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AHHOTAIUA

JlaHHas CTaThs MOCBSIIECHA BCECTOPOHHEMY aHAJIU3y NPUMEHEHHS HAHOTEXHOJIOTUN B
cdepe nepepadOTKH BOJHBIX PECYPCOB, OXBAThIBask MPOLECCHI OT MIYOOKON OYUCTKH /10
oOecrieyeHnss BO3MOYKHOCTH TMOBTOPHOTO HCHOJB30BaHUs BOAbl. B ycioBusax
pacTtymiero jAepuuuTa MNPECHOM BOJbI M YXYJIUIEHUs €€ KaudecTBa, pa3paboTka
MHHOBAaLlMOHHBIX W  BBICOKO3(D(PEKTUBHBIX METOJIOB  BOJAOOYHUCTKU  SIBIISETCA
OPUOPUTETHOM  3ajmadeil. B pabore paccMaTpuBarOTCsl  pa3iMyYHbIE  THUIIbI
HAaHOMATEpHAJIOB, TaKWe KaK HaHOaJCOPOEHThI, HAaHO(PWIbTPALMOHHBIE MeMOpaHsbl,
HAHOKATaJu3aTopbl W MAarHUTHBIE HAHOYACTHIBI, WX YHHMKAJbHBIE CBOMICTBA M
MEXaHU3MBI JIEHCTBHSI, MO3BOJLSIIOIIME YAAIATh IIMPOKHM CHEKTp 3arps3HUTENEH,
BKJIFOYAsl  TSDKEJIBIE ~ METAJUIbl,  OPraHWYECKHE  COCIAMHEHMS,  I1aTOICHHBIC
MHUKpPOOPraHu3Mbl U Jaxe (apmaneBTuueckue orxojpl. OOCYXIalTcs YCHENIHbIe
MpUMEPbl BHEAPEHHUS] HAHOTEXHOJOTUH B MPOIECChl MOJATOTOBKM MHUTHEBOW BOJIBI,
OUYMCTKH CTOYHBIX BOJ M OMPECHEHHUs. BBIACNAIOTCS KIIOYEBbIE MPEUMYIIECTBA 3THX
MO/AXO0/I0B, TaKUE KaK BbICOKas 3(PPEKTUBHOCTh, M30MPATEIHLHOCTh U KOMIIAKTHOCTh
CUCTEM, a TaKXKe pacCMaTpPUBAIOTCS CYIIECTBYIOIIME BbI3OBbI, CBS3aHHBIE C
MaclITaOMPOBAHUEM, CTOMMOCTBIO U TMOTEHUMAIBHBIMH 3KOJIOTMUYECKUMHU PHUCKAMHU.
CraTbsi TOAYEPKUBAET 3HAYMUTENbHBIA MMOTEHIMAT HAHOTEXHOJOTMH B CO3JaHUU
YCTOMUYMBBIX pPEIIEHUH ISl TI100aIbHOTO YIIPABIEHUSI BOAHBIMH PECYPCAMH.

KiawueBble ciaoBa: HanoTtexHonoruw, OYMCTKAa  BOAbI, HAHOMATEPHUAJIBI,
BOJIONIO/ITOTOBKA, CTOYHBIE BOJbI, HaHO(PUIbTpAIUs, HAHOAJICOPOCHTHI, MOBTOPHOE
HCTOJIb30BaHUE BObI, BOAHBIEC PECYPCHI.

