HaHOTEeXHONOMMn



HaHoTexHonormm

HaHoTexHonorusa - mexagucumninHapHas
obnacTtb doyHOaMeHTanbHOU U NpuknagHom
HayKuU U TEXHUKWU, UMetroLlaa Oerno c
COBOKYIMHOCTbIO TEOPETNYECKOro 060CHOBaHUS,
NpakTU4YeCcKnxX MeToaoB UCCNeaoBaHUA, aHanmMaa
N CUHTE3a, a TaKkke MeTod0B NPOoM3BOACTBA U
NpUMEHEHNS NPOAYKTOB C 3a4aHHON aTOMapHOW
CTPYKTYPOU NYTEM KOHTPONMUPYEMOIO
MaHUNYyNUpoBaHUA OTAENbHLIMW aTOMaMMN U
MOneKynamu.



HaHoTexHonormm

B npakTnyeckom acrnekre 310 TEXHONOrmm npon3sBoacTea
YCTPOUCTB N NX KOMNOHEHTOB, HEOOXOANUMbIX ONH
co3gaHuda, obpaboTkm 1 MaHUNyNALUUM aTOMaMU,
MOJSieKyrnamm n 4yactmuamm, pasmepbl KOTOPbIX
HaxoasTcsa B npeaenax ot 1 go 100 HaHoOMeTpOB.

Pa3ButTre coBpeMeHHOU 3NIEKTPOHMKN UOET MO NyTU
YMeHbLUEHNS pa3mepoB ycTponcTs. C aOpyron CTOPOHHI,
Kflaccuyeckmue MeTodbl NPpoM3BOACTBA NOAXOAAT K
CBOEMY eCTeCTBEHHOMY 3KOHOMUYECKOMY U
TeXHonorn4eckomy dapbepy, korga pasmep ycTpomncTea
YMeHbLUAeTCa He HAaMHOro, 3aTO 93KOHOMUYeCKne
3aTtpaTbl CUNbHO BO3pacTaloT.

HaHoTexHonorus — crnegyowmnn Nornyeckni war
Pa3BUTUSA BNEKTPOHUKN N OPYTUX HAYKOEMKUX
NpoOn3BOACTB.



O0ObLEeKTbl HAHOTEeXHONMOMrMNn

OB6BLeKTbl HAHOTEXHOMNOMMMN, C OAHOWN CTOPOHbI, MOTYT
NMETb XapaKkTepucTnyeckme pasmMmepbl yKkazaHHOro
ananasoHa:

HaHO4YaCTULbl, HAHOMOPOLLKK (OOBLEKTLI, Y KOTOPbIX TPU
XapaKkTepUCcTU4eCKMUxX pasmepa HaxoasaTcd B gManasoHe
0o 100 Hm)

HaHOTPYOKN, HAHOBOMNOKHA (0OOBLEKTHI, Y KOTOPbLIX ABa
XapaKkTepPUCTNYECKMX pa3Mepa HaxoadaTCcd B AnanasoHe
0o 100 Hm)

HaHOMNMNEHKN (OOBLEKTLI, Y KOTOPLIX OAUH
XapaKkTepucTu4eckun pasmep HaxoguTca B guanasoHe
0o 100 Hwm).

C gpyrown CTOpOHbl, 06BLEKTOM HAHOTEXHOMNOIUI
MOTYT ObITb MaKpOCKOMUYeckne o0beKTbl, aToMapHas
CTPYKTYpa KOTOPbIX KOHTPONMPYEMO CO30aETCH C
pa3peLlleHneM Ha YpPOBHE OTAENbHbIX aTOMOB.



HaHoOO1BLeKTbI

HaHooObeKkTbl AenaTca Ha 3 OCHOBHbIX Kacca:

TPEXMEPHbIE YacTULbl, NMOTy4YaeMble B3PbIBOM
NPOBOAHUKOB, MNA3MEHHbIM CUHTE30M,
BOCCTAHOBMNEHMEM TOHKUX MNEHOK U T. A.

OBYMEpHble 00BbEKTbI — MIIEHKU, NONyYyaemMble
METOAAMUN MONEKYNAPHOro HacnanBaHus,
METOAOM MOHHOIo HacnamBaHua U T.4.

OOHOMEPHbIE OOBLEKTLI — MOSTy4atoTCs METOAOM
MOJTEKYSIAPHOro HacrnanBaHus, BBE4eHUEM
BELLECTB B LUNnUHOPUYECKMEe MUKPONOpbI U T. 4.

Takxe cywiecTByOT HAQHOKOMMO3UTHI.



CamoopraHusaumsa HaHo4YacTuUL

TwaTtenbHO oYnLLEHHbIEe HaHOYaCTULbl MOTYT
caMOBbICTpanBaTbCs B onpeaerieHHble CTPYKTYpbI.
Takaa CTpyKTypa CoOAepXUT CTPOro ynopsgoveHHble
HaHOYacTULbl U TakXe 3a4acTyto NPOABNSAET HEODbIYHbIE
CBOUCTBA.

OAavH 13 BaXKHENLLINX BONPOCOB, CTOSALLMX nepen
HaHOTEXHOSOrMen, — Kak 3actaBUTb MOJIEKYIbI
rpynnupoBaTbCs onpeaerneHHsIM cnocobom,
CaMOOpPraHn30BbIBaTbLCHA, YTOObLI B UTOre NONy4nTb
HOBblE MaTepuarnbl UK yCTPOUCTBaA. OTOU npobrnemon
3aHMMaEeTCA pasaesn XMMmn — cyrnpamonekyrnsapHas
xumuns. OHa nsyyaet He OTAenbHbIE MONEKYIbI, a
B3aMMOAENCTBUA MeXay MOSiekynamMmu, KOTopsble,
OpraHn3oBbIBadChb onpenerieHHbIM Criocobom, MOryT
OaTb HOBble BeLleCcTBa.



