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BBEAEHUE

[To paznuyHbIM NPOTHO3aM MPUKJIAHBIE HAHOTEXHOJIOTUU OyAYyT MPOHU-
KaTh BO BCE€ Cepbl )KU3HU, UYTO MO3BOJIUT JOCTUYD CYIIECTBEHHBIX YCIIEXOB BO
BCEX HAYKOEMKHMX TE€XHOJIOTHSX, B TOM 4HuCie B 00jacTu oomMeHa mHpopMaIu-
€, 3ApaBOOXPAHEHUH, MPOMBIIIJIEHHOCTH, MaTEPUAJIOBEICHUN U APYTUX Ha-
npaBiieHusiX. st Toro 4ToObl CIOCOOCTBOBATH PA3BUTUIO U TPUMEHEHUIO ITUX
TEXHOJIOTUM, HEOOXOJAMMO OOECIEUYUTh MPOMBIIUICHHOCTh M HCCIIeIOBATEIb-
CKHE OpraHu3allid COOTBETCTBYIOIIMMHA HOPMATUBHBIMUA JOKYMEHTAMU B Kaue-
CTBE OCHOBHOIO MEXaHW3Ma TEXHUYECKOTO PEryJMpoBaHUs. Takxke BaxHO,
YTOOBI PETYIUPYIOLINE TOCYAapCTBEHHBIE OpraHbl U OpPraHU3allud, 3aHUMAalo-
IIMECSA OXPAHOM 3J0POBbS U 3aIIUTON OKPYKAOMIEH CPENbI, MOTYYHIH JOCTYII-
HBIC W HAJIC)KHBIE CUCTEMBI H3MEPEHUS U MEXAHU3MbI TOATBEPKICHUS COOTBET-
CTBUS, OCHOBAaHHbBIC HA KQUECTBEHHBIX CTAaHJAPTAX.

B nepBoii maBe yueOHOro MOcoOusi U3I0KEHBI TEOPETUUECKUE CBEIICHUS
0 mpo0JieMax U COBPEMEHHBIX TEHJICHIIMSIX B Pa3BUTHUU HAHOUHIYCTPHUH, Iepe-
YUCJIEHBl OCHOBHBIE JIOCTH)KEHHUS YUYEHBIX B XPOHOJOTHYECKOM MOPSAKE U UX
poJsib B cTaHOBIICHNW HaHOHayKu. [IpuBenensl ['OCTHI U cTaHaapThl, TPUMEHS -
€MbI€ B 00JIaCTH HAHOTEXHOJIOTUH, JIaHbl OCHOBHBIE OIPEJEIEHUS UCIIOJb3Ye-
MOU TEPMUHOJIOTHH.

Bo BTOpOI1 raBe npeacTaBiaeHbl PU3NKO-XUMUUYECKHUE OCHOBBI (DYH1aMEH-
TaJIbHBIX MMPUHIUIIOB MOJYYEHUS HAHOYACTUIl U HAHOCTPYKTYP U TEXHOJIOTUYE-
CKHX MMOJIXOJ0B K CHHTE3Y HAHOCHCTEM.

B Tpertbeil ri1aBe paccMOTpEeHbI OCOOEHHOCTH COBPEMEHHBIX METOJOB HC-
CIENOBAHUA W JWArHOCTUKM HAHOMATEPHUAIIOB W CHHTE3UPOBAHHBIX HAHO-
CHCTEM.

B deTrBepToOil riaBe mpeaCTaBICHBI OCHOBHBIE HAIMPABJICHUS MPUMEHCHUS

HAHOCTPYKTYP U HAHOCHUCTEM.



CIIMCOK COKPAILIEHUHN U OBO3HAYEHUH

HM — nanomarepuaibl

HY — sanoyacTuiisl

HC — nanocucremsl

HT — nanorexHosioruun

HII — sanomopomok

[TAB — moBEpXHOCTHO-AKTUBHOE BEMIECTBO

[I5M — npocBeunBaronias JICKTPOHHAS MUKPOCKOIIHS
COM - ckanupyromas 3JeKTPOHHAS MUKPOCKOTIHS
P®A - penrrenodasoBbiii aHAIN3

I3 — nudpakuus 37eKTPOHOB

6 — npouHocth, MIla

e — nedopmarus, %

E — Monyns ynpyroctu, MlIla

PKVII — paBHOKaHaJIbHOE YTIIIOBOE IPECCOBAHUE



1. MIPEABICTOPUA BOSBHUKHOBEHHUA
U PA3BUTHUA HAHOHAYKHA

Mpb1 XKUBEM B OTPOMHOM, HEMBICIUMO OBICTPO MEHSIOLIEMCS MHUpE, HO
B KaJEHJOCKOTE KaXIOJHEBHOW PYTHHBI BCETJa €CTh MECTO YeMY-TO OYECHBb
KPOXOTHOMY Y HE3aMETHOMY, MPSUyIIeMy B ceOe HeOTpaHUYECHHBIE BO3MOYKHO-
CTH, MPAKTUYECKU rpaHUyalme ¢ BoameocTBoM. McciepoBaHust B 00JacTu
HAHOTEXHOJIOTUH MPUBOIAT K MOSIBICHUIO TaKUX MOHSITUH, KaK HAHOCUCTEMA,
HAaHOCTPYKTYpa, HAHOHAyKa, HAHOMHAYCTPHS U T. JI., U COOTBETCTBEHHO OKa3bl-
BalOT BIIMsSHUE HA (popMupoBaHue GyHIAMEHTATbHBIX U MEXAUCIUTUTMHAPHBIX
sHaHui. [Ipu mepexoe kK MOHITHIO HAHOMHPA pedb UAET 00 00BEKTaX, OJNH U3
pa3zmMepoB KOTOPbIX JeXUT B obsactu 1-100 nanometpoB (1 um = 10-9 m). Ilo-
3HaHWE HAHOMHpA SBJSETCS OJHMM W3 IMyTel K camopeanu3anuu. Hanomup
OB, €cTh M OyZeT BHE 3aBUCHMOCTH OT TOTO, OyJeM JIi MBI €T0 T03HABaTh
Y MCTOJIb30BaTh 3HAHUS O HEM B Halllel MOBCEAHEBHOM *KU3HU. HeynepKuMblit
pocT MOTpeOHOCTEN dYenoBeuecTBa TPeOyeT YAOBJIETBOPEHUS U CTUMYJIUPYET
K YCKOPEHMIO Hay4qHOTro mporpecca. 3BeCTHBIN JeBU3 «YUUTHCS, YUUTHCS, €Il
pa3 YUUTBCS» YKe TIePEIIesT B IEBU3 «HAYUYUTHCS, OBICTPEE YUUTHCSY.

MHorune n3BeCTHbBIC YUCHBIC BHCCJIN OONBITION BKJIaZl B pa3BUTHC HAHOHAYKMU.

1.1. YYEHBIE U UX JOCTUXKEHUA B HAHOHAYKE

B 1905 rony Ans0epT DUHIITEHH TEOPETUYECKH T0KA3AII, YTO pa3Mep MO-

JIEKYJIbI caxapa paBeH OJHOMY HaHOMeTpy (puc. 1.1).

» Moaekyaa caxapa

2 -Boaopoa
J - Kucaopoa
- Yraepoa

Puc. 1.1. Monekyna

Anvoepm Duinwmetin caxapa




®usuk cepobckoro nmpoucxoxaenuss Hukona Tec-
Ja IpeIIOKWI UACK0 CO3[aHus CHeUalbHBIX MpUOo-
POB, KOTOpBIE CMOCOOHBI MPOHUKHYTh B IIyOb MaTe-
pUM HA COTHM HAHOMETPOB. OH ABISAETCA ONHUM U3
POIOHAYAIIBHUKOB AJIEKTPOHHOTO MUKPOCKOTIA.

B 1928 romy wupnanmc-
KMl n300peTaTtenb aBapi
CHHI NIpeIIOKAT CXEMY YCT-
pOMCTBA CKAaHUPYIOIIETO OIl-
TUYECKOI0 MHMKPOCKONa OJIn-

CKOM).

Dosapo Cune

CMHUCCHOHHBII) 2JICKTPOHHBIM MUKpPOCKOIT (puc. 1.2).

