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B 1751 . M.B. JlIoMOHOCOB B cBoeM 3HaMeHHUTOM “CJI0B€ O IOJIb3€ XUMHUH  ITHCAJI:
“IIlmpoKO pacIPOCTUPAET XUMUA PYKH CBOM B Jiejia uejioBeueckre. Kyzna Hu mocMoTpuM, Kyia
HU OIJISTHEMCS - Be3/e 00pallaloTcs mepesi 0YaMi HAIlIMMU YCIEXU €€ IIPUMEHEeHUs .

COBpeMeHHa}I XUMHUA HACTOJIBKO KPYITHAA OTpPpaCJib €ECTECTBO3HAHUA, YTO MHOT'HE U3 €€
pa3aciioB ABJIAIOTCA CaMOCTOATE/IbHBIMUA, XOTA U TECHO B3BaNMOCBA3aAHHBIMHY HAYYHBIMH
AUCHUIIJIMHAMUA.

MpbI BCe yallie CIIBIIIUM CJI0Ba HAHOHAYKA, HAHOTEXHOJIOTHU S, HAHOCTPYKTYPUPOBAHHBIE
MaTepUabl 1 00bEeKThI. OTUACTH OHU YK€ BOIILIN B IIOBCETHEBHYIO KU3Hb, 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 HENOCTAIOIEN HAYYHOM
nH(OpMaINH, T. K. HAHOTEXHOJIOTUS - 3TO COBpeMEHHAaA HayKa, KOTOpasl He CTOUT Ha MECTE.

B npakTHYecKOM aclneKTe HAaHOTEXHOJIOTHUH - 3TO TEXHOJIOTUH MPOU3BO/ICTBA YCTPOUCTB U UX
KOMITOHEHTOB, HEOOXOIMMBIX JIJIs CO37aHusI, 00pabOTKN U MAHUIYJIAIINN aTOMaMH,
MOJIEKyJ1aMH U yactuiiamu. Celiuac HET HU OJHOM TEXHOJIOTHUH, B KOTOPOU OBI He
HCII0JIb30BAJINCh HAHOTEXHOJIOTUH. A HCII0JIb30BaHNE B HAHOTEXHOJIOTHUH IePETOBBIX
Hay4YHbIX PE3YJ/IbTaTOB II03BOJISIET OTHOCUTDH €€ K BBICOKUM TE€XHOJIOTUSIM.
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Llenb gaHHOM paboTbl — pacKpbITb MOHATHE
HaHOTEXHOMNOMNN, N3Y4UTb XMMUYECKME OCHOBbI 3TOTO
HanpaereHnsa Hayku. [Ina oocTukeHuns uenm Heobxogmmo
PELUUTb pPAa 3adav:

N3yunTb NCTOPUIO BO3HMKHOBEHUA HAHOTEXHOMNOMN
[1aTb onpeneneHmne HaHOTEXHOMOMMK

Onpenenutb 06r1acTb HAHOTEXHOSTOMNU

N3yunTb OCHOBHbIE 3ada4M HAHOTEXHOOMNK

PaccMoTpeTb OCHOBHbIE TEXHOMOMMM NOTyYEHNS
HAHOOOBEKTOB

N3yunTb NPpMMEHEHNN HAHOTEXHONOIMN B XMW,
ovonorun, meguumnHe

7. OnpepenuTtb 3Ha4YeHWE XMMUK B NpoLIecce pa3BUTUS
HaHOTEXHOOMM

B C
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BrniepBble 3T0 Hay4yHOe HanpaBreHme o6o3Ha4mnn Hobenescknn
naypeart no gusuke Pu4yapo ®elHMaH B CBOEWN NEKLNM C OOpa3sHbIM
Ha3BaHWEM «BHMU3Y NOMHbIM-NOMHO MecTa», NPOYUTaHHOW B 1969
rogy, B KOTOPOW OH 060CHOBAas NPakTUYeCKN HEOrPaHUYEHHbIE
NepcnekTuBbl MaTepuarnoB N YCTPOUCTB, MOCTPOEHHbIX Ha YacTuuax C
pasmepamn, COM3MePMMbIMU C pasmMmepamMmn eaNHNYHbIX aTOMOB UMK
MOJIEKYN, @ UHTEHCMBHOE pPa3BUTMNE STOrO HarnpaBreHUs yXXe B
HacTosILLLee BPEMS NPUBENO K LIerIoMy psaay OTKPbITUN B
eCTEeCTBO3HaHNN U TEXHOSIOMMN,

B 1983 roay oanH U3 NMOHEPOB HaHOPa3MepPHbIX KOMMNbIOTEPOB

®. KapTtep npeackasan, YTo MUKPOISIEKTPOHHbIE MHTErpanbHbIe
CXeMbl NepeceKkyT HaHOMETPOBYO rpaHuLly okorno 2020 roaa. OpgHako
Ha4ario NpakTM4eCKon HaHOTEXHOSIOrmm ObINo 03HAaMEHOBAHO
n3obpeteHrnemM B 1982 roay CKaHMPYHOLLEro TYHHENbHOIO
Mukpockona (CTM). Tak, c nomowybto CTM okasanocb BO3MOXXHbIM
nepemMeLlleHne nHamsmayanbHbIX aTOMOB 1 MOSEKYNAPHbIX
doparMeHTOB N0 NOBEPXHOCTU NOASIOXKKN B 3apaHee ornpeaeneHHble
MecCTa.
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* HaHo (0603Ha4YeHne H NN n) — ogHa MunNnnapaHasa Yactb eanHoro uenoro. [lonsHagd
npucTtaBka B cucteme eanHul CU, o3Havarowas MHOXuTenb 100-9 (ogHa
MunnuapgHas).