CxemaTtunyeckoe npeacTasrieHne Mornekynbl rpadeHa



['pacheH

'pacdheH — oBYyMEpPHLIN KpncTannmnyieckun
yrnepoaHbl matepuan, KoTopbiv yaoobHO
npeacTaBnTb B BUAE OAQHOro Cnos yrrepoaHbIX
aToOMOB, 00pasyoLLNX CITIOUCTYIO CTPYKTYPY
rpacura.

BnepBble akcnepuMeHTanbHO Nony4vyeH n onmcaH
aToT Matepuan obin B 2004 roay rpynrnon
POCCUNCKUX YHEHbIX, YaCTb KOTOPbLIX TPYAUTCA B
HacTosLee Bpems B MaHYecmepcKom
yHusepcumeme nop pykosoactsom KoHCcTaHTUHa
HoBocenoBa, a Yactb — B MHCmumyme npobriem
mexHOoJ102UU MUKPO3JIEKMPOHUKU U 0c060
yucmabix Mamepuasioe B HepHoronoBke.
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['pacheH

[padoeH o4YeHb NMPoYEH 1 rMbOoK, Tak Kak ero CTpykTypa B
nepecyeTe Ha BCHO nnouwaab obpasua, UMEET OYEHDb
Mano AedeKTOoB.

[padeH yHuKaneH Tem, 4YTo brnarogaps CBoeu
OBYMEPHOW CTPYKTYpe MOXET NMPOABNATL KAk CBOUCTBA
NpPOBO4HMKA, NPNYEM O4YEeHb XOPOLLUEro, Tak u
NnonynpoBOAHNKOBLIE CBOMUCTBA.

B HacTosiwee BpeMst 60MbLUNHCTBO YYEHbIX CXOOATCS BO
MHEHWW, YTO YyrnepoaHblie MaTepuarnbl B Heanekom
byayLiem npuayT Ha CMEHY KPEMHUIO B
MUKPOSSTEKTPOHHOW NPOMBILLNEHHOCTM.

Pa3paboTka MeToamkm ero NpoOMbILLNIEHHOMO MOMy4YeHNs
NPakTU4YECKN cpaldy NPMBEOET K CO3A4aHNIO NePBbIX
NHTEerpanbHbIX MUKPOCXEM.



['pacheH

[1o cpaBHEHUIO C KpEMHUEM
rpadeH MMeeT Ny4yLlyro
9NEKTPOoNpPOBOOHOCTb
N ABNSIETCHA naeanbHbIM
MaTepuanom ang
Npon3BoACTBaA YMMNOB.

B rpadoeHe ckopocTb
nepenBMmKXeHNs ANeKTPOHOB
No CpaBHEHUIO C APYrMMU
Marepuanamm MOXHO
yBennuntb B 10 pas.

TpaH3ucTopsbl, MoryT pabortaTb
NPy KOMHaTHOW
TeMmneparype.




['pacheH

KOMnaHVIVI-npOVBBO,EWITenVI noaxoaAaT K Tak
Ha3bliBaéMOMY KBAHTOBOMY Nopory B U3arotoBJjieHN"
MUKPOYMNTNIOB U3 KPEMHUAL.

Ucnonb3oBaHue rpadeHa no3BONSAET oOpaTuUTb
MellarLme B APYyrux criyvyasax HaHopa3mMepHble
KBaHTOBbIe 3chhekTbl BO Onaro.

KoHcTtaHTUH HoBocenoB nu AHapeu Nemm un3s
OputaHckoro MaH4yecTepCcKoro yHMBepCcuUTeTa,
CyMenu caenaTtb Ha OCHOBe rpadeHa OgHO3NEKTPOHHLIN
TPaH3NCTOP — NOTEHUMANbHbI €AUHUYHbLIN 3NEMEHT
rpadpeHOBbIX MUKPOCXEM OyayLLero.



['pacheH

OCHOBHOWN 13 CYLLECTBYIOLLMX B HAcTodALLlEe BpeMS
cnocoboB nony4yeHns rpadpeHa ocHOBaH Ha
MEXaHM4YeCKOM OTLUEeNIeHNN NN OTLLENYLLUNBAHUN CIOEB
rpadpouta. OH no3BondeT nony4vyartb Hanbonee
KadeCTBeHHble 0b6pasLbl C BLICOKOM MOABMXHOCTLIO
HocuTenen. AToT MEeTo4 He npeanosiaraeT UCnosfib3oBaHUS
MacLuTabHoro npomM3BoACTBa, NOCKOSbKY 3TO py4yHas
npoueaypa.

[pyron n3sectHbl cnocob — MeToa TEPMUYECKOro
Pa3rioXeHUs NoasIoXKKM Kapbuaga KpeMHUa ropasao onumxe
K NPOMBbILLSTIEHHOMY NMPON3BOACTBY.

[TockosnbKy rpadpeH Bnepsble bbb nosnyyveH Tonbko B 2004
roay, OH eLle He4OCTaTO4YHO XOPOLLUO U3YyYeH U NpuBreKkaeT
K cebe NoBbILWEHHbIN MHTEPEC.






['pacheH

ioeanbHbIW rpadpeH COCTOUT UCKITIOYUTENBHO U3
LLIECTNYrofbHbIX a4eek. [NpucytcTeme NATU- K
CEMUYTONbHbIX s4eeK dyaeT NpuBoAUTb K PasfMYHOro
poaa aedekram.

Hanunume natnyronbHbIX A4eeK npuBoguT K
cBOpa4vynMBaHMO aTOMHOM MITIOCKOCTUN B KOHYC.
CTpykTypa ¢ 12 Takmmun gedekramm oaHOBPEMEHHO
n3BeCTHa nog HassaHueM qoynnepeH. [pucyrtcrteue
CEMUYTOMbHbIX A4YEEK NPUBOAUT K 0Opa3oBaHUIO
ceanoBMOHbLIX UCKPUBNEHNN aTOMHOM MITOCKOCTMN.
KombuHaums atux gedeKkToB 1 HopMarnbHbIX S4Yeek
MOXET NPMBOANTL K 06pa3oBaHMIO pasnmnyHbix doopm
NOBEPXHOCTMN.



dynnepeHbl

dynnepeHsbl - rpynna crneundnyecknx Monekyn,
COCTOALLMX TONBbKO M3 aTOMOB yriepoaa, KoTopble
obOpa3syloT Kapkac U3 12 NATUYroribHUKOB U HECKOMNbKMNX
LLECTNYIONIbHNKOB.

