeceHbl MeTasim4eckme 31eKTpoasl. 1oy
MPUIIOXEHNN HATIPSXEHWA K rapam 3/1eKT-
ponos =X, +X nnu =Y, +Y Tpybka nsrubaet-
CA, M UITIa NepemMeLLaeTcs Mo KoopanHatam
X un Y. [logada HanpsxkeHWs K Z-371eKTpony
MPUBOANT K USMEHEHMIO 0OLLeV A/InHbI TPY6-
K — mrnia nepemeLyaeTca no koopamHare Z
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MUPaMU/IbI C OJHUM aTOMOM BOJIb(dpa-
Ma B BepiinHe. /[esaTh 3TO HAYYUIUCH
METO/IOM 3JIEKTPOXUMIYECKOTO TPaBJIE-
HUS — octpue (PopMUPOBAJIOCH B pa-
CTBOpE 3JICKTPOJIUTA PY MPOIMTYCKAHUH
AJIEKTPUUYECKOTO TOKA. JTOT JOCTATOY-
HO CJIOKHBIA METOJ JaBajJ XOPOIIie
Pe3yJbTaThl B TYHHEJIBHOI MUKPOCKO-
MU, HO BCKOPe OGHAPYKUJIOCH, YTO
CTOJIb K€ KayeCTBEHHbIE U300PaKEHUS
MOJKHO TIOJIYYUTH, U3TOTABJINBAS UTJIBI
JIPYTUM, YAUBUTEIBHO ITPOCTHIM CIOCO-
60oM. OKa3aJa0Ch, 4YTO UTJTY MOKHO CJie-
JIATh U3 TJIATHHO-UPUIUEBON TPOBOJIO-
KU C TOMOTITbIO OOBIYHBIX HOKHMUIIL. JlJ1st
3TOTO IOCTATOYHO BCETO JIUIIDb BBITIOJI-
HUTH CPe3 TPOBOJIOKU TIOJ yTJIOM TIpU-
Mepuo 45°. KavectBa o6pa3oBaHHOI
[PU 3TOM BEPINUHBI JOCTATOYHO [IJIsI
TOTO, YTOOBI YBU/IETH OT/IEJbHBIE ATOMBI
Ha MOBEPXHOCTH PA3JIUYHBIX 06PA3IOB.
Tak, Ha pucyHKe 4 TIpe/ICTaBJIeHO M306-
pakeHme TOBEPXHOCTH TpaduTa, moy-
YEHHOE C TIOMOIIBIO UIJIbI, ITPUTOTOB-
JIEHHOW MMEHHO TakuM o6pas3oM. Boic-
TYIIBI HA TIOBEPXHOCTH COOTBETCTBYIOT
OT/JICTHHBIM aTOMaM YTJepo/ia, Pacro-
JIO’KeHHBbIM Ha paccrossuun 0,24 HM
ZIPYT OT JpyTa.

[Touemy ke TYHHEJIbHBIN MUKPOCKOI
JlaeT TaKoe BBICOKOe pazpetenue? Yto-
OBl TIOHATDH 3TO, OOPATUMCS K PUCYHKY
5, Ha KOTOpOM H306paskeHa urjaa c
OJTHUM aTOMOM B ee BepIliuHe BOJU3H
npoBoaduielr nopepxHoctu. Kak yike
TOBOPUJIOCH B HAYAJIE CTATbU, TYHHEIb-
HBbIl TOK TOSIBJISIETCS TOJIBKO B TOM
ciayuae, ecqm 06a 3JeKTPOJIAa HAXOJISATCS
6M3KO [IPYT OT Jpyra W TPH 3TOM
BO3HUKAET HENPOTSXKEHHAsT 06J1aCTh U3-
MEHEHUs 3Toro Toka. [[pyruMu cioBa-
MU, BEJUYNHA TYHHEJbHOTO TOKA CUJIb-
HO 3aBUCHUT OT PACCTOSHIS MEXK/TY dJI€K-
tponamu. OKa3bIBAeTCsI, 4TO IIPU YMEHb-
TIIEHUW PACCTOSTHUS HA BEJIMYMHY, COOT-
BETCTBYIOIIYIO Pa3Mepy OJHOTO aToMa,
TOK MOXKeT yBesmuuTbes B 10 u 6osiee
pas. [loaToMy ocHOBHAS 4acThb 3JIEKTPO-
HOB U B 3TOM CJIy4ae CJETAaeT ¢ OJTHOTO-
€IMHCTBEHHOTO aTOMA, PACIIOJI0KeHHO-
TO Ha BBICTYTAONIEH YacTH WTJBI C
OJTHUM aTOMOM B BepIIMHE, B Y3KOM
KOpHUOpe, AWaMeTP KOTOPOTO MOXKET
OBITH Ja’ke MEHbBINE pa3Mepa Camoro
aroMma.

