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B pa6ote npoBesieH MUPOBOH aHa/lM3 Pa3BUTHS PblHKA HaHomnopolikoB. Ha ocHoBe nMeromux-
csl JTAaHHBIX MOXKHO CIIeJIaTh BBIBOZ O TOM, UTO BHEApEHHE HAHOTOPOIIKOB B pa3/jHyHble cepbl
HayKOEMKHX TeXHOJIOTHE OyneT MPOUCXOAUT C KaXKAbIM TOf0M 60Jiee HHTEHCHUBHO.
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We have made a global analysis of the market nanopowders. Based on the available data
it can be concluded that the introduction of nano-powders in various spheres of high
technologies will occur every year more intensively.
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Beenenue

Hacrosiiasi pa6ora sinsietcst nponosizkeHueM cepuut pa6ot [1]-[3] mo uccnenoBanuio
peIHKa HaHOMOPOIIKOB. K coxkasienuio B Poccuu ppIHOK HAHOTEXHOJIOTHE COCTABJISIET TOJb-
kKo 0,04% ot muposoro. Hanpumep, Ha CILIA npuxonurcss 46% HaHOTEXHOJOTHMUECKHUX
nateHToB. ONHAKO POCCHUCKHI PBIHOK HAHOTEXHOJIOTMH CUMTAeTCsl PA3BUBAIOLIUMCS U
MO03TOMY €CTb BCE OCHOBaHHsI MoJaraTh, YTO YKCJI0 HaHOPa3pabOTOK OYIeT pacTH, a HaHO-
MPOAYKIKsi OyIeT BOCTpeOGoBaHa He TOJNBKO Ha BHYTPEHHEM PbIHKE, HO TOHAET Ha KCIOPT
B JPyTHe CTPaHHI.

B pa6ote mpoBeneH aHa/IM3 MHPOBOTO PbIHKA HAHOMOPOIIKOB U CeJIaH MpPeBaAPUTE/b-
HbIHl TPOTHO3 O MPUMEHEHWH HAHOTOPOIIKOB B HAaYKOEMKHX M BBICOKO TEXHOJOTHUHBIX
cdepax KHU3HEIESATEJIbHOCTH YeJOBEKaA.

[MporHo3 pasBUTUA MUPOBOr0 pPbiHKA HAHOMOPOLLKOB

Cy1iecTBylollMe Ha PbIHKE BUBl HAHOMIOPOIIKOB YC/JAOBHO MOXKHO Pa3fesiuTh Ha HECKOJIb-

KO prHH B 3aBUCHUMOCTH OT UX HepCHeKTI/IBHOCTI/I u HpOFHOSI/IpyeMOIjI AIWHaAMHWKH paSBI/ITI/IH
[] (ra6. 1).

Tabauua 1

IKOHOMHUYECKH I NMOTEHIHAJ OTACJbHbIX BUAOB HAHOIIOPOUIKOB

touHuK: Cientifica
DKOHOMHUYECKHH MoTeHUHa | Buabsl HaHOMOPOIIKOB

Bricokuit - CJIO2KHbIE€ OKCHbI;
- KpeMHe3eM, IJIMHO3eM, OKCHI THUTaHa,
- HAQHOIIOPOWIKH THUTAH4, HAHOAJIMAa30B, HUTPUOAA KpEM-

HUS U L.D.
Cpennuii - TIOPOLIKHU OKCHUJIOB 2KeJjie3a, LIUPKOHHS, Lepusi a Takke
60JIbIIMHCTBA YHUCTBIX MeTaJJoB.
Huskuit - HaHOMOPOLIKHU U MPOU3BOAHBIE HA OCHOBE MEJH.

Ecnn B Onkafiliell nepcrieKTUBe HAHOMOPOLUKM OyAYT HCMOJNB30BATHCS B OCHOBHOM
B 00pabaThiBalolledl MPOMBILINEHHOCTH, TIPOU3BOACTBE CTPOUTENbHBIX MaTepHaJsoB, 3JeK-
TPOHHMKE M BO MHOTHX c(epax B KadecTBe Kartanau3atopos, To K 2020 romy akUeHT HUX
MCII0JIb30BAHHS, BEPOSITHO, CMECTUTCS B CTOPOHY IKOJOTMUECKHUX MPHJIOKEHHUH U MEIULHU-
Hel [5].