HaHomeTp (HM, nm) — egnHMLa N3MepeHNs ANMHbI B METPUYECKOW CUCTEME, paBHas
OOHOW MUnnmMapaHom YacTtun metpa (T.e. 10A-9 meTpa). YcTtapeBllee Ha3BaHne —
MUSTIIUMUKPOH (107—3 MUKPOHA; 0603Ha4YEHUSA: MMK, m)

*HaHoTexHonorua — mexagucumninHapHaa obnactb doyHaamMeHTanbHom u
NPUKIagHON HaYKU U TEXHUKU, UMELLIas Aero C COBOKYMNHOCTLIO TEOPETUYECKOIO
000CHOBaHUS, NPAKTUYECKNX METOAOB UCCNEeOOBaHNS, aHanmMs3a u CUHTe3a, METOA0B
NPUMEHEHNSA N CO30aHNS OOBEKTOB MYTEM KOHTPONNUPYEMOIro MaHUMyIMPOBaHUS
OTAESIbHbIMM aTOMaMu, MorieKkyraMmm U KOMNOHeHTaMu ¢ pasmepamm ot 1 4o 100 HM (B
OLHOM WIN HECKOMNbKUX HanpaBneHusx).

e HaHomaTepuanbl - MaTepuarnbl, cogepXxaline CTPYKTYPHbIE 3NIEMEHTHI,
reomMmeTpmnyeckmne pa3mepbl KOTOPbIX, XOTA Obl B OQHOM N3MEPEHNN, HE NPEBLILLAOT 100
HM, 1, BCNeACcTBue Yero, oorne O6IaCcTh HAHOTEXHOIOTHH
doyHKUMOHANBHBIMW 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, s npoBeaeHnsa HayyYHbIX
nccnegoBaHNMM MCNOSb3YHT MHOXECTBO METOAO0B «KITACCUYECKMX» HaYK: Bruosorum,
Xumumn, donaukn. OgHako ecTb U bonee HoBbIN, cneundUYHbIN ANA AaHHOM HayKu
METOA- CKaHMpyroLada 30H40Bass MUKPOCKOMUS.

PaboTa ckaHMpyoLLEero 30H40BOr0 MUKPOCKOMNa OCHOBaHa Ha B3anMoJencTBunm

NOBEPXHOCTN oDpasua c 30HOOM (KaHTUEeBEP, Urna unn ontTndecknmn 3oHa). MNpu
Mariom

PACCTOAHNN MEX Y NOBEPXHOCTLIO M 06pa3LIOoM AENCTBME CUIT B3aUMOOENCTBUS
(OTTankMBaHus, NPUTSKEHUS, U APYTUX CUM) N NPOSIBIIEHNE Pas3nMYHbIX 3 dEKTOB

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

AN Cant | ey t)

COBpeMEHHbLIX CpeancTB permcTpaunin.

OCHOBHbIE TUMbl CKAHMPYOLLIMX 30HAOBbLIX MUKPOCKOMOB:
» CkaHupyowmmn aToMHO-CUNOBOWN MUKPOCKON
« CkaHupyoLmint TYHHESTbHbBIN MUKPOCKON

*  BnmxHenosnbHbIN ONTUYECKUA MUKPOCKON KaHTunesep B ckaHupytoLem
ANNIEKTPOHHOM MUKPOCKONe

(yBenunyeHue 1000x)
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EXHOJ10TNI Nory4YeHn4

[ns peweHna psga npobnem — anekTpoHUKK, BUonorum, Xummm — 6onbLLUNX pasMmepoB OOBLEKTOB He
TpebyeTcs, HaNPOTMB, YMEHbLLUEHNE Pa3MePOB B ANEKTPOHUKE HE TONBbKO MO3BOSNIIO PELLNTL TE XKe
camble 3a4a4yun, HO U 3HAYUTENBHO YIYULLINTb NPaKTUYECKM BCE XapaKTEPUCTUKM U3OENNI, MPUYEM B
page obrnacTten Haykm n TEXHUKN YMEHbLLEHNE pa3MepPOoB ABMNAETCS HEOOXOAUMbIM YCITOBUEM

pelleHna npobrem.

TexHonornm, ncnonb3yemMble st 3TOro, MOXXHO
rpybo pasgenutb Ha aBe 4actu. B psge cnydaes
HAHOOOBLEKTbI MOXXHO MOyYaTh N3 BOMbLLIOWN 3aroTOBKM,
nyTem yganeHuna nuHero matepuana. Takue TeXHONornm
MHOr4a Ha3blBaKT «CBEPXY BHM3». [puMepom Takmnx
TEXHOMOrMn ABNATCA NPUMEHEHME TOHKOrO nepemora
(cyxoro n ToHKOro) matepuana, obkanbiBaHue,
OTNUNVBaHNE U T.A4.

«CBepXy BHU3»

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

ObkanwiBaHue
marepuana

ToHkuA
nepemon
marepuana

OTnunueanue
marepana

BTopon Bna, HasbiBaeMbIN TEXHOSTOIMSMU «CHU3Y BBEPX» ,
nogpasymeBaeT nosnyyeHme o6bekToB U3 OTAENbHbIX aTOMOB,
Hanpumep NpoBeAEeHNE B PACTBOPE XMMNYECKNX PEaKLIUIA,
conpoBoXxaaroLumxcst obpasoBaHMEM HEPACTBOPUMbIX UK
TPYAHOPACTBOPUMbIX BELLLECTB (Pa3fiMyHble TUMbl peaKLmi:
rmapornns, OKUCNeHne, BOCCTAHOBIEHNE, HENTPanNu3awumio);
MEeTOoAbl MONEKYNSAPHO-Ny4EeBOM anuTakcum Yepes Tpadaper,
camocbopka 3a cyeT NoBePXHOCTHOM Anddy3smmn, cbopka
HY>XHOW KOH(pUrypawumm n3 otaenbHbIX aTOMOB C MOMOLLbHO
CKaHMPYIOLLLEro TYHHEINTbHOro MMKpOCKoMa.