Huxona Tecna

*Hero 1o (OJMMPKHENOJIbHBIM ONTUYECKUNH MUKPO-

B nauvane 1938 roma Anbbept IIpeOyc BMecTe ¢
JxemcoM XWJUTHEPOM B KaHAJCKOM YHHBEPCUTETE CO-
Opau mepBbhId MPAKTUYECKUI MPOCBEUMBAIONTUH (TpaH-

Puc. 1.2. IIpocBeunBarommi
Anvoepm [Ipebyc Jorceme Xunnuep 3JIEKTPOHHBIN MUKPOCKOII

Teoperuueckue Tpyasl pycckoro ¢usuka ['eoprus
['amoBa mMoONOXKWIM Hayano pa3paboOTKe HHCTPYMEH-
TaJIbHOTO OOecreueHus: B OyaylleM HAaHOTEXHOJIOTH.
B 1927 rogy oH nan teopeTuyeckoe 00OOCHOBAHUE pe-
meHuto JudepeHImanbHbIX YpaBHEHUN, ONUCaB MPO-
1[ECC TYHHEUPOBAHUSI KBAHTOBBIX YAaCTHII, UCIOJIb3Ys
BOJIHOBYIO T€OPHIO ISl IPEOAOTIEHUS MTOTEHIIMATILHOTO
Oapbepa KBaHTOBBIX YaCTHUIl C HEIOCTATOYHOM SHEPTH-

eil. 1ot 3¢ ekt ObUT Ha3BaH TYHHEIBHBIM (PHEKTOM.
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ITo3nHee naHHBIM 3(hPEKTOM OBLTH OOBSICHEHBI MPOIIECCHl MEPEMEITCHUS YACTHUII
u3 sapa.

B 310 %e Bpemsi B [[pUHCTOHCKOM YHUBEPCUTETE aMEPUKAHCKUM (DU3UKOM
Oneapaom Yiaepom KonmoHoM u  aHriauiickum  (Gu3MKOM-TeopeThukoM Po-
HaJbJI0M ['€HpH MPOBOIWIIMCH TEOPETUYECKUE UCCIENOBAHUS KBAHTOBO-MEXa-
HUYECKOro TyHeiaupoBaHus. Mimu Oblia mocTpoeHa Teopus anbda-pacraga Kaxk
TYHHEJIBHOTO TIpolecca.

Ponanvo I'enpu Dosapo Ynep Konoon

B copokoBbIX Tromax ABaAIlATOrO BEKA HUIEP-
naujckuit puzuk @puir L{epHuke, SKCIEPUMEHTUPYS C
KOJIbIIaMU B JIMH3€ OOBEKTHUBAa ONTHUYECKOTO MHKpPO-
CKOIa, CABUHYJ (ha3y CBETOBOHM BOJHBI OT TOYEHUHOIO
HMCTOYHMKA Ha JEBSIHOCTO TPAAYyCOB, UTO IPUBEIO K
MOJYYECHHUIO 00Jiee KOHTPACTHOTO M YETKOro H300pa-

XKeHusi 00beKTOB. HemocTtaTkoM 3TOro ycoBepIlIeH-

CTBOBaHHUA OBLIO TO, 4YTO IIPUMCHHUM OH TOJIBKO JIJIA

@puy Llepnuke

O6’B€KTOB, HC IOIIOMIAONIHUX CBCT, HAIIPUMCP Oakre-

puUi M KJIETOK NPOCTEUIINX. YIIYYIIEHHBIH MHUKPOCKON Ha3Baiu (ha3oBo-
KOHTPACTHBIM.

Heckonbko net cnycts B ['epmanun puzukom IpHcToM ABryctom Pyckoit
coBMecTHO ¢ Makcom KHosiem ObLI co3gaH MPOTOTHI 3JIEKTPOHHOTO MHUKPO-
CKOIa. DTO YCTPOMCTBO JAJ0 BO3MOKHOCTH 3arjisiHyTh B MUP HAaHOOOBEKTOB.

B nauane nmaTHaECSATHIX TOJOB IIpu y4acTuu 9. A. PYCKI/I HEMCOKHUM KOH-



HEPHOM SiemensObUT BBIMYIIEH CEPUIHBIN
ANIEKTPOHHBIA MHUKPOCKOII C pa3periaroiiei
cnocoOHocThi0 10 10 HM (puc. 1.3), 4To mo3-
BOJIUJIO MCCJIEAOBaTh OOBEKTHI Ha MOPSIOK
MEHBIIIE TE€X, KOTOPhIE CIOCOOHBI pa3peniaTh

CaMbIC MOIIHBIC OIITHYCCKUC MHUKPOCKOIIEBI.

Ty

Opucm Aseycm Pycka Maxc Knonw MHUKPOCKOII

Puc. 1.3. DneKTpoHHBII

B 1955 rony Hemeukuit ¢pusuk IpBuH Mioiep npuyman mojieBoi HOH-
HbI MHUKPOCKOII, ITO3BOJIMBIINN BIEPBBIE OTUETIUBO YBUAETH OTAEIBHBIE aTO-
MbI (puc. 1.4).

Opeun Mionnep Puc. 1.4. TloneBoii MOHHBI MUKPOCKOII

B 1956 rony amepukanckuii Boennbiit kaptorpad Ix. An. O'Kudwu, neita-
SICh YJIYUYIIUTh TEXHOJIOTHYECKYI0 YaCTh MHUKPOCKONA, SKCHEPUMEHTHPOBAI C
MCTOYHHKOM CBETa W PAaCCTOSHUEM OT MCTOYHMKA JI0 UCCIEAYEMOro OOBEKTa.



BbIBOSBI, K KOTOPHIM OH MpPHIIE, TOBOPHJIM O TOM, YTO HCTOYHHUK JOJKEH
OBITh TOYEYHBIM, M3y4aeMbli OOBEKT JOJDKEH HAaXOJAUThCI HA MUHUMAJIbHOM
PacCTOSIHMM OT UCTOYHMKA CBETa, a TAKXKe JIyd CBETa, MaJaroluii Ha OOBEKT U
BIOCJIEACTBUN OTPAKCHHBIM OT HETO WJIM MPOIISAIINNA HACKBO3b, HEOOXOIUMO
00pabarbiBaTh MPU CKAHUPOBAHUM HCCIETYEMOro o0bekTa. Mukpockon Obul
Ha3BaH PacTPOBBIM MUKPOCKOTIOM OJIMPKHETO TTOJIS.

B cepenune 50-x ronoB 20 Beka ATOHCKUN (PU3UK
Jleo Dcaku, paboras B komnanuu Sony Corporation,
MCCIIEI0OBAJl CBOMCTBA MOIYNPOBOIHUKOB U CBEPXIPO-
BOAHUKOB. [lolyueHHbIe UM TYHHEIbHBIE JUOJBI C TIe-
pexosiaMu mupuHOM Bcero 10 HAHOMETPOB (TPUALIATH
aTOMOB) OBLIIM Cpa3y MCHOJIb30BAaHbI JJIsl TEHEPAIUU U

JACTCKTHUPOBAHUS BICOKOYACTOTHBIX CUT'HAJIOB.

a

Jleo Dcaxu COBETCKUX YYEHBIX-TEOPETHKOB 0]l PYKOBOJICTBOM

[IpakTuyecku B TOT e MEPUOJ BPEMEHHU IpyIIa

TuxoneeBa IOpusi CepreeBuua 3aHuMaliach MpooIie-
MaMH TYHHEJIbHBIX MEPEX0JIOB, B 00JACTU UX TEOPETUUYECKUX MHTEPECOB ObLIH
MHOTOYPOBHEBBIE TYHHEJIBHBIE CHCTEMBI, @ TaK)K€ BO3MOKHOCTH PEaTU3alUU
naHHbIX 3¢ @dEeKToB B MpuOOpHOM 00OpyAoBaHMM. ['pymma ¢ 3agadeil cripaBu-
J1aCh, PACUETHBIC MTapaMeTPhl MHOTOYPOBHEBBIX TYHHEIBHBIX CHCTEM W BapUaH-
ThI IPUOOPHOTO OOOPY/IOBAHUS HA UX OCHOBE OBLIIU MOJYYEHBI IEPBBIMU B MUPE.

B 1956 roay cnernuanuct B 00J1aCTH SKCIUTyaTalldd M peMoHTa JIMuTpuit
'apkyHoB W 3aBenyrommuil jaboparopueid «oOimie Teopun TpeHus» Hropb
Kparenbckuid mpoBOAWIM pACCIEAOBAHUE YaCThIX BBIXOJOB U3 CTPOS CaMoJie-
ToB cepuu MJI (mocTosHHO JIoMaIach 4acTh I1acCu OOMOapIMPOBIITUKA).

JImumpuu I'apkynos Hzopw Kpacenvckuu
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B nporecce moaennpoBanus Harpy30k Obul 0OHapykeH 3 (PeKT Tak Ha3bI-
BAa€MOI0 LEJECHAIIPAaBIEHHOIO IE€pPeHOca Marepuaja B MECTO HanOOJBIINX
Harpy30K, CHIKAIOUIMNA TPEHHUE B HECKOJBKO JIECSITKOB pa3 M MPUBOASIIUNA K
00pa30BaHMIO TUICHKU TOJIIMHONW B HAHOMETPOBOM JuamnazoHe. JTOT 3pdeKT

IMO3KC IMOJITYHYNJI HA3BAHUC ((3(1)(l)eKT OE3BI3HOCHOCTH.