Ecau ¢ urnoit ¢ ogHIM aTOMOM Bce
60Jiee WM MeHee TIOHSITHO, TO TIOKA He
SICHO, TIOUEMY Te K€ CaMble aTOMBI MO3K-
HO YBUJIETD C TIOMOIIBIO UTJIBI U3 O6bIY-
HOHM TIJIATHHO-UPUAMEBON MPOBOJOKH,
Cpe3aHHOl KyXOHHBIMH HOKHUI[AMH.
Cexper ycmexa odyenb mpoct. Cpesas
HOKHUI[AMU TIPOBOJIOKY, MBI (pOPMUDY-

KBAHT -
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Puc.4. CTM no3Bonser yBuaeTb OTAE/bHbIE aTOMbI Ha PA3/INYHbIX MPOBOASALLUMX MOBEPXHOCTAX. Ha
PUCYHKE CBEPXY M30bpaxeHbl MOBEPXHOCTU rpaguta (naowaneio 1,7 X 1,7 HM) — crieBa, v Cyib-
¢una monmbaera (2,4 %X 2,4 Hm) — cripasa.

C MOMOLLbIO TEPMUHECKOrO HanbIIEHUS METas/I0B Ha POBHYIO MOBEPXHOCTL MOXHO MPUroTOBUTS
OTpaxaloLLme NI0CKOCT BbICOKOro Kadqecrsa. Takue vpeasnbHble 3epkana MMeloT 3epHUCTYIO
CTPYKTYpY, 470 1 BuamMT CTM. B CpeaHevi 4acTv pycyHKa n306paxeHs! 3€pKaslbHbIE MIEHKM 30/10Ta
(cnesa) wn Hukens (cnpaea). Pasmep y4actkoB noBepxHoct 500 %X 500 HM v 360 X 360 HM
COOTBETCTBEHHO.

CTM paet BO3MOXHOCTb Habnoaate opraHudeckme v buonorundeckme obbekTsl. Ha pucyHke
BHU3Y M306paxXeHbl INMIOCOMbI — BUCTONHbIE BUONOrMYeckne MemMobpaHsl B POPME LLIaPVIKOB.
LunameTp ogHow imnocomsl 0kono 300 HM. B KocmeTiike 1cronb3ytoTcsl KPEeMbI, B COCTaB KOTOPbIX
BXOAAT JIMMNOCOMbI. JINMOCOMbI CITyKaT B Ka4eCcTBe KOHTEVIHEPOB AJ1 HaNpPaBieHHOM [OCTaBKM
J1e4eOHbIX BELUECTB Ha y4acTKM KOXM

€M OCTPHE CKOPEe BCETO HEMPABHIIBHOM
opMbI — BpPO/IE TOTO, UTO H306PAKEHO
Ha pucynke 6. OpHako W g 3TOTO
OCTPHST MOYKET OKA3aThCsI, YTO U3 BCEX
aTOMOB OZiUH OyJieT uyTh GJIMKE K 110-

/I

Puc.5. Korga B BepLuviHe uriibi 0O4vH aToM, TyH-
HEINPOBaHME NPONCXO[NT UMEHHO YEPE3 3TOT
arom

BEPXHOCTH, YeM BCe OcTaJbHbIe. A 3TO
3HAYUT, YTO TYHHEJIMPOBAHUE 3JIEKTPO-
HOB Gy/IeT TTPOUCXOUTh B OCHOBHOM C
aToro aroma. Ecim okaxkercsd, 4To Ha
OCTpHe eCcTb [[BE BePIINHBI PAaBHON BBI-

/I

Puc.6. Virna HenpasuibHovi hopMbl — 0ObIYHO
OfAMH M3 aTOMOB HaxO[MTCA K [OBEPXHOCTU
4yTb BIMXKE, YeM BCe OCTallbHble
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COTBI, U300PAXKEHNE B TYHHEJTHHOM MUK-
pockorne 6yJeT ABOUTHCS — TYHHEJU-
poBanue 6yIeT TPOUCXOAUTL C 06enX
BEpIIUH B PABHOI CTENEHH.

