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MccrieioBaTe el K CO3/laH1I0 HAHOKOMITO3UTOB, 00/1alalolMX Y/IyUllleHHBIMU XapaKTepUCTUKaMU 1
VHHOBALMOHHBIMUA  (DYyHKLIMOHA/ILHBIMM  BO3MOXKHOCTSIMA. B KauecTBe HaroJHUTeNeN st
TIOJTMMEPHBIX MaTepUasioB ILIMPOKO TIPUMEHSIOTCS yriiepogHbie HaHOTPyOku (YHT), rpaden,
(dynnepen u rpadur, 6yarogapst UX CriocOOHOCTH TIPUJABATH MOIMMEPHBIM MaTPULIAM Psifi LIeHHBIX
CBOMCTB. BBesieHHe 3THX HAHOCTPYKTYpP B TIOJIMMEPHYIO) MAaTpHUIly CIIOCOOCTBYET TOBBIIIEHUIO
371eKTPOINPOBOJHOCTH, TEeIJIONPOBOAHOCTH, MEXaHWUYeCKOW MPOUHOCTHU U MOXKET MCII0J/Ib30BaThCs
J/Is1 CO3/1aHUsI CEHCOPHBIX MaTepUasiOB, PeardpyroluxX Ha [JaBleHWe U W3MEeHEeHUsl OKpY’Karollen
cpeabl. B maHHOM 0030pe pacCMOTpeHbI COBpPEMEHHbIE WCC/Ie[oBaHUS 10 uHTerpauuu YHT,
rpadeHa, QysnepeHa u rpadura B mojvMepHble MaTpulbl. Ocoboe BHUMaHME y/ielIeHO MeTo/aM
nonyuyeHusi YHT ¥ UX NpYMeHeHHI0 B KOMITO3UTax, Hapsily C paCCMOTPEeHUEM JPYTUX YI/IepPOAHbIX
HaHOHAToHUTeNed. Takke [eTalbHO OOCY)KIAIOTCS — CMOCOOBI  CHMHTEe3a  TOJMMEPHBIX
HaHOKOMITO3MTOB C YKa3aHHBIMH 100aBKaMH M UX B/IUsSIHUE Ha CBOMCTBA KOHEUHBIX MaTepPUasIOB.

Yrnepoj siBnsieTcsi OfHUM W3 Haubosiee YHUBEpPCAJbHBIX 3/IEMEHTOB B TepHUOJUUeCKOU
cucreme, 00/1a/IalOIMM YHUKaJIbHBIM HabOpOM CBOMCTB. B 3aBMCMMOCTH OT TWIa aTOMHOM
opraHusaii “ ¢Gopmbl THOpPUW3AIMKM OH MOXKET JAeMOHCTPUPOBATh IIMPOKHM  CITEKTP
XapaKTepUCTUK — OT M30JISILIMOHHBIX CBOMCTB ajMasa /o T0/yTPOBOJHUKOBBIX CBOMCTB CJIOUCTOTO
rpacdura. Kpome Toro, yriaepoiHbie HAHOCTPYKTYDbI, Takre Kak (yJiepeHbl, aMOpPHbBINA yIiepof, ¢
BBICOKOU Y/Ie/IbHOM TJIOIIA/IbI0 TIOBEPXHOCTH U HAaHOTPYOKH, TPOSIB/ISIIOT pa3HooOpa3Hble (hr3UKOo-
XUMUYEeCKHe 0COOeHHOCTH, 00yC/IOB/IeEHHBIE UX CTPYKTYypoil. Ha pucyHKe 1 moOKa3aHbI pa3nuyHbIe
aJIUIOTPOITHBIE THUIIbI YIJ/Iepo/a U IPOU3BOAHbIe HAHOCTPYKTYPHI.
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PucyHok 1. Pa3nuuHble ¢opMbl yriepofia ¥ NpOU3BOJHbIE CTPYKTYPBIL.