[ToBBIlIEHHIO crTpoca HAa HAHOMOPOLIKH OyaeT CocoOCTBOBATH MIPeo0JIeH e Psiia Hello-
CTaTKOB, KOTOpble CBOHCTBEHHbl MM Ha COBPEMEHHOM 3Talle, B YaCTHOCTH, MOCTOSIHCTBO
(pM3MUeCKUX CBOHCTB, UTO NMPUBENET K POCTY 0OBEMOB MPOM3BOACTBA, CHUXKEHHUIO U3[ep-
K€K W BO3MOXKHO YAaCTHUHOMY CHHIKEHHIO UX CTOMMOCTH.

Tem He MeHee, ONTUMHUCTHUHBIE POTHO3bI PEIHKA MOKA3bIBAIOT, UTO HAHOMOPOILIKHU Gy-
IYT MPOU3BOAUTHCS B HEOOJBIINX KOJHYECTBAX, O CPABHEHHIO C MPOU3BOACTBOM TPaiHU-
HUOHHBIX MaTepuasos.[lo skcnepTHbIM ouleHkaM NanoroadSME, 3a necaTtuneTHU# nepuop
(c 2011 mo 2020 romel) Bo BceM MHupe OymeT M3TOTOBJIEHO OKOJIO D8 TBIC. TOHH HaHO-
nopowikoB. YTto 06ycsoBaeHO (PU3UUECKHMH CBOHCTBAMH M KJIOUEBOH XapaKTEPUCTUKOH

HAaHOUACTHUI[ M3MepeHHe He 0ObeMa B TOHHAXKHOM H3MEPeHWH, a MJIOIIAAH MOBEPXHOCTH
[6] (rab6. 2).
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Tabaruya 2

IIporuo3 mupoBoro npousBoacTea HaHonopomkos B 2008-2014 ropax,
toHH/rox [ucrounuk: NanoroadSME]

[Tponykuus 2008 - 2010 romst | 2011 - 2014 ronet
HaHnomnopomiok HuKesst 7 500 15 000
HaHnonopouok okcuaa UTTpusi 7 000 7 500
HaHomopolok okucH uepust 10 000 n/a
Hanonopouok nuokcuna kpemuusi | 100 000 Boaee 100 000
Hanonopouiok nuokcuna tutana | 5000 Bosee 10 000
HaHonopoiiok okcuna muHKa n/a n/a

Ha poccuicKOM phIHKE, HaHOMOPOLIKH OyAyT MOCTENEeHHO OTBOEBBIBATH PHIHOUHYIO
N0JII0 Y TPaAHILMOHHBIX aHaJoroB [O].

Okcneptol Abercade u LuxResearch, ocHoBbIBasicb Ha aHajiM3e MEPCHEKTUBHBIX Pbl-
HOUHBIX HHUII POCCHHCKOTO PbIHKA HAHOTEXHOJIOTHH M MAaKPOIKOHOMUYECKHX MOKa3aTesel
(IMHAMMKH pa3BUTHS HayKOEMKHX TE€XHOJIOTHH, MPH HCIOJb30BAHUM KOTOPBIX JOJISI pac-
xonoB Ha HHMOKP npesbituaer 8,5% u 6ojiee o6bemMa OTTPY30K MPOAYKLUHH, KOHKYPEHTO-
CMOCOOGHOCTH HAHOMPOAYKTOBB COOTHOIIEHHH IleHa/KauecTBO ¥ T.H.) MPOTHO3UPYIOT POCT
CIpoca Ha HAHOMOPOLIKHUCO CTOPOHBI MPENNPUATHHA a3POKOCMHUECKOH, IHEPreTHYECKOH,
MeTaJITypruyeckoil U aBTOMOOHIeCTPOUTENbHON oTpacseil. CamosietocTpoenue u BIIK mo
oneHkam 3kcreproB a0 2015 roga CoOXpaHHUT YCTOHUMBBINA CIPOC HA OrPAHHYEHHBIE THIIbI
HaHOTOPOIIKOB, 6e3 TeHneHuuu K pocty [7]-[8].

B nanbHelilieM HaHOMOPOWIKH OyAyT LIMPOKO MOTPeOATHCS B NMPOU3BOACTBE TOBAPOB
MaccoBoro mnoJsib3oBaHusl. Haubosee 6/an3kue K KOMMepPUYECKOH peasiM3alrdUd POCCUHCKUE
NPOEKTHl NMPUJI0KEHUS] HAHOMOPOLIKOB B MOTPEOUTENbCKUX TOBAapaxX — HAHOCTPYKTYpPHUPO-
BaHHble MOKPBITHS, NPOAYKLUHUS U3 00JACTH 3JEKTPOHUKH, UCIONb30BAHHE MPHU MPOU3BOI-
CTBE KAaTa/JU3aTOPOB U CYXHUX CTPOMUTEJbHBIX CMeceH.