WUnest o ToM, 4TO B OYJIyIIEM YEJIOBEUYECTBO CMO-
KET CO3/1aBaTh HAHOOOBEKTHI, COOMpas UX «MOJIEKyJia
3a MOJIEKYJION», & TO U «aTOM 3a aTOMOM», BOCXOIUT K
3HAMEHHUTOU JieKImn «Tam BHA3y MHOTO MECTa» OJIHO-
ro u3 KpynHeumux ¢usukoB XX B., Jaypeata HoOe-
JeBckoW Tmipemuu, mnpodeccopa KamudopHuiickoro
TEXHOJIOTHYECKOTO HHCTUTyTa Puruapna @eliHMmaHna,

npounTaHHOM UM 29 nexadbpsa 1959 roma. Onyonuko-

Puuapo @etinman

BaHHBIC B (eBpasie 1960 roga marepuasbl JEKIIUU ObI-

JM BOCHPHUHSATHI OOJIBIIMHCTBOM COBPEMEHHHKOB Kak
danractuka unu mytka. Cam xe @eliHMaH rOBOpPUI, YTO B OyAyIlleM, Hay4YuB-
IMCh MAHUITYJIUPOBATh OTACIbHBIMU aTOMAaMH, YEJIOBEYECTBO CMOKET CUHTE-
3UpOBaTh Bce UTO yroaHo: «Hu oguu ¢u3nveckuil Uiaum XUMUYECKUN 3aKOH HE
MEIIAEeT HaM MEHSATh B3aUMHOE MOJIOKEHHUE aTOMOB...», TO €CTh HUCIOJb30BATh
aTOMBbI KaK OOBIKHOBEHHBIN CTPOUTEIBHBIN MaTepuall, 4YTO-TO BPOJE KUpIUYEH
WJIY, B JIYUIIEM CJIy4ae, y3JI0B U JI€TaJei MallvH.

3anaya pa3pabOTKU U CO3AaHUSI HHCTPYMEHTAIBHOTO (METPOJIOTHYECKOTO)
000py0BaHUs JIJI1 U3YUYEHHS] aTOMHOTO CTPOEHUSI KOHCTPYKIIMOHHBIX MaTepH-

4JIOB HaA HAHOYPOBHC CTOsAJIa HA CAMOM OCTPHUC HAYKHU.

B 1964 rony, cycts miects JeT nocie uoodpere-
HUS MHTETpaJbHOU cxeMbl, ['opaon Opi Myp, oauH u3
OCHOBaTeJied amMepuKaHCKOW Koprioparuu Intel, BbI-
JIBHUHYJI TPEAIIOIOKEHUE O TOM, UTO YHUCIIO TPAH3UCTO-
pPOB Ha KpucTallie OyJIeT yABaUBaThCA KaXble JIBa ro-
na. Tak nmosiBuincsa nepBbi 3akoHa Mypa. [lokazaB 3a-

BHUCHMOCTE pPOCTa IMNMPOMU3BOAUTCIBHOCTH 3allOMHHAIO-

MUX MHUKPOCXEM OT CPOKOB HMX HU3IOTOBJICHH:A, OH 00-

LI'opoon Opn Myp Hapy»XuJ 3aKOHOMEPHOCTb, 3aKIIOYaBIIYyIOCSI B TOM,

YTO HOBBIC MOACIH MHKPOCXEM KaXKJIbIN pa3 MMOABJIIA-
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JUCh Yepe3 MPUOIU3UTEIHHO PaBHBIE MPOMEXKYTKH BpemeHu (18-24 mecsna).

IIpu 5TOM UX eMKOCTh BO3pacTajia KaXKJIblid pa3 MpUMEPHO BJIBOE.

Pa3Butne MHUKPOSJICKTPOHUKHN CTPECMUTCIIBHO IIOATAJIKHMBAJIIO K I[EU'IBHGﬁ—

e MUHHUATIOPpU3AUHN KOMIIOHEHTHOM 621351, a CJICAOBATCIIbHO, U K HUCCICHO-

BaHMSIM B 00JIACTH €€ HHCTPYMCHTAJIbHOT'O oOecrieueHusI.

Paccen Ane

Awmepukanckuii ¢uszuk Paccen Sur, padorapiimit
B HanmonanbHom Oropo cranmaptoB, B 1966 roay
MPEUTOKUIT MHE30IEKTPUUECKOE YITPABIISIONIEE YCT-
POMCTBO — MbE30-/IBUTATENb, IPUMEHSEMBII CETOJIHS B
CKAaHUPYIOIIMX TYHHEJbHBIX MUKPOCKONAax W IJis MO-
3UIIMOHUPOBAHUSI HAHOMHCTPYMEHTOB (IOMCKA HYX-
HBIX 0OBEKTOB Ha U3Y4aeMOU TOBEPXHOCTH).

B 1968 rony Ansdpen Yo
u Jlxon Aptyp, paboras B

kommanuu Bell o muccnenosa-

HUAM ITIOJIYIIPOBOJHHUKOB, TCOPCTUUCCKU 000CHOBAIN
BO3MOKHOCTb MCIIOJIb30BAaHUSI HAHOTECXHOJOTMU B pe-

IIICHUH 3a4a4 06pa6OTKI/I HOBCpXHOCTCﬁ H JOCTHUIXCHUA

~

aTOMHOMW TOYHOCTHU npu CO3AaHHUHN JJICKTPOHHBIX IIPH- ’

OOpOB.

Duosu Ozasa

[IpakTnuecku B 3TO K€ Anvgppeo Yo

BpeMs [[pBun JIxoHC TeopeTu-
4ecKd OOOCHOBAJ KOHCTPYKIIMIO 3aMKHYTBHIX C(hepou-
JAIbHBIX KJIETOK M3 CBOEOOpPAa3HO CBEPHYTHIX HAHO-
rpauTOBBIX cI0€B. bbUT MpOU3BEEH pacueT BO3MOXK-
HOCTH (D)OPMUPOBAHUS MOJIEKYJIBI YIJIEpOa C TPAHbIO B
BHUJIE IIATHUYTOJIbHUKA, a B 1970 T. AIIOHCKUN XMMUK-
opranuk Ouaszu O3aBa BBIABHUHYJ TEOPHUIO O BO3MOXK-
HOM CYILIECTBOBAHHME IOJOM MOJIEKYJIBl YIJIEPOJAa CO

CTPYKTYpOH B BUJE CUMMETPUYHBIX IIECTUTPAHHUKOB,

OYCHb HAITOMHUHAIOIIEH OOBIYHBIN (YyTOOIBHBIN MsIY.

B 1971 rogy Paccen SIHr BBIABUHYN MACKO MPOTOTHUIA 30HIOBOTO MHUKPO-

ckorma. B 1972 romy SIHr cymen ocCyiiecTBUTh NEpPEMEIICHHE W MO3UIIMOHH-
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poBaHNE OOBEKTOB B TPEX HAIPABICHUSIX C TOYHOCTHIO
n0 0,01 A, ucnons3oBaB nmepememarolie yCTpoicTBa
Ha 0a3e Mbe303JIEKTPUKOB.

B 1973 rony HAmutpuii AnatonseBud bouBap u
Enena ['puroprseBHa ['asibniepH caenanu nepBbie TEOPE-
TUYECKUE KBAHTOBO-XMMHUYECKHE PACUETHI HAHOMOJIE-

KyJbl QyIsiepeHa u JoKa3aiu €€ CTaOMIbHOCTb.

B ToM ke rosiy kBaHTOBBIE TOUKHU (puc. 1.5) Obun Ilvumpuii Anamovesiy

obHapyxeHsl JIyn bBpycoMm B KOJIJIOMIHBIX pacTBOpax u Bousap

AunekceeM EKMMOBBIM B CTEKJISIHHOM MATpPHIIE.

Jlyu bpyc Anexceu Exumos Puc. 1.5. KBaHTOBBIE TOUKH

B 1974 rony ssmonckun yuensii Hopuo Tanuryumn
npu oOCyXJIeHUU MpoliaeM 00padOTKH MaTepHUaoB

BIICPBBIC BBCJI TCPMHUH «HAHOTCXHOJIOT' U .

B 1981 romy amepukasn-
ckun yueneln [. I'menrep

BIICPBBIC BBCJI TCPMHUH <«HAHO-

KpUCTAJUIMUCCKHUEC)  MAaTCpHa-

Hopuo TaHueyqu JIBI. HOB)KG CTa.HI/I I/ICHOHBBO'

BaTbCA TaKUC TCPMHUHLBI, KaK

«HAaHOCTPYKTYpPHBIE», «HAaHO(A3HBIE», «HAHOKOMIIO3H-

UOHHBIE» MaTEPHUAJIbI. Tepbepm Ineiimep
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T'enpux Popep

M300pes aTOMHO-CUJIOBO MUKPOCKOTI.
JlaHHble yCTpOICTBAa Ha3BajiM «rja3aMu» U
«nanblaMmu» HaHoTexHojoruu. I[lpu momomm 3TUX

MHUKPOCKOIIOB YAaJIOCh YBUICTH OTACIIBHBIC aTOMBI U

B Tom ke romy mBenumapckuil ydeHsl ['eHpux
Popep n Hemenkuii yuensii ['epn Kapn buHHuMHT co-
30 TIEPBBIA PACTPOBBIM CKAHUPYIOUIUN TYHHEIb-

HBIN MUKPOCKOII, MO3BOJISIFOIIUA M Ha6J'IIOI[aTB H TIepcC-

JIBUTaTh OTJI€JIbHBIE aTOMBL.