[Mommepsl TIpeACTaB/SIOT COOOM KjacC COeAWHEHWH, COCTOSIIMX W3 MHOKeCTBa
TIOBTOPSIFOIIUXCST 3BEHbEB, W3BECTHBIX KaK MOHOMepbl. OHM MOTYT ObITh KaK MPHUPOJAHOrO, TaK M
WCKYCCTBEHHOT'O MPOUCXOXK/eHHsI. K MPUPOIHBIM ToIMMepaM OTHOCATCs 6enku, dhepmenTsl, [THK u
Jpyrve OHOMONMMMEpHI, TOT[a KaK K UHC/Iy CUHTETUUYECKUX TOTMMEpPOB OTHOCSTCS TIOJUITUJIEH,
TIOJIM3CTEP, TIOJUBUHWIXIOPH], IIIMPOKO HCIOb3yeMble B TIPOU3BO/CTBE TKaHei, I/IaCTUKOBBIX
W3/IeJTUH U YTIaKOBKH. 3a TIOC/Ie/JHee CTOJIeTHe CHHTeTHYeCKUe M0JIMMephbl COBEPIIINIIN 3HAUNTe/TbHbIN
TeXHOJIOTUUeCKHH MPOPBIB, M UX pa3BUTHe He TpeKpaijaeTcs. [IocTossHHO pa3pabaThiBalOTCsl HOBbIE
MaTepHaJibl, CIIOCOOHBIe pelllaTh aKTyas bHbIe 33/laud U Y/I0BIEeTBOPSTH MOTPEOHOCTH COBPEMEHHOT0
obmiecTBa. [TomiMepsl 00/1a/1at0T PSiZIOM BBIJAIOIIMXCS XapaKTePUCTUK, BK/IHOUAs MeXaHUYeCKYIo
MPOYHOCTb, BA3KOYMNPYTrOCTh W HU3KYIO IUIOTHOCTb, UTO Jie/laeT WX OTJIMYHOM a/bTepHAaTUBOMN
MeTa/UlaM B aBTOMOOHW/IECTPOEHUH, TIPOW3BO/CTBE OBITOBBIX H3Je/UHA W TEXHOJIOTHUYECKOTO
obopyzoBaHusi. Kpome TOro, oHM yCTOMUMBBEI K BO3/I€CTBUI0 MHOTUX XWMHUYECKHX BEIECTB U
OT/IMYAIOTCS SKOHOMUYHOCTBIO.

Komro3uTHbIe MaTepHabl TIPeCTaB/IsSI0T CO00M coueTaHHWe JBYX WM O0jiee KOMIIOHEHTOB,
TIPU 3TOM UX (PU3UKO-XUMHUUYECKHe CBOMCTBA MOTYT IMPEBOCXOAUTh XapaKTePUCTUKU OTeMbHBIX
COCTaB/AIONIMX. B TakuX MaTepHanax OfUH U3 KOMIIOHEHTOB BBITIOJTHSIET POJTb MaTPHLIBI, a APYTOM
— apMUPYIOILIeTr0 HarloJTHUTe/Is], KOTOPBIN MPHAaeT KOMIIO3UTY AOTOHUTeIbHbIe (YHKLIMOHATbHbIE
KauectBa. B psge ciayyaeB MeAy MaTrpulleli W apMHUPYHOIUM MaTepuajioM BO3HHUKaeT
cuHepreTuueckui 3¢ dekT, TMO3BOMSIONMNA [JOCTUYb YHUKANbHBIX CBOWCTB. Eciu oguH wiu
HECKOJIbKO KOMITOHEHTOB KOMITO3UTa WMeIOT pa3mepbl MeHee 100 HM, Takoill Marepuat
K/1accuuUpyeTcsi Kak HAHOKOMIIO3UT. YJIyuyllleHHble XapaKTePUCTUKU HaHOKOMIIO3UTOB
OOBSICHSIFOTCSI BBICOKOW Y/Ie/IbHOW TIIOMIAZIbI0 TIOBEPXHOCTH, COOTHOIIEHHWEM CTOPOH YaCTHI] U
0COOEHHOCTIMM HX B3aUMOZEWUCTBUSI C MaTrpullel. Masble pa3Mepbl HAaHOUYACTHI] TIO3BOJISIOT
3HAUUTE/ILHO B/IMATH Ha MAaKpPOCKOTIMUECKHe CBOWCTBA MaTepHasa, obecrieurBasi eMy TMOKOCTb U
MHOT'03a/IauHOCTh. B TO ke BpeMsi, eC/ii B KaueCTBe HaTIOJHUTE/IS UCTIO/b3YHOTCS YaCTHUI[bl MUKDO-
WM MaKpOpa3MepoB, Y/IYyUllleHUsI XapaKTepHUCTHK BbIpa)KeHbl B MeHbIIIel CTereHH, a yBeJuueHue
TJIOTHOCTHA TIPUBOAMUT K YTSDKE/IEHWI0 MaTepuasia, YTO OrpaHUUMBaeT ero rnpuMeHeHWe B psifie
oTpacieil. VIHTepecHO, UTO W3HAuaJbHO HATIOJHUTENTUA MCII0J/Ib30BalMCh TPEUMYIIeCTBEHHO [iIs
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yellieBieHsT TIPOM3BO/ICTBA TIONIMMEPOB, OJIHAKO BIIOC/IEICTBUU OBIJIO BBISIBIEHO, YTO OHHU
CIIOCOOHBI TIPH/IaBaTh KOMITO3UTaM yCHIeHHbIE MeXaHUYeCKHe CBOMCTBA.