B 2010-2014 romax psii HaHOMOPOLIKOB Y:Ke Halle[IMX CBOe MpHMeHeHHe, OyAyT
OCBarWBaTh HOBble PbIHOYHBIE HMIIM, 3aMelllasi TPaAULIMOHHble ToBapbl. OKCHI LUHKA yXKe
UCIIOJIb3yeTCsl I TIPOM3BOACTBA MPO3PAUHbIX JIOCHOHOB /ISl 3arapa HOBOT'O MOKOJIEHUS.
HaHoHu3KpoBaHHBIE YaCTHLIBl XOPOILIO MOTJIOLIAIOTCS KOXKEH M He OCTaBJSIOT OeJbIX MOo-
JIOCOK, XapaKTEePHBIX A/ OOJBLIMHCTBA COBPEMEHHbIX JIOCbOHOB. XOTSl €BpOIeHcKre Mpo-
U3BOJIMUTENH He Cpa3y CTaju MPUMEHSATb OKCHIbl B MPOU3BOJICTBE KOCMETHKH, CChLIASCh
Ha ellle He M3BeCTHble 3(P(eKThl, KOTOpble HAHOMOPOLIKHM MOTYT BbI3BaTb B OpraHU3Me
yenoBeka, B CIIA u npyrux perroHax MX MPOU3BOACTBO yKe Hadasnocb. OrpaHUUYeHHBIE
UCIIBITAHUS TI0KA3aJd, YTO OKCH/bl HAHOTOPOIIKOB MPOHUKAIOT B 3MUAEPMHUC, HO He Torma-
JAI0T B KPOBOTOK. Bosb(ppamMoBo-K06a bTOBBIH KapOW HUCHOJb3YeTCs AJs U3TOTOBJEHUS
M3HOCOYCTOMYMBOTO TMOKPHITHS JeTajed MallMH U WHCTPYMEHTOB, MPENOXPaHSIOUIETO UX
ot uapanuH. CypbMsiHO-OJIOBSHHBIH M WHIHE-OJOBIHHBIH OKCHABI OYeHb TepPCIeKTUBHbI
IJsl UcnoJib3oBaHus B ajekTponuke [6],[9],[10] (Tab. 3).

KpemHesewm, TUTaHHSA U TVIHHO3eM, NMOTpeb/eHHe KOTOPBIX MPEeBOCXOAUT MoTpebieHUe
BCeX APYTHX HAHOMOPOWIKOB, OyAyT W JAaJjblle NOMUHUPOBATb Ha pbIHKE, NPH IOBbILIE-
Hud ux norpebsenus Ha 50-100%, Mo Mepe TOro Kak MUKPOCXeMbl CTAHOBSITCSI HOPMOH
B 3JIEKTPOHHOH NpoMblllJIeHHOCTH. HekoTopele peko3eMe/ibHble OKCHABl U CJIOXKHBIE Ha-
HOINOPOIUKK OYAYyT UrpaTb Bce OoJsiee BAXKHYIO POJIb B JEKTPOHHKe U 00pabaThiBaroLleH
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Tabauya 3

IIporuo3 pocra morpe6eHus: 6osee uem Ha 100% [ucrounuk: Cientifica]

Poct notpebienust 6osee yem Ha 100%

Oxcup uMHKa CypbMsHO-0JIOBSTHHBIH WHunve-0n0BAHHBIN
OKCHJL OKCHJL

Ko6anbTo-Bo/b(hpaMoBBIf
Kapouna

npombliieHHOCTH. CKa4oK B 3aKa3ax a3pOKOCMHUUECKOH MPOMBILIJIEHHOCTH MOXKeT 3HauH-
TEJIbHO YBEJHUUTH MOTpebsieHre HAHOMOPOIIKA MeTaIn4ecKoro Tutana (rab. 4).

Tabauya 4

IIporuo3 pocra morpe6ieHus Ha Gosee yem 100% [ucrounuk: Cientifical]

Poct notpebsienus Gosee yem Ha 100%

KpemHuesem Turanus ['nuHO3eM

Oxkcupa HeopUMUS Oxkcup eBponus Oxkcup aucnposus
Merannuyeckuil TUTaH Merannuueckoe xese3o Turanar 6apus
Hanoanmas Hurtpun kpemuus

Oxupaercss ymepeHHbIH pocT noTpebseHus Lesoro psaa nopoukos. [ToMmumo oxkcuna
KeJjesa M Lepus — MOPOLIKOB, cepbl MCIONb30BAHHS KOTOPBIX XOPOLIO M3BECTHBI, 3TH
TIOPOLIKHY TPU3HAHBI KaK MOTEHLHUAJNBHO TOJe3Hble /51 HECKOJIbKHUX OTpPacJ/el.