B 1982 roay . B. Ilon
CO3JaJ1 CKaHMPYIOIIUHN OITH-
YECKUI MUKPOCKOIL, a B 1986

rogy lepa Kapn buHHUHT

TI'epo Kapn bunnune

MEPEMECTUTh X C OJJHOIO MECTa B JIpyroe Mo MOoBEpXHOCTH. MeuTa Pu3NKOB 0

BO3MOKHOCTHU MaHUITYJIAAOUH OTACIIbHBIMU aTOMAMH Ha4dalla COBIBATHCH.

B 1985 rony npodeccop Oxchopackoro yuuepcutera [l. Hoita mpemio-

Ilemp Huxonaesuu
Jlyckunosuu

KU MaTeMaTHYECKYI0 MOJIEJIb KBaHTOBO-MEXaHUYeC-
KOr0 BapyaHTa MalluHbl ThIOpHUHTA.

B 1988 rony B CCCP rpymnmon ucciaenoBareseu
HUN «lenpra» BO rnaee ¢ II. H. JlyckuHoBuuem k
MUKPOCKOIy ObLJIO pa3pabOTaHO MW TMPUMEHEHO
YCTPOKCTBO, IMO3BOJISIONIEE MPOU3BOIUTH KOHTPOIH-
pyeMoe MepeMENIEHUE YaCTUIl C HAKOHEYHUKA 30H/a,
UCIIOJIb3YSl TEPMUUYECKOE BO3JECUCTBUE, U SABIISIIOLIEECS

OCHOBOMH Pa3BUTHA 30HJI0BOM MUKPOCKOIINH.

OCHOBOI BCE€X THIIOB CKaHMPYIOMKUX 30HAOBBIX MHUKPOCKOIIOB SBJISICTCA

B3aUMOJICHICTBUE 30HJA — MUKPOCKOIMNYCCKH LIlﬁ)C?)BI:I‘IEII\/’IHO YYBCTBUTCIIbHOT'O

nyna ¢ UCCIEAyeMON MOBEPXHOCTHIO — MOJIOKKOM 3a CUET MEXaHUYECKUX,

QJICKTPHUUYCCKUX WUJIN MAlrHUTHBIX CHJI.

CozpaTenu CKaHMPYIOIIETO 30HI0BOr0 MHKpockorna C3M mnpeamoxuiu

HCIIOJIB30BAaTh €TI0 U B KAYCCTBC MHCTPYMCHTA JJIA MOI[I/I(bI/IKaI_[I/II/I.
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B 1984-1989 rogax ObLIM MpeaioKeHbI KBAHTO-
Bble MHTEPPEPEHIMOHHBIE TpaH3UuCTOpbl. B 1985—
1986 roxer poccuiickue yuenoie /. ABepun u K. Jlu-
XapeB MCCIEAOBAIN MPOIECCHl  OJTHOAICKTPOHHOTO

TYHHCIIMPOBAHUS, 3aJI0OKUB TEM CaMbIM OCHOBBI HOBO-

T'O HaIIPpaBJICHHUA B HAHOJJICKTPOHUKE — OAHOIJICKTPO-

Koncmanmun HUKH.
Koncmanmurnosuy

B 1988 romy ¢panmysckuii ¢uzuk A. dept u

Jluxapes

Hemenkuil pusuk I1. ['pronOepr He3aBUCUMO JpyT OT
Jpyra OTKpbLIM HEOOBIYHOE SBJICHHE U3 00JacTH HaHOMUPA — A((PEKT TUrant-
CKOI'0 MarHUTOCOIPOTHUBIJICHHS, KOTOPBIN MpPOSIBISETCS B OBICTPOM BO3pacTa-
HUU 3JEKTPOCONPOTUBJICHUSI BO BHEIIHEM MAarHUTHOM MOJI€, YTO CBSI3aHO CO

CIIMH-3aBUCUMbIMHU TPAHCIIOPTHBIMH ABJICHUAMU B HAHOCTPYKTYpax.

Ilemep Anopeac
Anvboepm Pepm I pronoepz

OgHuM W3 BaXXHEUIIMX Pe3yJbTAaTOB UCCIEIOBAHMN B 00JIACTM HAHOMHUpPA
SIBUJIOCHh Pa3BUTUE HAHORJIEKTPOHUKH, KOTOpasi 0a3UpyeTcs Ha UCIOJIb30BAHUU
KBaHTOBBIX 3((PEKTOB, MPOSBIAIONIMXCS B HAaHOCTPYKTypax. B 1975 roxy Obuin
BIIEPBBIC TEOPETHUUYECKU PACCMOTPEHBI MPUHUIMIIUAIBHBIE BO3MOMXKHOCTU CYIIIE-
CTBOBaHMSI HAHOCTPYKTYpP TNOHM)KEHHOM PpPAa3MEPHOCTM — KBAHTOBBIX TOYEK.
B niepBoii nosioBuHe 1970-X T10/10B HAYAJIMCh UHTEHCUBHBIEC UCCJIEI0BAaHUSA TOJTY-
MIPOBOJAHUKOBBIX T'€TEPOCTPYKTYP, KOTOphIe mpuBenu B 1993-1994 romax x co-
3IAHUIO TE€TEPOJIA3EPOB HA OCHOBE HAHOCTPYKTYP C KBAHTOBBIMH TOYKAMU. 3Ha-
YUTEIIbHBIA BKJIAJ B 3TH UCCIEAOBAaHUSA BHECIM poccuiickuil yueHbin JK. U. An-

dbepoB u amepukaHckuii yueHsiid I'. Kpemep.
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Kopec Hsanosuu
Anghepos T'epoepm Kpemep

B 1985 rony BnepBble ObUIM CHUHTE3WPOBaHbI QyJIEpeHBbl. DTO YIaJI0Ch
caenars aHrmiuckomy ydeHoMy I'. Kporo n amepukanckum yuensiM P. Kepmy
u P. Cmomnu.

T'aponvo Kpomo Pobepm Kepn Puuapo Cmonnu

Nmu B X0z1€ M3y4eHUsI Macc-CIIEKTPOB MAPOB Tpa-

¢uta ObuIH BBISIBIEHBI KpynHble arperaThl Cgo 1 Coo,
cOCTOsIIME COOTBETCTBEHHO U3 60 u 70 aTOMOB yriie-
pona.

B 1986 rony amepukanckuii ¢puszuk Ipuk Jpekc-
JIEp B CBOEW KHHUI'€ O BO3MOXHOCTSIX HAHOTEXHOJIOTHI
«MamuHbl co3uaHus: TPUIIECTBUE Pbl HAHOTEXHO-
JIOTUIA», OCHOBBIBASICh Ha OMOJIOTMYECKUX MOJEIISAX,

BBEJI OHATHUE O «MOJEKYJISIPHBIX MAIIMHAX), a TAKKE
Opux Jlpexcaep pa3BWI MpemIoKeHHble PEMHMAaHOM HMIEHW HAHOTEX-

HOJIOTMYECKOU CTPATCTUHU «CHU3Y BBCPXH».

16



B 1987 romy O. f6nonoBuu, corpyanuk Bell
Communications Research, BbBIIBHHYN KOHIIEMIIHIO
(OTOHHOTO KpHCTAJUIA, TIOJOKUB TEM CaMbIM HA4aJo
Pa3BUTHIO HOBEHIIIETO HANPABIIEHUS COBPEMEHHOM OI1-
TUKH — HAHO(POTOHUKH. MOIIHBIM CTUMYJIOM JJISl pa3-
BUTHUSI HAHOTEXHOJIOTMM CTaj0 CO3JaHUE MPUHLMUIIU-
aJIbHO HOBBIX YIJIEPOAHBIX HaHOMaTepuasioB. Jlonroe
BpPEMSI CUUTAJIOCh, YTO CYLIECTBYIOT JBE €IUHCTBEH-
HbIe oJuMopdHbIe MOAUDUKAIIUY yTiepoa — rpaut
u anMa3. OJHAaKO, KaK OKAa3aJoCh, MpeIenbl MOJIU-

Dnu HAbnonosuu

MOp(bHBIX npeBpameHI/Iﬁ yrjiepoaa 3TUuM HC OIrpaHUYUBAIOTCA, CBUACTCIILCTBOM

Yyemy SIBIISIIOTCSI BECbMa HEOOBIYHBIE MO CBOEH CTPYKTYpe (yJuiepeHbl U yriie-

POJIHBIE HAHOTPYOKH.

B 1989 rony Jlonanbna Diirnep, padotaBimuii B IBM, BbUTOXKKI Ha3BaHUE

cBoei pupMbI aToMaMu KceHoHa (puc. 1.6).

