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In this article described a Zettl Research Group. They are currently investigating electronic, mag-
netic and mechanical properties of nanoscale materials such as fullerenes, carbon and non-carbon nano-
tubes. They also are investigate biological application of nanotechnology.

1. BBEAEHUE

Zettl — 310 rpynmna, KoTopas 3aHMMAETCs HIKCIEPUMEHTANbHOM (PU3HKOIl BO IJlaBe
C OM, KOTOPBIH SBIISIETCS TOCYAAPCTBEHHBIM MpodeccopoM Ha Kadenpe Gu3uKu B YHHU-
Bepcutere bepkiu u B oTnene u3ydyeHus MatepuasioB B HarponanbHoM nabopaTopuu
bepxim Jlopenna. OHM Takke CBSI3aHBI C LEHTPOM HAHOMEXaHHUYECKOW KOMIUIEKCHOM
CHCTEMBI, MEXTUCIIMIUIMHAPHBIM LIECHTPOM HaHOHAyKU. B ncciieoBaHusaX 3TON IpymIibl
NpUHSUTM  ydactue ucchenoBarenu u3 bepkmu, Crandopna, Cal Tech m UC Merced.
3eTTI1 ABJISIETCS AUPEKTOPOM LIEHTA.

HccnenoBatensckas rpynma Zettl B HacTosimee BpeMsi UCCIEAYET JEKTPOHHEIE,
MarHuUTHbIE ¥ MEXaHWYECKHE CBOICTBa HAaHOPAa3MEPHBIX MaTepHUajoB, TAaKUX Kak QyJ-
JepeHbl, yriiepoansie 1 Non-yriepoaHbie HAHOTPYOKH, U IBYMEPHBIC CTPYKTYPHI JINCTA
rpadeHa, Takke W HUTpHIa O6opa. OHU TaKKe 3aUHTEPECOBAHBl B HEOOBIYHBIX HJICK-
TPOHHBIX COCTOSIHUSX MPH OOBIYHBIX M BBICOKHX TEMIIEpaTypax CBEPXIPOBOJHUKOB. B
nabopaTopuu OHM 00OOIIAIOT 3TH MaTepuallbl M UCCICAYIOT UX CBOMCTBA, MCIIONb3YS
pa3IM4YHbIE METO/bI, BKJIIOUYAsl M CKAaHUPYIOMIYIO SMEKTPOHHYI) MHKPOCKOITHIO, CKaHH-
PYIOLIYIO 30HJJOBYI0 MUKPOCKOIHIO, BBICOKOE€ MarHUTHOE I10JIe€ U BBICOKHME JIaBJICHUS,
UK- u KP(xoMOMHAIIMOHHOTO paccesiHusi) -crnekTpockonuu. OHU Takke HCCIEeNyOT
OuosIornyeckre NpUMEHEHNs] HAaHOTEXHOJIOT M.

