[Ipobnembl NpMeHeHuns
HAHOTEXHOMOMu

[1oknag4uk:
Mnagwwn Hay4dHbi coTpyaHuk HOU «HanoTexHonornm» MICY lpuwimHa A.H.



OnpepnenexHns n NnpuHUMNbI
HAHOTEXHOMNOMM

= HoBble TexHonorMM — 3TO TO, YTO BEHYAET MHOrorpaHHoe
NBVKEHNE YenoBevecTBa Bnepén-mno nyTy nporpecca. TexHonormu
OMNpPEeaensioT KAYeCTBO JKM3HM KaXAOro uYesrioBeka W MOLlb
rocyapcTBa.

: HaHOTeXHonoruu — TexHosorns O6bLEeKTOB, pasMepbl KOTOPbIX
nopsaaka 10° M (aToMbl, MOMEKY/bl); BK/OYAET ATOMHYIO COOPKY
MOJIEKY/l, HOBblE METOAbl 3anNUCK W CUYUTBIBAHWUA MWHGOPMaLnK,
NOKANbHYIO CTUMYMSLUMIO XMMUYECKOW peakuuM Ha MONEKYISPHOM
YPOBHE, BK/1OYast aTOMHYIO COOPKY MOJEKYJ1, HOBbIE METO/IbI 3aMNUCH
N CUMTBIBaHMA MHMOPMALMK, NIOKASIbHYIO CTUMYNALIMIO XMMUYECKOW
peakuMn Ha MOMEKYNISPHOM YPOBHE U Ap.

= [pn 3TOM /1106YH0 XUMNYECKYIO PEAKLINIO HE/Ib351 pacCMaTpUBaTh Kak
HaHOTEXHO/IOMMIO
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LHednHnunn

TexHonorusa (oT rped. techne — NCKYCcCTBO, MacTepCTBO, YMEHUE ”
...JIOrns), COBOKYMHOCTb MeToAoB 06paboTkn, W3roToBIEHUS,
U3MEHEHUS COCTOSIHWUS, CBOUCTB, (DOpPMbl Cbipbsl, MaTepuana Wnu
nonydabpukata, OCYLECTBASEMbIX B MNpoLecce Mnpoun3BOACTBa
NpoAYKUMW, Hay4yHas AUCUMNINHE,  MU3y4valowas dusndeckume,
XUMUYECKNE,  MEXaHuM4yeckme M Apyrue  3aKOHOMEPHOCTW,
NEVUCTBYIOLLME B  TEXHONIOTMYECKMX Mnpoueccax. TexHonormeu
Ha3blBalOT TakKxke caMm onepaumn  aobbiun, 06paboTky,
TPaHCMNOPTUPOBKK, XPAHEHUS, KOHTPONS, SABASIOWMECS YaCTbiO
obLLero NpomM3BoOACTBEHHOrO rpoLecca.

MpucrtaBka «HaHO» — MepBasl COCTaBHasl YacTb HAMMEHOBAHWIA
eAVHUL,  DU3MUECKMX BENUYUMH, ChyXawas Aansg obpas3oBaHus
HAaUMEHOBAHUN AOMbHbIX E€AMHWUL, pPaBHbIX MWIMAPAHON Aone
UCXOJHbIX eAnHUL,

HaHOoTexHOMoOrMss — 3TO COBOKYMHOCTb METOAOB MOJyYeHuUs
npoaykumn (n3genun) nocpeactsoM OpraHM3auun BeLlecTBa
Ha HaHOYpPOBHe.
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HopmaTtuBHbIE JOKYMEHTHI

CTAHJIAPT E 2456-06
«TepMHHOIIOTHS B HAHOTEXHOIOTHID)

IToAroToRNEH:
AMepPHKaHCKHM HHCTHTYTOM HIDKeHepOB B oOnacTH xHMHH (AIChE),
AMEpPHKAaHCKHM OOIIecTROM MeXaHHKOE (ASME), HHCTHTYTOM
JNEeKTPOHHKH H 371eKTPoTeXHHKH (IEEE), IIOHCKHM HAllHOHAJBLHBIM
HHCTHTYTOM IIPOTPECCHRHOH HayKH H TeXHHKH (AIST)