Jlonanvo Diienep

Puc. 1.6. HazBaHue

(bupMBI U3 aTOMOB
KCEHOHa

Bonvgheane Kpemumep

B 1990 rony B I'epmanuu yuennie Bomnbdranr
Kpetumep u Kocra @ocrupononyc pazpadbotain TeX-
HOJIOTHIO, TTO3BOJIMBIIYIO TOJIy4aTh (PyJIJIEPEHbI B J0-
CTaTOYHO OOJBIIMX KoinuecTBaX. Kak BBIICHUIOCH
M03Ke, CYHIECTBYIOT U NMpUpoaHbIe (yiuiepeHbl. OHu
ObLTM 0OHapyxeHbl B 1992 roay B mpuUpOJHOM yTJie-
POJHOM MHUHEpAJie — IIyHTHTE.

B 1991 rony ssmonckum yuensiM Cymuo Mmxuma
OBLIM OTKPBITHI YIJIEPOIHBIE HAHOTPYOKH (puc. 1.7).
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Cymuo

Hoorcuma

Puc. 1.7. YrnepoaHsie
HaHOTPYOKH

B Tom ke rogy B flmoHuM Havanach peanu3alusi rocyJapCTBEHHOW Mpo-

I'paMMBI 110 PAa3BUTHIO TCXHUKHW MAHUITYJIUPOBAHUA ATOMaAMHU U MOJICKYJIAMU (B

paMKax nmpoekTa «AToMHas TeXHOJIOTHSI).

@OyIiiepeHbl U yIVIEpOJIHbIE HAHOTPYOKHM C MOMEHTa MX OTKPBITHUS TpU-

BJICKJIM BHUMAaHHNC MHOI'NX HCCHGHOBaTeHeﬁ HEOOBIYHOCTBIO CBOEH CTPYKTYPhI

U cBoMcTB. B X011€ MocCJICAYOIUX HCCIeA0BaHUU OBLIIM BBISIBIICHBI Pa3JINYHBIC

MPOU3BOJHBIE ATUX CTPYKTYpP, KOTOPBIE MOJIYUYaIUCh B pe3yJIbTaTe B3auMO/IEH-

CTBUA (DYJUIEPEHOB U YIJIEPOIHBIX HAHOTPYOOK C IpYyrMMHU BelecTBamMu. boiuio

TaKX€ YCTAaHOBJIEHO, UTO CTPYKTYpPhI, OAOOHBIE (yJIepeHaM U YTIepOJAHBIM

HAaHOTPYOKaMm, MOTYT ObITh OOpa30BaHbl aTOMaMU HE TOJBKO YIJIEpOja, HO U

IPYTUX BEILECTB.

Anvboepm Yanghopoa
Kacmneman

B 1994 rony II. B.

TrrOpHUHra MOXET OBITh

Tak, B 1992 rony yuensie b. C. I'yo, C. Bep,
. Ilypuenn, C. bys3a, A. Y. Kactieman oOHapyxuiu
ctabmwibHble  (DyJUIEpeHONOAOOHBIE  HAHOYACTHIIBI
Ti8C12.

B toM e roxy ObulM BOEPBbIE CHHTE3UPOBAHBI
HEYyTJIEpOIHbIE HAHOTPYOKH Ha ocHOBe MoS; u WS,.
TexHomornyeckue WCCIeI0OBaHusl JalT IIUPOKHUE
BO3MOYHOCTH IS CO3/IaHUS PA3JIUYHBIX BUAOB MOJIE-
KYJIIPHBIX HAHOCTPYKTYP.

[ITop moka3ay, 4TO KBaHTOBO-MEXaHMYECKasi MaIllWHA

COo3aaHa IIPAKTUYCCKH. B YaCTHOCTH, OHa OKa3aJlaChb

a(pdheKTUBHOM B pEHICHHH 3a7ad O Pa3JIOKCHUHM Ha MHOXHUTEIU OOJBIINX

YUCCII.

18



B 1998 rony smonckuit ydyensldi M. TakdyTu nmpoBen NpUHLIMIHAIBHBIE
JKCIEPUMEHTHI 10 KBAHTOBBIM BBIUYMCIUTENBHBIM CUCTEMAM C MCIOJb30BaHUEM
(GhOTOHOB.

B Tom xe roxy romnanackui pusuk Cus [lexkep co3man Ha OCHOBE HAHO-
TpyOoK (puc. 1.8) Tpanzucrop (puc. 1.9), ucnonp3ysa UX B KaueCTBE MOJIEKYIL.
[Ipy 5TOM OH OJHMM M3 NEPBBIX MU3MEPUI NIEKTPUUECKYIO IPOBOJUMOCTH Ta-
KOM MOJIEKYJIBI.

Puc. 1.8. Puc. 1.9.
HanotpyOxa Tpansucrop

Cus3 /lexkep

B 1999 romy smonckuit yuensnii H. Hakamypa, pabortaBumii B ¢upme
NEC, 1ocTtaTo4HOo yCHEenrHO UCCaeq0Bal BO3MOKHOCTH MPAKTUYECKON paOOThI
KBAaHTOBOI'O KOMIIBIOTEPA.

B 1999 rony ¢wusuku u3 Kopnensckoro ynusepcurera CIIA Yuncon Xo u
XaibkyH JIu uccnenoBaim XUMUYECKHUE CBSA3U, COOMPAsi MOJIEKYJIbl KAPOOHUIIBHO-
ro xene3a Fe(CO), u3 cocraBistomux KOMIOHEHTOB — xkene3a (Fe) u okucu yr-
nepopa (CO), c HOMOIIBI0 CKAHUPYIOUIETO TYHHENLHOTO MUKpockomna (puc. 1.10).

Puc. 1.10. Xumuuec-
Yuncon Xo Xatineyn Jlu xue cessu Fe(CO),
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B tom xe roay yuensie uz CIIA npodeccop dbuzuku Mapk Pun (cotpyn-
HUK Menbckoro yHuBepcuTera) u npodeccop xumuu Jxeiive Typ (COTpYIHHK
Paiickoro yHuBepcuTeTa) pazpadoTaii €UHbIC TPUHIIUANBI MAHUMTYJISAINN KaK
OJHOW MOJIEKYJIOHM, TaK U UX LIETTOYKOM.

B 2000 roxy ¢usuk ®@pani ['mccubn yBumen Ha nmpudbope B KpEMHHH CyO-
atomHbie yacTulbl. Ero komieroit Po6eprom Marepiie Oblia npeniokeHa Tex-
HOJIOTUSI HAHOTOMOTPAaPUU — TMOIYUYECHHE TPEXMEPHON KAPTUHBI BHYTPEHHETO
CTpOEHHUS BelIeCTBa ¢ pa3pemenueM nopsaka 100 am.

C 2000 rona CIIIA npuctynwiu K OpsiMOMy TOCYJIapCTBEHHOMY (PUHaHCH-
POBaHUIO HAHOTEXHOJIOTHYECKUX HCCIENOBAHUI M peaau3alud MpOorpaMMbl
«Hamonanenas Hanotexnonornueckas Muunmarusay (HHU), nHa kotopyto
Ob110 BBIIENEHO okoyio S00 MiH AosutapoB Ha roa. OCHOBHas uiesl 3TOM Mpo-
rpamMMbl  Obl1a copmynrpoBaHa clenyromum obpazom: «HarmonansHast
Hanorexnonorudeckass HupaTrBa onpeaessieT CTPaTeruo B3auMOJICUCTBUS
paznmuuHbIxX (enepanbHbix BenoMcTB CIHIA ¢ 1enbio o0ecrneueHus IpuopuTeT-
HorO pa3Butus HT, koTopas 1omKHA CTaTh OCHOBOM SKOHOMHUKH U HAIIMOHAJIb-
Holt Oe3omacHocTu CIIA B meppoit monoBuHe XXI Beka». B mepuon 1996-
1998 ropom, mpemmectBoBaBmnii npuHatuio HHU, cnenuanbHbl KOMUTET
amepukanckoro lleHTpa onieHkH MupoBoro cocrosiuus TexHosoruit (World
Technology Evaluation Center, WTEC) ocyiiecTBiisiii MOHUTOPUHT U aHAIU3
pazsutust HT mo Bcem cTpaHam U BbITYCKaJ JIJIsi HAYYHBIX, TEXHUUECKUX U al-
MHUHUCTpaTUBHBIX crnennanuctoB CIIIA o03opHbIe MHpOpPMALIMOHHBIE OOJIIE-
TE€HU 00 OCHOBHBIX TEHJICHUUSIX Pa3BUTHUSA U JocTxkeHusAx. B 1999 roxy cocto-
AN0Ch 3acefaHue MeXoTpacieBOi TIpymnmbl MO HAaHOHAYKE, HAHOTEXHUKE WU
Hanotexnosoruu (Interagency Working Group on Nanoscience, Engineering
and Technology, IWGN), pe3ynpraTtoM KOTOPOTO CTajia pa3padoTKa MpOTHO3a
uccnenoBanuii B oonactu HT na omkaiimue 10 set. B ToM e roay BeIBOABI U
pekomenganuu IWGN Oblmu mogaepxanbl HaninoHanbHBIM COBETOM IO HAyKe
u texuuke npu npesugente CIIA (PCAST), nocne yero B 2000 rogy Obuio
obunHraibHO 00BsABICHO O npunsTun HHU.

