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CoaepkaHue




B 1751 . M.B. JlIoMOHOCOB B cBoeM 3HaMeHHUTOM “CJI0B€e O IOJIb3€ XUMHUH  ITHCAI:
“IIlmpoKO pacIPOCTUPAET XUMUA PYKH CBOM B Jlejia uejioBeueckre. Kyzna Hu mocMoTpuM, Kyzia
HU OIJISTHEMCS - Be3/e 00paIlaloTces mepesi 04aMi HaIlIMMU YCIEXU €€ IPUMEHEHUs .

COBpeMeHHa}I XUMHUA HACTOJIBKO KPYITHAaA OTpacCJib €ECTECTBO3HAHUA, YTO MHOT'HE U3 €€
pa3aciioB ABJIAIOTCA CaMOCTOATE/IbHBIMUA, XOTA U TECHO B3aUMOCBA3aAHHBIMHY HAYYHBIMHU
AUCHUIIJIMHAMUA.

MpbI BCe yallie CJIBIININM CJI0Ba HAHOHAYKA, HAHOTEXHOJIOTHU S, HAHOCTPYKTYPUPOBAHHBIE
MaTepUabl 1 00bEKThI. OTUACTH OHU YK€ BOIILIN B IIOBCETHEBHYIO KM3Hb, UMU 0003HAYAIOT
IIPUOPUTETHBIE HATIPABJIEHUA HAYyYHO-TEXHUYECKOU MOJTUTUKU B PA3BUTHIX CTPAHAX.

AXmyanrbHOCMb UCCIeI0BAaHUA TECHO CBA3aHa He TOJILKO C ee 3J1000/ITHEBHOCTHIO, HO U
C ee MaJION3yIEeHHOCTHIO 1 HEOOXOANMOCTHIO BOCIIOJTHEHUA HEOCTAIOIEN HAYYHOM
nH@OpMaInH, T. K. HAHOTEXHOJIOTUS - 3TO COBpeMEHHAaA HayKa, KOTOpas He CTOUT Ha MECTE.

B nipakTH4YecKoM acleKTe HAaHOTEXHOJIOTHUH - 3TO TEXHOJIOTUH MPOU3BOJICTBA YCTPOUCTB U UX
KOMITOHEHTOB, HEOOXOIMMBIX JIJIsI CO3aHusI, 00pabOTKN U MAaHUIYJIAIINN aTOMaMH,
MOJIEKYJIaMH U yactuiiamu. Celiuac HET HU OHOM TEXHOJIOTHUH, B KOTOPOU OBI He
HCII0JIb30BAJINCh HAHOTEXHOJIOTUH. A HCII0JIb30BaHNE B HAHOTEXHOJIOTHUH MePEeIOBBIX
Hay4YHbIX PE3YJ/IbTaTOB II03BOJISIET OTHOCUTDH €€ K BRICOKUM TE€XHOJIOTUSIM.
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Llenb gaHHOM paboTbl — pacKpbITb MOHATHE
HaHOTEXHOMNOMN, N3Y4UTb XMUMUYECKME OCHOBbI 3TOTO
HanpaereHnsa Hayku. [Ina oocTuKeHuns uenm Heobxogmmo
PELUUTb PAa 3adav:

N3yunTb NCTOPUIO BO3HMKHOBEHUA HAHOTEXHOMNOMN
[1aTb onpeneneHmne HaHOTEXHOMOMMK

Onpenenutb 06r1acTtb HAHOTEXHOSTOMNU

N3yunTb OCHOBHbIE 3aa4M HAHOTEXHOIOMNK

PaccMoTpeTb OCHOBHbIE TEXHOMOMMM NOMTy4YEHNS
HAHOOOBEKTOB

N3yunTb NpMMEHEHNN HAHOTEXHOMNOMMN B XMW,
ovonorun, meguumnHe

7. OnpepenuTtb 3Ha4YeHWE XMMUK B NpoLecce pa3BUTUS
HaHOTEXHOOMM
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BniepBble 3T0 Hay4yHOe HanpaBreHme o6o3Ha4mnn Hobenescknn
naypeart no gusuke Pu4yapo ®elHMaH B CBOEWN NEKLNM C 0Opa3sHbIM
Ha3BaHWEM «BHMU3Y NOMHbIM-NOMHO MecTa», NPOYUTaHHOW B 1969
rogy, B KOTOPOW OH 060CHOBAas NPakTUYeCKN HEOrPaHUYEHHbIE
NepcnekTuBbl MaTepuarnoB N YCTPOUCTB, MOCTPOEHHbIX Ha YacTuuax C
pasmepamun, COM3MeEPMMbIMU C pa3mMmepamMmn eaNHNYHbIX aTOMOB UMK
MOJIEKYN, @ UHTEHCMBHOE pPa3BUTMNE STOrO HanpaBreHus! yXXe B
HacTosILLLee BPEMS NPUBENO K LierIoMy psaay OTKPbITUN B
eCTEeCTBO3HaHNN U TEXHOSIOMUN,