1) azromepam (agglomerate) — TIpynma uYacTHI,
00BEIMHECHHBIX OTHOCHTENBHO calbIMH CHIAMH (HalpHMED,

BaH-niep-BaanbcOBBIMH - MM KaNHWJUIIPHBIMH), KOTOpBIE
MOTYT 0CNa0IATbCS, OCOOEHHO B MalbIX  YacTHLAX,
HalpUMeEp, nocie 00paboTKy;

2) azpezanvt (aggregate) - COBOKYITHOCTb
HHAHBHAYAIBHBIX  YacTHL, OOBENHHEHHBIX IPOYHBIMH
CBA3IMH (HANpUMEP, METAUIMYECKHE, CIUIABICHHBIE HIH
000KKEHHBIE YACTHLIBI);

3) oucnepcrvie wacmuysr (fine particle) — udacTuupl c
pasmepami 0,1...2,5 mrm (100...2500 HM);

4) narovacmuysr (nanoparticle) — yacTulpl, HMEKIIKE, 0
KpalHeH Mepe, B OJHOM HanpaBieHHH pasmep 1...100 HM u
NPOSIBIIAIMINE CBA3aHHBIE C PA3MEPOM MEPEXO/IHBIE CROHCTRA.

HOL| HT

EBPOITEVICKAS ITPOTPAMMA
«CrpaTterus pa3BUTHS HAHOTEXHONOTHH 10 2015 roa B CEKTOpax:
MATEPHAJIBL, 3710POBbE H MEJHLINHCKHE
CHCTEMBI, JHEPTHS»

IToaroTOBIEH:
EBporeHcKoH KOMHCCHEH, COCTOSIIeH H3 IpeAcTaBHTeNneH crpaH: FOxxHas
Adpuka; Hcenanms, Hpnanaus; 1lpedrapust; Opanist Benbrisy; Hramas
Cropaukasi PecriyOmika; Hspawb; Illeewpss; BemHkoOpHTaHEs;, UYelckast
pecnyOimiKa; I'epMaHHA.

Hanovacmuyer — yacTHLBl ¢ pasmepoM 10 100 HM H
00Nafjalollie HOBBIMU CROMCTBAMH IO CPAaBHEHHIO ¢ OONBIIHMH
JaCTHLAMH.

MoryT ObITh H3TOTORJIEHBI
OKCUO0E  MeMARI0e,  KepaMuKH,
HEOKCUOHOH KEPAMUK Y.

HaHoyacTuupl paznu4aTCs CTPOCHHEM: HMEKOTCA YAacTHIBI B
BHJIE xa0nsetl, cghep, opeeoendnstx gopm U T 1.

@opma CTPOEHHS 3aBHCHT OT BHJAa MaTepHala YacTHLBL
METATMYECKHE H HAHOUACTHLBl M3 OKCHAOB METAIOB HMEKT
cghepuieckyio popmy, CHIHKATHBIC HAHOUACTHLBI HMEET Qopmy
xaonmvee C pa3MepaMH B JIBYX H3 HANpaBRlNeHHH B JIHANa30HE
100...1000 HM.

Hanoycuaumenn — noaumeprvix | komnosumoe  (nanoclay-
reinforced polymer composites), KOTOpple MO CPaBHEHHK C
TPAJULHOHHBIMH  HANOJHHUTENSAMH = MOBBINAIOT  [OKA3aTENH
MEXAHHYECKHX  CBOHCTB  KOMIIO3HTOB  IPH  HEBBICOKHX
KOHLEHTpalusAxX mopauukatopa (o6plMHO 70 5%). B Kadectse
TaKMX  HAHOMOAH(UKATOPOR  NpEANaracTcss  HCIOIb30BATh
MOHTMOPHILIOHHT, MOIH(HLHPOBAHHBIH OPraHHYECKHMH
COCJIMHEHUSAMH, CHIIHKATC)Ib H POSS-HAHOYACTHIIBI.