Wrak, xak >xe mosydaercss u3obpa-
JKE€HHe TOBEPXHOCTH B CKAHUPYIOIEM
TYHHEJTbHOM MHUKPOCKOTe? MexIy ur-
JIOW ¥ uccyeayeMbiM 06pasiioM IpH-
KJIa/IbIBaeTCS He6OJIbIasi PA3HOCTD TI0-
teHiuasoB, Hampumep 50 MB. Nria
MHUKPOCKOTIIA, MOMeIeHHasl Ha Mbe30C-
KaHepe, COBepIaeT Ha/l 06PA3IOM JBH-
JKeHue, NoJ0GHOe JIyuy B TeJeBH30pe
— JBIDKETCS TOCJIeI0BATENbHO IO JTH-
HUSM-CTPOYKaM, 06pas3ys TOJHBIH
Kaap. JTO ABUKEeHHE 06eCcTIeYnBAETCS
HaNpPsKEHNEM, MPUKJIAJIbIBAEMbBIM K X-
n Y-ajektpojaMm mbe3ockanepa. [Ipu
5ToM (UTO OUEHD BaKHO) WTJIA TBUIKET-
ca W 7O TpeTbell KoopamHate — Z,
TpUYeM TaK, YTOOBI BETMYMHA TYHHEIb-
HOTO TOKa OblLa ITOCTOIHHON. /[IBUsKe-
HUE UTJIBI TMOA06HO TOJIETY KPBLIATOMH
paKeThl Ha/J TOBEPXHOCTBIO 3EMJN —
pakeTta JEeTUT HaJ MECTHOCTBIO, OTCJIe-
JKUBas ee pesbed TakuM 06pa3oM, UTO
BBICOTA TOJIETA TMOJJEPKUBAETCS TIO-
CTOSTHHOM. B MUKpocKorie 1o/iep:Ku-
BaeTcsl TOCTOSHHOW BeJWYMHA  TYH-
HEeJBHOTO TOKA, a [/ OJTHOPOIHOTO TI0
cocTaBy 00pasiia 3T0 COOTBETCTBYET U
TTOCTOSTHHOMY 3a30PY MEX/y WTJOH u
MTOBEPXHOCTBIO 06pasIia.

(Anasorust MesKy TOJIETOM Kpblja-
TOU paKeThbl U ABUKEHUEM WTJIbI OKa3a-
JIaCh HACTOJIBKO OJIM3KOIl, 4YTO B MUKPO-
CKOIle YJaJ0Ch IMPUMEHHUTb 3JIEKTPOH-
HYIO CHCTEMY, aHAJOTUYHYIO TOI, UTO
UCII0JIb30BAIACh B KPBLIATBIX PaKeTaxX.
Tax B 1987 roay u nocrynuiu amepu-
kaHckue ydenble u3 Cantoi-Bap6apbr,
TTOCTPOUB 3JIEKTPOHIKY MUKPOCKOTIA Ha
CHeNNaJbHOM U OYeHb YMHOM IIPOIIEC-
cope, TpeaHa3HAYEeHHOM [T 06paboT-
KM aHAJOTOBBIX CUTHAJIOB M IMOCTPOE-
HUS CJe[ANnX cucteM. B To BpeMs B
aMEepUKAHCKOI MPOMBIILIEHHOCTH, TaK
JKe, KaK M B POCCHICKOU, ObLIN SIPKO
BbIPaKeHbl KOHBEPCHOHHbIE TEH/IEHITUH,
3aKJII0YAIONTecsS B TIPUMEHEHNN BOEH-
HBIX TEXHOJIOTHH JJIsI MUPHBIX TIeJieil.
Co3aHHbBIN TaKUM 06pPa30M TYHHEJb-
HBIII MUKPOCKOI, TIOJYYHBIINN Ha3Ba-
nue <«Nanoscope-2», gBJSETCS yaad-
HBIM [PUMEPOM KOHBEPCUH. )

N3o6paxenne 1MOBEPXHOCTH B MHK-
pockorie 0TO6paXKAOT HA 9KPaHe MOHU-
TOpa B SPKUX KPacKaxX ¥ CHEIHaJbHO
o106 PaHHOIT I[BETOBOI MaJUTPE — MPHU
9TOM HCKYCCTBO TpaduKN W yMeHHe
Pu3NKN UIYT PAIOM.