CBOWM Ha3BaHMEM 3TN COEAMNHEHNS 0DA3aHbI UHXEHEPY
n ausanHepy P.bakmuHcTepy dynnepy, 4Ybm
reoge3nyeckmne KOHCTPYKLUM MOCTPOEHbLI MO 3TOMY
ApUHLMNY.

BriepBble doynnepeHs! bbinin cnHtTe3npoBanbl B 1985 npu
uccnenoBaHMM Macc-CnekTpoB NapoB rpaduTa,
Nofy4YeHHbIX Npu nasepHoM obnyvyeHnn TBEPOOro
obpasua.

3a oTkpbITUE pynnepeHoB Kpoto, Cmonnu n Kepny B
1996 rogy 6bina npucyxageHa HobeneBckasa npemusi no
XUMUN,



dynnepeH-60







dynnepeHbl

dynnepeHsbl B 3HaYMUTENbHOM KOMNMYECTBE COAEpPXKaTcs B
caxe, obpasytoLliencsa B JyroBom paspsiae Ha
rpadPUTOBbIX ANEeKTpoaax — UX paHblLe NPOCTO He
3amevarnm.

Cenyac dynepeHbl MIHTEHCUBHO M3y4aloT B
nabopatopusix pasHbIX CTPaH, NMbiTasdCb YCTAHOBUTb
YyCITOBUS UX 0Opa3oBaHNsA, CTPYKTYPY, CBOMCTBA U
BO3MOXHble cddepbl NPUMEHEHUS.

maBHOW OCOOEHHOCTLIO hynrepeHOoB SBNSETCA UX
NOBbILLIEHHAA peakUNoHHasA akTMBHOCTb. OHM Nerko
3axBaTblBalOT aTOMbIl APYrMx BELLECTB 1 0bpasyoT
MaTepuanbl C NpUHUUNMaribHO HoBbIMK cBOUCTBaMK. Ha
NX OCHOBE BO3HMKIIa HOBasi CTEPEOXUMUS YITIEPOOOB,
No3Bonstollas LerneHarnpaBneHHO co3gaBaTb BeLLECTBA
C 3agaHHbIMKU OOPMaMM N CBONCTBaMMN.



CuHTe3 chynnepeHoB

Ha nepBbLIX Nopax Bce NMonbITKK
9KCNEPUMEHTATOPOB HanNTN bonee aeLlleBblIe U
npoussoauTerbHble CNocoObLl NoNnyyYeHns
rPaMMOBBbIX KOnmMyecTB doyniepeHoB (CXKnraHme
YyrrneBoaopoaoB B MriaMeHn, XMMNYECKUN CUHTES U
Op.) K ycrnexy He npusenn n Metod «4yrn» Oonroe
BpeMs oCcTaBarica Hanbonee NPoayKTUBHbLIM
(Nnpoun3BoanNTENbHOCTbL OKoro 1 r/yac).
Brnocnegcteun dpmpme Munuybucm yoanochs
HanaguTb NPOMbILLNEHHOE NMPOU3BOACTBO
doynnepeHoB METOAOM CXUraHUA yrneBogopondoBs, HO
Takne ynnepeHbl COAEPXAT KUCNOPOA U NO3TOMY
OYyroBon MeTof No-npexHemMy OCcTaeTcsd
€OWHCTBEHHbIM NoaXoA4sLWMM METOAOM MOSTy4YEeHUS
YMUCTbIX (PYynIepeHos.



YrnepoaHble HAHOTPYOKN

YrnepogHbie HaHOTPYOKM -
NPOTAXEHHbIE CTPYKTYPbI, COCTOALLME U3
CBEPHYTbIX rekcaroHasibHbIX CETOK C
aToMaMu yrnepoga B y3rnax, OTKpbITble B
1991 rogy AnoOHCKMM nccriegoBartenem

N xmumon.



() ngrag

(0,10} nanotube

(zig-z0g)
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YrnepoaHble HAHOTPYOKN

Pasnuualot memarinuyeckue v
r1os1yrip080OOHUKOBLIE HAHOTPYOKW.
MeTtannuyeckmne HaHOTPYOKM NpoBOAAT
ANIEKTPUYECKUN TOK OaKe npu abCcontoTHOM Hyre
TeMnepartyp, B TO BPEMS KaK MPOBOAUMOCTb
NonyrnpoBOAHNKOBbLIX TPYOOK paBHa HYIMHO Mpu
abCONOTHOM Hyne 1 Bo3pacTaeT npwu
NoBbILLEHUN TEMMepaTypbl. TpybKka oKka3biBaeTCH
MeTannnyeckon, ecnu (n-m), AeneHHoe Ha 3,
naeT uenoe 4ncro.



YrnepoaHble HAHOTPYOKN

B peanbHbIX ycrnoBuax Tpyokn Hepeako
nony4yarTcss MHOrOCIOUHLIMWU, TO €CTb
npeancTaBnsaA0T COOON HECKOMBKO
OOHOCNOWHbIX HAHOTPYOOK, BIOXXEHHbIX
odHa B Apyryto (Tak Ha3blBaeMble
«MaTpeLLKn» ).

HaHOTpyOKM MoryTt ObITb DonbLUME U
MareHbKne, OgHOCIIONHbIE U
MHOIOCITIOMHbIE, NPSAMbIE N CNUPAaribHbIE.



neotech.3dn.ru




YrnepoaHble HAHOTPYOKN

OaHO 13 Nnopa3nTeribHbIX CBA3AHHbIX C
HaHOTpybKamMu sBNEHUN COCTOUT B TOM, YTO UX
CBOWCTBA LIeSTIMKOM 3aBUCST OT reOMETPUMN.