H3 PasimHYHBIX MaTCPHANIOB!
CHAUKAMOE, Memarioe #
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[lononHuTenbHaga nones3Has

MHPOPMaLINA
MeToanueckue YKa3aHusa MYy 1.2.2520-09
«TOKCUKONIOro-rurmeHu4yeckKkas OoLeHKa

6e3onacHOCTM HaAaHOMaTepuanos>

Obnactb npuMeHeHus: TpeboBaHWs, W3/10XKEHHbIE B
HaCTOSALMX METOANYECKUX YKA3aHUSX, MPUMEHSIIOTCSA MNpu
OCYyLLECTBNEHNN rocyiapCTBEHHOM perucrpaumm
npoAyKLUny, MoJs1y4EHHOM C NCI10/1b30BaHNEM
HaHOTEXHO/IOMMN WM  COAEPXKaLLEN  HaHoMaTepuarsbl,
BrepBble  pa3pabaTbiBaeMON M BHeApsieMon OIS
NPOMBILLSIEHHOIO N3roTOBJ/IEHUS Ha TEPPUTOPUN
Poccunckon @depepaumm Ha 3Tane ee MOAroTOBKM K
NPOM3BOACTBY, @ TaKXe BMEPBble BBO3MMOW M paHEE He
pPEann30BbIBaBILUENCA — [0 €e BBO3a Ha TeppuTopuio
Poccnnckon ®epepaumn.
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KoMNNeKkT AOKYMEHTOB

= Obnacte npvMeHeHMss U peKoMeHAYeMble YPOBHM BHECEHWs; TOpProBoe, XMMMUYecKoe
HaMMEHOBaHWe HaHOMaTepuasa; TOYHOE Ha3BaHMe, aApec, PEKBM3WTbI M3roTOBUTENS,
(Ha3BaHme n opm na(bl) BelecTsa uau BeUJ,eCTB
BXOAALLNX B ero cocTaB, €ero (Mx) MONeKynspHas Macca), CBeAeHWs 00 WAEHTUYHOCTY
npeacTaBneHHOro obpasua BbiMyCKAaeMOW MpoayKuuu; HOpMaTVIBHO TEXHUYECKYIO AOKYMEHTaUMIo
Ha OTEeYeCTBEHHYI MpPOAYKLMIO, ; MPOTOKOJbI
OTAE/bHbIX Pa3AesioB TOKCUKONOrO-TUIMEHNYECKMX UCTIbITaHMIA Ha 6e30MnacHOCTb NpoayKLuuu (ecnu
TAKOBbIE MMEIOTCS), BbINO/IHEHHBLIX B aKKpeAMTOBaHHbLIX slabopatopusx; crneumdbuyeckni Metoa
onpeaeneHns HaHoMaTepuanoB B MNPOAYKUWW; AAS OUEHKM MHOMOKOMMOHEHTHbIX MaTepuanos,
ec/in HaHOMaTepuasn HaxoAUTCA B pacTBOpUTENE WM Ha HocuTene,