B 1983 roay oanH U3 NMOHEPOB HaHOPa3MepPHbIX KOMMNbIOTEPOB

®. Kaptep npeackasan, YToO MUKPOISIEKTPOHHbIE MHTErpanbHbIe
CXeMbl NepeceKkyT HaHOMETPOBYO rpaHuLly okono 2020 roaa. OpgHako
Ha4ario NpakTM4eCKon HaHOTEXHOSIOrmm ObINo 03HAaMEHOBAHO
n3obpeteHrnemM B 1982 roay CKaHMPYHOLLEro TYHHENBHOIO
Mmukpockona (CTM). Tak, ¢ nomowybto CTM okasanocb BO3MOXKHbIM
nepemMeLleHne nHamsmayanbHbIX aTOMOB 1 MOSIEKYNAPHbIX
doparMeHTOB N0 NOBEPXHOCTU NOASIOXKKN B 3apaHee ornpeaeneHHble
MecCTa.
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* HaHo (0603Ha4YeHne H NN n) — ogHa MunNnapgHasa Yactb eanHoro uenoro. [lonsHagd
npucTtaBka B cucteme eauHunl CU, o3Havarowas MHOXuTenb 100-9 (ogHa
MunnuapgHas).

HaHomeTp (HM, nm) — eanHMLa N3MepeHns ArMHbl B METPUYECKOW CUCTEME, paBHas
O4HOW MUnnmMapaHom YacTtun metpa (T.e. 10A-9 meTpa). YcTtapeslliee Ha3BaHne —
MUSTIIUMUKPOH (107—3 MUKPOHA; 0603Ha4YEHUA: MMK, m)

*HaHoTexHonorua — mexagucumninHapHaa obnactb dyHaamMeHTanbHoM u
NPUKIagHON HaYKU U TEXHUKU, UMELLIas Aero C COBOKYMNHOCTLIO TEOPETUYECKOIO
000CHOBaHUS, NPAKTUYECKNX METOAOB NCCNEeOOBaHNS, aHanmMs3a u CUHTe3a, METOA0B
NPUMEHEHNSA N CO30aHNS OOBEKTOB MYTEM KOHTPONNPYEMOIro MaHUMyIMPOBaHUS
OTAESIbHbIMM aTOMaMu, MorieKkyriaMmum U KOMNoOHeHTaMu ¢ pasmepamu ot 1 4o 100 HM (B
OLHOM WIN HECKOMNbKUX HanpaBneHusx).

 HaHomaTepuanbl - MaTepuarnbl, cogepXxalime CTPYKTYPHbIE 3NIEMEHTHI,
reomMmeTpmnyeckmne pa3mepbl KOTOPbIX, XOTA Obl B OQHOM N3MEePEHNN, HE NPEBLILLAOT 100
HM, 1, BCNeACTBUE Yero, oorne O6IaCTh HAHOTEXHOIOTHH
doyHKUMOHANBHBLIMW U 3KCMNY I I I I ] I l I

10MxM  1MrM 0 , Taxm 0O ; 001mkm 1M O, 1HM 0 . Olum 0,001

—

BakTepuu ___ Monewxyum ATOMEI
KinneTouHrle OpraHeJuJis




HaHoTexHOnorma wmexgucuunnmHapHasa Hayka, Ana npoBeaeHns HayyYHbIX
nccnegoBaHNMM UCNOSb3YHT MHOXECTBO METOAOB «KITACCUYECKMX» HaYK: Bruosrorum,
Xumumn, donsukn. OgHako ecTb 1 bonee HoBbIN, cneUndUYHbLIN ANA JaHHOMN HayKu
METOA- CKaHMpyroLada 30H40Bass MUKPOCKOMUS.

PaGoTa ckaHMpyoLLEero 30H40BOr0 MUKPOCKONa OCHOBaHa Ha B3anMoaencTBunm

NOBEPXHOCTN oDpasua Cc 30HOOM (KaHTUNeBeP, Urna unun ontTudecknn 3oHa). MNpu
Mariom

PACCTOAHNN MEX Y NOBEPXHOCTLIO M 06pa3LIoM AENCTBME CUIT B3aUMOOENCTBUS
(OTTankMBaHuUs, NPUTSXKEHUS, U APYTUX CUM) N NPOSIBIIEHNE Pas3MYHbIX 3 dEKTOB

(HanpuMep, TYHHENUPOBaHME 3NEKTPOHOB) MOXHO 3a(PMKCUPOBATE.C MarntiL N

AN Cant | ey t)

COBpeMEHHbIX CpeancTB permctTpaunin.