2. HAHOPABMEPHASI APXUBHAS ITAMSTh

PazpaGoran HOBBI MeXaHU3M Uil XpaHEHHs HH(POBON MaMITH, CHOCOOHBIN
XPaHUTh JaHHbIE C JOJIIUM CPOKOM CIyXObl M BBICOKOH MmiIoTHOCThIO. Takoe 3amomu-
HAIOUIEE YCTPOMCTBO COCTOMUT M3 KPUCTAIIIMYECKUX HAHOYACTHUIL JKEJIE3a, 3aKI0YCHHO-
ro B MHOTOCJIOMHBIX YIJIEpOAHBIX HaHOTpyOkax. HaHouacTHIIa MOXKET JBUTaThCs yepes
HAaHOTPYOKM C IPUMEHEHUEM HU3KOIO HANpSKEHUs], YCTPOUCTBO «3alUChIBaeT» OMHAp-
HO€ COCTOSIHME B BUJ€ NO3MLMU HaHouyacTHULbl. COCTOSIHME YCTpOMCTBa MOXET ObITh
BIIOCJIEACTBHUYU IIPOYUTAHO MPOCTHIM U3MEPEHUEM CONIPOTUBIICHHUS.
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Puc. 1. Hanoyacmuypl dicenesa, 3akiouenuvle 8 MHO20CAOUHBIX YeIepOOHbIX HAHOMPYOKAX
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[Tudpossie ycTpolicTBa XpaHEHUs JaHHBIX CTaJId IOBCEMECTHO UCIIOJIb30BaThCS B
Hallei ®Hu3HH, My3blKa, poTorpaduu U raxe HanMcaHUE CJIOB MEpellI OT CBOUX Tpa-
JTUIIMOHHBIX AaHAIOTOBBIX (hOopMaTOB B HOBBIE IH(poBble. OMHAKO ATOT MEPEXoa Ha
U(ppPOBOE XpaHEHHE JAaHHBIX BbI3BAJ ONACEHMs O BPEeMEHHU paboThl HOcUTeNeH. XOoTs
JPEBHME aHAJIOIOBbIE HOCUTENN (HAalpUMep, KaMEHb M KallbKa) MOTYT COXPaHHUTb CBOU
JTAaHHBIE 3a THICSYHU JIET, HU(PPOBBIE TEXHOJIOTUN XPAHEHUS JaHHBIX, TAKHE, KaK ONTHYe-
CKH€ JIMCKH, MarHUTHBIE JUCKU U MarHWTHBIE JICHTHI, KaK I10JIaratoT, Ha MOJBeKa (a BO
MHOI'MX CITy4yasiX HAMHOT0 MeHblIe). OueBUIHO, KAMEHb U KaJIbKa HE XOPOIIO MOAXOIAT
K 00bEMY CErOJHSIIHMX JaHHBIX: SYEHKU B JHMCKAX HAXOJSATCS HA PAcCTOSTHUU OKOJIO
MHUKpOHa JIpyr OT Apyra, pe3n0a Ha KaMHE MMEeT pa3Mepbl Ommke k caHTumerpy. Ho-
BBIM apXHMBHBIM TEXHOJOTHSIM MPUICTCS OOBEAMHUTH JTYUIINEe YepThl 000UX, XpaHEHHE
JTAHHBIX Ha BBICOKOM IUIOTHOCTH € OOJIBIIMM BPEMEHEM CITYKOBbI.
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Puc. 2. Ecunemckue uepOZﬂu¢bl, Komopwvie ooneoe BpeMA XPAHAMCS HA KAMHe, HO Y HUX HU3KAA
njiontHocns 3anucu

3. IIPOCMOTP ATOMOB HA 'PAHU JIBYXMEPHOI'O KPUCTAJLIIA

Xot4 (u3uka MaTepuanoB Ha MOBEPXHOCTH U KpasiX OYEHb XOPOLIO U3yueHa, IBU-
KEHHE OT/EIhHBIX aTOMOB HEIIOCPEICTBEHHO HA M30JIMPOBAHHOM Kparo He Halirona-
nock B peanbHoM BpemeHH. C TEAM 0.5, npocBeunBaromuM 3J€KTPOHHBIM MUKPOCKO-
noM, rpymnmna Zettl oTpazuna muHaMHKYy aTOMOB yriiepoja Ha Kparo OTBEPCTHS B OJUH
aTOMHBIN ci10M rpadenHa. OHU onpenenwin cTaOUIBHOCTH M ONUCAIM JUHAMUKY pas-
JMYHBIX KOHQUTYpAIUil Kpasi.

MoskeM 11 MBI YBUZIETh, KaK OTAEIbHBIE ATOMBI [IEPEMELIAIOTCS B PEAIBHOM Bpe-
MeHU? Mo)KeM T MBI CMOTpSI Ha KPHUCTAJLT YBUAETH MepephiB (POPMBI, KaK aTOMBI U3-
MeHsI0T camu ce0s? C nosBiIeHHEM KOPPEKLUH abeppalud MPOCBEUNBAIOLIETO 3JICK-
TpoHHOro MuKpockorna (TOM), takoit kak TEAM 0.5, oTBEeT Ha 3TH BOMPOCHI «Ia».
OTOT MUKPOCKOII MO3BOJIUT U3YUYHUTh HE TOJIKO KaXKAbII OTJENBbHBIA aToM B mpole, HO
OH MOXET C/eNaTh ATO 3a 3HAUUTEILHO KOPOTKUE CPOKU. BriepBble, MOXKHO clienarh 3a-
IIUCh TMHAMUKH aTOMOB.