«CHU3Yy BBEPX»

Camocbopka 3a
cyer
NOBEPXHOCTHOM
anddyum

Coopka ua
OTAENbHLIX aTOMOB ¢
NOMOWbLK
CKaHUpyroLero
TYHHENLHOro
MHKpOCKona

Mony4eHue
00bekToB 13
oTAGNLHBLIX
aToMoB

Mpoeegerve B
pacTeope
XUMUUYBCKIX
peakuuvi

-rMaponua
~OKMCNEHWE
-BOCCTAHOBNEHWE

Yy
-HeWTpanu3auumn MeTtoasl
MOMNEKYNAPHO-
Ny4eBON ANUTAKCUU
4yepes Tpachaper




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

» [1nasmeHHoe HanblneHue: nNnasMmeHHoe, aHoAHOe, MarHETPOHHOE U T.A4.
*  WOHHO-nyyeBasd anuTakcus

* [asodraszHoe KoMnakTupoBaHue

* MeToabl NazepHOro ncnapeHus

» KoHTponunpyemasi Kpuctannmsauyms

« [ucneprupoBaHue N NUsMens4eHne

« [lnacTtnyeckasa geopmauus

Hanpumep, B yCTaHOBKE Mj1a3MeHHO20 OCaXAeHUs B 30HY Nia3mMbl BMECTE C MHEPTHbLIM ra3om —
HOCUTENEM BBOAATCA coeanHeHMsa MmeTanna. B 30He nnasmbl KOHTaKTUPYHOT C OpraHNYeCcKNM
MOHOMEPOM 1 06pa3sytoT cTabunnmanpoBaHHble NONMMEPOM HaHOYACTULbl OKCUAOB, HUTPUAOB,
kapbugoB metanna.

[Mpn 2a3ogha3HOM nony4eHnn HaHoMaTepmanos YacTuLbl METANMOB U3 TUMMSA — UCMapUTENs
HanpaBnsATCA Ha PUNBLTP, C KOTOPOro OHM YOansTCA NOTOKOM rasa. B pesynsrate
KOMMaKmupoeaHusi — YKPYNHEHUS1 HAHOYaCTUL, BO3MOXHO CEPUIAHOE MOMy4YeHne HaHOMOPUCTLIX
maTepuarnos.

B cnyyae ncnonb3oBaHus J1Ja3epHO20 ucnapeHus ANs HAHECEHUS MOKPbITUSA Ha pa3nnYHbIe YacTuLbl
MCNonb3yTCS Nasepsbl, paboTatoLme B UMNYNbCHOM UIK HEMPEpPbLIBHOM pexumax. [Mpy aToM nasepHbii
NyY BbICOKO MHTEHCMBHOCTM NadaeT Ha MeTannM4ecknii CTepXKeHb, Bbi3biBasi MCNapeHe aToOMOB C
MOBEPXHOCTU MeTanna, KoTopble YHOCATCS NMOTOKOM renus Yepes conna. PaclumpeHne aToro notoka B
BaKyyM NPUBOAUT K €ro OXNaXXAeHUo 1 06pa3oBaHNio KnacTepoB aTOMOB (HaHOYacTUL) MeTanna.

HaHomaTepuansl MOXHO nosny4vartb U MOAEPHN3NPOBaHHLIM MemodomM BepHelisisi, Korga CBepXnerkun
NOPOLLOK («nyapa») obpabaTbiBaemMoro Mmatepuana npornyckaeTcs Yepes pakesn u3 roproyero rasa
(BOOOPOOHO-KMCITIOPOAHOE NNnams), unm nnasmy 0e3aneKkTpoLHOro BbICOKOYACTOTHOIO WS 3NEKTPOLAHOIO
paspsgoBs. B nnameHe obpasyoTcs HaHOYaCTULIbI OKCUMAO0B METAarsIoB, KOTopbie B BUAe nopoLuka (~50HM)
xpaemom noanoxke. Ha 6ase Takon TeEXHONOIMMN yxe nonyyeHbl TBepable
wﬂwmaammme N3HOCOCTOWKOCTb PEXYLLMX NMOBEPXHOCTEN, NX XKAPOCTONKOCTb U

1 11AMS/SN/N"T)



K OCHOBHbIM XUMUYECKMM METOAAM MONy4YEeHUst HAaHOMaTepuanos
OTHOCATCS creayloLue:

e XMmMmyeckasa KoHgeHcaumsi napos
» XnokodpasHoe BOCCTAaHOBIEHME
 Paguonus

 MaTpu4yHbIN CUHTES

Xumu4yeckasi KOHOeHcauusi napoe. Ha HayanbHOM 3Tane
NCXOOHOE BELLECTBO UCMAPAIOT, MPUMEHSA Noaxoasilme MeToabl
Harpesa. [apbl BewecTBa pa3baBnaoT 60bLLMM N30bLITKOM NOTOKA
NHEPTHOrO rada. OBbbIYHO UCMOMbL3YHOT apProH UMMM KCEHOH. ofTy4YeHHyo
naporasoBy0 CMECbh HanpasnaAlT Ha NOBEPXHOCTb 0bpasa (Nonoxky),
OXNaXkAeHHYI 40 HU3KUX Temnepartyp.

dopmMmrpoBaHMe HaHOYaCTUL, Ha MOBEPXHOCTU NOASIOXKKN ABMASETCSH
HepaBHOBECHbIM NPOLIECCOM U 3aBUCUT OT psia (aKkTOpPOB:
TemnepaTtypbl NOANOXKM, CKOPOCTU KOHAEHcaLUun 1 T.4. nony4yeHme
HaHO4YaCcTuL, METO4OM COKOHEHCaLMN HECKONbKUX BELLEeCTB Ha
oxnaxxaaemol NoBepXHOCTM NO3BOSISAET NIErko BBOAUTb B X COCTaB
pa3nuyHble JobaBKW, a B NPOLIECCE KOHTPONMPYEMOro Harpesa,
yBenMymBas NoaBMKHOCTb HAHOYACTUL, OCYLLECTBASATb PSa HOBbLIX U

HTE30B.



XudkoghazHoe soccmaHoessieHue. XMn4eckme BOCCTaHOBINEHNE 3aBUCUT Kak OT NPUPOAbI Napbl BOCCTAHOBUTESb-
OKUCNNTENb, TaK U OT UX KOHLEHTpaLmu, pH cpeabl, TeMmnepaTypbl, CBOUCTB pacTBopuTens. B kayecTBe BocCTaHOBUTENEN
MOHOB METanNJIoB Yallie BCEero ucnosb3ytoT — bopornapuabl (Hanpumep. NaBH,), antomoruapuabl, Conuv LaBenesomn 1 BUHHOW
KMCcnoT, dpopmanbgerna.