OCHOBHbIE TUMbl CKAHUPYOLLMX 30HAOBbLIX MUKPOCKOMOB:
» CkaHupyowmm aToMHO-CUNOBOWN MUKPOCKONM
« CkaHupyoLWmMii TYHHESTbHbBIN MUKPOCKON

*  BnmxHenosnbHbIN ONTUYECKUA MUKPOCKON KaHTunesep B ckaHupytoLem
ANNIEKTPOHHOM MUKPOCKONe

(yBenunyeHue 1000x)

B C



EXHOJ10INMI NoryyvYeHn4

[ns peweHna psga npobnem — anekTpoHUKK, BUonorum, Xmmmm — 6onbLLUNX pasMepoB OOBHLEKTOB He
TpebyeTcs, HaNPOTMB, YMEHbLLUEHNE Pa3MePOB B ANEKTPOHUKE HE TONbKO MO3BOSNIIO PELLNTL TE XKe
camble 3a4a4yun, HO U 3HAYUTENBHO YIYULLINTb NPaKTUYECKM BCE XapaKTePUCTUKM U3LENNIN, MPUYEM B
page obrnacTten Haykn n TEXHUKN YMEHbLLEHNE pa3MepPOoB ABMNAETCS HEOOXOAUMbIM YCITOBUEM

pelleHna npobnem.

TexHonornm, ncnonb3dyemMble st 3TOro, MOXXHO
rpybo pasgenutb Ha aBe Yactu. B psge cnydaes
HAHOOOBLEKTLI MOXXHO MOyYaTh N3 BOMbLLIOW 3aroTOBKM,
nyTem yganeHuns nuHero matepuana. Takue TeXHOMNormm
WHOr4a Ha3bIBaKT «CBEPXY BHM3». [TprMepom Takmnx
TEXHONOrMn ABNATCA NPUMEHEHME TOHKOrO nepemora
(cyxoro n ToHKOro) matepuana, obkanbsiBaHue,
oTnNUNuBaHuWe 1 T.4.

«CBepXy BHU3»

Mony4yeHue
HaHOOOBLEKTO
B U3 bonbwon
3aroToBKM,
nyrem
yaaneHun
nUWwHero
marepuvana

ObkanwiBaHue
marepuana

ToHkuA
nepemon
marepuana

OTnunueanue
marepana

BTopon Bna, HasbiBaeMbI TEXHOSTOIMSMU « CHU3Y BBEPX» ,
nogpasymeBaeT nosty4yeHme o6bekToB U3 OTAENbHbIX aTOMOB,
Hanpumep NpoBeAEHME B PACTBOPE XMMNYECKNX PeaKLIMIA,
CconpoBOXaarLLmMxcst 0bpasoBaHMEM HEPACTBOPUMbIX UMK
TPYAHOPACTBOPUMbIX BELLLECTB (Pa3fiMyHble TUMbl peaKLmi:
rmapornns, OKUCNeHne, BOCCTAHOBIEHNE, HENTPanNU3awumio);
MEeTOoAbl MONEKYNSAPHO-Ny4EeBOM anNuTakcum Yepes Tpadaper,
camocbopka 3a cHeT NoBEePXHOCTHOM Anddy3smmn, cbopka
HY>XHOW KOH(pUrypawumm n3 otaenbHbIX aTOMOB C MOMOLLbHO
CKaHMPYIOLLLEro TYHHENbHOro MMKpOCKoMa.

«CHU3Yy BBEPX»

Camocbopka 3a
cyer
NOBEPXHOCTHON
anddyaum

Coopka ua
OTAENLHBLIX aTOMOB C
NOMOWbLK
CKaHUpyroLLero
TYHHENBHOO
MHKpOCKona

Mony4eHue
00bekToB 13
oTAGNLHBLIX
aToMoB

Mpoeegerve B
pacTeope
XUMUUYBCKIX
peakuuvi

-rMaponua
~OKMCNEHWE
-BOCCTAHOBNEHWE

y
-HeWTpanuaaums MeToasl
MONEKyNAPHO-
Ny4eBO ANUTAKCUU
yepes Tpacaper




9OTO B OCHOBHOM Cbl/l3|/l'~—IeCKI/Ie MeTOoAbl NnonyvYyeHnda HaHoMatepuaros:

» [1na3smeHHoe HanblneHue: NnasMmeHHoe, aHoAHOE, MarHETPOHHOE U T.A4.
*  WOHHO-ny4yeBasd anuTakcus

* [asodraszHoe KoMMnakTnpoBaHme

* MeToabl NazepHOro ncnapeHus

» KoHTponunpyemasi Kpuctannmsauyms

« [ucneprnpoBaHue N NaMens4eHne

« [lnacTtunyeckasa geopmauus

Hanpumep, B yCTaHOBKE Mj1a3MeHHO20 OCaXAeHUs B 30HY Nra3mMbl BMECTE C MHEPTHbLIM ra3om —
HOCUTENEM BBOAATCA coeanHeHMsa MmeTanna. B 30He nnasmbl KOHTaKTUPYHOT C OpraHNYeCcKNM
MOHOMEPOM 1 06pa3sytoT cTabunmanpoBaHHble NONMMEPOM HaHOYACTULbl OKCUAOB, HUTPUAOB,
kapbugos metanna.

