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HcTopusa BO3HUKHOBEHHUSA U
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BeeneHue

«HaHoTexHonoruy Npou3sBeayT TaKkyro Xe peBosIFoLUro B
MAHUMN Yy IMPOBAHUU MaTepuelt, Kakyro npou3ssesv KOMMbFOTepbI B
MAHUNyINpOBaHUU UHG opmaLueis»

Panb¢ Mepkne

OcobeHHOCTb HAHOTEXHOMOr UM 3aKFo4aeTcs B TOM, YTO pacCMaTpUBaeMbIe NpoLiecChl
W coBepluaemble AeCTBUS NPOUCXOAAT B HAHOMETPOBOM AMANG30He
NPOCTPAHCTBEHHBIX MACLUTA6OB. XapaKTepHbLIM pasmep aToMa COCTABNSeT HEeCKOSbKO
AecATbIX HaHOMeTpa. B aTom ananasoHe pasmepos «CbIpbem» SBAAHOTCS OTAesbHbIe
ATOMbI, MONEKYSIbI, MONEKysipHbIe CUCTEMBI, @ He MpUBLIYHbLIE B TPAAULIMOHHOM
TeXHOM0ruU MUKPOHHbIE UK

MaKpocKkonuyeckme obbembl matepuarna, coaepxalume, No KpamHen mepe, MUNIUapabl
aTOMOB U MOMEKyJ.

HaHonexHonorueii HasbiBaenta mexaucymunnuHapHaa obnacm Hayku, B Konopou
U3y4aronts 3aKoOHOMePHOCHN PU3IUKO -XUMUYECKUX NPoyeccoB B rpochpaHchBeHHbI X
obnacmmx HaHoMenpoBbl X Ppasmepos C YeJsibFo yrnpassieHUs onfiesibHblMU anomamm, 2
MOJIEKYSIAMU, MOJIEKYSISPHBIMU CUCITBMAMMU MPU CO3AAHUN HOBbIX MOJIEKYJI,
HaHochpyknyp, HaHOYyCHpoICHB U Manmepuasios co CreyuasibHbiMm PUnHecKkumu,
Xmumudeckmmm u 61os10rM4ecKUmMmM CBOUCTBaMMU.



HanpaeneHua HaHOTexHONoruu

I. MonekynapHbiu ausamH. TlpenapupoBaHUE MOSEKYl U CUHTe3
HOBBIX MOJIEKyS1 B CUSIbHO HEOAHOPOAHBIX 351eKTPOMArHUTHBLIX
nons,

IT. HaHomaTtepuanoseaeHue. Co3aaHue «be3neeKTHbIX»
BbICOKOMPOYHLIX MATEpPUAnoB, MATEPUASIOB C BbICOKOU
NPOBOAUMOCTbHO;

ITI. HaHonpubopocTpoeHue. Co3aaHUe CKAHUPYHOLMX TYHHEbHbIX
MUKPOCKOMNOB, ATOMHO-CUJTOBLIX MUKPOCKOMOB, MArHUTHBIX
CUNOBBIX MUKPOCKOMOB, MHOMOOCTPUMHBIX CUCTEM AN
MOJEeKyNApHOrO AN3AUHA, MUHUATHOPHBIX CBEPXYYBCTBUTEIbHBIX
AATYUKOB, HQAHOPOHOTOB;

IV. HaHo3anekTpoHUKka. KoHCcTpympoBaHue HaHOMeTpOBOM
3neMeHTHOM basbl anga IBM cneayrowero nokoneHus,
HaQHONPOBOAOB, NOSIEBbIX TPAH3UCTOPOB, BLINpAMUTENEN,
AnCnnees, aKyCTUYECKUX CUCTEM;



V. HaHoontuka. Co3gaHne HaHO/1a3epoB, CUHTE3
MHOFOOCTPUMNHbIX CUCTEM C HaHO/1a3epaMu;

VI. HaHokaTtanuns. Pa3paboTka KaTtasn3aTopos C
HAHOCTPYKTYpPaMu A1 KAacCoB peaKuun CeNeKTUBHOro
KaTanuns3a,;

VII. HaHoOMeaunuumHa. lpoekTnpoBaHue
HaHOUHCTPYMEHTapuUa 419 YHUUTOXEHNUA BUPYCOB, TIOKAJIbHOIo
.PEMOHTA. OpraHoB, BbICOKOTOYHOM AOCTAaBKW A03 /1IeKapCTB B
onpeaeneHHble MecTa XXMUBOIro OpraHn3ma;