HaHouacTuubl cepebpa (Ag) paamepom MeHee SHM MornyYeHbl BOCCTaHOBIIEHWEM a30THOKUCTIOro cepebpa (AgNO,)
Bopornapuaom Hatpust (NaBH,) Npy cMeLLMBaHUM COOTBETCTBYIOLLMX PACTBOPOB B ONpeAerieHHOM TeMnepaTypHOM pe>|<|/||v|e:

- I
Ag +€— Ag

rlepCI'IeKTI/IBHOVI pPa3HOBMAHOCTbLIO BblLLENPUBEOEHHOIO METOAA ABNIAETCA INIEKTPOXMHN4eCcKoe BOCCTaHOBJIEHHUe.
3J'IeKTpOXI/IMW-IeCKOG BOCCTaHOBJ1IEHME METAlIJ10B NMO3BOJIAET, UBMEHAA NapaMeTpPbl AJTIEKTPOAHbIX NMPOLECCOB, B LLUINPOKUX
npenenax sapbnpoBatb CBOMUCTBA MNojtydaeMbIX HAHOKI1aCTepPOB.

Hanpumep, npn KaTogHOM BOCCTAHOBMNEHMM METANSOB:

M%* g ng - M

Ha nnaTnHoBbIX KaTogax MoryT 06pa3oBbIiBaTbCA cHEePUYECKNE HAHOYACTULLI METANMOB, a Ha KaToaax U3 antoMUHUS
dhopMumpyoTCH HAHOPa3MeEpPHbIE NMNEHKMU.

[na koHTpons npoueccoB oOpMMPOBaHUS N CTabunusaumm HaHO4YacTUL, UCNONb3YKT MOJIEKY bl OPraHU4YeCcKnx
BewecTB 60MbLINX pa3MepoB — MaKpOMOJIeKy bl. VIX MOXXHO paccmMaTpuBaTh Kak HAHOPEaKTOpPbI, MO3BONSAOLLNE
CYHTE3MpOBaTb HaHOYaCTULbI TPEByeMbIX pasmepoB 1 hopmbl. MakpoMoneKky bl — opraHn4YecKne Monekyribl C BbICOKOM
MOJSIEKYNSPHOM Maccon, 06bEMHON 1 pa3BETBNEHHOW CTPYKTYPOW, HAnMYnemM akTUBHbIX KOHLEBbLIX rpynn. MNpumepom
BOCCTaHOBSIEHUS MOHOB METasIoOB B HAHOPeaKkTopax C MakpoMOrieKynamu ABnseTcs nonyyeHne HaHoyacTtumy 3onora m3
BOZHOrO pacTBOpa 30/10TOXII0PUCTOBOAOPOAHOM KUCNOThbl HAUCI, :

Aud* + 37 — Au
‘enb — bopornapuT HaTpus, Makpomorsiekyna — nonnaMmmaoamMmmH ¢ KOHLEBBIMW NEPBUYHBIMU U
TpeTVI‘-IHbIMI/I aMmuHorpynnamu. Npun KOHTPONIMPYEMOM CUHTE3E NOSTy4YEHbl HAHOYACTULbI 30510Ta pa3MepoM OT 2 0 6 HM
pasnuyHon opMbl.
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Paduosnus. CvHTes HaHo4acTuUL Npu paavonyiae 3aknyaeTcs B BO3OencTaum
Ha CUCTEeMY YacTuL, N N3ryyYyeHnn BbICOKNX aHeprumn, bonee 100 aB. BapmnaHTom
pagnonnaa ABsieTcs PoTonna ¢ aHeprnamMmm obnydeHms npumepHo 60 3B. MNpwu
pagnonnae B CUCTEMaXxX reHepupyoTcsl CBOOOAHLIE SNEKTPOHBI U paaukansl. Tak, B
BOAHbIX pacTBopax npu obny4vyeHnn n3 Mosiekyrbl BOAbl NOny4arTcH
rmapaTtnpoBaHHbIE 3NEKTPOHbI M paanKarsibl BOgopoga v rugpokcuna:

H,OM > H +0H +¢@

OMEKTPOHbI U paguKkanbl NPy B3anMoaenCcTBUN C UCXOOHbIM BELLECTBOM
obpasyloT HaHo4YacTUUbl. Pagnonns uMeeT psg CyLLECTBEHHbIX MPEMMYLLIECTB Nepea
XUMUYECKNM BOCCTAHOBMEHMEM. Paanonna BO3MOXXEH Kak B XXUAOKUX, Tak N B
TBEPAbIX CUCTEMAX B LUMPOKOM TEMMEPATYPHOM UHTEPBAre; Nofydaemsble
HaHo4YacTULbl UMEIOT CYLLECTBEHHO MEHbLLIE NPUMECEN APYrNX BELLECTB U MEHbLLUNI
pa3bpoc no pasmepam. CooTBETCTBEHHO, KAYECTBO MOsly4YaeMbiX HaHOMaTepuanos
NoBbILLAETCS.

C ncnonb3oBaHNeM paanonuaa nony4yeHbl HAHOKOMMO3UThbI, COCTOSALLNE U3
HecKkonbkux MeTannoB. Hanpumep, HaHoCUCTEMBI HUKENb-Cepebpo ¢ AnameTpom 2-4
HM; BumeTannuyeckmne Yyactuubl Au-Ni pasamepom 2,5 HM, HaHECEHHbIE HA aMOPMHBbIN
yrnepoga; TpuMeTannmnyeckme HaHodactuubl Pd-Au-Ag. O6pasyioumecs
MHOrOCIMOMHbIE HAHOKMACTEpHbIE MaTepuarbl npeanonaraeTcs UCMonbL3oBaTb Ass
dheMToCceKyHOHbIX 3NEeKTPOHHbIX YCTPOUCTB HOBOIO NMOKONEHMS.
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aYelmVVaYuVaYte e A

MaTepvlanbl pa3paboTaHHble HA OCHOBE HAHOYaCTUL, C
YHUKaIbHbIMU XapakTepUCTUKaMU, BbITEKAKOLLIMMWN N3
MUKPOCKOMNYECKMX pa3MepPOoB UX cocTaBnaowmnx. B psge
paboT ncnonb3yeTcs creayoLlas Knaccndmnkaums
OObEeKTOB HAHOTEXHOSOMN:

* YrnepogHble HaHOTPYOKK
* QynnepeHs.l

* [paeH o
* HaHokpuctannbi Lo ~ Y
* Asporernb G e
« HaHoakkymynsaTopbl R NS 5

iy

« CamoounuiaroLmecsi NoBEpPXHOCTU HA OCHOBE adn,:j&:n
roTtoca

- NT.0.