[Mpn 2a3ogha3HOM Nony4YeHNn HaHoMaTepManoB YacTuLbl METANMOB U3 TUMMSA — UCNapUTEns
HanpaBnsATCA Ha PUNBLTP, C KOTOPOro OHM YAansTCA NOTOKOM rasa. B pesynerare
KOMMaKmupoeaHusi — YKPYNHEHUS1 HAHOYaCTUL, BO3MOXHO CEPUIAHOE MONy4YeHne HaHOMOPUCTbIX
mMaTepuarnos.

B cny4ae ncnonb3oBaHus J1la3epHO20 ucnapeHus Ansi HAaHECEHWS MOKPbITUS Ha pa3nUYHble YacTuLbl
MCNonb3yTCs Nasepsbl, paboTatoLLme B UMNYNbCHOM UIK HEMPEPbLIBHOM pexumax. [Mpy aToM nasepHbii
NyY BbICOKOW MHTEHCUBHOCTM NadaeT Ha MeTannnM4ecknii CTepXKeHb, Bbi3biBasi UCNapeHe aToOMOB C
MOBEPXHOCTU MeTanna, KoTopble YHOCATCS NMOTOKOM renus Yepes conna. PaclumpeHne aToro notoka B
BaKyyM NPUBOAUT K €ro OXNaXXAeHUo 1 06pa3oBaHuio KnacTepoB aTOMOB (HaHOYacTUL) MeTanna.

HaHomaTtepuansl MOXHO nosny4vartb U MOAEPHN3NPOBaAHHLIM MemodomM BepHelisisi, Korga CBepXnerkun
NOPOLLOK («nyapa») obpabaTbiBaeMoro matepuana npornyckaeTcs Yepes pakesn u3 roproyero rasa
(BOOOPOOHO-KMCITIOPOAHOE NNnams), unm nnasmy 06e3anekTpoLHOro BbICOKOMACTOTHOIO U 3NEKTPOLAHOIO
paspsgoBs. B nnameHe obpasyoTcs HaHOYaCTULIbI OKCUMAO0B METAansIoB, KOTopble B BUAE nopoLuka (~50HM)
xpaemom noanoxke. Ha 6ase Takon TEXHONOIMMN yxXe nony4YeHbl TBepable
wﬂwmaammme M3HOCOCTOWKOCTb PEXYLLMX NMOBEPXHOCTEN, NX XKAaPOCTONKOCTb U

1 11AMS/SN/N"T™)



K OCHOBHbIM XUMUYECKMM METOAAM MOMNYy4YEHUs1 HAHOMaTepunanos
OTHOCATCS crneayloLue:

e XMmMmyeckasa KoHgeHcaums napos
» XnokodpasHoe BOCCTAaHOBIEHUE
 Pagnonus

 MaTpu4yHbIN CUHTES

Xumu4yeckasi KOHOeHcauusi napoe. Ha HayanbHOM 3Tane
NCXOOHOE BELLECTBO NUCMAPSAIOT, MPUMEHSA Noaxoasime Metoabl
Harpesa. [apbl BelecTBa pa3basnaoT 60bLWLMM N30bLITKOM NOTOKA
NHEPTHOrOo rada. ObbIYHO UCMNOMb3YHOT apProH UMMM KCEHOH. ory4YeHHyto
naporasoBy0 CMECb HanpasnAlT HAa NOBEPXHOCTb 0bpasa (Nonoxky),
OXNaXQeHHYI0 40 HU3KUX TemMriepaTyp.

dopmMurpoBaHMe HaHOYaCTUL, Ha MOBEPXHOCTU NOASIOXKKN ABMASETCSH
HepaBHOBECHbIM NPOLIECCOM U 3aBUCUT OT psiaa (aKkTOpPOB:
TemnepaTtypbl NOANOXKM, CKOPOCTU KOHAEHcaLUun 1 T.A4. Nony4yeHme
HaHO4YaCTWL, METO4OM COKOHAEHCaLMN HECKONbKUX BELLEeCTB Ha
oxna)xaaemol NoBepxXHOCTM NO3BOSISAET NIErko BBOAUTb B X COCTaB
pa3nuyHble JobaBKW, a B NPOLIECCE KOHTPONMPYEMOro Harpesa,
yBenMymBas NoaBMKHOCTb HAHOYACTUL, OCYLLECTBMASATb PSa HOBbIX U

HTE30B.



Paduonus. CvHTes HaHo4acTuUL Npu paavoniiae 3aknyaeTcs B BO3OencTeum
Ha CUCTEeMY YacTuL, N N3ryyYyeHnn BbICOKNX aHeprumn, bonee 100 aB. BaprnaHTom
pagnonnaa ABsieTcsa PoTonna ¢ aHeprnamMmm obnydeHms npumepHo 60 3B. MNpwu
pagnonnae B CUCTEMaXxX reHepupyoTcsl CBOOOAHLIE SNEKTPOHBI U paaukarnsbl. Tak, B
BOAHbIX pacTBopax npu obrny4vyeHnn n3 Mosiekyrbl BOAbl Nony4arTcH
rmapaTtnpoBaHHbIE 3NEKTPOHbI M paauKarsibl BOgopoga v rugpokcuna:

H,OM > H +0H +¢@

OMEKTPOHbI U pagukanbl NPy B3anMO4EeNCTBUN C UCXOOHbIM BELLECTBOM
obpasyloT HaHo4YacTUUbl. Pagnonns uMeeT psg CyLLEeCTBEHHbIX MPEMMYLLECTB Nepea
XUMUYECKNM BOCCTAHOBMNEHMEM. Paanonns3 BO3MOXEH Kak B XXUAOKUX, TaK N B
TBEPAbIX CUCTEMAX B LUMPOKOM TEMMEPATYPHOM UHTEPBAre; Nofydaemble
HaHo4YacTULbl UMEIOT CYLLECTBEHHO MEHbLLIE NPUMECEN APYrNX BELLECTB U MEHbLLLNI
pa3bpoc no pasmepam. CooTBETCTBEHHO, KAYECTBO MOJSTy4aeMbiX HaHOMaTepuanos
NOBbILLAETCS.

C ncnonb3oBaHNeM paanonuaa nosy4eHbl HAHOKOMMO3UThbI, COCTOSALLNE U3
Heckonbkux MeTannoB. Hanpumep, HaHOCUCTEMBI HUKENb-cepebpo ¢ AnameTpom 2-4
HM; BumeTannuyeckmne Yyactuubl Au-Ni pasamepom 2,5 HM, HaHECEHHbIE Ha aMOPMHBbIN
yrnepoga; TpuMeTannunyeckme HaHodactuubl Pd-Au-Ag. Obpasytolmecs
MHOrOCIMOMHbIE HAaHOKMACTEpHbIE MaTepuarbl npeanonaraeTcs UCMNonbL3oBaTb Ass
dheMToCceKyHOHbIX 3NEeKTPOHHbIX YCTPOUCTB HOBOIO NMOKONEHMS.
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aYelmVaYuVaYte e A

MaTepuansbl, pa3paboTaHHble Ha OCHOBE HaHO4YacTUL, C
YHUKaIbHbIMU XapakTepUCTUKaMU, BbITEKAKOLLIMMWN N3
MUKPOCKOMNYECKMX pa3MepoB UX cocTaBnaowmnx. B psge
paboT ncnonb3yeTtcs creayoLlas Knaccndmnkaums
OObEeKTOB HAHOTEXHOSOMK:

* YrneponaHble HaHOTPY6OKK
« QynnepeHs.l

* [pagpeH , 4. W e;'?;’-
HaHokpucTtansnbl ot T
Aaporersb 7 T
HaHoakkymynaTopbi RPN o T g o
CamoouuLaroumeca NoBepPXHOCTU Ha OCHOBE aq‘; "":
rnortoca
A T.A0.

Ho Heobxoanmo NOMHUTL, YTO AeneHne o0 bEKTOB

BECbMa YCJ10BHO.
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OTO MPOTSXKEHHbIE LMITMHOPUYECKNE CTPYKTYPbI AMaMeTpoM OT
O[HOr0 O HECKOSMbKMUX OeCATKOB HAHOMETPOB U ANIMHON A0
HEeCKOJIbKMX CAHTUMETPOB , COCTOALLME U3 O4HOW UMW HECKONMbKUX
CBEPHYTLIX B TPYOKY rekcaroHasnbHbIX rpaduToBbIX NSTOCKOCTEN U
3aKkaH4mMBatroLmecs 0ObI4YHO Nonyceprnyeckom ronoBKkon, KOTopas
MO>XXET paccMaTpuBaTbLCA Kak NornoBuHa MOSIEKYSbI doyriepeHa.

Bo3MOXHble NpUMeHeHNs HAHOTPYOOK:

» MexaHnyeckue NMPUMEHEHNA: CBEPXMPOYHbIE HUTMH,
KOMIMO3NTHbIE MaTepuaribl, HAHOBECHI.

* [lpUMeHeHNs1 B MUKPOSINEKTPOHMKE: TPAH3UCTOPHI,
HaHOMNPOBOAa, NPO3paYHbie NPOBOASALLNE NOBEPXHOCTH,
TOMNNBHbIE SNEMEHTHI.

« [1na cosgaHusa coeguHeHnn mexay buonornyeckmmm
HerpoHaMn N 3NEKTPOHHBIMU YCTPOUCTBAMN B HOBEULLINX
HEMPOKOMIMbIOTEPHbIX pa3paboTkax.

* KaI'II/IJ'IJ'IHprIe NMPUMEHEHNA: Kalncyribl 4J14 aKTUBHbIX
MOJ1eKkyrsl, XpaHeHne MeTasiiioB 1 ra3oB, HAHOMUMNETKW.