OHUM MOryT ObITb KaK C OTKPbITLIMW KOHLAMW
(3TO NO3BOMNSET 3aAMNONMHATL UX aTOMaMU APYrnx
BELLECTB), TaK U C OAHUM 3aKPbITbIM KOHLIOM. B
nepBOM Cly4Yae HaHOTPYOKKU, NPoABNSAS
KanunnsapHbIn 3 dEKT, OKa3biBakOTCH
CNOCOOHbIMU BTArMBAaTh B cebs pacnsiaBneHHble
METanmNbl U Apyrue XXnakmue BeWecTBa, YTo
npeBpaLlaeT nx B TOHYauLLMN N30NNPOBaHHbLIN
NpoBO/ B 00OSI0O4YKeE.






Mony4yeHue yrnepoaHbIX HAHOTPYOOK

B HacTosLlee BpemMs Hanboriee pacrnpocTpaHEHHbIM
ABNSETCA METOA TEPMUYECKOro NcrnapeHunst rpadonUToBbIX
9r1IeKTPOAOB B nna3sme ayrosoro paspsaa. [pun ropeHnu
nnasmbl MPOUCXOAUT MHTEHCUBHOE TEPMNYECKOE
ncnapeHmne aHoaa, npu 3ToM Ha TOpPLEBOU NMOBEPXHOCTU
KaToga obpasyeTcsa ocagok, B KOTOPOM OOPMUPYIOTCS
HaHOTPYOKM yrrepoaa.

Obpa3syoLmecss MHOro4YMCIieHHbIE HAHOTPYDOKU NMeoT
onuny nopsaka 10-20 mkm. OHKM HapacTaloT Ha KaTtoae
nepneHauKynapHoO NioCKoM NOBEPXHOCTM ero Topua u
cobpaHbl B LNNNHOPUNYECKNE MYYKN ONAaMETPOM OKOJS10
50 MKM. I'y4kn HaHOTPYOOK perynsapHo NoKpbIBatoT
NOBEPXHOCTb KaTtoda, obpasyss COTOBYH CTPYKTYPY.






Yrnepoa-yrnepogHble

Ualsibl

KOMNO3NLUNOHHDbIE MaTep




dynnepeHbI-00r1acTy NpUMeHeHuUs

HoBble chynnepeHoBble TEXHONOIMMN CUHTE3A anmasoB U
anmasonoaobHbIX coeaAUHEHUIN CBEPXBLICOKON TBEPAOCTM.
[Tpn aTOM BbIXOA anmasoB yBenuinaetcs Ha =30 %.

HoBble Knacchl NOSIMMEPOB C 3aaHHBIMU MEXaHNYECKUMMU,
ONTUYECKUMWN, NTIEKTPUYECKMMU, MArHUTHBIMU CBOUCTBaMW
ONs 3anmcu U XpaHeHnsa MHopmMauun.

HoBble kKnaccbl aHTUMPUKLMNOHHLIX MOKPbLITUMA U CMa30K, B
TOM 4uncne, Ha OCHOBe bTOopCcoAeEpKaLLlUX coegnNHEHNI
doynnepeHos.

HoBble BUabI TONNMMB 1 00OaBOK K TOMNMBaM.

Kancynbl ans 6e3onacHoro 3axopoHeHNS paanoakTUBHbIX
OTXO[OB.

HoBble Knaccbl coeauHeHun ans dapmMaKkonorum u
MeguLUUHBbIL, B TOM Yucne, NPOTUBOBUPYCHLIE U
HEWPOTPONHbIE Npenaparhl.



dynnepeHbI-00r1acTy NpUMeHeHuUs

dynnepeHbl HaLWNY NPpUMEHEHNE B KadecTBe 000aBOK B
NHTYMECLEHTHbIE (BCMy4YMBalOLLMECS) OrHE3aLLUUTHbIE
Kpacku. 3a CYET BBeAEHMA (PyrnnepeHoB Kpacka noa
BO3OENCTBMEM TeMMepaTypbl NpU noxape
BCMy4mBaeTcs, obpasyetTca 4OCTaTOYHO MIOTHbIN
NEeHOKOKCOBLIN CNOW, KOTOPbIN B HECKOMNbLKO pas3
yBeNnM4YMBaEeT BpeMS HarpeBaHuda 4o KpUTUYECKOU
TemnepaTypbl 3anaeMblX KOHCTPYKLUKUN.

dynnepeHbl U X pasnnyHblie XUMUYECKMUE NPON3BOAHbIE
NCMONb3YKTCHA B COMETAHUM C NMOMNYNpOBOAALLINMU
nonnumMmepamu Anst U3rOTOBIEHNS SNEMEHTOB COJTHEYHbIX
anekTpuyecknx 6arapen n akkyMmynsaTopoB.
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dynnepeHsbl




CaMOrneT Ha CONMHEYHbIX
baTtapesax, co3gaHHbIN
bpuUTaHCKNMU
KOHCTPYKTOpamu,
Nony4YymBLUMN Ha3BaHUE
"3edunp-6", npogepkancs B
Bo3ayxe 82 yaca u 37
MUHYT. Pazmax KpbIfbeB
HOBOro camoneta - 18
METPOB, OH cenaH n3
CBepPXJ1IerkMx marepuanos u
Becut Bcero 30 Kr.