HaHOKOMITO3UTBI MOApasfesssioTCs Ha TpY TUMA B 3aBUCHMOCTH OT MaTepuasa MaTpUL{bl:
KepamMyueckue, MeTa/uIMueckie W TojMepHble. B naHHOI paboTe OCHOBHOHM akljeHT cfieslaH Ha
1ocJielHeM TUIIe, T/le B KaueCTBe MaTpHLibl BBICTYNAIOT MOJIMMEpPHbIe MaTepyabl. PaccMaTpuBaroTCcs
TIpUMepbl TIOJIMMEPHBIX KOMITO3UTOB, apMUPOBaHHBIX yIJiepofHbIMKA HaHOTpyOkamu (YHT), u ux
TipYMeHeHre B pa3MuHbix obactsix. [ToagrotToBka 0630pa, rnocesieHHoro BavsiHuio YHT u apyrux
yr/7epoJHbIX HAaHOCTPYKTYP B KaueCTBe HarloJHUTe/eld Ha CBOMCTBA IOJMMEPHBIX MaTepuasos,
npe/iCTaB/sieT  3HAuUMTeNbHbIM UWHTepeCc /s CHelyaJucToB B 00/aCTM  TMOJIMMEPOB U
MaTepHasioBeieHNst. OCHOBBIBAsICh Ha UMEIOIIMXCS IMTepaTyPHBIX JaHHbIX, MOXKHO yTBEepP)KJaTh, UTO
JaHHasg paboTa oxBaThbiBaeT TeMy C Oosjiee feTalbHOM M KOMIUIEKCHOM TOUKM 3peHMs. B
Tpe/ICTaB/IEHHOM HCCJIe/JOBAaHMM PACcCMATPUBAETCsl BWSHHE YT/IePOJHBIX HAaHOTPYOOK W APYTHX
yr/7IepoJHbIX HarloJHUTe el Ha CBOMCTBA MOJMMepPHbIX HAHOKOMITO3UTOB, a TAK)Ke OLIeHUBAETCsl UX
NIepCIIeKTUBHOCTD /IS Aa/IbHEMIIIero pa3BUTHSI MaTepraoBe/|eHusl.