[Topowky 4ucThIX MeTasI0B NpousBoasTcs pazmepoM < 10 HM, YyTo mpuzaeT mMarepu-
ajaM COBeplleHHO HOBble CBOHMCTBA, MHOrAA HeoxuaaHHble. Hampumep, KpemHeseM mpu
TAaKUX pa3Mepax CTAHOBUTCS IPO3pauHbIM. HaHOMOPOLIKKM MeTas/JoB B BbICLIEH CTele-
HU pPeaKTUBBl U MOTYT MPeACTaBJATb COOOU OOJIBLIYIO OMACHOCTb AJS 3A0POBbS JIOIEH,
MOCKOJIbKY MX YaCTHLbl JOCTAaTOUHO MaJjibl U MOTYT IONacTb B KPOBOTOK. OTcyTcTBHE
UH(pOpPMalLlMK B OTHOLUEHUH UX BO3LEHCTBHUS HA 3/0POBbe NPH AJUTENbHOM KOHTAKTE C
HUMH M UX BIBIXaHUM 3aCTaBJSAIOT MPOU3BOAUTEJNEH U MoTpebuTeseld ObITb HACTOPOXKeE.
HekoTtopble nopoliku, Takue Kak cepedpo, MpOsIBJSIOT NPOTUBOMUKPOOHOE NeHCTBHE MPU
NoNafaHuU B KPOBOTOK, UTO AeJsaeT UX MPUTOAHBIMU AJS1 IPOMU3BOACTBA MapJu U OeX-
OBl /11 MEAULIMHCKOTO MepcoHaJsa. Bo3ielcTBrHe APYTHX MOPOLIKOB, TAKUX KaK MOJUOAEH
UM KOOaJbT, B OCHOBHOM HM3BECTHO, M CUHUTAETCS, YTO OHO MSATKOE HJH, MPU MaJbiX
KOHLEHTPAIHsIX, OTCYTCTBYyeT BooOuIe (Tab. D).

[loTpebneHue HeKOTOPBIX MOPOLIKOB, BEpPOsITHO, He U3MeHHUTcsA. [loxoxke, 4To peskoe
TOBBIILIEHHE CTOMMOCTH M€ YaCTUYHO TPUBEJIO K CHUXKEHHIO ee nmoTpebseHus (tab. 6).
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Tabauua 5

IIporHo3 pocra morpe6ienus Ha 10-50% [ucrounuk: Cientifica]

Poct notpebienust Ha 10-50%

Oxcup xenesa Lepus JIBYyOKHCbH LIUDKOHUS
Urtpuin Maruesus Metanauueckuit Ko6asabT
Metanauueckuil HUKeab | MeTanauuecKuil LUHK Metanauueckoe cepebpo

Merannnyeckoe 301070 | Mertanauueckuil aqioMuHUE | Mertannuueckui Bosbdpam

Merannnyeckas niaatvHa | Merannuueckuil monn6OaeH | Kpemuwuii

Tabauua 6

IToTpebGieHue octaeTcss HeM3MeHHbIM MM nagaer [ucrounuk: Cientifica]