1. BBeaenue

Bona siBnsieTcss ®U3HEHHO Ba)KHBIM pPECypcoM, AEPUIUT KOTOPOTO OIIYIIAETCS BO
MHOTUX peruoHax wmmupa. Poct Hacenenus, ypOaHu3alus, WHAYCTpUAIU3aLUs U
M3MEHEHUE KIIMMaTa OKa3bIBalOT OECHpElEeCHTHOE AaBJIIEHUE HA BOJAHBIC CHUCTEMBI,
MPUBOJASL K 3arps3HEHUIO MCTOYHMKOB M HEXBATKE NPECHOM BOABL. TpaauuuoHHBIE
METOJIbI OYUCTKU BOJBL, XOTSI W 3(O(PEKTUBHBI, YACTO TPEOYIOT 3HAUUTEIHHBIX
HHEpro3aTpar, UCMOIb30BaHUS OOJBIIOTO KOJIUYECTBA XUMUYECKUX PEAreHTOB U HE
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BCEraa CITOCOOHBI YAQJIUTb HOBBIC THIIbBI BanHSHHTeﬂeﬁ, TaKMC KaK MHUKPOIIIACTHK,
CbapMaHeBTI/I‘-IeCKI/Ie OCTAaTKH, TOPMOHBI U IICCTULUBI.

B nmnocnennue necAaTwieTHss HAHOTEXHOJIOTMH, OO0JacTh HAyKH, 3aHUMAIOLIASCS
MaTepualiaMi M CTpyKTypamu pasmepom oT 1 mo 100 HaHOMETpOB, TpPEASIOKUIU
PEBOJIIOIMOHHBIC TOAXObl K PEIICHUIO MPOOIeM BOJAOOYMCTKH U BOJIOMOJITOTOBKH.
bnaronapsi cBOUM YHUKaJIbHBIM (PU3UKO-XUMUYECKUM CBOMCTBAM, TAKMM KaK BBICOKas
ylielbHasg TIOBEPXHOCTh, IOBBIIICHHAS pPEaKIMOHHAs CIIOCOOHOCTh M KBaHTOBBIC
¢ dexTsl, HaHOMaTEepHalbl 001a1al0T OeclpeleAeHTHIMU BO3MOXKHOCTSIMU IS
yIaneHus 3arpsi3HUTENIeH, KOTOpPbhIEe HENOCTYIHBI Il OOBIYHBIX MeTOAOB. Llenbio
JAHHOM CTaThbU SIBISIETCS 0030p COBPEMEHHBIX JOCTHXKEHUN B 00JaCTH MPUMEHEHUs
HAHOTEXHOJIOTUW JJIsl OYMCTKM U TOBTOPHOTO MCIOJIb30BAHUSI BOJHBIX PECYPCOB,
aHaJiM3 WX MPEUMYIIECTB, a TAKXKE PACCMOTPEHUE MEPCIEKTUB U BBI30OBOB, CTOSIIUX
nepes] MUPOKUM BHEIPEHUEM dTUX MHHOBALIUM.

2. HaHOMaTepl/laJIl)I U UX MIPUMEHCHHUE B BOAOIMOATOTOBKE

HaHOTEeXHONIOrMM MPEAOCTABISIIOT MMUPOKUI apceHall MAaTepUajgoB M METOAOB IS
s¢dexTuBHON  mepepabOTKM  BOAHBIX  pecypcoB.  OCHOBHbIE  KaTeropuu
HaHOMATEPHAJIOB, UCIIOJIb3YEMBIX B 3TOU c(hepe, BKIIOYAIOT:

2.1. HanoaacopoeHThI

HanoancopOeHThl — 3TO Marepuajibl C BBICOKOM yIEIbHOW IOBEPXHOCTHIO U
MHO>KECTBOM AaKTHUBHBIX LEHTPOB, CHOCOOHBIX 3(Q(PEKTHUBHO CBA3BIBATH U yAAIATH
3arpsA3HUTEIN U3 BOJBL.