VIII. HaHoTtpubonorua. OnpeaeneHne CBA3n
HaQHOCTPYKTYpPbl MaTepmanoB U CU TPEHUSA N NCNONb30BaHME
3TUX 3HAHUW ANSA U3rOTOBJIEHNSA MNEPCMNEKTUBHbLIX Nap TPeHUs;

IX. YnpaBnseMbie sAaepHble peakKuuMun. HaHoyckoputenwu
4yacTul, He CTaTUCTUYECKMne aaepHble peakuun.



KpaTkasa ncropmnyeckas cripaBka

1931 r. — KHonn 1 Pycka co3aany 31eKTPOHHbIN
MUKPOCKOM, KOTOPbIX B NepBble NO3BOJIN
nccneaoBaTb HAHOOOBLEKTDI;

1959 r. — P. ®erHMaH Hay4HO A0Ka3as, uYTo C
TOYKM 3peHNs (yHAAMEHTasIbHbIX 3aKOHOB
(PU3MKN HET HUKAKMX MPENATCTBUN K TOMY, YTOObI
Cco3AaBaTb BELUM NpSMO U3 aTOMOB;

1968 r. — A. Yo, 4. ApTyp 13 KoMnaHuu BELL,
pa3paboTann TeopeTnyeckmne OCHOBBbI
HaHOOH6PabOoTKM MOBEPXHOCTH;

1974 r. — H. TaHuryum Been B Hay4Hbii 060poT
C/IOBO «HAHOTEXHUKa», NPeAoXUB Ha3blBaTb Tak
06bEeKTbI pa3MepoM MeHee 1 MUKPOHaA;

1981 r. — I'. BUHHMHT, I'. Popep co3aanu
CKaHMPYIOLLMI TYHEMbHbIA MUKPOCKON — npubop,
MO3BONSAIOLLNA OCYLLECTBNSAOLLNA BO3AENCTBUE HP»
BELLLeCTBO Ha aTOMapHOM YPOBHe.,




1986 r. - . buHHuHr, K. Kyartr, K.
[epbep co3pann CKaHMPYHOLWMA aTOMHO-

CWUJI0BOWM MUKpOCKOM;

I
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1989 r. — AI. Ournep ns dupmol IBM,
BbIJTOXW/1 Ha3BaHMe CBOen puUpMbl
aTOMaMWN KCEHOHA;



dynnepeHbl U
HAHOTPYOKM
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dynnepeHsl

dynnepeHbl, KaKk HOBasi PopMa CyLLLECTBOBAHUS
yrnepoga B npupoe Hapaay C AaBHO
N3BECTHbIMW a5IMa3oM U rpauTomM, Gbin
OTKPbITbI B 1985 . Npn nonbITKax
aCTPO(PU3NKOB OOBACHUTb CNEKTPbI
MeX3Be34HOM Nblan. OKka3anocb, YTO HOBaS
mMosiekyna C60 coctomT 13 60 aTomMoB
yrnepona, pacrnoJsioXXeHHbIX Ha cdepe

(AaMameTp = 1 nm) C BbICOKOW CTEMEHbLIO ’
CMMMETPUN U HAaNOMUHAET PYTOOSIbHbIN MAY
ATOMbI yrnepoaa obpa3ytoT 12 npaBubHbIX
NATUYroNIbHUKOB U 20 NpaBuibHbIX
LLECTNYro/IbHNKOB B COOTBETCTBUM C
Teopemou J1. dnepa. Monekyna Ha3BaHa B
4YecTb apxuTekTopa P. ®ynnepa,
NOCTPOMBLLIErO AOM U3 NATUYTOSIbHUKOB U
LLIEeCTUYroNbHUKOB. [lepBoHayvansHo, C60
nony4yann B He6ONbLIMX KONMYECTBaX, a
3aTeM, B 1990 r., 6bin1a OTKpbITa TEXHONOMNS
KpyrnHoMacluTabHoOro NpoM3Bo/AcCTBa.