4
= PexkBM3WTbl MMMOPTHOM NPOAYKUUWM AOMONHUTENBHO [OSDKHbI  COAEpXaTb:
, TNPOTOKOMbl WUCMbITAHWA B
AKKpeauUTOBaHHbIX  flabopaTopusax (ueHTpax) 3apybexHbIX CTpaH;
(pasmep n pacnpegeneHve no pasMmepy 4actuu, ¢popma
4yacTuu, nnowaab MOBEPXHOCTU, MOPUCTOCTb, arperaTtHoe COCTOSHUE);
(pacTBOpUMOCTb B BOAE U OMOMOrMYECKUX HKUAKOCTSX,
3apsA  YacTul, KpUCTanindeckasl CTPYKTypa, aacopbuMOHHasi €MKOCTb, YCTOMYMBOCTb K
arperaumu, ruapodobHOCTb, aare3ms HAHOYACTUL, K MOBEPXHOCTM, XMMUYECKas akTUBHOCTb (B TOM
YuCIe CrOCOBHOCTb reHepupoBaTb CBO6OAHbIE paanKansbl),
MOJIEKYNSIPHO-OMonornyeckme xapaktepuctukn (B3ammogencteme ¢ AHK, PHK, KIIETOYHbIMM
MeMbpaHaMK, 6enkamu); LMTOMOMMYECKME XapaKTEPUCTUKM (UMTOTOKCMYHOCTb, CMOCOBHOCTb K
HaKOMMEHMIO B  KIETKaX, BAMSHAE HA MNPOTEOMHbLIM MU MeTaboMOMHbIN npousb);
(noTeHumasnbHble MYTU MPOHUKHOBEHWS B OpPraHusM,
OCTpasi TOKCMYHOCTb, MOAOCTPas TOKCMYHOCTb, XPOHWYECKAs TOKCMYHOCTb, KyMYy/IATUBHOE
JENCTBME,  MeCTHOpasapaxkalollee AeucTBue,  OTAaneHHble  3ddekTbl  (MyTareHHoCTb,
3M6pVIOTOKCVILIHOCTb TepaToOreHHOCTb, KaHueporeHHOCTb),
, MpOHUUAeMocTb H6apbepoB opraHM3Ma
Aans TOKCVIKaHTOB NPOHMKHOBEHME Yepe3 bapbepbl OpraHM3Ma); paspelleHue YNOoTHOMOYEHHbIX
OPraHoOB CTPaHbI-U3roTOBUTENS Ha UCMOJIb30BaHNE HAHOMaTepPMasioB B CTPaHax-mMnopTepax.
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PacnopsxeHue [lpaButenbctea PP
Ne1192-p ot 07.07.2011 .

K npoaykumMm HaHOMHAYCTPUM OTHOCUTCS

npoayKums (TOBapHI, YCIyrun),
npoun3BefeHHas C MCMOJ1Ib30BaHNEM
HaHOTEXHOMOM MM 7 obnagatoLas
BCNeAcTBue 3TOro paHee
HeaOCTMXXMMbIMMU TeXHUKO-

OKOHOMMNYECKUMMU NOoKa3aTeNsasMMm.
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KaTteropuu npogykumm
HaHOMHOYCTPWUKN B YaCTW TOBAPOB U

yCInyr

= KaTeropms «A» (nepBuyHas HaHOTEXHOsIOrM4yeckas rnpoaykums) —
TOBapbl, NpeacTaBnsolmMe cob0n- HaHOKOMMNOHEHTbI (HaHOOOBLEKTHI
7 HaHOCVICTEMbI) B TOM 4uCne WCNoNb3yeMble KaK Cbipbe U
nonycabpukaTbl AN MNpOM3BOACTBA MNPOAYKLMW HAHOMHAYCTPUM
KaTeropnn «b», «B» n «I».,

YcroBusi COOTBETCTBUSI K KaTEropum «A»:

= MpOAYKUUS COAEPXWUT COCTAB/ISOLINE  KOMIMOHEHTbI, KOTOPbIE
onpenensioTr ee  (yHKUMOHanbHble  cBoMcTBA U (Man)
noTpebuTenbCkne XapakTePUCTUKM N pa3Mep KOTOPbIX XOTS Obl B
OoAHOM U3MepeHuM HaxoauTca B npeaenax ot 1 Ao 100 HMm.

=  [pOoAYKUUA TMPOU3BEAEHA MMYTEM MaAHUNYINPOBaHUA OTAEJIbHbIMA
daTOMaMn 1 MOJiekyllamMm, B TOM HuUdie C  WUCMNOJIb30BaHUEM
BruoxmmMmnyeckmnx TeXHOJ'IOFMM
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KaTeropmm npoaykumnm
HaAHOVMHAOYCTPUN B YacTu TOBAPOB U

yCIyr
« Kateropus «b» (HaHocogep)kallas npoaykuusi) -—

TOBapbl, coAep)Xalune HaHOKOMMOHEHTHl | (NpoAayKLUMIo
HAHOMHAYCTPUWN KaTeropum «A»).