Yriaepoanbie HaHOMATepUaNbl: Yriepoanbie HAHOTPYOkH (YHT) u rpaden (u ero
MpOU3BOJAHBIC, TakWe Kak Okcuja rpadeHa) o01anal0T  HUCKIIOYUTEIBHON
a7ICOPOIIMOHHONM CTIOCOOHOCTHIO IO OTHOIICHHWIO K TSDKEJIBIM MeTauiaM (CBUHEII,
KaJIMUM, PTYTh), KpacutTensiM, (papMalleBTUYECKUM TpernapaTaM U OpPraHUuYeCKUM
3arpsi3HATENsIM.  MIX  mopuctas CTpykTypa © OoJibllias IUIOMIA[h TTOBEPXHOCTU
oOecrieunBarOT 2P HEeKTUBHOE B3aUMOJICHCTBUE C MOJIEKYJIaMU 3arpsi3HUTEIIEH.

HanouacTtuubl okcuaoB Mera/uioB: HanouacTunbl okcuaoB :xejie3a (Fe203,
Fe304), nmokcuaa turana (TiO2) u okcuaa muaka (ZNO) akTUBHO HCIOJIB3YIOTCS
JUIS.  aJICOPOIMU  MBIIIbsKa, ¢GocharoB U APYrUX aHUOHHBIX MM KaTHOHHBIX
3arpsi3HUTENCH. MarHuTHBIE CBOMCTBA HAHOYACTHUIl OKCHA KEJIe3a MO3BOJISAIOT JIETKO
OTIIETISITh UX OT OYHUIIICHHOM BOJBI C TTOMOIIBI0 MAarHUTHOTO TOJISL, YIPOIasi MpoIecc
pereHepanuy U yTHIA3aIum.

JenapuMepbl: BriCOKOpa3BETBICHHBIC MOJIMMEPHBIE HAHOCTPYKTYPHI, CIIOCOOHBIC K
XEeJIaTUPOBAHUIO U CBSA3BIBAHUIO MOHOB METAJIJIOB, a TAK)KE OPTaHUYECKUX MOJICKYII.



2.2. Hano(puabTpanuoHHbIe MEMOPAHBI

MemOpaHHble TEXHOJIOTUM  SIBJSIIOTCS  KPAE€yroJbHBIM KaMHEM  COBPEMEHHOM
BOJIOOYHCTKHU, & HAHOMATEPHUAJIBI 3HAYUTEIIBHO YIYUYIIAOT UX XaPAKTEPUCTUKH.

MemOpaHnbl Ha ocHOBe yriiepoanbix HaHOTPYOok (YHT): YHT MoryTt dhopmupoBatsb
BBICOKOTIOPUCTBIE, HO B TO € BpeMs IMPOYHbIE MeMOpaHbl C OYEHb TIJIAJKON
MMOBEPXHOCTHIO. VX TN1ajikue BHYTPEHHUE CTEHKU CHUXKAIOT TPEHUE, YTO MPUBOIUT K
3HAYUTENIbHO 00Jiee BBICOKOM MPOHUIIAEMOCTH BOJIBI 110 CPABHEHUIO C TPAAULIMOHHBIMU
MeMOpaHaMu, MPH 3TOM COXpaHss BBICOKYIO CEJIEKTHBHOCTBH ISl yNajeHHs] MOHOB,
BHUPYCOB U OaKTEepUH.

MemoOpanbl u3 okcuaa rpagena (OI'): OI' memOpansl 007anal0T yHHKAIbHON
IIOCJIONHOW CTPYKTYpOH, KOTOpPasl MO3BOJIIET BOJE IMPOXOIUTH YEPE3 MEIKCIOEBBIC
IPOCTPAaHCTBA, IPPEKTUBHO OJOKUPYS MPHU 3TOM Oosiee KpyIHbIE MOJIEKYJIbI, COJIU U
MHUKpoOOpranusmsel. MX moreHuuan juist ONpeCHEHUs BOJABI U YIAJIEHUs 3arps3HUTEIIEH
ABJISIETCA OYEHDb BBICOKUM.