Jlpyrue cTpaHbl TOKE MPUHSIIA y4acTHE B TOCYAApPCTBEHHOM (DMHAHCHUPO-
BaHuu HaHoHayku 1 HT. B 2000 roxy simoHCko DKOHOMUYECKON AccolMaln-

et (KatimanpaH) ObLT OpraHU30BaH OTJE 10 HAHOTEXHOJIOTHUSIM TIPH TTPOMBIIII-
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JIEHHO-TeXHUYecKkoM KomuTere, u K 2001 romy Obu1 chopMUpOBaH TEpCIIEK-
TUBHBIA IUIAH pa3BUTHUS mopsiaka 50 HAHOTEXHOJOTMYECKUX HCCIETOBAHUU.
OCHOBHBIE MOJIOKEHUS ATOTO TIaHA CBOJIMIINCH K CIEAYIOMIEMY:

— OINPENEIUTh B KAUECTBE OCHOBHBIX HAITPABIICHUI «IIPOPHIBA» B HAHOHAY-
ke MHGOPMAIMOHHBIE TEXHOJOTHUU, OMOTEXHOJOTUH, SHEPTETUKY, IKOJOTUIO U
MaTEepUAIIOBEICHUE;

— 00ecneunTh MPUTOK KPYITHBIX KAMUTAIIOBIOKEHUN B OTPACINA TTPOU3BO/I-
cTBa, oCHOBaHHEIC HA HT;

— JHEPrUYHO pPa3BUBATh HCCIECAOBAHUS B YKA3aHHBIX HAIPABJICHUSX H
BHEJIPATH X PE3YJIbTAThl B MPOU3BOJICTBO TAKUM 00pa30M, YTOOBI 3TH HaIpaB-
JEHUS CTaIM «(pJrarMaHaMuy» Tpsiayied HAHOTEXHOJIOTUUECKOW PEeBOJTIOLINH;

— pa3paboTaTh rocyIapCTBEHHYIO CTpaTervio pa3Butus HaHoHayku U HT,
MpEeXJe BCEro OpraHnu3oBaTh 3(PPEKTUBHOE COTPYAHUUYECTBO MPOMBIIIJIECHHBIX,
rOCyJapCTBEHHBIX U HAYYHBIX BEJIOMCTB M OPTraHU3alM{ B MPOBEICHUU UCCIIC-
JTOBaHUHU.

B pesynbrare, cornacHO NpuHITOMY IUIaHy, SIMOHUS MOTpaTWIa HA Pa3BU-
tue HT B 2001 roay nopsiaka 420 MIJIH 10JIJIapOB TOCYJapPCTBEHHBIX CPEACTB.

Crpanbl EBponsl mpeANpUHSIIA YCUIIUS TI0 Pa3pabOTKe COOTBETCTBYIOIIMX
HAIMOHAIBHBIX MPOTPAMM JIJIsl UcclieoBaHus B obnactu HaHoHayku U HT. Ox-
HaKO 00beMbl (PMHAHCOBBIX BIMBAHUU JJIsl 3TUX HMCCIIEIOBAHUNA OBLIU TOpas3jo
Menble, yeM B CIIIA u Anonun, — nopsiaka SO MiTH J0J11apOB.

B I'epmanum ucciaenoBanus B odsactu HT moanepxuBaroTCsi B OCHOBHOM
MuHucTepcTBOM 00pa3oBaHusl, HAYKHU.

BenukoOpuTtanus ocymiectBisieT pa3Butue HaHoHayku U HT yepe3 Coser
o (U3UKO-TEXHUYECKUM HcclieoBaHusIM U HanmoHaneHyo Gu3nueckyo ja-
oopatoputo. Bo ®paninuu >TuM HampabieHuem 3anumaercs [HHU (Llentp
HAy4YHBIX HCCIIEIOBAHUN).

Kwuraii, FOxnas Kopes ctpemsarcs nHarnate CIIA u fIlnonuro mo Hampas-
JeHUsIM U 00beMaM, HO JENal0T 3TO y3KonpopuiabHO. Takxke 00JibllIoe BHUMA-
HUE yaenseTca pa3Butuio HaHoHayku U HT B psane npyrux crpan. @yHaaMeH-
TaJbHbIE MCCIEIOBAHUS B 00JIACTM HAHOTEXHOJIOTMH mpoBojsaTcs B Poccuw,

Ykpaunne, benopyccuu B pamkax rocyJIapCTBEHHBIX HAYYHBIX ITPOTPaMM.
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B 2002 rony Cus Jlexkep coeaunun yriepoanyto Tpyoky ¢ JJHK, nomyuns
eauHbIi HaHoMexaHu3M (puc. 1.11).

Puc. 1.11. Coenunenne nanorpyoku ¢ JJHK

B 2003 roxy Kapno MonTemManb0 00bEIUHUT MOJIEKYJISIPHBINA JTBUTATEIb
(poTop) ¢ HaHOpa3MEpPHBIMU YCTPOWCTBAMHU U3 KPEMHUSA. DTO OTKPBUIO HOBBIE

BO3MO’KHOCTH ISl CO3/1aHUSI MOJIEKYJIAPHBIX HaHOMAIIKH (puc. 1.12).

Puc. 1.12. Cxema co31aHusi MOJIEKYJISIPHBIX HAHOMAIIUH
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B 2003 rony mpodeccop @enr JIvto n3 ynusepcurera mrarta kOta, onupa-
acb Ha paboTel @panna ['mccubia, ¢ MOMOMIIBIO aTOMHOTO MHUKpPOCKOMA IO-
cTpous1 00pa3bl OPOUT FIEKTPOHOB MYTEM aHAIM3a UX BO3MYIIEHUS MPHU JIBU-
KEeHHUU BOKPYT sapa (puc. 1.13).

@pany l'uccubn

\\\
\l

B 2004 rogy B CIIA /[I»Bup belikep u bpaitan KynbmaH co3nanu HOBbIE
(dbepMeHThI ¢ n3MEeHEHHON (QYHKIMEH, HE CYIIeCTBYIOIIME B Iipupoe (puc. 1.14).

Puc. 14. HoBrie dep-
MEHTHI C U3MEHEHHOU

I1r6u0 betixep bpaiian Kynoman yHkumnei
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B tom ke rony poccuiickuit u 6putanckuit puzuk Koncrantun HoBocénos
COBMECTHO C COBETCKHM, HUIEPIAHACKAM U OpUTaHCKUM (U3UKOM AHJIpeeM
['eliMOM OTKpPBUIH aJUIOTPOIMHYI0 MOJIU(MUKAINIO YIJIepoaa, Ha3BaHHYIO «Trpa-

(den», KoTopas ABJISIETCS OJIMHAPHBIM CJI0EM aTOMOB yriiepoaa (puc. 1.15).

Koncmanmun Anoperi I'etim Puc. 1.15. I'paden
Hoesocénos

B 2005 rogy Kpucrtuan [ladmeiictep co3aan HOBYO TEXHOJIOTHIO CHHTE3a
MaKpOMOJIEKYJI ¢ HEOOXOIUMBIMU 3aJaHHBIMU (QYHKIHSIMHU, GOPMONA U Maccou
(ot 1000 mo 10000 manpToH). B mepcrnekTuBe ATO MO3BOJIAET CUHTE3UPOBATH

MOJIEKYJISIpHBIE OJIOKH J1J1s1 U3rOTOBJIEHUSI HaHOMaIIuH (puc. 1.16).

Kpucmuan
Llagmeiicmep Puc. 1.16. HanomamnHna

B CHIA yuenbiMu DpukoMm Yundpu u Ilonom Pormynnom B 2006 romy
ObLTM CcO37aHbl CioXHbIEe AByMmepHble Qurypsl u3z JIHK-ctpykryp, xoTOpbIe
Ha3zBanu JJHK-opuramu (puc. 1.17).
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Puc. 1.17. JHK-opuramu

B 2006 rony /xenmc Typ ¢ rpynmon y4eHBIX CO34aJ1 HAHOPA3MEPHYIO
MaIINHY, CACTaHHYI0 U3 0JIUTO ((DeHUIICH STUHUJICH) C aJIKHHUJIOBBIMU OCSIMU U
yeThlpbMsl chepuueckumu ¢Qysuiepenamu C60 B Bujae xosec (0akuboibl). [lon
JIEHCTBUEM TIOBBIIICHHS TEMIIEpAaTyphl HAHOMAIIIWHA JBUTAIACH IO TTOBEPXHO-
cTtu 30J0Ta (puc. 1.18).