*ﬁ\v ‘S""r s

Ho Heobxoanmo NOMHUTL, YTO AeneHne oObEKTOB
BECbMa YCMNOBHO.
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OTO MPOTSXKEHHbIE LITMHOPUYECKNE CTPYKTYPbI AMaMeTpoM OT
O[HOr0 O HECKOSMbKMUX OeCATKOB HAHOMETPOB U1 ANIMHON A0
HEeCKOJIbKMX CAHTUMETPOB , COCTOALLME U3 OQHOW UMW HECKOMbKUX
CBEPHYTLIX B TPYOKY rekcaroHasnbHbIX rpaduToBbIX NSTIOCKOCTEN U
3aKkaH4mMBatoLmecs odbIYHO Nonyceprnyeckom ronoBkon, KoTopas
MOXXET paccMaTpuBaTbLCA Kak NornoBuHa MOSIEKYSbI doyriepeHa.

Bo3MOXHble NpUMeHeHNsA HAHOTPYOOK:

* MexaHnyeckue NMPUMEHEHNA: CBEPXMPOYHbIE HUTMH,
KOMIMNO3NTHbIE MaTepunaribl, HAHOBECHI.

* [lpUMeHeHns B MUKPOINEKTPOHMKE: TPAH3UCTOPHI,
HaHOMNPOBOAa, NPO3paYHbie NPOBOASLLNE NOBEPXHOCTH,
TOMNNMBHbIE SNEMEHTHI.

« [1na cosgaHusa coeguHeHnn mexay buonornyeckmmm
HerMpoHaMn N ANEKTPOHHBLIMU YCTPOUCTBaAMN B HOBEULLINX
HEMPOKOMIMbIOTEPHbIX pa3paboTkax.

* KaI'II/IJ'IJ'IHprIe NMPUMEHEHNA: Kalncyribl AJ14 aKTUBHbIX
MOJ1eKyrsl, XpaHeHne MeTaJiiioB 1 ra3oB, HAHOMUMNETKW.

* MuHMnaTIOpHbIE AaTYMKK ANst OOHAPYXEHNS MONeEKyr B
ra3oBOW cpeae Unmn B pactBopax C yIibTPaBbICOKOM
YYBCTBUTENBLHOCTLIO. Takme HaHoAaTYMKX MOTYT
MCMNONb30BaTbCS AJ1 MOHUTOPUWHIA OKpPY>KatoLLEen cpeabl, B
BOEHHbIX, MEOULIMHCKNX N OMOTEXHOMNOMMYECKNX
MPUMEHEHUSX.
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COEeANHEeHUs], MpMHaanexalyue Knaccy annoTponHbix dopMm yrnepoaa
N NpeacTaBnstoLme cobom BbiNyKIble 3aMKHYTble MHOFOrpPaHHUKM,

dynnepeHbl, 6akMborbl UM 6YKNO605bl — MONEKYISSPHbIE

COCTaBI1EHHbIE N3 YETHOIO YNCIia TPEXKOOPANHNPOBAHHbLIX aTOMOB

yrrnepoaa. BOAHbLIN pacTBOp
C,,HyFn

Ob6nactu npumMmeHeHus:

Xnmunyeckune csomctsa pynnepeHoB:

B C

AKKYMYNSITOPbI U 9NeKTpuYeckmne batapeun

[o6aBKkn Ans NonyyYeHust ICKYCCTBEHHbIX anMa3oB METO0M
BbICOKOIO AaBMNeHusi(BbIXoa4 anmMasoB yBennyunsaeTcsa Ha =30 %)

Co3gaHue HOBbIX NekapcTB
OrHesalnTHbIE KpacKu
N3roToBneHne conHevHbIX 3rieMeHTOoB

K Kaxkgon Takon Mosiekysie MOXHO NPUBUTL Apyrne atoMbl U MOSMEKYIbI.
MOXXHO MOMECTUTb YYyXXepOaHbl aTOM B LIEHTPArIbHY0 NOSOCTb Takom
MOJIEKYIbl KaK B CyNneprnpoYHbI KOHTENHEP.

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




'padcpeH (aHrn. graphene) — aBymepHasa annoTponHas moandukauma yrnepoaa,

obpasoBaHHas cnoemM aToOMOB yriepoaa TONWMHOM B OANH aTOM, COEANHEHHbIX

NOCPEaOCTBOM sp? CBA3EN B rekCaroHanbHYH ABYMEPHYIO KPpUCTanInMYeckyo peleTky. Ero

MOXXHO NpeacTaBUTb Kak O4HY NNOCKOCTb rpaduTa, OTAENEHHY0 OT OOBLEMHOIO
Kpucrtanna.

MNMony4yeHue:

Kycoukn rpadpeHa nony4yaroT npu MexaHM4eCcKoM BO3LENCTBMN HA BLICOKOOPNEHTUPOBAHHbLIN
NNPOSNIUTUYECKNIA rpadpuT. Kycouku rpadpeHa Takke MOXHO MPUrotToBuTb N3 rpadouta, MCnosib3ys
XumMmunyeckune metogbl. CHavana MMKpoKpucTansbl rpaduta nogsepraroTcs 4ENCTBUO CMECH
CEPHON 1 CONAHOM KUCIOT. (padonT OKNCNSETCA 1 Ha Kpadx obpasua NosBsTCS
kapbokcunbHble rpynnbl rpadeHa. Mx npespalyatot B Xnopuabl Npy noMoLLy TUOHUAXNnopuaa.
3atem nopg AencTBMeM OKTagdeuunaMmmHa B pacTBopax TeTparngpodypaHa, TeTpaxsiopMmeTaHa 1

ONXIIOp3TaHa OHU NEPEXOANAT B rpadeHoBbIE CIOM TOMLLMHOM 0,54 HM. OTOT XMMUYECKNA METOL,

He eANHCTBEHHbIN, N,MEHAS OpraHU4YecKne pacTBOPUTESIN N XUMUKATbl, MOXXHO NOMYy4YnUTb
HaHOMeTpPOBbIE CIioun rpadura.