HanoBoJsiokHa: DJIEKTPOCIUHHUHAT MO3BOJISIET CO3/1aBATh MEMOpaHbl U3 MOJTMMEPHBIX
HAHOBOJIOKOH C KOHTPOJUPYEMBIM pa3MepoOM TMOp, KOTOpbIE MOTYT OBITH
(YHKIIMOHATM3UPOBAHBl JJI1 yAAJeHUsl cleuu(pUuUYecKux 3arps3HUTENC, a Takxke
00J1a1at0T BEICOKOM YCTOMYMBOCTBIO K 3arpsizHenuio (fouling).

2.3. Hanokaraauszartopbl

Hanokatanu3aToppl  HCHONB3YIOTCA JJISI  YCKOPEHHsS XUMHYECKUX  PEaKIui,
pasJiararolyux 3arpsI3HATENIA HA MEHEE BPEIHbBIE KOMIIOHEHTBI.

dotokaramusaropbl: Hanoyacruubl auokcuaa turana (TiO2) u okcnaa muHKA
(ZnO) sBasitoTcst HamOosiee M3ydeHHBIMU (poToKaTaiam3aropamu. [Ipu Bo3meHCTBHM
yIbTpauOIETOBOTO CBETa OHU TCHEPUPYIOT AKTUBHBIC pPaUKaibl (TMIPOKCHILHBIC
pagukaibl), KOTOpble HA(P(EKTUBHO OKHUCISIOT U pasjiaraloT  OpraHu4YecKue
3arpsi3HUTENN (KpacuTenu, (papMareBTUIeCKHe OCTaTKU, TIECTUIUAB]) U HHAKTUBUPYIOT
MAaTOT€HHbIE MUKPOOPraHu3Mbl (OakTepuu, BUPYCHI). OTOT METOJA IO3BOJISET
MIPOBOJIUTH TIYOOKYIO OUMCTKY 0€3 00pa30BaHMs BTOPUYHBIX TOKCUYHBIX OTXOJIOB.

HanouacTuubl 0J1aropoaHbIX MeTa/uI0B: HaHOYacTHUBI TUIATHHBI, TAJUIAIAS U
30JI0Ta MOTYT MCIIOJIb30BaThCSl KaK KATaIU3aTOPbI I YIAJICHUS HUTPATOB U APYTUX
3arpsi3HUTENIEH U3 BOJIBL.

3. le/IMeHeHI/Ie HAHOTEXHOJIOTHH B PA3JINIHBIX Ipomeccax BOAOIOATOTOBKHA

HanotexHojoruu HaxXoAsST NpPHUMEHEHHE Ha BCEX OJTamax Mepepad0TKH BOIHBIX
PECYpCOB:



IIutbeBass Boma: HanodunbTpanmonHsie MeMOpaHbl W HAHOAJICOPOEHTHI
MCIIONIB3YIOTCS ISl yIaJeHHsl TSHKENbIX METallIoB, OCTATKOB MECTULIUIOB, OaKTepuil u
BHUPYCOB, 00ECTeunBasi BHICOKOE KaUYeCTBO MUTHEBOM BOIBI.

OuncTka CTOYHBIX BOA: HaHOKaTaJII/ISaTOpI)I u HaHoaI[COP6eHTBI IMPUMCHATIOTCA IJIsA
Acrpadalli CJIOKHBIX OPTaHHYCCKHUX SanHBHHTCHeﬁ, (I)apMaHGBTI/IIIGCKI/IX O0TXOO0B U
KpaCHTeJIeﬁ N3 ITPOMBIINIJICHHBIX U OBITOBBIX CTOKOB, 4YTO ITO3BOJIACT OUMIIIATh BOAY OO0
YPOBH:A, ITPUTOOHOI'O IJIA C6pOC8, HJIA TIOBTOPHOT'O UCITIOJIb30BAHUA.