CTpyKTypa Monekynbl @yniepeHa MHTEpeCcHa TeM, YTO BHYTPU Hero
obpa3yeTcs NosioCTb, B KOTOPYHO 6narogaps KanuinsipHbiIM CBOMCTBAM
MO>XHO BBECTW aTOMbl U MOJIEKY/ bl APYIrMX BELLECTB, YTO AQET,
BO3MOXHOCTb MX 6€30MacHOM TPaHCNOPTUPOBKM.

Mo Mepe uccnepoBaHns ynnepeHoB ObISIM CUHTE3NPOBAHbLI U N3YYEHbI

MX MONEKYNbl, coaepXxawune pasninyHoe 4ymcmao atomMoB yriaepoaa — ot 36
Ao 540.



HaHOTpyOKu

B 1991 roay npodeccop C. Unasmma obHapyXunn AnnHHbIE
yrnepogHbie UManHApbl, NosyyYnBLUME HA3BAHUE
HaHOTPYOOK.

HaHoTpybka — 370 Monekyna u3 6onee MUIIMOHA aTOMOB
yrnepoaa, npeacrasnstoLlas cobom Tpyobky ¢ AMaMeTpoM
OKOJ10 HAHOMETPa W1 AJIMHON HECKONBbKO [ECATKOB
MUKPOH.

Onu B 50-100 pa3 npoyHee CTann 1 UMetoT B 6 pa3
MeHbLUY0 NJIOTHOCTL! Moaynb KOHra — ypoBeHb
CONMpOTUBNIEHNS MaTepuana agedpopmauum —y
HaHOTPYbOK B ABOE Bbille, YEM Y OObIUHbLIX YrNepoaHbIX
BO/IOKOH. TO eCTb TPYOKKN HE TO/IbKO MPOYHbIE, HO U
rmbkue. MNoa AENCTBMEM MEXAHUYECKUX HANPSHXKEHWN,
NpeBbIWAoLWLME KPUTHUYECKME, TPYOKM HE NTOMAIOTCS U He
PBYTCSl, @ NepecTpanBatoTCs.

B 3aBMCMMOCTW OT KOHKPETHOMW CXEMbl CBOPAYNBaHUS
rpachmTOBON MIIOCKOCTU (XMPanbHOCTK), HAHOTPYOKM
MOryT 6bITb Kak NPOBOAHUKAMM, TaK U
NosyNpOBOAHNKAMM.



HaHO3NeKTpPoOHUKa
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Ha gaHHbIN MOMEHT Nosly4YeHbl Y-TpaH3nCTop Ha 6ase
HaAHOTPYOKM N HaHoAMOA.

Ha ocHoBe HaHOTPY6KU yuyeHbIMN N3 KannpopHUNUCKOro
yHusepcuteta UCSD u yHuBepcuteTa KnemcoHa 6bin
NOCTPOEH Yy—-TpaH3ncTop. nsa 3Toro 6bina paspaboTaHa
crneumanbHasa TEXHOMOMMS BblpallMBaHNa HAHOTPYOOK:
CHayasia y4yeHble BblpaCTUAN 06bIYHYO HAHOTPYOKY,
3aTeM Ha ee NOBEPXHOCTb 6blIM HAHECEHbl HAHOYaCTULbI
TuTaHa. OHU MOCNYXWNN KaTannsaTopoMm, U B pe3yibTaTe
Ha yXe cdopMupoBaHHOW TpybKe 6bis1a BblpalleHa elle
oAHa BeTBb. [Mpu nccnegoBaHnM CBOUCTB TakKom
HaHOTPYbOKWN BbISCHMAOCH, YTO Npu nogaye HaHoTpy6Ka-TpaH3ncTop
OTpUUaTEeNbHOro NOTEHLMANa Ha CTBOJT HAHOTPYOKMU
NpoTeKaHue 3/1eKTPOHOB MeXay BETBSAMMU
npunocTtaHasnneaeTcs. N HaobopoT, Npu nogaye
NOJSIOXXUTENbHOIro NOTEHLMANa Ha CTBOJT NpOTEKAHMeE
BO30OHOBMSETCS. B Clyyae y—HaAaHOTPYOKM Mbl nMeeM
TPaH3UCTOP, @ B HEM CYLWECTBYIOT ABa p—n nepexoaa,
cpopMMUpoBaHHble ABYMS BETBAMU. lnoa UMeeT oAMH p—n
nepexon. Ecnu ypactca cdhopMmupoBaTb OTAEbHYIO