WneanpHas cucteMa IS U3ydeHUs JTUHAMUKA aTOMOB TpadeHa - OJIMH JIHCT Tpa-
¢uTa. OT0 AaTOMHBIN €0 aTOMOB yTIJIepo/ia, OCTaBICHHbBII KOHLIOM KapaHjalia /i Ha-
omonenus B Mukpockon TEAM. HerponyTas rekcaronaibHasi pemieTka yriepoja mnpe-
PBIBAETCSI OTBEPCTHEM, YMBILIUIEHHO CJAEIaHHBIM JUINTEIbHBIM OOJy4YEHHEM ITyYKOM
anekTpoHoB TEAM. ATOMBI Ha Kparo OTBEPCTUS MOJABEPraroTCs JEHCTBUIO TOCTEIIEHHO
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BBIOPACHIBAEMBIX DJIEKTPOHOB M3 My4YKa M pa3Mep OTBEPCTHS pacTeT. ATOMBI, KOTOPbHIE
MOTEPSUIA CBOUX COCENIEH, ABIISIIOTCS KpalHE HEYCTOMYMBBIMH, U MEPEIBUTAIOTCS, CTa-
pasick OBICTPO HAWTH CTAOWIILHYIO KOHPUTYPALNI0. AHATH3UPYS POCT JBIPHI K AaTOMHBIC
nepecTporiku, Zettl 3akinrodaroT, yTo KOH(UTypalus 3urar siBisieTcss Haubosee cra-
OWJIBHOM Ha OTKPBITON TpaHuIle TpadeHa.
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Puc. 3. Cxema 3ue3ae (kpachulil) u kpecio (cunuil) kongueypayuii

Cxema 3uesae (kpacubiit) u kpecno (cunuil) EDGE xondurypanwmii. I[lonoxxenue
Kpast o0o3Hauaercs 0enoil mTpuxoBoi TUHUEH. XOTs 00e KOH(UTypaluy NOKa3aHbl B
dbunsme TEAM 0.5, 3ur3aroo6pasusie Kpasi 0ojiee CTaOUIbHBIC TIPU OO0TYUYEHUN DJICK-
TPOHHBIM ITyYKOM M OHM IIPe00IaJatoT.

CxeMa cTaOMIBHOCTH Kpas. Y AAJICHHE arOMOB Ha Kparo Kpecia (CHHsIS, CBEPXY)
OCTaBJISIET 32 OO0 M30JMPOBAHHBIM aTOM, B TO BpeMs KaK yJaJIeHHE aToma M3 Kpas
3Ur3arom (KpacHbIM, HU3) HE OCTaBIISET.

4.HAHOTPYBKH B PAITMO

Puc. 4. Bubpupyrowas nanompybka, npu ROMowu KOmopo MO’CHO CIbIUAMb PAOUOCUSHATb

Zettl mocTpousM MOJHOCTHIO (PYHKIIMOHAIBHOE, CO BCTPOCHHBIM PaHONpPUEMHH-
KOM, BO MHOT'O pa3 MEHbIIIe, YeM JH000e MpeabIayIiee paaro, U3 yriaepoaHbIX HAHOTPY-
60ok. OgHa HaHOTpYyOKa CIIy’KUT, KaK U BCE OCHOBHBIC KOMIIOHEHTHI pajJvo: aHTEHHA,
TIOHEDP, YCUIUTENb U AeMoxynarop. [IpuemM curHaiaoB mpou3BOAUTCS C MOMOIIBIO BbI-
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COKOYACTOTHBIX MeXaHuueckux KojeOaHWil HAaHOTPYOKH, a He uepe3 TpaIuIHOHHBIC
JJIEKTPUUYECKUE CPEJICTBA.

N300paskeHust, MOTydYeHHBIE C TIOMOUIBIO JIEKTPOHHON MHKPOCKOITUH, TTOKAa3bl-
BAIOT OJIHY M3 YTJIEPOIHBIX HAHOTPYOOK, TOpYALUX U3 3JIEKTPOJIOB. DTH HAHOTPYOKH
MeHbIle MUKpoHa, uiai B 10000 pa3 ToHbllle, YeM HIMpHHA YenoBeyeckoro Bosnoca. Ko-
I7la pajino CUTHaJl KOHKPETHOM YacTOTHI 3aTparuBaeT HaHOTPYOKy, OHa HAUMHAET ak-
TUBHO BHUOPHUPOBATh. DJIEKTPUUECKUN TOK MOXKET HCIIONB30BaTHCS IS OOHApPY KEHUS
MEXaHUYECKUX KoleOaHui HAaHOTPYOKHU, M 3TO TO3BOJISIET CIBIIATH PAUO CUTHAJIBI.