Puc. 1.18.
baku0osibt

B BHJAC KOJICC

Lrceume Typ
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B 2007 rony dx. @peiizep CToamapT CUHTE3UPOBAT KOJIBIEBBIE MOJIEKY-
JIbl, KOTOPBIE MOTYT W3MEHSITh CBOM CBOICTBA MOJ JECHCTBUEM JJIEKTPUUYECTBA
(puc. 1.19). D10 mepcrneKTUBHOE HAIpPABICHUE MO3BOJIUT CO3/]aBaTh MOJIEKY-
JISipHBIE MBIIIIHI [6]. JTMHA MOJMMEPOB CIIOCOOHA COTIACOBAHHO COKpPAIaThCs
U pacCTATUBATHCS MPU U3MEHEHUU KUCIOTHOCTH cpelbl (pH): cokpamarbest mpu
MoBbIIIIeHUH pH ¥ yBEIMYMBATHCS TIPU €0 TOHUKEHUH.

- o

. ‘:-- P W0em
Y

3

0-0-0-0-0-0-4
+- @

’

L. Dpetizep

Cmodoapm Puc. 1.19. Konbuepas Mosekyia

B 2007 rony B Poccuu Onina co3gana denepanbHas meneBas mporpaMmma
«Pa3zButne uHbpacTpykTypbl B HaHOMHAYCTpuu Ha 2008—2010 roxapi». I'naB-
HBIMU B paMKaxX MEPCHEKTUBHBIX HAIMPABJICHUS PA3BUTHUS HAHOTEXHOJIOTUM
(HT) u nanomarepuanos (HM) siBnsnucs:

— HAHOAJIEKTPOHHMKA Y HAHOMH)KEHEPUS;

— ¢ynkuronansusie HM u1st sHepreTuky;

— (ynkuuoHanbHble HM 117151 KOCMHYeCKON TEXHUKH, HAHOOMOTEXHOJIOTUH;

— KOHCTpYyKIHoHHbIE HM;

— xomno3utHbie HM;

— uH(popmaInoHHas 0€30MaCHOCTh B HAHOUHTYCTPHUH.

B konne anpenst 2007 roma IlpaButrensctBoMm Poccuiickorn denepanuu
yTBepxkaeHa «lIporpamma paszButus HaHouHAycTpun B Poccuiickonn denepa-
uu 110 2015 romay.

B 2008 roay yuensie Ocamy Cumomypa, Maptun Yandu u Pomxep Lsns,
W3BJICKJIN JIIOMUHECIICHTHBIC KJIETKH W3 MEIY3bl U BBIASTHIN U3 HUX 3€JICHBIN
dayopecuieHTHBIN OenoK. 3eeHbl (hIyopeceHTHBIN 0eI0K — BEIIeCcTBO, OJia-
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rojaps KOTOPOMY Meay3bl HMEIOT BO3MOYKHOCTH IOJCBCYMBATH B TEMHOTE
(puc. 1.20).

Ocamy Cumomypa Mapmun Yangu Pooorcep Lans

Puc. 1.20. 3enenspiit
¢ryopecueHTHBIIH OeoK

B 2009 rony Hampuan Cuman ¢ rpymmoii ydensix u3 Heio-Mopkckoro
yHUBepcuTeTa coznanu camoopranusyronecs JJHK-cTpykrypsl, koTopsie cno-
COOHBI cBOpaunBatbca B 3D poMO031pHuecKre KpUCTaIbl C YCTaHOBIECHHOU
opueHTtanuei (puc. 1.21).

Haopuan Cuman Puc. 1.21. 3D pombosaprvecKre KPUCTAIIIBI
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B 2009 rony yuensie u3 fAnonun Ecuaku Cyrumoto, Macaroku A63 u Oc-
kap Kycraniie Hayuniuch BEIOUPATh OTIEIbHBIE aTOMBI KPEMHUS, 0JIOBAa U CBUH-
1[a 1 MAHUITYyJUPOBAaTh UMHU C TOMOIIBIO 30HJAa aTOMHO-CHJIOBOTO MHUKPOCKOIA
(ACM) (puc. 1.22) myis mOCTpOEHHUS CIIOXKHBIX MOJIEKYJISIPHBIX CTPYKTYp MpHU
KoMHaTHOU Temmnepatype. C nomoisio 30512 ACM Hanucanu cUMBOJI KPEMHUS

«Si» Ha 0JIOBE, MAHUITYJIMPYS OTACIBHBIMH aToMaMu KpeMHwust (puc. 1.23).

Macaroru A6s Ockap Kycmanye

eooo000 '

o000 00

Puc. 1.22. Cxematnu-

Puc. 1.23. Mouneky-

sorna ACM JsIpHAsi CTPYKTypa
U3 aTOMOB KPEMHHUSA

HOE M300paKeHUE

B 2010 rony corpyanukamu komnanuu IBM Obi-
Ja pa3paboTaHa TEXHOJOTUSl YJIbTPATOYHOM U OBICT-
poil muTorpadguu, KoTopas MO3BOJMIA CO3/1aBaTh pe-
abepHble 3D MoBEpXHOCTH B HAHOPA3MEPHOM JAuarna-
30He. CBOI0O HayyHyl0 pa3pabOTKy OHHM IPOJEMOH-

o CTpUpPOBAINA, HAYECPTHUB KPEMHHUEBBIM HAKOHCYHHUKOM
Puc. 1.24. 3D penbed-

Has KapTa Mupa

ACM penbednyro kapty mupa (puc. 1.24).
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B 2011 r. nemeukwuit ¢pusux JI. ['pun ucnonb3o-
BaJl CKAaHHPYIONIIYI0 TYHHEIbHYI) MHUKPOCKOIHIO
(CTM) nnist onicaHus AEKTPOHHBIX U MEXAHUYECKHUX
CBOWCTB OTHEIBHBIX MOJEKYJ U MOJUMEPHBIX LIENO-
YeK.

B 2012 rony nemenkumu ¢usukamu ['epxapaom
Meiiepom, Jleo I'poccom u SkoBom Pemmom, paGo-

TaBIIMMU B KoMmanuu [BM, nonmydensl n3o0paxeHus
Jleonapo I'pun

pacrpenesieHus] 3JEKTPOHHBIX 3apsA0B B MOJIEKYJIe
C MOMOIIBI CKAaHUPYIOWIEW 30HIOBOM MHUKPOCKOIWH, YTO IMO3BOJUIO JOCTa-
TOYHO MOAPOOHO OMPENEIUTh CTPYKTYPY OTIEIBHBIX MOJEKYJ, a TAKKE 3aMbl-

KaTh U pa3MbIKaTh OT/EJIbHbIE XUMUYeCKUe cBs3u (puc. 1.25).

I'epxapo Meiiep Hxoe Penn

Puc. 1.25. Pacnipenenenue
3NIEKTPOHHBIX 3aps/I0B B MOJIEKYJIE

B 2014 roxy rpymnme ydensix u3 CToH(OPACKOTO YHHBEpCUTETA MPHU CO-
NEUCTBUU y4eHBIX U3 benpruu, I'epmanun u YKpauHbl yIalOCh «CKPECTUTH

ABC HC CaMBbIC OOBIYHBIC (bOpMBI yriepoaa — MI/IKpOCKOl'II/I‘IeCKI/Iﬁ ajiMa3, TakK
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Ha3bIBa€MbI aJiMa3ou]l, ¢ O0aKMOOJJIOM — €Ill€ OJHUM W3 BHJIOB Yriepoja,

dopMa koToporo HartoMuHaeT hopmy GyTOoIBHOTO Ms4a (puc. 1.26).

aJIMa3oul 0aKuOOJIJIbI

Puc. 1.26. Bung anma3ouioB 1 0aku0o0L1

HOJ'IyLII/IBIlIaHCSI B PC3YJbTATC TAKOI'O «CKPCIIUBAHUA» MOJICKYJIA IIPOBOJAUT

SHGKTpI/I‘-ICCKI/Iﬁ TOK B OJJHOM HaIIPpaBJICHHUU, SABJISAACH, 110 CYTH, dHAJIOT'OM H3-

BCCTHOI'O J3JICKTPOHHOI'O KOMIIOHCHTA, HA3bIBACMOI'O JHOJ0M. HaHHOC JOCTH-

KCHHC ABJIICTCA BAXXHBIM IHAroM IJIsi COKpallCHUs KOMIIOHCHTOB 3JICKTPOHHBIX

YUIIOB 1O MOJICKYJIAPHOTO YPOBH:A, YTO, B CBOXO OUCPCAb, ITO3BOJINUT U3IrOTABJIN-

BaTh JCHUCTBUTEIBHO MHUHHUATIOPHBIC 3JICKTPOHHBIC YCTpOﬁCTBa, 06]121,[[21}01_[[1/16

JIOCTaTOYHO BBICOKOM MOIIIHOCTBIO U 3(1)(1)€KTI/IBHOCTBIO.