TPYOKYy C XapakTepucTmkamum p—n rnepexoaa, To nNosyymm - Gilicon Oxide
HaHoaunoA. DTa npobnema bblia peweHa B KOMNaHun =
General Electric. YueHble Bo3aelicTBOBaNM Ha _ skl

HaHOTPYOKY creunanbHbIM 31IEKTPUYECKMM MONEM, B

pe3ynbTaTeE YEro noJyymnscd p—n nepexoa. OVo4 Ha OCHOBE HaHOTPY6KU



[lpuMmeHeHune
HaHOTEeXHONONMu B

LPasInyHbIX cepax




MoneKkynsipHble LWecTepHU U HAcoCbl. Moaenn HaHOYCTPONCTB NpeanoXeHbl K.
E. Drexler u R. Merkle n3 IMM (Institute for Molecular Manufactoring, Palo Alto).
Banamu wecrepeHoK B HAHOKOPOOKe nepeaay SBAsTCS yrinepoaHble
HaHOTPYOKM, a 3ybuamn cnyxxaT Moneky/ibl 6eH30n1a. XapakTepHble YacToThl
BPaLLEHWs LIECTEPEHOK COCTABMAIOT HECKO/IbKO AECATKOB rurarepll. YCTponcTBa
paboTatoT mbo B riyboKoM Bakyyme, SiMb0 B MHEPTHOW CPe/e NPU KOMHATHOW
TeMmnepaTtype. VIHepTHble rasbl MCNONb3YIOTCA ANS OXNaXAEHUS YCTpOVICTBa

AnmasHas naMATb 411 KOMMbIOTEPOB. Mo/ieNb BbICOKOM/IOTHOW NaMATK
paspabotaHa Ch. Bauschlicher n R. Merkle ns NASA. Cxema ycTpo1cTBa npocTa
N COCTOMT M3 30HAA M anMasHOW NMOBEPXHOCTU. 30HA NPEACTABIIAET CO60M
YINepoaHY0 HAHOTPYOKY, 3akaHumnBatowlytocs nonycdhepon C60, K KOTOPOW
Kpenutca Mmonekyna C5H5N. AnMasHas NoBEpPXHOCTb MOKPbLIBAETCA MOHOC/IOEM
aToMOB BOOpoAa. HekoTopble aToMbl BOAOPOAA 3aMeLLaloTCs aToMamu @Topa.
Mpy cKaHMpOBaHMM 30HAA BAO/b a/IMa3HOM MOBEPXHOCTU, MOKPLITON MOHOC/IOEM
aacopbaTta, monekyna C5H5N, cornacHo KBaHTOBbIM MOAENSIM, .CMTOCOOHa.
OT/INYUTb a,u,cop6mp0|3aHHbm aToMm ¢pTopa oT a,qcop6mpOBaHHoro atoMa
BoAopoaa. [MockobKy Ha O4HOM KBaApaTHOM CaHTUMETpPEe NOBEPXHOCTU
nomMewlaetcsa = 1015 aToMoB, TO NJIOTHOCTb 3anucK aocturaet = 1075 GB/cm?2.

Novel Data Storage System

Diamond or silicon - Potential Storage:
(111) surface 10*° bytes/cm?
(vs. 104, state of the art)
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o CycneH3un MeTanInMYeckmnx HaHoO4acTuL
(0bbI4YHO Xene3a nn ero CrnaaBoB) Pa3MepoM
oT 30 HM MCNONb3YIOT KaK NpUcaakun K
MOTOPHbIM Macnam Ans BOCCTAHOB/IEHUS]
M3HOLLUEHHbIX AETasien aBTOMOOUNbHbBIX U APYrUX
ABUraTenen HenocpeacTBEHHO B rnpouecce
paboThl.

e KBAHTOBbIE TOYKU N HAHONMPOBOJIOKHA
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Cnucok nutepatypbl

M. PbibanknHa, «HaHoTexHonornm ans scex. bonbluoe B Manom»,
2005
http:ﬁwww.nanonewsnet.ru/index.php?module=Pagesetter&func
=viewpub&tid=3&pid=170
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