YcnoBua OTHECEHUS K KaTeropum «b»:

= €CNIM HAHOKOMMOHEHTbI MNPUAAIOT MPOAYKLUMM HOBBbIE,
NPUHUNNUANBHO BaXKHble AN Hee (YHKUMOHANbHbIE
(MexaHun4yeckne, @uanyeckme, OU3NKO-XUMUYECKNe |
Op.) CBOMUCTBa WM 0b6ecneynBaloT CylWecTBEeHHoe
yiyylleHue ee TeXHMKO-IKOHOMUYECKUX u (nnm)
noTpebuTtenbCKNX XapakKTepucTuK.
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KaTeropmm npoaykumnm
HaAHOVMHAOYCTPUN B YacTu TOBAPOB U

yCIyr
« Kateropua «B» — ycnyrun (ToBapbl, He coaepXalime
HAHOKOMMOHEHTbI), MpW OKa3aHun (NPoOU3BOACTBE
KOTOPbIX WCMNOMb3YKOTCS HAHOTEXHONormm wu (Mnu

HAHOKOMMOHEHTbI (npoayKums HaHOMHAYCTPUK
KaTeropumn «A»).

YcnoBue OTHECEeHUS K KaTeropum «B»:

= €C/IN  UCMNOMb30BaHWME  HaHoTexHosnormm wn  (Mnn)
HaHOKOMIMOHEHTOB obecneynBaeT CYyLLIECTBEHHOE
yny4dlieHue TEXHUKO-3KOHOMUYECKUX 7 (unn)
NoTpebuTeNbCKUX XapaKTEPUCTUK OKa3bliBaeMbIX /YCIyr
(Npon3BOAMUMbIX TOBApPOB).

HOLU HT |Ten. (499) 188-04-00 || www.nocnt.rul|



KaTeropmm npoaykumnm
HaAHOVMHAOYCTPUN B YacTu TOBAPOB U

yCIyr
= Kareropua «I» — TOBapbl, NpeacTaBnstoWIME
cobon crieyyanbHoe o6opyu03aHme ons

HaHOTEeXHOJIOrMu

YcnoBme OTHECEHUSA K KaTeropuu:

obecneymBaeT KayectBO Wu3MepeHus wn  (unn)
KOHTPOSIS XapaKTEePUCTUK HaHOKOMIOHEHTOB,
HeJOCTUXMMOE NHLIMU METOAaMM.

obecneunBaeT BO3MOXHOCTb  KOHTPOJSIMPYEMOIO
MaHUNYIMPOBAHUA  OTAENlbHbIMXM  aTOMaMun U
MONieKynamn, B TOM 4WUCNE MpU NPOU3BOACTBE
HaHOMNPOAYKLUNK KaTeropum «A», «b» n «B».

HOLU HT |Ten. (499) 188-04-00 || www.nocnt.rul|



OCHOBHbIE BUAbI YINepOoaHbIX
HaHOpa3MepHbIX MaTepunanos

1-pynmepen C-60
2-pymnepen C-70

3-0JHOC TIOFHAA HAHOTPYGKA

4-MHOTOCTIOFEHAA HAHOTPYHKA

S-momEIpaTEHAR
MHOTOC TIOHHAA HAHOYAC THIA-
acTpamneH
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doTorpadmm MHOrOCIIONHbIX

YrnepoaHblX HAHOTPYOOK
%N

=
3

~

< £ /»l
v /
d N £ L § 2
» /) . ¢ -
29 > ol o anae ‘
R

HOU HT |Ten. (499) 188-04-00 || www.nocnt.rul|



doTorpadpunn actpaneHoB
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OnpeneneHnsa HaHoMaTepuaroB

= HaHoMaTepuanbi (HaHOMa3HbIe MaTepuansl,
HaHOCTPYKTYPUPOBAHHbIE MaTepuansl, ob6beMHble
HaHOMaTepuanbl) — MaTepuanbl, coaep)kalime
Nno o6beMy HaHOpPa3MepPHbIX 3/IEMEHTOB.