AHTEHHa U TIOHEpP OCYILIECTBISIOTCS B COBEPILIEHHO MHAy4e, YeM TPaJAULIMOHHbIE
paluOCTaHIIMY, IPUEM CUTHAJIOB C IMOMOIIbIO BBICOKOYACTOTHBIX MEXAHUYECKUX KOJe-
OaHuii HAaHOTPYOKH, a HE Yepe3 TPAIULMOHHBIE AIEKTPUUECKUE CpeAcTBA. MBI yXKe uc-
N0JIb30BAJIM HAHOTPYOKM pajino AJs MOJIYUYEeHUs U BOCHpOM3BeaAeHUs My3blku ¢ FM pa-
muoriepenad Takux kak Layla Dpuka Kmanrona (Derek And The Dominos) u misik
Boy's Good Vibrations. Paguo HaHOTpYyOKH 4pe3BbIYAiHO MajbIX pa3MepoOB MOTYT IO-
3BOJIUTH PAJUKAJIbHO HOBbIE MPUIOKEHUS, TAKUE KaK paguoylpaBiisieMble YCTPOHCTBA
JOCTAaTOYHO MAaJIbIX pa3MepoB, YTOOBI CYIIECTBOBATh B UEJIOBEUECKON KPOBM, WU IIPO-
CTO MCHBIIIE, JIeIeBIie, U 3pPeKkTuBHEE OSCIIPOBOIHBIX YCTPOUCTB, TAKHX KaK COTOBBIC
TeneOHBI.

Bricokoe paspelieHue npocBeUrBaOIIEro AIEKTPOHHOIO MUKPOCKOIIA TO3BOJISET
HaOJr0/1aTh HAHOTPYOKU paauo B JeicTBuu. Zettl 3ammcanu uyeTsipe BuaeopmibMa
MIOMOIIBIO 3JIEKTPOHHOTO MUKPOCKOTIA, T HAHOTPYOKH PaJlo WIPAIOT YETHIPE TECHU.
B Hauane kaxa0ro BUi€0, pauo HAHOTPYOKH HACTPOEHBI Ha IPYTYIO YaCTOTY, KOTOPOM
nepeaaeTcss paguocurHan. TakuM oOpa3oM, HAHOTPYOKH He BUOPHPYIOT, M TOJIBKO CTa-
TUYECKHE NTOMEXH MOTYT ObITh ycibllaHbl. Kak TOJNBKO paguo CTAHOBUTCS B TApMOHUU
C MepelaBaeMbIM CUTHAJIOM, HAHOTPYOKa HaUYMHAECT BUOPHUPOBATH, KOTOPAs pa3MbIBAET-
csl B BUJICO, M B TO K€ BpeMs, My3bIKa CTAHOBHUTCS CIBIIIMMOMN. YeTblpe MeCHH, Komo-
pule npocaywanu ¢ nomowwto Hanopaouo The Beach Boys, Jlapeo 3 onepol ['enpens
Kcepke (aT0 Obina nepBas necHsi), Layla Ipuka Kimsnrona (Derek & The Dominos), u
IJ1aBHBIN TUTYN "3Be3aHbIX BolH" [[xoH Yunbsamce.

Philco vacuum tube radio Regency TR-1 transistor radio Smartdust wireless sensor
(1931) {15954) (20032)

Nanotube radio (2007)

Puc. 5. Usmenenue pazmepos paouo co epemenem

3a nmocneaHee CTOJIETHE, PaAMO B 3HAYUTENIBHOM CTENEHH YMEHBIINIOCH 110 CpaB-
HEHUIO C JIEPEBIHHBIMU " B CTHIIC co00p", paguoctaniusamMu 1930-X To10B, KapMaHHBI-
MU TPaH3UCTOPHBIMHU paguonpueMHukaMu 1950-x rofgoB U COBPEMEHHBIMU B OJHOM
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paauouunie B COTOBBIX TeledoHax M OeCTpOBOAHBIX jaaTdymkax. [Ipomorwkas 3Ty TeH-
neHuuto, Zettl eme Oonee yMEHBIIWIM PaJuo, UCKYCHO OCYLIECTBUIM HECKOJBKHUX
(GYHKIMNA paguo ¢ OHUM KOMIIOHEHTOM, YIJIEpPOIHBIMU HAaHOTPYyOKaMu. DTH paauo Ha-
HOTpYOKH B Oosiee AeBATHAALATH pa3 MEHbIIIE, YeM BakyyMHas TpyOka Philco panuo c
1930-x!