Yriepof, W3BeCTHBIM ue/loBeuecTBY C JpPEBHUX BpPeMeH, UrpaeT BaKHYIO poJib Omarogaps
CBOEl YHHBEpPCaJbHOCTU M IIMPOKOMY CHeKTpy IpuMeHeHUs. Ilomumo 3Toro, oH sBrsercs
OCHOBHBIM  3/1eMeHTOM, (OPMUPYIOLUM CTPYKTYPY BCeX JKMBBIX OPraHM3MOB, BKJIHOYast
reHeTUYeCKWe Marepuasbl, OelKU U JKUPBlL. YTJIepoJ, MOXKeT CYIIeCTBOBaTb B Pa3/IMYHBIX
aJIJIOTPOMHBIX MOAU(PUKALIUAX, TAKUX KakK rpaduT, anmas, QysinepeHsl U yriaepoHble HaHOTPYOKU
(YHT). Kaxxgast u3 sTux opMm 0b6/1a/jaeT yHUKaIbHBIMU (PH3MUeCKUMY XapakKTepUCTUKaMH, KOTOpble
OTpeZie/sIIOT UX CBOWCTBA M obmacTu ucrosb3oBaHus. OO006LjeHHbIe [aHHbBle O (PU3NYECKHX
rapaMeTpax paslWYHBIX aJI0TPOIIOB TpejcTaBieHsl B Tabmuie 1. [IpumMeuaTenbHO, UTO BCe 3TH
MouUKaLMK yriaepoja JAeMOHCTPUPYIOT BBICOKYH) YCTOMYMBOCTH IPU CTaH/AApPTHBIX YCIOBUSX
OKpY’Karolllel CpeJibl.

CaoiicTBa YrnepoaHasiHaH

aJ/UIOTPOIIOB yIjiepoja I'padu Anma3s dynn |oTpydKa
T epeH
Y penbHbili Bec (T/ 1.9- 3.5 1.7 0.8-1.8
3

cm’) 2.3

DJIeKTpruecKast 4000°, 10— 107 10*-10°
MIPOBOAMMOCT (C/CM) 3.3 107"

IToABUKHOCTS 31€ ~10* 1800 0.5-6 10%-10°
KTPOHOB (cm’/(BXc))

TenionpoBOgHOCT 298P, 900- 0.4 2000-6000
b (B1/(MxK)) 2.2¢ 2320

Koaddurment -1x1 1~3) 6.2 x He3HnauurenbHbI
TervioBoro pacumpenus (|0, x107 107 i
K 29 %107

Tepmuueckasi 450 ~ <600 <600 >700
CTabW/ILHOCTD Ha Bo3xyxe | 650
(°C)

Tabmuia 1. du3nyeckrie CBOMCTBA a/UIOTPOIIOB YIJIepo/a.
(p: B IJIOCKOCTH; C: OCh C)
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Xorsi Bce dopMmbl yriepoza 007aal0T YHUKAJbHBIMH CBOMCTBAMHU U 00/1aCTSIMH
NIPUMEHEHUsI, B TIOCTe[JHUE JIeCATUIETHS] OCOOBbIM WHTepPeC YUeHbIX TPUB/IEKIN YTIePO/HbIe
HAHOTPYOKHU. DTOT MaTepuan BOCTpeOOBaH BO MHOTUX cdepax HAyKHM W TEXHOJIOTHMA Osarofapsi
CBOVIM UCKJTFOUUTE/IbHBIM XapaKTePUCTHKaM. BvsiHUe yriepoiHbIX HAHOTPYOOK Ha pa3BUTHe HAYKU
U TexXHUKU O0OyC/loBAeHO [AByMsi KiroueBbIMH (akTopamu: (1) UX yHUKaJbHBIMH (DU3UKO-
XUMHUYECKUMM CBOWCTBaMHM U (2) HaHOpa3MepHbIMM XapaKTepUCTHKamu. [lomy/nsipHOCTb
HAHOTEXHOJIOTUM OOBSICHSIeTCS TeM, YTO MaTepuaibl B HaHoMaciuTabe 006siaZial0T CBOMCTBaMH,
3HAUYUTEbHO OT/IMYAIOIIUMUCS OT UX aTOMAapHOT0 WM 00beMHOT0 COCTOSIHUSI.