B 2015 rony yuensle u3 yHuepcurera Conupy-

Puc. 1.27.
[lenTarpaden

xectBa Bupkunuu, Kuras u SIlnoHun oOHapyXuiu
HOBYIO CTPYKTYPHYIO Pa3sHOBHUAHOCTH yIJepoja, Mo-
JYyYMBIIYI0 Ha3BaHue «meHTarpaden» (puc. 1.27).
OTOT MaTtepuall, Kak U OOBIUHBIN rpadeH, SBIAETCS
dopmoii yriepona OJHOATOMHOW TOJIIUHBI, OJHAKO
CTPYKTYpa €ro IUIOCKOM KPHUCTAJUIMYECKOW PEIICTKH
COCTaBJICHA HE W3 NPABWIbHBIX IIECTUYTOJIBHUKOB,

Kak y OObBIYHOTO TpadeHa, a u3 nATuyrojbHUKoB. Co-

IIAaCHO IPOBCACHHBIM IIPCABAPUTCIIBHBIM PACUYCTaAM

HCHTana(I)CH JOJI2KCH O6J'IaI[aTB BBICOKOM XMMHUYECKOM CTa6I/IJ'IBHOCTBIO,

YCTOI\/JI‘II/IBOCTBIO K BO3JCHUCTBUSIM BBICOKOU TCMIICPATYPHI, MeXaHU4YeCKOM

IMPOYHOCTBIO U APYTUMHU YHHUKAJIbHBIMU XaPAKTCPUCTUKAMMU.
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Kpome ymnopsiounBanusi KpUCTAUNIMUYECKUX CTPYKTYp JUIsi U3MEHEHHS
CBOMCTB MaTEPHUAIOB UCIOJb3YIOTCS TPUPOIHBIE AE(DEKTHI B KPUCTATUTMYECKHUX
CTPYKTypax MOJIEKYJI, a TAK)K€ METOJbI 10 HAMEPEHHOMY CO3/IJaHUI0 Je()EKTOB
Ha OCHOBE 3aMEIIECHMS B y3Jax win Mexaoys3nusax. B mae 2016 roma Uccneno-
BaTeJIbCKUKM yHUBepcuTeT, Haxoxasnuiics B Canra-bapoape (CILIA), npencra-
BUJI HAYYHOMY COOOIIIECTBY CBEPXUYBCTBUTENBHBIN JAaTYMK HA OCHOBE Je(ek-
Ta, KOTOPBIA MO3BOJISIET U3MEPUTh MATHUTHBIN MOTOK, UCMOB3Ys 3(PheKT Ba-
KaHCUH, BO3HUKAIONIUI MPU 3aMEHE aToMa yIiiepojia Ha aTOM a30Ta B KpUCTal-
audeckou siuerike anmasa. [Ipoxos ckBo3b AeeKT, HHTEHCUBHOCTh CBETOBOIO
MOTOKA MEHSETCS, U €€ U3MEPEHUE MO3BOJIIET BHIUUCIUTh 3HAYEHUE MATHUTHO-
ro noss. [Ipu o0beAMHEHNN HECKOIBbKIX TOHYANIIINX aJIMa3HBIX UIJ B TPYOKY C
aTOMOM a30Ta Ha OCTPHUE MOJYUYMJICA MUKPOCKON HAaHOPa3MEPHOTO JMana3oHa,
CIIOCOOHBIN pabOTaTh NPU KPUOTEHHBIX TEMIIEpaTypax.

B 2017 rony (paHIily3ckuM y4€HBIM YJalOCh 3apPErUCTPUPOBATH MEPEXO/]
BOJIOpOJia U3 0JIHOU (popmbl B nipyryro nipu AaBienun 425 I'Tla. I'azoo0paszHoe
BEILIECTBO MEPENIO B METATUTMYECKYIO (hopMYy.

HanonpoBoiHUKH, MpeoOpa30BhIBAIOIINE TEIUIO B 3JIEKTPUUECTBO, BbIpa-
HIMBAIOTCS MTyTEM 0OCOOOM KPUCTAUIM3AIMU TEJUTypUJa OJOBa BHYTPH OYEHB
TOHKHUX YTJIEPOJAHBIX HAaHOTPYOOK. DTH HAHOTPYOKH BBICTYNAIOT B POJIM I11a0-
JIOHOB, HE J]aBasl KPUCTAJUTy Marepualia yBEIUYUBATHCSA B TOJIIMHE BO BpEMs
BbIpaI[MBaHUS.

Temnmo, BeIIENSIONIEECS MPU PabOTE Pa3TUYHBIX MEXAHU3MOB U JIEKTPOH-
HBIX YCTPOMCTB, MOXHO MPeoOpa3oBbIBaTh B JJIEKTPUUECTBO MPHU MOMOIIU
HAHOIIPOBOJIHUKOB, MMEIOIIMX aTOMapHyl0 TOJIIMHY. Bpicokas sddexTus-
HOCTh Takoro MnpeoOpa3oBaHusi, COTJIACHO pe3yJibTaTaM HMCCIIeOBAHUM, MTPOBeE-
JICHHBIX YYE€HBIMM U3 YHUBEpPCUTETOB Yopuka, KemOpumxa u bupmunrema,
npesbliaet 3P hexkTuBHOCTh MO00HBIX HT. Bo Bpems npoBeaeHus TeopeTuye-
CKOW YacTH JaHHBIX MCCJIEAOBAHUI YUEHBIC BBIBEIH, YTO MEXK]Y pa3zMepamu
HAHOTPYOKHU-11a0I0HA U 3(PPEKTUBHOCTHIO TEPMOIIEKTPUUECKOTO TIpeodpaso-
BaHUsI OJTHOTO HAHOMPOBOJHHUKA CYIIIECTBYET IOCTATOYHO KpyTas MpsiMasi 3aBU-
cuMOoCTh. M Bce 3TO OBLIIO MOJITBEPKIAEHO MO3KE IKCIEPUMEHTAIBHBIM MYTEM
IpU MTOMOIIYM HAHOTPYOOK Pa3IMYHOrO JAMAMETPa U BBIPAIIEHHBIX BHYTPU HUX

HaHOIIPOBOJHHUKOB M3 TCILIIypHUda OJIOBA. 910 OTKPBbLJIO BO3MOJKXHOCTH K H3I'O-
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TOBJICHUI0O MHUHHUATIOPHBIX TEPMOAJICKTPUUECKUX TE€HEPATOPOB CIEAYIOLIETO
MOKOJICHUSI, 00JIaTa0IINX BEICOKOM 3()(PEKTUBHOCTHIO.

Crpoenune rpadeHa, KOTOPBIN MPECTABISIET COOON «JTUCT» aTOMOB YIJle-
po/ia OJHOATOMHOM TOJIIMHBI, JOCTATOYHO MPOCTOE, OJHAKO 3TOT YCJIOBHO
JIBYMEPHBIM MaTepuall 00J1alaeT LEIbIM PSIIOM YHUKAIbHBIX U yAUBUTEIBHBIX
cBoiicTB. KoManga yuenbix u3 ynusepcurera Crandopaa B 2018 roay nokasa-
na, uyTo rpadeH, 1ehOpMUPOBAHHBIN 0COOBIM 00pa30oM, CIIOCOOEH MPOU3BOIUTH
MarHutHoe noJjie. [IpumedarenbHo TO, YTO OOHapyx’eHHast ocolast popma mar-
HETU3Ma paHee OblIa TOIBKO B MPEATIOIOKEHUH.

Pactymuii uHTEpEC K HAaHOPA3MEPHBIM MaTepualiaM MPOSBISIET HE TOJIBKO
Hay4yHOE COO0OIIecTBO, 3aHUMaroleecs (GyHIaMeHTaIbHON HAayKOW, HO U TMpO-
U3BOJIUTENH, M (PMHAHCOBBIE KOopropaluu. [IpuyuHbl 1715 3TOrO ClienyIoue:

— CTpEMIJICHHE K YMEHBIIECHUIO Pa3MEPOB OOBHEKTOB;

— yHukajibHbIe cBoiicTBa HM u HC;

— HE0OXOAMMOCTh Pa3pabOTKU U BHEIAPEHHUS HOBBIX MaTEpHANIOB C Kadye-
CTBEHHO HOBBIMHU CBOMCTBAMH, HEJIOCTYITHBIMU PAHEE;

— pa3BUTHE HOBBIX TEXHOJIOTUYECKUX MPUEMOB U METOJOB, 0a3UPYIOLIUX-
Csl Ha IPUHIUIIAX caMOCOOPKU U CaMOOpraHU3aIliu.

PazButune dhyHnaMeHTaIbHBIX U MPUKIAAHBIX Npeacrapienuit o HM u HT
MPUBOJIUT K KapJAWHAIBHBIM H3MEHEHHSIM BO MHOTHX c(epax d4enoBe4YeCKOu
NESTENLHOCTH U SBJISETCS (PYHIAaMEHTOM HAayYHO-TEXHUYECKOW PEBOJIIOIUU
B XXI Beke.

B P® B coorBerctBuM ¢ deaepanbHbiM 3akoHOM OT 19 wrons 2007 r.
No 139-®3 «O Poccuiickoii Kopropalud HaHOTEXHOJOTHiI» OblLla cO3/1aHa
«Poccuiickas kopropaiusi HAaHOTEXHOJOTUi», kotopas B 2011 r