B nnaHax pa3paboT4ynkos u
BOEHHbIX JOBECTU
ONUTENbHOCTbL Noneta
nogoOHbIX annapaToB A0
HECKOSTbKMX MECSLEB.



dynnepeHbI-00r1acTy NpUMeHeHuUs

KocmeTnyeckas cepus NANOMIC — ato pesontouus B
obnactn KocMeTuku anti-age, cogepxuT oynepeHs! n
KO3H3UM Q1 B HaHOKancynax

NpUTArMBaeT N HEUTPanNuM3yeT cBODOAHbLIE paauKanbl
OENCTBYET KakK 3JEKTUBHbLIN CONMHUE3aWNUTHbIN UNLTP
bopeTcsa Co CTapeHNEM KOXU

pasrnaxuBaeTt MOPLLUMHbI

BbipaBHUBAET LBET KOXW

NPEenATCTBYET NPOLIeCCY OKUCIEHUA KOXHOro cana
Cy>XaeT nopel

OKa3blBaeT NpOoTUBOBOCNANMTENbLHOE AENUCTBUNE
8])'IaI'OTBOpHO BO3OENCTBYET Ha KOXY B TeveHune 40 yacos

BOCCTAHABIINBAET KINIETKU KOXN



3ayemM mMeauumnHe HaHOTEeXHOormmn?

[ToCcKONbKY OCHOBHOW OOBbEKT BO3AENCTBUS
COBPEMEHHON MeaULMHbI — 3TO KNEeTKa, a
3a4aCTyto — MakPOMOIIEKYITbl, TO U MHCTPYMEHT!
CANS “X NOYMHKM OOMKHBI BbITh TOTO Xe nopsiaka,

k’

. YTO U OOBEKT, TO €CTb HAHOMETPOBOTO
‘3,,; o /AvanasoHa. [ins meauuuHel HaHOpPasmepbl — 31O
M?"' 7V Bce, YTO MeHbLLe 1 MKM, Nony4yaeTcs, YTo 3TO
wﬂﬁ = NOHATME B MeAULMHE HECKOSIbKO MEHEE
%5 - cTporoe, 4yem B hm3mke nnv Xumun. BaxHo,
»;7) {\L 0 f,’};_\ 4YTOObI HAHOOOBLEKT NPOXOAUST Yepes Nopbl

Kanunndapos pasmepoB 100-200 HMm.



Cdepbl NPpUMEHEHNA HAHOTEXHOOMMN B
MeaguumnHe

[InarHocTnka pakoBbIX 3aboneBaHnn
[locTaBKa nekapcTB B KIETKA

IleyeHune onyxonen, BUY, Henpoxupyprua
[lepeBA304YHbIN HAHOMaTepMan -

CcBOeOobpa3HOro 3amMeHuTenss aHTMbMoTuKa
Ha NOBEPXHOCTU paHbl.

HaHoBeLwecTBO, cnocodbHoe OCT@yaBnMBaTb
KPOBOTEYEHMNE
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[lnarHocTuka 3aboneBaHuM

[Tpodpeccop "apBapackoro yHusepcuteta 4.
ITnbep 3asBnseT, YTo Oyayliee B Me,EI,I/ILI,I/IHCKOI/I
ANarHoCTuKe 3a HaHOCEeHcopaMu,
obecnevynBaroLLMMK BbICOKO‘-IyBCTBI/ITeJ'IbHoe;Iﬂ“
cneundounyHoe BbisBrieHne 6enkos, BUPYCOB’ mw
[NHK B buonornyeckom maTtepuane 3a ,
CUYNTAHHbIE MUHYTHI.




[lnarHocTunka 3aboneBaHUN

B 2004 r. B nabopatopum Jlnbepa 6bin co3gaH
CEHCOp Ha OCHOBE HAHOMNPOBOAOB,
NO3BONSIOLLNA BbISIBUTb AaXKe €AUHUYHYIO
BUPYCHYIO YacTuly. Ha noBepXxHOCTb
HaHOMPOBOAOB HAHOCSTCS Pa3fnyHbIE 6en|<|/|1"4‘*’
peLenTopbl, CNOCOOHbIE cneLmnduyeckm 5"}
CBsI3bIBATbCA C OMonornyecknmm
Makpomonekynamu. B pesyneraTte atoro =4 [
B3aMMOZENCTBUS U3MEHSAETCH anekTpuyeckas. /&
NPOBOAMMOCTb HAaHOMPOBOAA, YTO e
CUrHaNn3npyeT O BbIABIEHUN ONpeaenéHHon -
cybcTaHuum.




[locTaBKka NnekapcCTB B KINETKU
£

BbibopoyHoe neveHne Tonbko DOMbHbIX KITETOK,
Npn KOTOPOM NEKaAPCTBO AOCTaBNSETCHA agpeCcHO U
OYeHb MarieHbKUMKU nopumsimn. HaHokancynbl ¢
nekapcTBOM, CNOCOBOHbLIE NpUnunaTb TOMbKO K
onpegeneHHbiM Knetkam. OCHOBHOE NMpendaTcTeme,
MeLlarLLee Ucnonb3oBaTb HaHOKaNCynbl €
nekapcTBamm anga agpecHou 4ocTaBku 60ONbHbIM
KIeTkam — Halla MMMYHHasi cuctema. [NpumeHeHmne
HaHOKOHTEMHEPOB B MeauLMHE OTKPbLIBAET nepen
HEW HOBble BO3MOXXHOCTU. JlekapcCTBa,
ynakoBaHHbIE B NIMMNOCOMbI, 3pUTPOLMTHI,
cTaHoBATCA bonee adpPEKTUBHbLIMUN U
6e3onacHbIMK, TOYHO NMonagarT K OpraHaMm-
MULLEHSIM N NO3BOSISAOT CHU3UTb 403Y U He
pacrno3HalTCa OpPraHM3MoM Kak YyXepogHble Tena.




OBbIYHYIO DaKTEPUIO TOXKE MOXHO Harpy3uTb
HaHo4YacTuLUamMu ¢ nekapcTtesamm, U Torga oHa CMOXET
paboTaTb B Ka4ecTBe TpaHcnopTa No AOCTaBKe 3TUX
fIeKapcTB KreTkam.