HaHoHayka wuccnemyeTr mnoBeJeHWe MaTepyhasioB B [Auamna3oHe pasMmepoB oT 1 go 100
HaHOMeTpOB (HM). ODQdeKTbl, CBS3aHHble C YMEHbIIEHWeM pa3MepoB, CYL[eCTBEHHO H3MEHSIOT
MexaHWUYecKre CBOMCTBA MaTepUasioB, OKa3biBas BUSIHME HAa WX 3/€KTPUUECKUe, XUMUUYecKre 1
¢u3nueckre xapakTepucTukyd. K MexaHWueckKrM CBOMCTBaM HaHOMaTepHasrioB OTHOCST MPOYHOCTD,
MJIACTUYHOCTbD, YIIPYTOCTh, BI3KOCTh U TBepAOCTh. Cyll[eCTBeHHbIe OTJIMYUS MeXXy MeXaHUYeCKUMU
CBOMCTBaMM HaHOMAaTepUaJioB M WX OObEeMHBIX aHAJOTOB OOBSCHSIOTCS BO3/EHCTBHEM
TIOBEPXHOCTHBIX U Mesk(da3HbIX 3((PeKTOoB, a TakKe pacrpefie/ieHieM BHYTPEHHUX HampsyKeHUH.

YHUKa/NbHOCTL HaHOMaTepuasoB  OIpejesisieTCss BbICOKMM  OTHOLIEeHWeM  ILIoLlajv
TIOBEPXHOCTH K 00BEMy, TIOBBIINIEHHOW TITOBEPXHOCTHOW 3Heprued, IpPOCTPAHCTBEHHBIMHU
OrpaHUYEHUSIMU M TPOSIB/IEHMEM HOBBIX KBaHTOBBIX 3((deKToB. B MakpockomuueckoM Maciirabe
(ropsiiKa MWITMMeTpa) /I0Jisi aTOMOB Ha TMOBEPXHOCTU KpaliHe Masia 10 CpPaBHEHWIO C UX OOIIUM
yucioM B oObemMe marepuasa, M3-3a Uero MX BJIMsTHME Ha CBOMCTBA BellleCTBa He3HAUMTE/IbHO.
OpHako B HAaHOPa3MepPHOM COCTOSIHUM TTOBEPXHOCTHBIE aTOMbI COCTABJISIFOT 3HAUMTE/IbHYI0 4acCThb
CTPYKTYPBI, UTO KapAWHAJIbHO W3MeHsieT CBOMCTBAa MaTepuasa. TakuMm o0pa3oM, ymeHblleHue
pa3MepoB YIJIEPOJHBIX CTPYKTYP yCUIMBAeT UX (HU3NUYeCKHUe XapaKTePUCTHKH, /ieflast UX 0COOeHHO
MepPCreKTUBHBIMU /151 HAYUHbIX ¥ TEXHOJIOTMUECKUX PUMeHeHU.

Cpenu pa3nmuuHbix HaHO(OpM yryieposia ocoboe BHUMaHHWe Y/e/ISeTCs yTepOJHBIM
HAaHOTPyOKaM. VHTepec K STMM HaAHOCTPYKTYpaM 3HAuMTe/NbHO BO3pPOC T0Ciae paboThl,
ornyb6MKoBaHHON UHW13UMOM.

[1] B 1991 roay, xoTs1 3TO He mepBoe coobineHue 06 3ToM Martepuane. VIHTepec K 3Tou
ny6/IMKal[ii BO MHOTOM ObUI BbI3BaH MOAPOOHON XapaKTePUCTHKOM, KOTOpasi 03BOJIH/IA BBISIBUTh
UCK/TIounTe/TbHbIe cBoMicTBa YHT W ompefe/uTh TMoTeHLManbHble 00macTy mpumeHenus. YHT
CyIecTByeT B iByX dopMax: (1) oqHoCTeHHas1 yriiepoAHast HaHOTpyOka (OYHT) u (2) MHOroCcTeHHast
yriepoaHas HaHoTpyoka (MYHT). YHT, o koTopoM coobiianock B nybsukaiuy 1991 roza, 6b11
MYHT. OYHT 6bUT OTKPBIT He3aBUCUMO APYT OT ApyTa UCCe[0BaTe/IbCKUMHU IPyTiamMu n3umMbl
[2] u BeteroHa [3]. OYHT npexcraBnisier coboii oguH 1ok TpadeHa, CBePHYTHIN B IWIUH/D, B TO
Bpemsi Kak MYHT - 3To KoHLIeHTprueckue LUIUH/PbI rpadeHa. OcHoBHbIe pasnuuus Mexay OYHT
1 MYHT nipuBeieHb! B Tabsutie 2 [4].
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