* MwuHMnaTIOpHbIE AaTYMKK ANst OBHapPYXEeHNS MONeKyrn B
ra3oBOW cpeae Unn B pacTBopax C yIbTPaBbICOKOM
YYBCTBUTENBLHOCTLIO. Takme HaHoAaTYMKL MOTYT
MCNONb30BaTbCS AJ1s1 MOHUTOPUHIA OKpY>KatoLLen cpeabl, B
BOEHHbIX, MEOULIMHCKNX N OMOTEXHOMNOMMYECKNX
MPUMEHEHUSX.
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COEANHEHUs], MpUHaanexalyue Knaccy annoTpornHbix dopm yrnepoaa
N NpeacTaBnstoLme cobom BbiNyKIble 3aMKHYTble MHOFOrPaHHUKM,

dynnepeHbl, 6akMborsbl UM 6YKNO005bl — MONEKYISISPHbIE

COCTaBIIEHHbIE N3 YETHOIO YNCIia TPEXKOOPANHNPOBAHHbLIX aTOMOB

yrrnepoaa. BOAHbLIN pacTBOp
C,,HyFn

ObGnactu npumMmeHeHus:

Xnmunyeckune csomctsa pynnepeHoB:

B C

AKKYMYNSITOPbI U 9NeKTpuYeckmne batapeun

[o6aBKkn Ans NomnyyYeHust ICKYCCTBEHHbIX anMa3oB METO0M
BbICOKOrO AaBneHusi(BbIXoa anmMasoB yBenuyineaeTcsa Ha =30 %)

Co3gaHue HOBbIX NekapcTB
OrHesalnTHbIE Kpacku
N3roToBneHne conHevHbIX 3rieMeHTOB

K Kaxkxgon Takon Mosiekysie MOXHO NPUBUTL Apyrne atoMbl U MOSEKYIbI.
MOXHO MOMECTUTb YYyXXepOaHbIn aTOM B LIEHTParIbHY0 NOSIOCTb Takom
MOJIEKYIbl KaK B CyNneprnpoYHbI KOHTENHEP.

PackpblB BHYTPEHHME CBSA3N (BbICOKMM AaBlIEHUEM, UHTEHCUBHbBIM
OCBELLEHNEM U T.M.), MOXXHO COeAMHUTL ABE (pynnepeHoBbIE MOMNEKYIbI B
anvep.




'padpeH (aHrn. graphene) — ABymepHas annoTponHas moandukauma yrnepoaa,

obpasoBaHHas cnoemM aToMOB yriepoaa TONWMHOM B OANH aTOM, COEANHEHHbIX

NOCPEACTBOM sp? CBA3EN B rekCcaroHarnbHYH ABYMEPHYIO KPpUCTaNnMYeckyo peleTky. Ero

MOXXHO NpeacTaBUTb KaK O4HY NMOCKOCTb rpadouTa, OTAENEHHY OT OOBLEMHOIO
Kpuctanna.

MNMony4yeHue:

Kycouku rpadpeHa nonyyaroT Npyu MexaHM4eCcKoM BO3LENCTBMN HA BbICOKOOPUEHTUPOBAHHbLIN
NNPOSNIUTUYECKNI rpadpuT. Kycouku rpadpeHa Takke MOXHO MPUrotToBuTb N3 rpadouTta, MCNosib3ys
XumMmunyeckune metogbl. CHavana MMKpoKpucTansbl rpaduta nogsepraroTcs 4ENCTBUKO CMECHU
CEPHON 1 CONAHOM KUCIOT. padonT OKNCNSETCA 1 Ha Kpadx obpasua NosBSTCS
kapbokcunbHble rpynnbl rpadeHa. Mx npespalyatot B Xnopuabl Npyv noMoLLy TMOHUAXNopuaa.
3atem nopg AencTBMeM OKTageuunaMmmHa B pactBopax TeTparngpodypaHa, TeTpaxsiopMmeTaHa 1

ONXIIOp3aTaHa OHU NEPEXOANAT B rpadeHoBbIE CIOV TOMLLMHOM 0,54 HM. OTOT XUMUYECKNIA METOL,

He eANHCTBEHHbIN, U,MEHAS OpraHU4YecKne pacTBOPUTESIN N XUMMUKATbI, MOXXHO NOMYy4YnUTb
HaHOMEeTpPOBbIE CIloun rpaduTa.

NMpumeHeHue:

» TpaH3ucTopbl ¢ 6a30BOU TOMNWMHON 40 10 HM
* Ou4eHb YyBCTBUTESNBHbIE CEHCOPLI A4 06

* M3roToBrneHne anekTpogoB B MOHUCTOPaXx

* HoBbI TMN cBeTOoAMoaoB (LEC)
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* WpeanbHbIN HAHOKPUCTANN — 3TO TPEXMEPHAsi HacTuLa COBEPLUEHHOM
CTPYKTYpbI, MneHHas Bcex AedPEKTOB CTPOEHNS, CKOPEE 3TO
MaTeMaTU4yeCKNN 0ObEKT, UMEIOLLMIA NOSHYI0, CBOUCTBEHHYIO EMY
CUMMETPUIO, NAeanbHO rnagkue rpaHn n T. a. iaeanbHbI HAHOKPUCTAaMNT
(KpucTansn) aBnseTcs TeopeTU4ECKON MOAENbIO, LUMPOKO NCMOSIb3YyEMON B
Teopuun TBEPOOro Tena.