HOTpe6.HeHI/I€ OCTaeTCA HEUM3MEHHBIM HWJIM IIaJaeT

Oxkcug menu Merannuueckas Menb

3akoyeHue

K 2015 rony mporuosupyeTcst UCIOJb30BaHHE HAHOTIOPOIIKOB B TEXHOJIOTHUSX Tepepa-
OOTKH OpraHUYeCKHX U HEOPraHUYeCKHX OTXOMOB, B 3JIEKTPOHHUKE U ONTHKE U B KaUeCTBe
Karanusatopos. [lo cymecrtBytouum nporHodam LuxResearch u BCC Researchs nanHbI#
MIepUoJl Ha pBbIHKE MOSBSTCS JerKhe M CTOHKHe KPacKM M yCTOMYMBBIE K 3arpsi3HeHHIO
NoKpbITHsA. HaHOMOPOIIKY MeTanIMueckoro xese3a OynyT UCIOJNb30BATHCS AJs OUUCTKH
CTOUHBIX BOH. BbICOKOe COOTHOIIeHHe MJolaad K 00beMy HAaHOMOPOLIKOB MeTaJJoB Je-
JlaeT BO3MOXKHBIM TPOM3BOACTBO GaTapeek ¢ MPOAOJKHTENbHBIM CPOKOM cayKObl. OKCHIL
Lleprsl yBEJIUYUT CPOK Cay2KObI AU3e/bHOT0 TOMINBA. bosbioe pasHoo6pasue HaHOMOPOLL-
KOB 3aMEHUT COO0O0M MJIaTHHY B Kartajause OJarofaps UX CBOHCTBAM BBICOKOI(P(EKTHUBHOIO
U [eLeBOro TOIMJIMBHOTO 3JeMeHTa. B MHAMKATOPHBIX U MJa3MeHHbIX AUCIesX OyAyT HC-
M0Jb30BaThCsl Cy/Nb(aThbl, CeJEHUAB U TEeJNYyPHAbl Ha OCHOBE IMHKA, KaJAMHs W CBHHLA
IJIs1 noslyueHHst 6oJjiee SIPKUX LIBETOB, Gosiee YeTKOro H300pakeHHsl, yBeJHYeHHS CPOKa
cyk0bl ¥ CHUKeHHs BpenHoro usmayuenus [11]-[12].

K 2020 rony HaHomopowku 6yayT AOMHHHPOBATb B TEXHOJOTUSX OYMCTKH U OTpecHe-
HUS BOAbl. Kak TOJbKO CTaHET TeXHOJOrMYecKH BO3MOXKHBIM MPOU3BOACTBO GoJiee OHO-
POIHBIX MO pa3Mepy U (popMe YaCTHLL TOPOILIKOB, TTOSIBUTCS HOBAask PA3HOBUIAHOCTh CMa30u-
HBIX MaTepHuaJsoB. YCTPOHCTBA [/ XpaHeHHsl JaHHBIX OydyT yIpaBJsTbCS HA MOJEKYJsp-
HoM ypoBHe. [IponsBoanTen aBTOMOOUIEH OYAYT UCIIONB30BATh OKCU LIHPKOHUS, HUTPUT
KPeMHHUS ¥ KapOUI KPeMHHSs 15 TPOU3BOACTBA KepaMHUUeCKUX ABHUrarteseil. MarHuTHbIe
CBOHMCTBA HUTTPHUS HAAyT BO3MOXKHOCTb YJYULIMTh paboTy ABHUTraTesell U yCOBepLIEHCTBO-
BaTb anmapaTtypy, B KOTOPOH HCIIOJb3yeTcsl MarHUTHO-pe30HaHCHble H3oOpaxkeHus. [lo-
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IBJISIeTCSl [lepBOe MCTHHHO MeIMLMHCKOe NMPHMeHeHHe — OUOJIOrMYecKH COBMEeCTHUMbIEHM-
MJIAHTaHTBI (CBEPXIIPOUHBIE) Ha OCHOBE OKCHIA IIUPKOHHS W HUTpUAa KpeMHus [13[].

B 6oJsiee mosnHue meprobl Mocae NPOBEAEHUS LLIMPOKOMACIITAOHBIX UCCe0BAaHUIN Ha-
HOMOPOILKH OyIyT UCMOJb30BATHCH /5 NOCTABKH JEKAapPCTB K OINpele/eHHbIM OpraHaM.
Camocobupatoldecss MoJeKy/abl OyAyT NHArHOCTHUPOBAThb 3a00JeBaHUS, U MOMOraTb HUM-
MYHHOH cHCTeMe uesioBeKa 60opoThbcsi ¢ HMHGpekuusiMU. HaHopoGoThl OyAyT omnpenensTh,
U YHUUTOXKATb PaKOBble KJETKH, OCTaBJsAS 3[40pOBble KJEeTKM HETPOHYThIMH. Henoporue
YIJIePONUCTbIe HAHOTPYOKH OyoyT MPOU3BOAUTHCS B MACCOBBIX KOJHUECTBAX, M CIOCOO-
CTBOBaTb BHEIPEHHIO HOBBIX CTPOUTEJBHBIX MaTepuasoB, MeHssl 0OJUK ropoaoB. MuHu
OaTapelku ¢ 0OoJiee MPONONKHUTENbHBIM CPOKOM CJY2KOBbl, BCTPOEHHBIe B IMOTPeOHTeb-
CKHe TOBaphbl, OTKPOIOT OecurceHHble BO3MOXKHOCTH, TaKHe KaK U3TOTOBJIEHHE ONeXK/bl C
OUOJIOTHYECKUM MOHHUTOPUHTOM U T.A. [14].
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