CoBpeMeHHDIN TYHHEJbHBIH MHKPO-
CKOM JIJIST HAYYHBIX, MPUKJIATHBIX WJIT

4 Kant Ne 5

y4eOHbIX Tlelell — 3TO HeGOJbIION U
KOMITaKTHBII mpu6op (pasMepoM ¢ Ja-
6opaToOPHbBI ONTHYECKUI MUKPOCKOIT) .
Bcs ero ympaBisgionias aJeKTPOHUKA
3aHMMaeT MecTa He 6O0Jbllle OOBIYHOTO
BOJIbTMETPA. A BOT MOHHUTOPbI JIyYIIle
UCIIOJIb30BATh € OOJIBIIMM IKPAHOM U
BBICOKOTO KauecTBa. BbicTpojieiicTBy0-
MU KOMITBIOTED TT03BOJISIET OTIEPATUB-
HO OCYIIECTBJATbL 06pabOTKy M306pa-
JKEHUIl — HampuMmep, CTPOUTDH TpPEX-
MepHble 00pa3bl MOBEPXHOCTEH, MOBO-
paumBasi UX MO/ PA3HBIMU YIJIaMU, Me-
HSISI TIBeTa M300PaXKEHUsT U UCIIOJIb3Ys]
pasmyHble rpaduyeckue 3PPEKTHI.

Mpbl Havanu cTaThio ¢ 3akoHa OMma.
Tak uTO ’Ke, CIIpaBeJUB 3TOT 3aKOH
JUUISl TYHHEJIBHOTO Tepexojia UJIHu HeT?
OtBer — ga! OcoGeHHOCTb B TOM, UTO
3aBUCUMOCTD COMPOTHBJIEHUST TYHHE b~
HOTO TIepexo/Ia OT PACCTOSTHUS o6paTHa
COOTBETCTBYIOIEH 3aBUCUMOCTH TYH-
HesbHOro Toka: R(z) = U/I(2), the z
— paccrosiHue MeX/y MPOBOJHUKAMU
(BemmumHa 3a30pa TYHHEJHHOTO TEpe-
xo/a).

CxaHupyOUWil TYHHEJbHbIH MUKPO-
CKOM MPUMEHSIOT He TOJBbKO IS TOTO,
4TO6bI BU3YAJU3UPOBATH TTOBEPXHOCTD
o6pasiia, yBUJETb OT/[EJbHBIE ATOMBI
WU MOJIEKYJibl. TyHHENbHBI MUKDPO-
CKOII CTaJ TeM TIPUGOPOM, C TTOMOIIBIO
KOTOPOTO MOKHO MOAUMUIINPOBATDH
MTOBEPXHOCTD, «TI€PEKATBIBAS» 110 HEll ¢
HOMOIIBIO UTJIbI OT/IEJIbHbIE ATOMBI. (ITH
9KCIEPUMEHTDI, IPaB/a, HeoOXOAUMO
IIPOBOJIUTH TIPU TEMIIEpATypax OKOJIO
a6ecosmiorHoro nyss.) IlBeiiapckuii
YUEHbBII JHIJI, HAIIPUMeEp, TaKuM o6pa-
30M <«HaIucad» Ha3BaHWe (DUPMBI, HA
KOTOpOii 6bLI M300peTeH TYyHHEJIbHBIH
MUKpockor, — cjaoBo IBM, cocraBus
€ro U3 OT/IEJbHBIX aTOMOB KCEHOHA Ha
MOBepXHOCTH HukeJsi. [Ipu atom Aas
6yKBBI | OH MCITOIB30BAJ BCETO EBITH
aTOMOB KCEHOHa, a /s 6ykB Bu M —
0 TPUHA/IATD.

MpumeyaHune 1

ITepBonauanbuasg (oOpMyJUPOBKA 3aKOHA,
ycTaHoBJIeHHOr0 OMOM, CYIIECTBEHHO OTJIN-
yajiach OT IPUBBIYHON coBpeMeHHO. B cBo-
UX 3KCIIePUMEHTaX HeMeLKHU yueHbIi npu-
MEHSJT OPUTUHAJTIBHYI0 KOHCTPYKIIHIO TaJIb-
BaHOMETpa: /[BE TEPMOMAPbI, TTO//IePKUBae-
Mble IIPH Pas3HBIX TeMIleparypax, U HaGop
MIPOBOJIOYEK OJITHAKOBOTO MOTEPEYHOTO Ce-
yennst. OH ONpeNesns, YTO yToJ MOBOPOTA
9 crTpeJku raabBaHOMETpA 3aBUCUT OT JJTH-
HBI BBIOPAHHOU TTPOBOJIOUKY X CJIEIYIONIM
o6pas3oM:
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TYHHEJBHBINU MUKPOCKOT 13

KomncranTa § 3aBucesa OT JINHbI O/{BO/SI-
IIIX [TPOBO/IOB ¥ THIIA TEPMOIIAP, & BEJINYH-
Ha ) ompenessiiach pasHHIEl B Harpese
TepMorap U OblJa Ha3BaHA yYEHBIM <«BO3-
Oy:Kaaomeil CuIoiis.