HaHovyacTuubl neKkapcTeo




HaHopoboThI

HaHopoOOTbI — 3TO MaLLUWHbLI, pa3MEPOM C MOSIEKYNY,
KOTOpble MOTyT nepeapuraTtbCcy, obpabatbiBaTb U
nepegasaTb MHOPMALMIO, UCNOMHATb pasnunyHble
nporpammsl. MeanumHckmne HaHOPOOOThbI AOIMKHbLI YMETb
pacrno3HaBaTb O0nes3Hb, JOCTaBNATb JIeKapcTBa U Aaxe
nenatb Xupyprudeckue onepauun. [pn aTom nekapcTBo
OOMKHO AOCTaBMNATLCA HENOCPEACTBEHHO K BOSIbHbLIM

opraHam, nsberas 30opoBbIX, KOTOPLIM OHN MOTYT
HaHeCTun Bpea.
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PereHepauua KneTok

I'pyrlna nccnegoBartenen 06Hapy>|<vu'|a L-ITO npmmeHeHme

COBPEMEHHbIX HaAHOTEXHONOrN MOXET nomoraTb
opraHn3amMy mMobunumsoBaTb CBON COOCTBEHHbLIE OYHKLMM,

TakKne Kak BOCCTAHOBMIEHME TKAHEW WNUN pereHepauns
TKAHEW W opraHoB. [locne uWHBEKUMM onpeaereHHOW
003bl TAKMX HAHOBOMOKOH NMOCPeACTBOM MPOCTOro yKkona
B

NoBpeXaEHHY0 obnacTb, OHM MOryT ObiTb JTOKaANM30BaHbI
Ha NOBEPXHOCTU TKaHEN, rae HeobxoaumMo 3anyCTUTb

onpeaenéHHbIn BUONMOrMYecKnin NPoLECC, Kak, Hanpumep,

pereHepauun Ui BOCCTaHOBJ1IEHNE I'IOBpG)K,EI,éHHbIX
KIMETOK.



BoeHHblIe HAHOTeXHOoNormm

[lpuMmeHeHne HAHOTEXHOMOIMN B BOEHHOM
PaaMO3NEKTPOHUKE 0becneymnT rnybokmin NpopbIB B
Pa3BUTUN TEXHUKU CBSI3N 3a CHET OCBOEHUS bornee
BbICOKMX YaCTOTHbIX Anana3oHoB, peann3auun HOBbIX
NPUHUMNOB 06paboTKn CUrHaAroOB, CHMXKEHUS
9Hepro3aTpart, NOBbILWLEHNS HAOEXKHOCTN, YMEHbLLEHUS
Macco-rabapuTHbIX NoKasaTenen. u np. B pesynerarte
nepenada UMdpoBbIX AaHHbIX ByaeT npoucxoauTb Ha
CBEPXBbICOKNX CKOPOCTSX.

[lpuMmeHeHne HAaHOTEXHOMOMMM NO3BONUT CO3aaTh
areKkTpuveckmne maructpanbsHble kKabenu Ha yrrnepoaHbIX
HaHOTpYyOKax. OHK ByayT XapakTepu3oBaTbCs BbICOKOW
3J1IeKTPMYECKON NMPOBOANUMOCTbLIO 1 MPU 3TOM BECUTb Ha
NOPSAOK MEHbLLE MEOHbIX.



BoeHHblIe HAHOTeXHOoNormm

BoeHHas akunupoBKa 0yayLero NOKONEHUS:

[1na noBbILLEHUSA XXECTKOCTM KOCTIOMa corngar
byayulero K HaHOBOMOKHaM 400aBnATCA
HaHOYaCTULbI, KOTOPbIE COEOUHSIOTCA MEXAyY
cobON 1 YrIPOYHSAOT ODLLYIO CTPYKTYPY.

[lobaBneHmne pasnnyHbIX HaHO4YacTUL, K
HaHOBOJIOKHaM NO3BONTUT M3MEHUTb
9N1EKTPONPOBOAHOCTb. Takmm obpasom,
CYLLECTBYET BO3MOXXHOCTb CO3[]aHNS OTAENbHbIX
NPOBOAALLNX YH4ACTKOB KOCTIOMA, YTO NO3BOSIUT
OEeTeKTUpoBaThb yaap nynu o 6poHexuneT
HaCTONbKO ObICTPO, YTODLI yCcrnen BKIIOYNTLCA
BHELLUHWNW 3K30CKeneT KocToma.



BoeHHblIe HAHOTeXHOoNormm

Bce XXn3HeHHO BaXHble napamMmeTpbl congaTta (nynbc,
KpOBAHOE AaBneHue, sHuedanorpamMmma, temneparypa
Tena n ap.) oyayt nsmMepAaTbCs BCTPOEHHBLIMU B KOCTHOM
natynkamu. CoctosiHue congata OyaeT BblBeAeHO KaK Ha
NPOEKTOP Ha Weme, Tak U Ha MeaULMHCKUNA KOMMNbIOTEP,
KOTOPbIN OyOeT NpMHMMAaTb PELLEHUS O
TPAHCMOPMMPOBAHNN KOCTIOMA B 9K30CKESET NN DPOHIO
MrHOBEHHO U He3aBMCUMO OT congaTta. Ecnu, Hanpumep,
congar rnosioMaeT Hory, MECTHbLIN 3K30CKeneT No3BoNnT
3axBaTUTb €€ B NCKYCCTBEHHbIE LUNHHI,
CcdopMMNpPOBaAHHbIE TKAHbIO KOCTHOMA.

Kaxxgbin congat 6yaet MMeTb MHOIOypOBHEBbBIE
KOMMJEKChI, MO3BONAOLLME NCMONb30BaTh BECb apceHarn
COBPEMEHHbLIX TeNeKOMMYHUKaLUN N HaBurauuu.
NHdbopmauuns Byget oTpakaTtbCs Ha 9KpaHe,
BCTPOEHHOM B 3aLLNTHbIE OYKMW.