* PeanbHbIM HAHOKPUCTANN BCErda CoAepXUT pasfnydHblie AedeKThl,
HEPOBHOCTW Ha rPaHsAX N MOHMKEHHYIO CUMMETPUIO BCIeACTBUE BO34ENCTBUS
oKpyXatowen cpeabl. PeanbHbin HAHOKpUCTaN BoobLle MOXET He obnagaTtb
KpucTtannorpaduyieckumm rpaHsiMm, HO y HEero COXpaHsieTCs rnaBHOE
CBOMCTBO — 3aKOHOMEPHOE MNOJIOXXEHNE aTOMOB B PELLETKE.

»  OCHOBHOW OTNIMYNTENBHLIN MPU3HAK CBOUCTB KPUCTANMNoB B TOM YnCIE U
HaHOKPUCTasNoB — UX aHM30TPONUA, TO eCTb 3aBUCUMOCTb UX CBOUCTB OT
HanpaBeHud, Toraa Kak B U30OTPOMHbIX (XKMOKOCTAX, aMOPJOHbLIX TBEPAbIX
Tenax) nnn NceBaon3oTPONHbIX (MONMKPUCTanNIbl) Tefiax CBOMCTBaA OT
HanpasfieHUn He 3aBUCAT.

NpumeHeHue:
1. AKTUBHbIE 3fIEMEHTbI 3NEKPONMIOMUHUCLIEHTHbLIX NaHerneu

2. driyopecueHTHble MapKepbl pasfinyHbIX OMOornyecknx o6bLEeKToB
3. HaHokpucTannuyeckune cosiHeyHble batapeun
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Asporenu (oT naT. aer — BO3ayx U gelatus — 3aMOpPOXXEHHbIWN) — Krlacc
mMartepuanos, NpeacTaBnsoWwmx cobon refib, B KOTOPOM Xuakasi dasa
NOMHOCTLIO 3aMelleHa razoobpasHon. Takme matepuarnsl obnagatoTt
PEeKopAHO HN3KOU NSTIOTHOCTbLIO U AEMOHCTPUPYIOT PAL YHUKANbHbIX CBOUCTB:
TBEPLOCTb, NPO3PAaYHOCTb, XXapOnpPOYHOCTb, Ype3BbIYaWHO HU3KYHO
TennonpoBoAHOCTbL U T. A. PacnpocTpaHeHbl asporesin Ha OCHOBe aMOpPMHOro
anokcuaa KpeMHU4, IMUHO3EMOB, a TakKe OKCUOO0B XpoMa 1 oriosa. B Havane
1990-X nony4veHbl nepsble 06pasubl asporesisi Ha OCHOBE yrrnepoaa.

NpumeHeHue:

1. [a30BbIX U XXNOKOCTHbIE PUNLTPLI

2. Asporenb Ha OCHOBE OKCMAaa Xesesa C aritoMUHUEBLIMU HaHOYaCTULLAMMU
MOXET CITY>XUTb B3PbIBYaTKOM

3. PaguaTtop B YepeHKOBCKMUX OeTEKTOpaXx 3apaXXeHHbIX YacTul

4. WcnonbayeTtcs B NpoekTe « CTapaacT» B Ka4ecTBe Martepuana ans ok
KOCMMYECKOU MblSn.
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e [Mony4yeHne HaHOMaTepManoB, CoAepXKaLLMX HeopraHM4Yeckue
Knactepbl, 00pa3oBaHHble YACTbIMW MeTanamu, crninaBamMmm MeTarnnos,
COCTOSILLNX U3 3NEMEHTOB NepexoaHbIX rpymnmn, okcnaamn, kapongamm u
cynbnaammn MeTannoB, a Takke yrnepoaHbIMU 1 OpraHUYeCcKUMU
MOIEKYNSAPHbLIMU KNacTepamu.

* [Mony4yeHne maTepnanos, NpeacTaBrAOLWMUX COOON MONEKYNSApHoe
CUTO C TOYHO 3aAaHHbIMU pa3mepamum nop. K nogodbHbIM maTtepnanam B
HacCTosILLIee BPEMSI OTHOCATCHA HAHOKpacTansibl CUTanmos,
rmgpokcunanartuTa, NopUCTbIN KpeMHUN 1 T.4.

e [Mony4yeHne HaHO3aMKHYTbIX aTOMHbIX 000fI04EK, B NEPBYIO o4Mepeb
YrnepoaHbIX, Tuna ynnepeHoB 1 X NPoM3BOAHbIX: HAHOTPYOOK pa3HOro
CTPOEHUS, AnameTpa 1 XmpanbHOCTH.

* [Mony4yeHune NNeHOK, B KOTOPbIX HAHOpPa3Mepbl (PUKCUPYHOTCH,
CO34al0TCHA C OAHOM HanpaBfeHUU. OTO MOryT BbITb METANNIUMYECKNE,
NofynpoBOAHNKOBbBIE U OANINEKTPUYECKME NITEHKM TONWNHOW B HECKOSBLKO
aTOMHbIX MONEKYNSAPHbIX CIOEB.