Baiarogapst ocJ/1e10BaTeIbHBIM YCHIHSM
[lxoynsa, @apages u Kupxroda, BeIunHbI
B 3akoHe OMa TOJIyYHJI HOBYIO HHTEpIIpe-
taiio. CTaJsio siCHO, YTO BMECTO YTJIa TI0BO-
pOTa CTPEeJIKU rajbBaHOMETpa J0JDKHA (pu-
IypHPOBATh BEJTNYMHA 3IEKTPUYECKOTO TOKA
I n 4to «BO30YyK/JAONAst CUIa» — HTO IO
CYTH [ieJla PA3HOCTD JJEKTPUUECKHUX HOTEH-
uajnoB Ap . A B 3HaMeHareJsle Hy>KHO 3aITH-
CBIBATH IOJTHOE CONPOTHBJEHHE IIeNH, CO-
CTOsIIell M3 CONPOTUBJIEHHS BBIOPAHHON
IIPOBOJIOKH, COEJANHUTENbHBIX MPOBOJIOB U
BHYTPEHHETO COTPOTHBJICHHS TEPMOTIAP:
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Kak gacTo 6bIBaeT, TIepBbIil Mmar B pa3BH-
THN (DU3NIECKOH M/IeN SIBJISETCS OIpe/ies-
IOIUM, U II03TOMY MBI 3HaeM He 3aKOH
Owma — [[sxoyns — Dapanes — Kupxroda, a
3aKOH, HOCSIIHI NMsI OZHOTO yueHoro. Mc-
KYCCTBO 3KCTIepUMEHTaTopa U MacTepCTBO
TeopeTHKa 1o3Bo/man OMy yCTaHOBUTD HO-
BbII pu3nvecKkuii 3akoH, a 155 JeT crycTs Te
JKe KadecTBa, npucyuue bunnury u Pope-
PY, MO3BOJIMJIN YBU/JETDh aTOMBI C OMOIIBIO
CO3/JaHHOTO UMM CJIO’KHOTO Ipu6opa, KOTo-
pbIif B YIIPOLIEHHOH aHAJOTUU COCTOUT U3
HCTOYHNKA HANPSKEHNs], U3MEPUTENIsT TOKa
1 ABYX IIPOBOJHUKOB — 06pasiia U UIJIBL.

MpumMmeyaHue 2

3a addexTpl, CBsI3aHHbBIE € TOSBJIEHUEM
TYHHEJIbHOTO TOKa, HEOJHOKPATHO MPHCY K-
JIaJIMCh pa3JjinyHble IpeMUn, B TOM YUCJIE U
HoGeneBckue.

B 1973 rony HoGemneBckas mpemusi 1mo
¢usuke Oblna npucysxkiaena Jleo dcaku 3a
OTKPbITHE ABJIEHUA TYHHEJIMDOBAHUA B TBEP-
IbIX Tesax u AiiBapy sKusepy 3a skcrepu-
MEHTAJIbHOE HNCCJJIe/JOBAHNE ABJICHUA TyIIIIe-
JINPDOBaHUA B HOJIprOBOL[]H/IKaX n CBEpX-
MIPOBOJHUKAX. BTOpYyIO MOJIOBUHY mpeMun
npucyaum bpaitany [[»xo3edcony 3a teo-
peTudecKue MCCIeJOBAHMS 110 CBEPXIIPOBO-
JIMMOCTH ¥ TYHHEJIMPOBAHUIO, B YACTHOCTH
— 3a OTKpbITUE ABJEHUA, HOJIy‘-II/IBH_IeI‘O
nazpanue adpdekra /Ixxozedcona.

B 1986 rony HoGemeBckyto mpemuio 1o
¢usuke noxyunau lepy Bunnur u l'enpux
Popep 3a nzobperenne CKaHUPYIOIIETO TyH-
HEJIbBHOTO MHKPOCKOIIA.

Ha ocHoBaHMU CBOEro OTKPBITHS DCAKHU
n300pesT TYHHeJIbHDIH [0/, KOTOPbIl IIpH-
MEHSeTCS BMECTO Pa/IMOJIaMII B BBICOKOYAC-
TOTHBIX reHepatopax. Ha ocuoBe addexra
Jl:)xo3edcoHa MOCTPOEHDI CTAHAAPTHI YACTO-
TBbI U YYBCTBUTEJbHBIE U3MEPHUTEIN MATHUT-
Horo noJzst. CKaHupyolue TyHHeIbHbIE MUK-
pockomnbl, u3o6perennusie bunnurom u Po-
pepoM, paboTaT B HAYYHBIX U IIPOU3BO/I-
CTBEHHBIX J1a00PATOPHUSAX BCETO MUPA.