= HaHnomoanduumpoBsaHHble MaTepuanbl -
MaTepuanbl, coaepXkalume no obbemy
HaHOPa3MepPHbIX 3/IEMEHTOB.

«K Takom Karteropmm HaAHOMPOAYKUMM OTHOCATCA B MNEepBy ouvepenb
pa3HoobpasHble n3pgenus C HaHOYMNPOYHAOLLINMMU Unm NHbIMW
HaHOMYKUNANUINPYIOLWMUMKU NOKPLITUAMN. CunTaTb Takue NpoAyKTbl NPOAyKTamu
HaHOWHOYCTPUN MOXHO NUWIb B TOM CcIlydae, eCfni HaHOKOMMNOHEHTbI CO34alT
NPUHLUUNUANBHO HOBbIE (pyHKUMOHaNbHbIE n norpeoutenbLckKkue
XapaKTepPUCTUKU HAHOMPOAYKUUM U HAHOKOMIMOHEHTHI ABMNAKTCH HEOTbeMI1eMon
YacTblo NponsseneHHoro ngenus». Akagemuk PAH M.B. Andpurmos
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HaHoOeTOoH

«HaHOGeTOH ... 3TO BOBCE HE KOHKPETHbIM 6eToH, a
TOMIbKO NUWb 0603HavyeHne H6eToHa, KOTOPbIN KaKMM-TO
0bpa3oM CBSI3aH C KAaKMMU-TO HaHoMmaTepuanamu, wunwu

HAHOTEXHOJIOTNMAMU>»>. (A.H. TMoHamapeB OO0 «HTL, npuknagHbIx
HaHOTEXHOIOTN»)

«HaHObeTOH — 3TO rpynna MEeToAOoB W CNEKTp
HaHOMaTepuasos, NCIMOJ1Ib30BaAHNE KOTOPbIX B
Pa3/INYHbIX COYETAHUAX MO3BOJIAET YINPABJIATb Ha60pOM
CBOWCTB CTPOUTEJIbHbIX KOMI'IOBVILI,VIVI Ha OCHOBE
MUHEPAJIbHbLIX BAXYLLUNX. O6LLI,VIVI NPU3HAaK. HaHOb6EeTOoH
O6J'IaLI,BET TEMN NN NHBIMU NPENMYLLECTBaMA 6naronap;|
cBOoen ocoboun CTPYKTYpE, 3auaBaeMom Ha HAHO- W"
MUKPOYPOBHSAX. |_|pl/l 3TOM HaHObeTOHaMU MOIyT BbITb
Ha3BaHbl OETOHbI COBEPLUEHHO pPa3/IMYHbIX K/laCCOB U
MApPOK>. (M.E. t0goBny OO0 «HTL| npuknagHbIX HAHOTEXHOIOTUIA»)
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ATOMHasa CTPYKTypa HaHOMaTepuana

i
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LocTmxeHnst N0 HaHOCTPYKTYPUPOBAHHOMY

OETOHY

C NPUMEHEHNEM CUHTE3NPOBAHHbIX yrnepoaHbIX
HaHopa3MepHbIX Aob6aBoK dynneponaHoro Tuna «paspaboTaH u
NOCTaBNEH Ha NMPom3BOACTBO «BEeTOH HaAHOCTPYKTYPUPOBAHHbIN
Nerkumny» co cnegyrwmmMmm xapakTepucTtukamu:

- NAOTHOCTbL — 1,2-1,6 T/M*:

- MPOYHOCTb Ha cxaTtne — 30-60 MTla;

- MPOYHOCTb Ha n3rnb — 4-8 Mrla;

- TennonpoBoaHocTb — MeHee 0,2-0,4 B1/(M*K);

- BogonornoweHne — He bonee 0,4 %;

- BogoHenpoHuuaemoctb — W20;

- OrHecTonkocTb — 6onee 780 °C;

- Mmopo3ocTtonkocTb — F300-F350.»