NMpumeHeHue:

« TpaH3ucTopbl ¢ 6a30BOU TOMNWMHON 00 10 HM
* Ou4eHb YyBCTBUTESNBHbIE CEHCOPLI A4 06

* M3roToBrneHne anekTpogoB B MOHUCTOPaXx
 HoBbI TMN cBeToAMoaoB (LEC)
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* WpeanbHbIN HAHOKPUCTANN — 3TO TPEXMEPHAsi HaCcTuLa COBEPLUEHHOM
CTPYKTYpbI, MMeHHas Bcex AedPEKTOB CTPOEHUS, CKOPEE 3TO
MaTeMaTU4eCKNN 0OBbEKT, UMEIOLLMIA NOSMHYI0, CBOUCTBEHHYIO EMY
CUMMETPUIO, NAeanbHO rnagkue rpaHn n T. a. iaeanbHbI HAHOKPUCTAaMNT
(KpucTansn) aBnseTcs TeopeTU4ECKON MOAENbIO, LUMPOKO NCMOSIb3YyEMON B
Teopuun TBEPLOro Tena.

* PeanbHbIM HAHOKPUCTANN BCErda COAEPXUT pasfnydHblie AedeKThl,
HEPOBHOCTW Ha rPaHsAX N MOHMKEHHYIO CUMMETPUIO BCIeACTBUE BO3OENCTBUS
oKpyXatowen cpeabl. PeanbHbin HAHOKpUCTaN BoobLle MOXET He obnagaTtb
KpucTtannorpaduyieckumm rpaHsiMm, HO y HEero COXpaHsieTCs rnaBHOE
CBOMCTBO — 3aKOHOMEPHOE MNOJIOXXEHNE aTOMOB B PELLETKE.

»  OCHOBHOWM OTNIMYNTENBHbLIN MPU3HAK CBOUCTB KPUCTAnNMoB B TOM YAUCIE U
HaHOKPUCTasnoB — UX aHM30TPONUA, TO eCTb 3aBUCUMOCTb X CBOUCTB OT
HanpaBeHud, Toraa Kak B U30OTPOMHbIX (XKMOKOCTAX, aMOPJHbLIX TBEPAbIX
Tenax) nnn NceBaon3oTPONHbIX (MOMMKPUCTanNbI) Tefiax CBOMCTBA OT
HanpasfneHUn He 3aBUCAT.

NpumeHeHue:
1. AKTUBHbIE 35IEMEHTbI 3NEKPONMOMUHUCLIEHTHBLIX NaHerneu

2. driyopecueHTHble MapKepbl pasfinyHbIX OMOIornyecknx 06bLEeKToB
3. HaHokpucTannuyeckne coniHeyHble batapeun
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Asporenu (oT naT. aer — BO3ayx U gelatus — 3aMOpPOXXEHHbIN) — Krlacc
mMaTepuarnos, NpeacTaBnsoLWmx cobon refib, B KOTOPOM Xuakasi dasa
NOMTHOCTLIO 3aMeLleHa razoobpasHon. Takme matepuarnsl obnagatoTt
PEeKopAHO HN3KOU MSTIOTHOCTbLIO U AEMOHCTPUPYIOT PAL YHUKANbHbIX CBOUCTB:
TBEPLOCTb, NPO3PAaYHOCTb, XXapONpPOYHOCTb, Ype3BbIYaWHO HU3KYHO
TennonpoBOoAHOCTbL U T. A. PacnpoctpaHeHbl asporesin Ha OCHOBe aMOpPMHOro
anokcuaa KpeMHUS, IMUHO3EMOB, a TakKe OKCUO0B XpoMa 1 oriosa. B Havane
1990-X nony4veHbl nepsble 06pasubl asporesisi Ha OCHOBEe yrinepoaa.

NpumeHeHue:

1. [a30BbIX U XXNOKOCTHbIE PUNLTPLI

2. Asporenb Ha OCHOBE OKCMAaa Xesesa C aritoMUHUEBbLIMU HaHOYaCcTULLAMMU
MOXET CITY>XUTb B3PbIBYaATKOMN

3. Paguatop B YepeHKOBCKMX OEeTEKTOpaXxX 3apaXXeHHbIX YacTul

4. Wcnonb3yeTtcs B npoekTe « CTapaacT» B Ka4ecTBe MaTtepuana ans ok
KOCMMYECKOU MbISn.
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HaHoaKkKyMynsaTopbl — 3TO aKKyMYIATOPbLI, UCNOMb3ytouine
TEXHOMNOMMI0 HaHoMNMacTmH (MeHee 100 HM). [Ina cpaBHEHUS,
TpaauLMOHHbIE NMTUTUEBO-MOHHAA TEXHONOIMA Ucnonb3yLlas Takme
MaTepuarnsbl, Kak OKCuabl INTUS ¢ KODANbTOM UMM MapraHueM , Yo
YyacTuubl MMEKT pa3mep 5-20 MKM.

YcTpouncreo:

* AHOA — 0b6bI4HO NMMBO rpaduT, NIMOO CepaeYHUK U3 HEPXKaBELLIUI
cTanu, NOKPbITbIN HAHOCITOEM KPEMHMUS.

« Katop
o  ONeKTponunT

NpeumyuiecTBa:

1) boree bbICTpoe BpeMs 3apsaKku akkyMyrnsaTopa, YeM Yy NUTUEBO-
NOHHbLIX aHasoros.

2) bonee cunbHoe co3gaBaeMoe HanpsikKeHue, N 3Ha4YNTENbLHO
yBenunyeHHasi NnoTHOCTb 3apsaaa.

3) MeHbLnn Bec
4) YBenu4yeHHbIN CPOK KcnyaTauum
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Adb ekt notoca — 3PP EKT KpanHe HN3KOW CMaYMBaAEMOCTM MOBEPXHOCTU, KOTOPbIN
MO>XHO

HabnogaTh Ha NMMCTbAX U NenecTkax pacTteHnn poga J1otoc v Opyrnx pacteHun, Kak
HanpuMep HacTypumsa N TPOCTHUK OObIKHOBEHHLIN .