5. IIPIMOE NIPEOBPA3OBAHME CBETA B PABOTY

CoBpeMeHHAsE TEXHOJIOTUS M HCCJICOBaHUS TIO0 TPeoOpa30BaHUIO COJTHEYHOU
SHEPrUM 3a4acTyr0 HEPa3phIBHO OMUPACTCS HA MPOU3BOJICTBO, XPAaHEHUE U pacipe/ieie-
HUE PHEPIUU JUIsS COACHCTBUS MPOU3BOJICTBY TOJIe3HOM paboThl. VccrnenoBartenu B Jia-
Oopatopun Zettl 0OHApYKMIM MEXaHU3M I MPeoOpa30BaHUS COJIHCYHOW SHEPIUU B
paboty. OHH C MOMOIIBIO ONTOTEPMAIBLHOTO OTOIICHUS TPOHM3BOIAT TPATUEHTHI TO-
BEPXHOCTHOTO HATSDKEHHsSI, B PE3yJbTaTe KOTOPBIX HA IUIAByYHE OOBEKTHI JICHCTBYET
JBYDKYIINE CHIIBL. DTU CHUIIBL, IO CYIIECTBY NMPEOOPA30BAHUE COMTHEUHOW YHEPTHH HETO-
CPE/ICTBCHHO B TIOJIE3HYIO PaboTy.

Puc. 6. Heborvwas camoxoouas 100Ka, naasaiowas Ha 600e u ynpasgisiemasn ¢ HOMOUubo
ONnMOMepManbHO20 OMONEHUS.

[Ipumep: HeOombIIas caMOXOHAsE JIOJIKA, MJIaBaloLIas Ha BOJIE U yNpasisemas C
MOMOIIBIO ITOTO Tporecca. HaHOCTpYKTypHpOBaHHBIE KOMIIO3UIIMOHHBIE MATEPUAIbI,
COCTOSIIIIME U3 BEPTUKAJIBHO CBS3aHHBIX MOJUAMMETHICHIOKCaHOBBIX (PDMS), yrie-
POJIHBIX HAHOTPYOOK, BCTPOCHHBIX B TIACTHUK, Y()(PEKTUBHO MOTIIOMIAOT CBET U MPe0d-
pasyer ero B Teruio. [lpu miaBaHuu Ha XKUAKOCTH, ITO TEIUIO JOKAJIbHO YMEHbIIAET TO-
BEPXHOCTHOE HATsDKEHUE KHUAKocTH. Korma oObeKT aCUMMETPUYHO HAarpeBaeTcs, CO3-
JaeTcsl TPaJUEHT MOBEPXHOCTHOTO HATSDKEHUS U CUJIbl Ha 00beKTe HecOalaHCHPOBAH-
HBI, B TO BOSHHKACT YUCTAsl IBIKYIIAsl CUJIa HA OOBEKT.

OmnpeneneHre NpOCTPaHCTBEHHOTO OOJydeHHs, OPUEHTHpPOBAaHHE CBETa MOTYT
OBITh MCIOMB30BAHBI /11 KOHTPOJIHPYEMOTO MEPEMEIICHUsS OOBbEKTOB HA Pa3IUYHBIX
KHUIKOCTSAX. ODTOT METOJ| JBUTATENsI OOXOIUT THUIMYHBIC OTPAHWYCHUS, CBS3aHHBIC C
ABUTATETIEM TaKUe, KaK TypOYJICHTHOCTh. BpaiaTenbHble TBIKEHUS TAK)KE MOTYT OBITh
MOJTYYEHBI ITyTeM TIIATEIbHOIO MPOSKTUPOBAHUS PACIIONOKEHHUS CBETa MOTJIOMIAOIINX
MarepraioB. [Ipu mpocToTe MCTIONB30BaHUSI TTOBEPXHOCTHOTO HATSHKCHHS, HA KOTOPOM
OCHOBAaH MEXaHHM3M CO3JaHHs JBIKCHHS, MOXKET OBITh HCIIONB30BaH Ui ITUPOKOTO
MIPUMECHCHHS.