UctouHuk: Ctatbs «lNepcnekTuBbl NpMMeHEHNS HaHOBETOHA B MOHOMUTHbLIX BOsbLIENPONETHbIX
pPeOPUCTLIX NEPEKPLITUAX C NOCTHaNpskeHnemy» aBtopos: E.B. Kuwenesckas, H.W. BatuH, B.[.
KysHeuoB (PKypHan VHxeHepHOo-CcTpouTenbHbIn XXypHar, Ne2, 2009).
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YrnepogHble HaHOMaTepuansl

cepumn « TayHUT» 000 «HaHoTexLieHTp»
(r. TamboB)

= KOMNO3MLIMOHHbIE MaTepuanbl —
MoAUMULIMPYIOLLIAS nobaBka YHT NOBbILLIAET
npoyHoctb (B 1,5-3 pasza), 3nekTponpoBOAHOCTb,
TennonpoBOAHOCTb, U3MEHSIET CTPYKTYpPY KOMMO3UTOB
Ha OCHOBE NONUITUSIEH], nonuMnponusieHa,
(pTOpPOMNIacToOB, NMOSIMypeTaHa n Aap.

« CTpouTenbHble MaTepuasnbl U  AOPOXKHbIE
NOKPbLITUA — T[PUMEHEHME CBEpPXManbiX [06aBOK
(0,001-0,0001%) B 6€TOHbI NOBbILLAET B 1,2-2 pa3a ux
NMPOYHOCTb,  TEMMNEPaTypOYyCTOMUYMBOCTb,  CHWXAET
TpelunHoobpa3oBaHme.
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Brninanme YHT Ha npo4YHOCTb
beToHa
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UctouHuk: A.H. Cnnxesckun, Camyinnos KO.[., baraHosckuin 3.4. O BnnaHum yrnepogHbix
HaHOMaTepuanoB Ha CBOMCTBA LleMEHTa U LLlEeMEHTHOIO KaMHS
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Lpyrne HaHomMmogudomnkaTopbl

=« CTpykTtypupyroume nobasku (HaHopa3MepHbIe
rMAPOCUINKATbI KaJsibLIMSA) — YCKOPEHWe TBepaeHus
0o 50%, nosbllleHne npoYvyHocTu cuennenns ao 30%,
NOBbILLIEHME NPOYHOCTU NpU CKaTUK B 2-3 pa3aq,
NOBbILLEHNE TPELIMHOCTOMKOCTM B 2 pa3a

« HaHonuuteno (MoanduUuMpoBaHHbIN AUATOMMUT)
— YCKopeHue TBepaeHud Ao 50%, nosbilleHne
NPOYHOCTU CLensiIeHns B 2 pa3a, NoBbIleHne
NPOYHOCTM NpU CKaTuK B 2-2,5 pa3a, NoBbllLeHne
TPELIMHOCTOMKOCTU B 2 pa3a

= HaHouyacTuLbl AMOKCUMAA TUTAHA — SKOHOMUS
LuemeHTa 00 10%, CHWKeHue cTouMocTn 1 M? usgenum
Ha 15...20%.
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Lpyrne HaHomMmogudomnkaTopbl

« HaHopa3mepHbIN AMOKCUA KPEMHUSA — MOBbILLEHNE
CKOpPOCTU Habopa npoYHOCTU-(yBennyeHune
TennosblaeneHus), yeenmyeHme npovyHoctn ao 30%
(npu copepxaHnn 12%).