TonbKO C N300pEeTEHNEM ANEKTPOHHOIO MUKPOCKOMAa CEKPET JfI0TOoCa cTan n3BecTeH. Ero
packpbIlil Hemeuku 6uonor Bunberenosm baptnotTt B 1975 roay. Bce geno B
MMKPOCKOMUYECKMX Byropkax, KOToOpbIMU MOKPbIThI INCTbS. A DYropku, B CBOO ovepenb,
MNOKPbLIThI eLLle 6oree MeENKMMU «HaHOBONOCMKaMny». Kannsa Boasbl, nonagasi Ha Takyro
OyrpucTyto NOBEPXHOCTb, HE MOXET PABHOMEPHO PaCMONOXUTLCA Ha HEW, T.K. 3TOMY
MELLIAKOT CUITbl MOBEPXHOCTHOIO HaTsXKeHUS. [M03TOMY Kannu ckaTblBatOTCS C NOBEPXHOCTH
nncTa, He oCcTaBnsAs cnega n CMblBasi rpsidb, Nbiib U 6akTepumn.

YyeHble cTpeMsATca co3aaTb cyneprnapodobHbIn MmaTtepuan ¢ Mcrnonb3oBaHNEM

HaHOTEXHONOrMmn.
-
s < ¥ A? "
',- ) i - )
g7 W] g
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O6nacTb NpUMeHeHuUs:

1. Jlakn,kpacku

2. CneuunanbHble NOKPbLITUA CTEH BbICOTHbLIX 30aHUN
3. Hesanortesatouwme okHa
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CynpamonekynspHas (HagMmoneKkynsapHasa) XxumMmms (Supramolecular chemistry)

mMexancumnimnHapHas obnacTtb HaYKW, BKJTHOHaoLWada XuMn4yeckme, ct)|/|3|/|qu|<|/|e n

bunonorn4vyeckne acrnekThbl pacCMOTpPEHNA boree CnoXHbIX, YemM MOJIEKYIbI,
XUMUNYECKNX

CUCTEM, CBA3aHHbIX B €0MHOeE Lierioe NocpencTBOM MeXMONEKYNAPHbIX
(HekoBanNEHTHbIX)

B3anmogenctenn. O6bLEKTbI CynpamorekynsapHON XMMUN — CyrnpamMoseKkyrsipHble
aHcambsu, cTposiLmeca camornpon3BosibHO N3 KOMMSIEMEHTAPHbIX, T. €. UMERLLNX

rEOMETPUYECKOE N XUMNYECKOE COOTBETCTBUE (PpparMeHTOB, NOAOBHO
CamMonpoun3BOfbHOW

cbopke CNOXHENLLMX NPOCTPAHCTBEHHbIX CTPYKTYP B XnBoK knetke. OgHon na
dyHOameHTanbHbIX NPOGNemM COBPEMEHHON XMMUN ABIISIETCA HaNpaBreHHoe

KOHCTPYMPOBaHNE TakMUX CUCTEM,
OnoKoB»

n
CBOWCTBaMMW.

CynpamonekynsapHbl



e [Mony4yeHue HaHOMaTepManoB, CoAepXKaLLMX HeopraHM4Yeckue
Knactepbl, 00pa3oBaHHble YACTbIMW MeTanamu, crninaBsamMmm MeTarnmos,
COCTOSILLNX U3 ANEMEHTOB NepexoaHbIX rpymnmn, okcuaaMmn, kapongamm u
cynbcnaamm MeTanmnoB, a Takke yrnepoaHbIMU 1 OpraHUYeCcKUMU
MOIEKYNAPHbLIMU KNacTepamu.

* [Mony4yeHne maTepnanos, NpeacTaBrAOLWMUX COOON MONEKYNSApPHOe
CUTO C TOYHO 3aAaHHbIMU pa3mepamum nop. K nogodbHbIM maTtepunanam B
HacTosILLlee BPEMSI OTHOCATCHA HAHOKpacTansibl CUTanmos,
rmgpokcunanartmuTa, NopUCTbIN KpeMHUN 1 T.4.

e lMony4yeHne HaHO3aMKHYTbIX aTOMHbIX 000fI04€K, B NEPBYIO o4Yepeb
YyrnepoaHbIX, Tuna ynnepeHoB 1 X NPoM3BOAHbIX: HAHOTPYOOK pa3HOro
CTPOEHUS, AnameTpa 1 XmpanbHOCTH.

* [Mony4yeHune NreHOK, B KOTOPbIX HAHOpPa3Mepbl (PUKCUPYHOTCH,
CO3[al0TCHA C OAHOM HanpaBfeHUU. OTO MOryT BbITb METaNNMUYECKNE,
NofynpoBOAHNKOBbIE U OANSNEKTPUYECKME NITEHKM TONWNHOW B HECKOSBLKO
aTOMHbIX MONEKYNSAPHbIX CIOEB.

* [Mony4yeHne HaHOpa3MepHbIX KaTanusaTtoposB. [laHHble KaTannsaTopbl
obecneynBaloT BbICOKYIO N30MpaTenbHY CNOCOBHOCTL N BbICOKUIA BbIXO
NPOAYKTOB peaKkunin. 3To 4OCTUraeTCs UBMEHEHUEM (PYHKLIMOHANBbHbIX
CBOWCTB NOBEPXHOCTN KaTanmsartopa, €€ afieMeHTHOro coctasa Unu Y1ucna
aTOMOB B OTAESIbHbIX HAHOYacTULax Katanmsartopa.
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HaHoTexHonorna gaet BO3MOXHOCTb AeTallbHO U3y4vaTb
XUMUYEeCKMe NpoLieccbl Ha MONeKynspHOM YpPOBHE, NpoLeccChl
MOHHOIro 0bMeHa KIETKN C OKPYKEHNEM, BENTMUYNHY SNEKTPUYECKOTO
TOKa B HEPBHbLIX BOSIOKHAX W T.4. B MEPBYIO o4epeb 3TO OTHOCUTCA K
N3YYEHUO XUMUYECKUX NPOLIECCOB Ha NMOBEPXHOCTN N BHYTPU
XXUBOW KJ1ETKMN.

HaHo4yacTuubl MOryT ObITb MCNOMIb30BaHbI ANSA
pa3paboTku achcheKkTUBHbLIX METOAOB AOCTaBKU
NeKapCcTBeHHbIX NpenapaToB BHYTPb KNETOoK.