6. IIEPEMEINIEHUE HAHOPA3MEPHBIX YACTHI]

I'pynma Zettl pa3paboTanu TEXHHUKY IS IEPEMEIICHUS OTACIBHBIX aTOMOB BJIOJIb
yriaepoHol HaHOTPYOKH U oOpaTHo. OO0IIas Macca COXpaHsAETCsl C BBICOKOHM CTEIEHBIO
TouHOCTH ( 5%) BO BpeMsl TPAaHCTIOPTUPOBKHU.
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I'pagueHT HanpsKeHUsl, a HE TEIUIOBOM I'PaJMEHT, ONpEeliaeT HalpaBlIeHUE Ie-

peMCIICHNA MAaCChI.
KOHIICHTpaIII/Iﬂ BJIMACT TOJIBKO Ha CKOPOCTH MNECPCAavYn: HAIUINEC WU OTCYTCTBUC
YJaCTHL, HO HEC UX Ppa3sMEpPbI, BJIMACT HA POCT CBOUX cocez[eﬁ.

Puc. 7. [lepemewyenue nanopasmepuvix vacmuy 6001b HAHOMPYOKU

7. HAHOMEXAHUYECKUA JATYUK OMNPEJAEJEHUA MACC YACTHI[ ATOMHBIX
PASMEPOB

50 nm

5nm

Puc. 8. Hanompybxa, ucnonv3yemas Kaxk HAaHOMeXaHu4ecKuil
0amuux onpeoeneHuss Macc Yacmuy amoMHbIX pasmepos
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Puc. 9. Ilpunyun delicmeus HAHOMEXAHUHECKO20 0amUUKA

KakoBa HammeHbIlIasg Macca, KOTOPYIO MOYKET U3MEPAThH MPOCTOE MEXaHMUECKOE
yctporictBo? EnBa 3ametnble nmputnHKH? OpHa 6aktepus? Mnu, BO3MOXKHO, HAHOKPH-
CTaJUI, COCTOSALINM M3 HECKOJIBKUX Thicay aroMoB? B camom gene, Zettl pazpaboranu
HOBBIM BHJI MEXaHUYECKOTO JaTYMKa, OCHOBAHHOTO Ha BUOPHUPYIOIIEH YTIEpOIHON Ha-
HOTPYOKe, KOTOPBIM MOKHO ONPEAEIUTh Maccy OJHOro aromal MaccoBblil 1aT4YMK, OC-
HOBAHHBI Ha HAHOTPYOKE, OTHOCUTCS K CEMEHCTBY MPOTHBOBECA, M3BECTHOTO Kak
UHEpYUATbHBIL NPOMueoeec. ITH MPOTHUBOBECHL NMPEACTABIISAIOT CO0O0 MPYKHUHY C MPH-
COCTMHECHHOM MacCOM, KOTOpasi MOKET CBOOOHO KoJiebaThesl. OTCiexuBasi N3MEHEHUS
B 4acTOTEe KoJieOaHUil, MOKHO OOHApYyKUTh U3MEHEHHs B Macce. B 3Tom ycTpoicTBe,
HAHOTPYOKa CIY>KUT MPYKUHOU, a TaKK€ KOHTPOJIHMPYS YacTOTHl €€ KOJeOaHUs, MbI
MOXEM OOHapyXHTh M3MEHEHHsS B Macce, BBI3BAHHBIC aJICOPOMPOBAHUEM OTEIbHBIC
aTOMOB Ha IMOBEPXHOCTH HAHOTPYOOK. UTOOBI OBITH O0JIee TOYHBIM, TEKYIIash YyBCTBHU-
TENBHOCTH ycTpoiicTBa coctapisieT 1,3 X 10 -25 kr / ' 1 / 2 win, 9T0 SKBUBAJICHTHO
0,40 atomoB 30m0ta / ' 1 / 2. Takum oOpa3zoM, IyTeM pacHIMpEeHHs TOHATUS HHEPIIU-
OHHOTO 0ajaHca 10 HAHOMETPOBOro MaciuTada, Zettl yBenuuniIm ee 4yBCTBUTEIBHOCTD
JI0 TIOpsAJIKa HaHO-BeNMYMHBI. HaHOMexaHMYecKUil JaTYMK UMEET MHOXECTBO MPEUMY-
IIECTB 10 CPABHEHMIO C TPAAUIIMOHHBIM CIIEKTPOMETPOM TOYHOI'O ONpPEAEIEHUS Macc.
Bo-niepBbiX, 3TOT mpubop HE TpeOyeT MOTEHIIMAIBHO Pa3PYIIAIONIYI0 HOHHU3AIUI0 00-
pasua. (bonbiixe MOJIEKYIbI, TaKKe Kak O€NKH, 4acTO pa3pyllatoTcs MPU MOHU3AIUH. )
Bo-BTOpBIX, 3TO YCTPONUCTBO CTAHOBUTCS 00Jie€ YYBCTBUTEIbHBIM B BBICIIMX MaCCOBBIX
Jyana3oHax B OTJIMYUE OT TPAJULMOHHBIX Macc-clieKTpoMeTpoB. HakoHel, HaHoOMeXxa-
HUYECKHUI TaTYNK KOMITAKTEH U, B KOHEYHOM CUETe, MOXKET OBbITh BKJIIOUEH Ha YHIIE.