BoeHHblIe HAHOTeXHOoNormm

Beoytcsa Hay4YHo-uccnenoBsaTenbCckme U OnbITHO-
KOHCTYKTOpPCKME paboTbl B obnactu co3gaHus
HaHOKepaMmnyecknx martepumanon. B yacTHoOCTH, npu
NCNOSIb30BaHNN HAHOCTPYKTYP U3 Kapbuaa KpeMHUS
yaanocb B TP pasa NoBbICUTbL XXECTKOCTb MaTtepuanos
NO CpaBHEHUIO C OObIYHBIMW N3OENUAMMN N3 ITOTO
MaTepuana. Ha nx ocHoBe BbINyCKalTCA pasnmnyHblie
NOoKpbITUA, B YacTHOCTM Nano Tuf, KoTopoe coCcToOUT 13
HaHO4acTWUL, B pacTBOpe N B HECKOJILKO pa3
yBeENMUYMBAET MPOYHOCTL MflacTuka.

[leHTaroH exerogHo BblaenaeT komnaHum Inframat
Corp. okono gsyx Munnuapaos OonnapoB B rog Ha
nccrnegoBaHUst Kk HAHOKPACKN», KOTopas No3BONUT
MEHATb UBEeT Hanogodumne xamerneoHa, a Takke
NpeaoTBPaTUT KOPPO3UKD N CMOXKET «3aTArMBaThb»
MEenKne noBpeXaeHns Ha Kopnyce MaLlnHbI.



BoeHHblIe HAHOTeXHOoNormm

JleTaoline MMHN-poOOTLI, Tak Ha3biBaemMble Micro Aerial
Vehicles.

[ncTaHUMOHHO ynpaBnsaemMble 3K3eMnndapbl, BeNn4YnHOn C
caMoreT, NPUMEHAIOTCH aMepUKaHCKOU apMMen B KadecTee
b6oeBbIX MalLunH B Vpake n B AdpraHncrane. MiMeHHO npu
NOMOLLM Takon doaHTaCcTUYeCKOW LWITYKM B [NaknctaHe Obirs
yonTt 6putaHckmn nogaaHHbin Pawmng Payd, koToporo
no4o3peBaloT B opraHn3aunmn TeppopucTUYECcKnX akTos.
TpyTHM pasdmepom ¢ PYyTOONbHBIM MAY MOCTOAHHO
NPUMEHSIIOTCS, Hanpumep, Ans 6opbbbl C OpraHN3oBaHHON
NPEeCTYNHOCTLHO.

IleTaTenbHble 0O6bLEKTLI OyayLLEro OOSMKHbI CTaTb HAMHOIO
MeHbLe. Pon nnu ackagpunba neTyuynx passeaymkon
OOIMKHa Mo 3aMbIciy naobperartenen Kkak MoXXHO boree
He3aMeTHO, usgareka HabnogaTte 3a Nogo3pUTENbHBIMY
nnuamu. Llenbto cosgartenen sBnsieTcs cosgaHne poboTa-
LLUINMOHA 1 boeBoro poboTta, BENUYNHOW C KOMHATHYIO MYXY.



BoeHHblIe HAHOTeXHOoNormm

Y4yeHble, KOTopble 3aHMMAaKOTCHA CO30aHUEM
HaHOOPYXUA, YTBEPXKOALOT, YTO brarogaps
noTeHuymany HaHOCOOpPKU U
MOJSTEKYITAPHOIO KOHCTPYNPOBaHUA CTaHEeT
BO3MOXHbIM CO34aHUe HEBUONMbIX BUOOB
BOOPY>XEHUSA, KOTOPOE OyAEeT B AECATKU
pa3 MoLLuHee 0bblYyHOro opyxuda. OHO
OyoeT HanoMuHaTb 001ako Nbinw,
cnocobHoe B3opBaTh NMtobon 0OBLEKT, B
TOM 4Yuche un Noa3eMHbIN.



HaHoTexHonormm v aKkonorus

HaHoTexHonorna nmeeT geno ¢ Yyactmuamm pasmepom oT
ogHoro HaHometpa. [Npobrnema B TOM, YTO 3TM YacTULbl
MOryT OKa3aTbCs BpeaHbIMU A1 YenoBEe4YEeCKOoro
opraHnama, nockosnbKy cBOOOOHO NPOHMKAKT Yepes
KIETOYHbIE MEMOpPaHHI.

[o cnx nop HeT AONroCPOYHbLIX MpPorpamMm no
N3y4yeHuUto 6e30nacHOCTU HaHoYacTUL Ans
4yesloBe4YeCKoro opraHu3ma.

[1o cnoBam y4eHbIX, HEKOTOPLIE HaHOMaTepuans.l
CNOCOOHbI pa3pyLllatb MO3r y pblb 1 ryboKo NpoHUKaTb B
rerkme, XxoTs BO MHOIMMX Crny4vasax nx BrissHMe Ha 300POBbLE
NoKa OCTaeTCcsl HEU3BECTHbIM.

HaHocepebpo, kK npumMepy, BNOSMMHE MOXET BbI3biBaTb TOT
Xe apdekT, 4TO U 0ObIMHOE cepebpo, KoTopoe, bDyay4n
NOMELLEHHbIM B BOOHYIO cpeay, NpUBOANT K HAPYLLUEHNAM
penpoayKTUBHbLIX OYHKLINK Y HEKOTOPbLIX MOJISTHOCKOB.



TOKCMYHOCTb HAaHOTPYOOK

Pe3ynbTaThl 3KCNEPUMEHTOB, NPOBEAEHHLIX B NOCNEAHME rodbl, Nokasanw,
YTO ASIMHHbIE MHOTOCTEHHbIE yrinepoaHble HaHOTPYOkn (MHT) moryT
Bbl3BaTb OTKIIMK, aHanorM4Hbln acbecTtoBbiM BONOKHAM. Y rogen, 3aHATbIX
Ha fobbiye nepepa60T|<e acbecTta, BepOSATHOCTb BO3HUKHOBEHUS
OMyXOJSiIEN 1 pakKa NErkmMx B HECKOMNbKO pa3 borblue, YeM Yy OCHOBHOIO
HacerneHusi. KaHueporeHHOCTb BOSTOKOH pa3HbiX BUOOB acbecta BecbMa
pasfnuyHa u 3aBUCUT OT AMaMeTpa M Tuna BOSIOKOH. bnarogapsa cBoemy
MasrioMy BECY M pasMepam, yrinepogHble HAHOTPYOKM NPOHUKAIOT B
OblxaTesibHble MyTM BMECTE C BO34yXOM. B nTore oHM KOHUEHTPUPYHOTCS B
nnespe. Menkue 4actuubl U KOPOTKME HAHOTPYOKM BLIXOOAT Yepes Nopbl B
rpyaHon cTeHke (amameTp 3-8 MKM), a AfTMHHbIE HAHOTPYOKK MOryT
3a4epXXmBaTbCAa U CO BPEMEHEM BbI3BaTb NATONOINMYeCcKMe N3MEHEHUS.