[ns 3TOro y4eHbIMu ObINM CUHTE3MPOBaHbI ABYXCIOMHbIE
HaHOYaCTULbl, Ha3BaHHbIE «HaHOCHapsaaammn». 3agaden 6bino
[0CTaBUTb TOKCUH BHYTPb PAKOBOM OMYXOSM 1 TéM CaMblM
YHUYTOXUTb €€. Bo BHeLLHel 06onoyke HaxoauTcs npenapar,
BbI3bIBAOLLNI KONMNanc KPOBEHOCHbLIX COCYA0B, YTO
NpenoTBpaLlaeT pacnpoCcTpaHEHNS TOKCMHA MO BCEMY OpraHM3My, a
B 94p€e HaHO4YaCTULbI AOIMKEH COAEPKaTbCA TOKCUH, yOnBatoLLIni
paKkoBYyo KNeTKy. Taknm obpas3om, BHELLHAS 06ono4vka
HaHO4YaCTULbl paccacbIBaeTCs, BbiMyCKAET JIEKAaPCTBO,
COKpallatoLLee cocyabl, B TO BpeMsi Kak ocTanbHble HaHO4YaCcTULLbI
MPOHMKAIOT Yepes Nopbl B MeMBpaHax pakoBbIX KNETOK, rae BTopas

00 orddKa RIXAYTKAPE TIONSELI 5 EVBaKIUME PASOBNEENATKYE NOBEPXHOCTU KOHTAKTA,
OTKpbIBaloLLMeE HOBble 0bracTu, CBA3aHHbIE C UMMMaHTaMy 1 UCNOMb30BaHUEM
MCKYCCTBEHHbIX OpraHoB. OTO YTBEPXXAEHNE JOCTAaTOYHO MOMHO NOATBEPKAaeTCH
MPUMEHeHMeM YacTuL, amopdHOro rapoKeunanaTnTa B UMMIaHToNnormm KOCTHON

-




Xumus urpaet 6onbLUYIO POnb B peLLeHnn Hanbonee akTyarnbHbIX NpobrnemM COBPEMEHHOTO
yenoseyecTtBa. K nx umcny otHocatcs:

1) CUHTE3 HOBbIX BELLIECTB M KOMMNO3ULNIA C 3aaaHHbIMW CBOMCTBaMWN, HEOOXOAMMbIX ANS peLleHnst
pasnn4YHbIX TEXHUYECKNX 3aaaY;

2) yBenuueHve aPeKTUBHOCTH MCKYCCTBEHHbIX yAOOPEHUI AN NOBbILLEHNS YpOXanHOCTM
CENbCKOX03ANCTBEHHOW NPOAYKLNU U CUHTE3 MPOAYKTOB NUTAHUSA U3 HECESTbCKOXO3ANCTBEHHOIO
CbIpbS;

3) paspaboTka 1 co3gaHne HOBbIX UCTOYHUKOB SHEPTUN;

4) oxpaHa oKpyxatoLiemn cpeqbl;

5) BbISSCHEHNE MeXaHn3ma BUOXMMMNYECKMX NPOLIECCOB M X peanuaaumsi B UCKYCCTBEHHbIX
YCINOBUSX;

6) OCBOEHMNE OKEaHNYECKNX MCTOMHUKOB ChIPbS.

B nocnegHue rogbl MHOIO roBOpPAT O HAHOTEXHOJ1OTNAX. A, KOHEYHO, KIto4eBYHO POJib B
pa3BUTUN HAHOTEXHOINOINN UTPaeT XNMMUA.

TexHonoruu m MaTepuarnbl BCceraa urpasu GOﬂbLIJYI-O POJib B UICTOPUN LINBUITN3ALINN,
BbIMNMOJTHAA HE TOJ1bKO Y3KO NMPOn3BOACTBEHHbLIE beHKLI,I/II/I HO 1 couunaribHble. ,D,OCTaTOLIHO
BCMNOMHWUTb, KaK CUJIbHO OTJTM4YaJ1INCb KaMeHHbIN U 6pOH3OBbII/I BEKa, BEK rnapa " BeK arieKTpn4ecTBa,
aTOMHOW AHEPINnN N KOMIMNbKOTEPOB.

1o MHEHMIO MHOTMX 3KCNEePTOB, XXI B. OyAeT BeKOM HAaHOHaYyKU U HAHOTEXHOJIOr1M,
KOTOpble U onpeaensaT ero nuuo. Bo3gencrene HAHOTEXHOSOMMIM Ha XXU3Hb ODELLAEeT UMETb
BCEOOLLUIN XapaKkTep, MUBMEHNTbL AKOHOMUKY M 3aTPOHYTb BCE CTOPOHbLI ObITa, paboThl, coumnanbHbIX
OTHowWweEeHUN. C NOMOLLLIO HAHOTEXHOSTOMU Mbl CMOXXEM 3KOHOMUTb BPEMS, NoflyyaTb OornbLue 6nar
3a MEHbLLUY0 LeHY, MOCTOAHHO NOBbIWATb YPOBEHb N KAYE€CTBO XXU3HW.

B HacToswee BpeEMA 3TO BECbMa O6LLIVIpHaFI obnacTb uccrnegoBaHuin, BKNoYawLas B cebs
Lenbln p4aa HanpaBJieEHUNU C*)I/I3VIKI/I, Xumun, bruonorum, ANEKTPOHUKN, MEOANLUWNHDBI U APYTUX HaYK.
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B npouecce nccnegoBaHns Mbl peLwwmnm psag

NMNOCTaBJ1IEHHbIX 3a4a\.:

1) W3yymnu ncrtopumo BO3HMKHOBEHUS
HaHOTEXHOMNOornu.

2) [Hdanu en onpeneneHue.
3) Onpepenunun obnactb HAHOTEXHOMNOMUN.
4) W3y4nnun ocHoBHbIe 3ag4avyn HAHOTEXHOMOTUM.

5) PaccmoTpenu OCHOBHbLIE TEXHOMNOIMU Mosly4YeHus
HAHOOOBLEKTOB.

6) W3yumnu npumeHeHnn HaHOTEXHOSIOMMN B XUMUN,
bvonorun, MeguunHe.

7) Onpenenunun aHayeHne XMMmuu B rnpoLiecce
Pa3BUTUA HAHOTEXHOSTOTUM.
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