* [Mony4yeHne HaHOpa3MepHbIX KaTanusaTtopos. [laHHble KaTannsaTopbl
obecneynBaloT BbICOKYIO N30MpaTenbHY CNOCOBHOCTL N BbICOKUI BbIXO4
NPOAYKTOB peaKkuni. 3To 4OCTUraeTCs USBMEHEHUEM (PYHKLIMOHANBbHbIX
CBOWCTB NOBEPXHOCTU KaTanmsaTtopa, €€ afieMeHTHOro coctasa Unu Yucna
aTOMOB B OTAESIbHbIX HAHOYacTULax KaTanmsaTtopa.
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Xumus urpaet 6onbLUYIO PONnb B peLLeHnn Hanbonee akTyarnbHbIX NpobnemM COBpEMEHHOTO
yenoeyecTtBa. K nx umcny otHocatcs:

1) CUHTE3 HOBbIX BELLIECTB M KOMMNO3ULINIA C 3aaaHHbIMW CBOMCTBaMWN, HEOOXOAMMbIX ANS peLleHns]
pasnn4YHbIX TEXHUYECKUX 3aaaY;

2) yBenuueHve aHeKTUBHOCTU MCKYCCTBEHHbIX yA0OPEHUI AN NOBbILLEHNS YpOXanHOCTM
CENbCKOX03ANCTBEHHOW NPOAYKLNU U CUHTE3 MPOAYKTOB NMUTAHUSA U3 HECESTbCKOXO3ANCTBEHHOIO
CbIpbs;

3) paspaboTka 1 cosgaHne HOBbIX UCTOYHUKOB SHEPInu;

4) oxpaHa oKpyxatoLien cpeqbl;

5) BbISCHEHNE MeXxaHn3mMa BUOXMMMNYECKMX NPOLIECCOB M X peanu3aumsi B UCKYCCTBEHHbIX
YCINOBUSX;

6) OCBOEHMNE OKEaHNYECKNX NCTOMHUKOB ChIPbS.

B nocnegHue rogbl MHOIO roBOPAT O HAHOTEXHOJ1OTNAX. A, KOHEYHO, KIto4eBYHO POJib B
pa3BUTUN HAHOTEXHOINOINN UTPpaeT XMMnUA.

TexHoOnorum m MaTepuarnbl BCeraa urpasnu GOﬂbLIJYI-O POJib B UICTOPUN LINBUITN3aALINN,
BbIMNMOJTHAA HE TOJ1bKO Y3KO NMPOnN3BOACTBEHHbLIE beHKLI,I/II/I HO 1 couunaribHble. ,D,OCTaTOLIHO
BCMNOMHWUTb, KaK CUJIbHO OTJTM4YaJINCb KaMeHHbIN U 6pOH3OBbII/I BE€Ka, BEK rnapa " BeK 3rieKTpn4ecTBa,
aTOMHOWN SHEPINnN N KOMIMbHOTEPOB.

1o MHEHMIO MHOTMX 3KCNepPTOoB, XXI B. OyAeT BeKOM HAaHOHAYKU U HAHOTEXHOJSIOr1M,
KOTOpble U onpeaensaT ero nuuo. Bo3gencrene HAHOTEXHOSOMMIM Ha XXMU3Hb ODELLAET UMETb
BCEOOLLMIN XapaKkTep, MUBMEHNTbL AKOHOMUKY M 3aTPOHYTb BCE CTOPOHbLI ObITa, paboThl, coumnanbHbIX
OTHowWweEeHUN. C NOMOLLLIO HAHOTEXHOSTOMU Mbl CMOXXEM 3KOHOMUTb BPEMS, NoslyyaTtb OornbLue 6nar
3a MEHbLLUY0 LeHY, MOCTOAHHO NOBbIWATb YPOBEHb N KAYECTBO XXU3HW.

B HacToswee BpeEMA 3TO BECbMa O6LLIVIpHaFI obnacTb uccrnegoBaHumn, BKNoYawLas B cebs
Lenbln p4aa HanpaBJi€EHUNU C*)I/I3VIKI/I, Xumun, bruonoruu, ANEKTPOHUKN, MEOAULUNHDBI U APYITUX HaYK.
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B npouecce nccnegoBaHns Mbl peLwwmnm psag

NMNOCTaBJ1IEHHDLIX 3a4a\.:

1) W3yunnm nctoputo BO3HMKHOBEHUS
HaHOTEXHOMOInN.

2) [HOanu en onpeneneHue.
3) Onpegenunmn obnactb HAHOTEXHOSOMUN.
4) N3y4mnnn ocHOBHbIE 3aJa4n HAHOTEXHOMNOTUN.

5) PaccMoTpenu OCHOBHbLIE TEXHOMNOIMK Mosly4YeHus
HAHOOOBEKTOB.

6) W3yuynnu npumeHeHUn HAaHOTEXHOMNOIMN B XUMUM.

7) Onpegoenunu 3Ha4eHUe XMMUN B NMPOLIECCE
Pa3BUTUS HAHOTEXHOMOTUN.
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