Kak MoxxHO 00HapyXuTh KojeOaHHs yriepoJHol HaHOTpyOKku? HanoTpyOxu 06-
Jaal0T MEHBLINM pa3MepoM, YeM JJIMHA BOJHBI CBETA, ONTHYECKUE CTaHIapTHBIE Me-
TOJBI /1151 OOHApY>KEeHUsI BUOpaluii HeyJauHbl. XOTs MOKHO YBHICTh KOJICOAHUs C TO-
MOMIBIO TPOCBEYUBAIOIIETO 3JEKTPOHHOTO MHUKPOCKOIA, HO 3TOT METOJ SBISETCS
CJIMIIKOM MEJUIEHHBIM, YTOOBI ObITh MOJIE3HBIM, M 3TO HE MPAKTUYHO U KOMMeEpue-
CKHMX MPUMEHEHHH. PereHue st oOHapyKeHHs AJIEKTPUUECKUX KoseOanuid. Zettl nc-
NOJB3YIOT MOIUGHUIMpOBaHHYI0 Bepcuio «HanorpyOoku Pammo» . Ilo cytu, onu ciy-
Ia0T KOJeOaHusI HAHOTPYOKH.
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8. HAHOJABUT' ATEJIb

s pa3pabaTeiBaeMBIX ceifdac
MHUKDPOCKOIIMYECKUX YCTPOWCTB, KO-
TOpBIE CMOTYT, HampuMep, MPOILIbI-
BaTh 110 KPOBEHOCHBIM COCYJIaM YeJIo-
BEKa M OYMIIATH MX CTEHKH OT OTJIO-
KECHUI XOJECTepHHA, HYXXHBI YXK CO-
BEPIICHHO MHKPOCKOITMYECKHUE JIBH-
ratend - pasMepoM C MOJICKYJY.
['pyrma Zettl cmorna co3maTh HaHO-
JIBUTATENb C UCIIOJIB30BAHUEM MHOIO-
CJIOMHBIX YTJIEPOIHBIX HAHOTPYOOK.

HanonBurarens mpencraBisieT
co0o0#l  BpalIaroONIIyOcs METaJINYIe-
CKYIO IIACTHHY € YTJIEPOJHON HAHOT-
pyOKOH.

Huskue BHENHHE HANpPsHKCHUS
TOYHO KOHTPOJHMPYIOT CKOPOCThH pa-
OOTHI M HOJOXXEHHS POTOpa IUIACTHU-
Hbl. [loBTOpHBIE KoJieOaHUsI pOTOpa
TUTACTUHBI MEKIY MO3HIMSIMHU, a TaK-
e 1moBopoThl B 360 rpaaycoB ObuH
IPOJEMOHCTPUPOBAHbI 0€3 TPU3HAKOB
M3HOCA WK YCTAJIOCTH.

B omnmume oT cymecTByrOmmx
XUMHYECKUX OWONPUBOJOB W JIBUTa-
TENeH, 3Ta CHHTETHYECKas JIIEKTPO-
MEeXaHUYecKass CHCTEeMa HaHOMETPO-
BBIX Pa3MEpOB NpPUBOJA IperHa3Ha-
YyeHa i1 paboThl B IIUPOKOM JIMara-
30HE YaCTOT, TEMIIEpPaTypsl, U IKOJIO-
Puc. 11. H306pasicenue memaniuyeckou niacmuHbsl [MHECKUX yCIIOBHH, B TOM HHCIC B

¢ y21epoonoii nanmpyoroii BaKyyM€ M MKECTKHMX XHMHUYECKHX
cpenax.