OmnpecHenne: Pa3paGotka Oonee dS(PPEKTUBHBIX U MEHEE SHEPro3aTpaTHBIX
HAaHOMEMOpaH i oOpaTHOTO oOCMOca W MEMOpaHHOW JUCTHIUISAIAA MOXKET
3HAYUTEITHLHO CHU3UTHh CTOMMOCTB OIPECHEHUS U CHIeNIaTh MPECHYIO BOIY JOCTYITHOM B
3aCYIUIMBBIX PETUOHAX.

I[IpombllljieHHOE NOBTOPHOE HCHOJAb30BaHUe: HaHOTEXHOIOTUM  MO3BOJSIOT
OYUIIATh TPOMBILIUICHHbIE CTOYHBIE BOJbBI JO KadecTBa, HEOOXOAMMOIO IS HUX
BO3BpaTa B IPOM3BOJACTBEHHBIM LHMKJ, COKpallas MOTpeOJIeHHE CBEXEW BOIbI U
MUHUMH3UPYS 00BEMBI COPOCOB.

4. llpenMyuiecTBa, BHI30BbI U NMEePCINEKTUBBI
4.1. llpeumyinecTna:

Boicokasi a¢pdexTuBHOCTH: CrIOCOOHOCTDH YAQISATH NIUPOKHUI CHIEKTP 3arpsA3HUTENCH,
BKJIIOYAsl YJbTPAMEIKUE YACTHULBI, BUPYChl U HAHO-3arps3HUTENIM, KOTOPBIE TPYIHO
YAAJIUTh TPAAUIMOHHBIMU METOIAMMU.

N30uparenbHocTb:  BO3MOXHOCTH  pa3palOTKM  MaTepualioB, H30UpaTEIHLHO
YAQISIOMINX KOHKPETHBIE 3arpsi3HUTENH.

CHuxenue Hepronorpedsenusi: Hanpumep, HanomeMOpaHbl MOTYT padoTaTh Mpu
0oJiee HU3KOM JIaBJICHWH, YeéM OOBIYHBIE MEMOpaHBI, CHIDKAs JHepro3arpaThl Ha
OTpecCHEHUE U (PUIIBTPALIHIO.

KomnakTtHocTh cucrem: Menblme pasMepbl 000pynoBaHus Ojiaronapsi BBICOKOU
() PEeKTUBHOCTH HAHOMATEPHAIIOB.

HOTeHIIl/IaJI I pereHepanmm W IMOBTOPHOIo HMCIOJb30BaHUSA: HCKOTOpBIG
HaHOMaTcpurajibl MOI'YyT OBITH JIETKO PETCHCPHUPOBAHBI K UCITOJIB30BAHLI IIOBTOPHO.

4.2. BbI30BbI:

CToumMoCTh: [Tpou3zBoicTBO HAaHOMAaTEpPUAJIOB u CTPOUTEIIBCTBO
HAHOTEXHOJIOTUYECKUX YCTAaHOBOK TOKa OCTAIOTCS OTHOCHUTEJIBHO JOPOTHMH, YTO
OTPaHUYMBAET UX IIUPOKOE BHEAPEHUE, OCOOCHHO B Pa3BUBAIOIIUXCS CTPAHAX.



MacmrabupoBanue: ITepexon OT 71a00paTOPHBIX VCCJIEOBAHUMN K
KPYITHOMACIITA0HBIM MPOMBIIIJICHHBIM MPUJIOKEHUSIM BCE €Ie MPEACTaBIsIET CoOon
3HAYUTETHHYIO WHKEHEPHYIO MPOOIIeMy.

IoTreHnuaJdbHAs TOKCHYHOCTHL M JKoJoruyeckue puckm: Hecmorps Ha
3¢ (PEeKTUBHOCTh, CYIIECTBYIOT OMACEHUSI OTHOCHUTEIBHO CyAbOBI U BO3MOKHOU
TOKCUYHOCTH HEKOTOPBIX HAHOYACTHUIL B OKPY>KAIOIIEH cpesie OCIie UX UCTIOIb30BAHMS.
HeoOxoaumbl nanpHEHIIME WUCCIIENOBAHUS MJIi OLEHKH JIOJITOCPOYHBIX PHUCKOB U
pa3pabOTKH OE30MACHBIX METOJIOB YTUITU3ALINH.