CpaBHUTENBLHbIE 3KCNEPUMEHTHI No Ao6aBKe OQHOCTEHHbIX YrNepoaHbIX
HaHOTpYy6boK (OHT) B NuLLy Mbllen nokasann OTCYyTCTBUE 3aMETHON
peakuum nocrnegHnx B criydae HaHOTpPYyOOK C ANMHOM Nopsiaka MUKPOH.
Torga kak ucnonb3oBaHue ykopodeHHblix OHT ¢ anmHon 200-500 HM
NPUBOAUNO K «BMMBAHUIO» HAHOTPYOOK-UITT B CTEHKM Xenyaka.



HaHoTexHonormm v aKkonorus

B cooTBeTCTBUU C MHULUMATUBOU aMeEPUKAHCKOIO
npasutenoctea National Nanotechnology Initiative, Ha
noaaep KKy nccrieqosaHuim B obnactn HaHOTEXHONOMNN
Tornbko B 2008 roay BblaerneH BOMXKET B pa3Mmepe

1,44 mnppg gonn.

Ho nuwb 4% w13 atoro drogketa MaeT Ha HyXXAbl
30paBOOXPAHEHNS U 3aLLUTbI OKpYyXKatoLleun

cpeabl. CTpyKTypa oMHAHCOBLIX pacxoaoB ABMAETCH
HarNagHbIM CBUOETENbCTBOM HEQOCTATOYHOUN
OTBETCTBEHHOCTU dpeaepanbHOro npaBUTENbLCTBA.

Heobxoaumo Takke onpeaenntb TpedboBaHUA K
MapKUPOBKE MPOAYKTOB, B KOTOPbLIX UCMOMNb3YHTCH
HaHOTEXHOMNOrnM.



HaHoTexHonormm v aKonorusa

Y4eHble n3 ApM3OHCKOro yHMBepCcUTETa UccreaoBanm
MCnonb3oBaHMe HaHOMaTepuanos A45nd NPOU3BOACTBA
npeaMeToB oaexabl.

Y4eHble B34 WeCcTb Nap HOCKOB, coaepKallmx
HaHo4acTuubl cepebpa, KoTopble NPENATCTBYIOT Pa3BUTUIO
bakTepun 1 NOABMEHNIO 3anaxa B NPoLEecce HOCKU, U
NOMECTUNN UX B EMKOCTW, 3anoSIHEHHbIE ANCTUNNNPOBAHHOW
BOOOW KOMHATHOU TemMrnepaTypbl. BCTpaxmBaa KOHTEUHeEpPLI B
TeyeHue Yaca, y4yeHble 3aTeM NpoBeNnM aHanus
coAep’KaBLUenNCcs B HUX BOAbI.

Uccnedoeamenu ycmaHoa8usiu, 4mo CKOpOCMb
ebiMbl8aHUusi cepebpsiHbIx HaHoYacmuuy, 6bina
pa3sluq4HoU 0OJis1 pa3HbIX eudoe u3desiul. YyeHble
oracaromcsi, Ymo HaHo4Yacmuuybl cepebpa, nonadas npu
cmupke 00eXx0bl 8 KaHaslU3ayUOHHY cucmemy, a
ommyoda U 8 ecmecmeeHHbIe 8000eMbl, MO2ym
HaHecmu HernornpasuMbiU yuwepb e00OHOU 3Kocucmeme.



HaHoTexHonormm v aKkonorus

Pe3ynbTrathl uccnegoBaHU 4eNCTBUSA
CUHTE3NPOBaHHbIX HAHOYACTUL, Ha OKPY KaloLLYHo
cpeny npeacraBuUnn yyeHble Ha HeaBHO
coctogaBLllenca B LLisenuapmnm KoHpepeHUnn
«nanoECO».

PacLumpeHune nponssoacTsa U NPUMEHEHMS
MaTepuanoB, cogepXallmx HaHo4YacTULiblI,
BbI3BasIO K XXM3HM HOBYIO OTpacsib HayKn —
HaHO3KOTOKCUKOJSOIMIO.



HaHoTexHonormm v aKkonorus

YXe cenyac Heobxoammo paspabarbiBaTb 9P PEKTUBHBbIE
METOAbl ODHapPYXeHNs HaHOYaCcTUL, B NPUPOAHLIX cpeaax
(BOOE, BO3OyXe U No4yBe), paspabatbiBaTe METOANKM
onpeneneHns TOKCUMYHOCTU HaHOMaTepmanos U
HOpPMUPOBATb coAdepXaHue pasfiyHbiX HaHoYacTuL, B
OKpy»XaroLlen cpeae, paspabaTbiBatb HOBbIE METOAbI
OLEHKN BO3OENUCTBUA Ha OKpYXaroLLyo cpeny
aHTPOMNOreHHON OeATENbLHOCTMN.

Ha cerogHsWwHMn AeHb crnocoboB 6opbbbl €
«TPAAULMOHHBIM» XUMUYECKNUM 3arpa3HEHNEM,
NpeaocTaToMHO, YTO HENbL3A cKasaTb O NPeaoTBpaLLEHNN
3arps3HeHna oKpyXxarLlen cpebl «kHaHo4YacTULamMmny.
30€ecb «TpaguLUOHHbIE» OUNBTPbI U CUCTEMbI OYNUCTKM
abcontTHO becnonesHsbl.