Puc. 10. Domoepagpus nanodsueamens

Puc. 12. Bupmyanvroe uzobpasicenue Hanoogueamens. meepoas npsamoy2oibHas
MEMAnIu4eckas niacmund, KpeMHUe8ds MUKpocxemd, (ouKcuposanHule 1eKkmpoobl
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cmamopa

KonnenrtyanbHblii [HU3aliH 3JIEKTPOMEXAHUYECKOTO  BpallaTEIbHOrO0 IPUBOJA.
BpamarenpHelil 351eMEHT, TBepaas NpSAMOYTOJIbHAs METAUIMYECcKasl IUIACTHHA, BBICTY-
Narolas B Ka4ecTBe poTopa, kpenurcs K Baiy. [logaepika KOHIOB Bajla MPOU3BOJUTCS
UX OINMPAHMEM Ha OKHUCIECHHON ITOBEPXHOCTU KPEMHHUEBOM MHKpocxeMbl. Ilmactuny-
POTOpP OKPYKaIOT TpU (PUKCUPOBAHHBIX 3JIEKTPOAA CTATOpPA: JBa TOPU3OHTAIBHBIX CO-
IIPOTUBJIEHUSI HAXOJATCS HA MOBEPXHOCTH OKCHJAa KPEMHUS, a TaKKe TPETUH CTaTOp
HaxXOJIUTCA MOJ MOBEPXHOCThIO. OHM KOHTPOJIUPYIOT MOJIOKEHUE, CKOPOCTh U HaIlpaB-
JIEHUE BpAILEHUs pOTOPA.

9.BBIBOJI

brnaromaps uccnenoBatenbckoi rpymme Zettl U ux uccaeaoBaHUAM, MOJTYYEHBI U
OTKPBITHl HOBBIE TPHUMEHEHHUS HAHOMATEPHAJIOB B PA3NIUYHBIX OOJACTIX: MEXaHHKE,
JEKTPOHUKE, OMOJIOTHH. DTO €IIe OJIMH LIar B pa3BUTHHU U MPUMEHEHUU HAHOTEXHOJIO-
THi.

1. Pa3paboTanu HOBBIM MEXaHU3M JIJIsI XpaHEHUSI IUPPOBOM MMaMITH, CITIOCOOHBII
XPaHUTh JAHHBIE C JOJITHM CPOKOM CITY>KOBI M BBICOKOU MJIOTHOCTHIO.

2. Zettl oTpa3unu TMHAMUKY aTOMOB yTJIepo/a Ha Kpalo OTBEPCTUS B OJMH aTOM-
HBII CcIIOM Tpad)eHa, onpeAeTTuiIn CTA0MIHPHOCTH U OMUCAIN TUHAMUKY Pa3IMYHBIX KOH-
burypanuii kpas.

3. Zettl moCTpOWIIM MONTHOCTHIO (PYHKIIMOHATBHOE, CO BCTPOSHHBIM PaTUONPH-
€MHHUKOM, BO MHOTO pa3 MEHbIIIE, YeM JII000e MpeabIaylee paanuo, U3 yriaepoaHbIX Ha-
HOTPYOOK.

4. Zettl oOHApY WM MEXaHU3M U1l TIPEOOPa30BaHUS COJTHEYHOW SHEPTHH B pa-
oory.

5. TI'pynma Zettl paspabotanu TEXHHKY IJisi TIEPEMEIICHHUS OTIACIbHBIX aTOMOB
BJIOJIb YTJIEPOIHOM HAHOTPYOKH 1 0OpaTHO.

6. Zettl pazpaboTany HOBBIM BHI MEXaHUYECKOTO JTATYHKA, OCHOBAHHOTO Ha BHO-
pUpYIOLIeH YyTriepoaHoil HaHOTPYOKE, KOTOPHIM MOXKHO OMNPEIEIUTh Maccy OJHOTO
aToma.

7. Zettl cMornu co3Aarh HaHOABHUTaTENb C UCIOJIB30BAHUEM MHOTOCIONWHBIX YT-
JIEPOIHBIX HAHOTPYOOK.

JIUTEPATYPA

http://www.physics.berkeley.edu/research/zettl/

www.nanonewsnet.ru

WWW.popnano.ru

Pribankuna M. Hanorexnonoruu i Becex. — Nanotchnology News Network, 2005.
[epcnextuBusie Matepuansl. — TI'Y, MUCuC, 2006.
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