Cranpapruzanusi u peryaupoBanme: OTCyTCTBUE €AMHBIX CTaHAApTOB U
HOPMATUBHBIX aKTOB JUIsi HAHOMATepUAJIOB B BOJOOYUCTKE 3aMEUISIET UX
KOMMEPLHAIU3ALHIO.

4.3. IlepcnieKTHBBI:

Bynymee HaHOTEXHOJOTMH B BOJONOJAIOTOBKE BBITJISAUT MHOTOOOCIHIAIOIINM.
HccnepoBanust ~ cocpelOTOYEHBI  Ha  pa3pabOTKe  MyJIbTHU(YHKIIMOHAJIBHBIX
HaHOMATEPUAJIOB, KOMOMHUPYIOIIUX aICOPOIIMOHHBIE, KATATUTUIECKUE U MEMOPaHHBIC
cBoicTBa. PazButre "yMHBIX" HAHOCHUCTEM, CIHOCOOHBIX K CaMOOYHMCTKE WIH
pearupoBaHUI0 Ha MU3MEHEHUE MapaMEeTPOB BOJIbI, TAKXKE SIBISIETCS MEPCIEKTUBHBIM
HanpaBieHueM. COTpyIHMYECTBO  MEXAY  HAYKOH, MPOMBIIUIEHHOCTBIO H
PETYJIMPYIOIIMMU OpraHaMH OyJIeT KIYOM K IIPEOJOJICHUIO CYHIECTBYIOIINX BbI30BOB
Y TIOJTHOW pealin3alliy MOTEHIIMajga HAHOTEXHOJIOTUN i1 00ecreYeH sl YCTOMYUBOrO
yIpaBJIEHUs BOJIHBIMH PECYPCAMU 10 BCEMY MUDY.

5. 3akiaouyenue

HaHoTexHONOrMM TpencTaBisiOT COOOMl MOIIHBIM MHCTpYMEHTapUidl ISl pelueHus
HapacTaluX Mpo0IeM, CBSI3aHHBIX C 1e(ULIUTOM U 3arpsi3HEHUEM BOJIHBIX PECYPCOB.
VYHUKaIbHbIE CBOMCTBA HAHOMATEPUAJIOB MTO3BOJISIIOT CO37aBaTh BHICOKOA((HEKTHBHbBIE
Y SKOHOMUYHbBIE CUCTEMBI JIJIsl TITyOOKOM OYMCTKHU BOJBI, YJAICHUS TPYIHOIOCTYITHBIX
3arpsi3HUTENed U o0ecrevyeHus ee MPUTrOJAHOCTH JJIsi TIOBTOPHOI'O HCIOJIb30BaHUS.
HecMoTps Ha cyliecTBYOIIME BBI30BbI, CBA3aHHBIE C MACIITAOMPOBAHUEM, CTOUMOCTBIO
U OLEHKOW DKOJIOTMYECKHX PHUCKOB, IIOCTOSHHBIE WCCIECIOBAHUS M WHHOBALUH
OTKPBIBAIOT NyTh K IIMUPOKOMY BHEIPEHUIO HAHOTEXHOJIOTMH B IMPAKTUKY
BOJOINOATOTOBKU. PazBuTHe B 37011 001acTH 00€IIAaET PEBOIIOLMOHU3UPOBATH OAXOAbI
K YOpaBJICHUIO BOAHBIMU PECYpCaMHU, CIOCOOCTBYSl JIOCTHKEHUIO TJI00aNIbHOU
MPOJIOBOJILCTBEHHOM 0€30MaCHOCTH U YCTOMYMBOTO Pa3BUTHA.
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