« OpraHornaunHbl (opraHoduibHO MOANMDULIMPOBAHHbIN
MOHTMOPWASIOHUT WU KAONIUHWUT) — BBOAMUTCA B
nonnMepsbl B Konnyectee A0 5%; NOBbLIWAET XXECTKOCTb
nonnmepoB (A0 98%), ctabunbHOCTb N 6apbepHbie
cBoncTBa (40 6 pa3), TOKONPOBOANMOCTb.
[IpOMBbILLIIEHHO BbIMycKaloTCs KoMnaHmsamMm Elementis,
Nanocor, Southern Clay (CLUA), Stud-Chemie
(FepmaHung), Laviosa (UTanusa) v ap.
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Llpyrme npumepsol

« HeMeTannuyeckaqa apmaTtypa
x JHEeproameKTUBHOE CTEK/O

« KOppO3MOHHO-CTOMKMNE MOKPLITUS Ha
METa/INTNYECKMX NOBEPXHOCTAX

= [leHocTeKkNno
« Kpacka-Tepmoc
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3apyOeXxXHbIN OMbIT

- HaHopa3Mepr|V| TiO, — aKTMBHbIN (hOTOKaTanM3aTop,
OYULLIAIOLLIMIN BO3AYX OT CO,, NO,, VOCs. CHnxkeHune
coaep>XaHusa yKasaHHbIX ra3OB ,u,o 40%.

= HaHOCTpyKTypHblE KOMMO3UTbI HA OCHOBE
B3aMMOMNPOHUKAOLLMX MOSIMMEPHbIX CETOK

= HaHOKOMMO3UTbl Ha OCHOBE r’MbpUAHOM
OPraHOCUIMKATHOWN MaTpuLibl

= [lonMMepHble HAHOKOMMO3UTbI C OYEHb HU3KOM
MPOHULLAEMOCTBIO U BbICOKMM COMPOTUBIIEHNEM
arpeccuBHbIM cpeflaMm

= Kpacku c HaHopa3MepHbIMK YacTuLaMu cepebpa
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HOL| HT

3agayvn HaHOTEXHONOrmu

OnpeaennTb paunOHabHYO TPAEKTOPUIO
HAaHOCTPYKTYPUPOBAHUSA CTPOUTENBbHbIX
MaTepuanoB

OueHnUTb TOKCUKONOrnMyeckoe BAnsaHue
HAaHOOOBLEKTOB Ha 310POBbLE YesloBeKa

PaspaboTtaTb METOA0MOrnt0 TEXHUKO-
35KOHOMWYECKOW OLIEHKWN BHEAPEHUS
HAHOTEXHOJIOMMU B CTPOUTENLCTBO

|Ten. (499) 188-04-00 || www.nocnt.rul|



3agadya Net

BBeaneHne B MaTepuan CUMHTE3UPOBAHHbIX
HaHOOObEKTOB

CnHTE3 HaHOOOBLEKTOB B MaTepuane B
npoLecce ero N3roToBJ1IEHNS]
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YnpasJjieHHe CKOPOCTBIO THAPATAIIMY BSIKYIIEro, MopgoJiorueii HOBOOOPAa30BaHUId,
IIOTHOCTBHIO CTPYKTYPbI H CBOHCTBAMH KOMIIO3MTOB I'MAPATHOI0 TBEPACHHS

ITokazarens,
XapakTepu3yromuii 3pdexT

JlocTuraemeli Cnoco0

[TpoGaemsr
pe3yJbTar JOCTH)KECHUS

MosekynsipHoe U3MEHEHHE CTPYKTYPhI BOJIbI

XuMHYECKHI: CBoiicTBa pacTBOpa 3aBUCST

- BBEJICHHE BOJIOPACTBOPUMBIX
COJIeH;

- 1o0aBiIeHNE OPTraHNIECKUX
COEIMHEHU N

Pusnyeckuii:

- MEXaHUYECKasl aKTUBALUS
(mpunoXXeHrne NEPEMEHHOTO
JIABJICHHUS);

- MarHuTHas 00padboTKa
(TIOCTOSIHHBIM WJIU TIEPEMEHHBIM

CrpykTypHas Temreparypa
pacTtBopa

He pa3paboransl (uMeroTcs
OT/ICTIbHBIC METOIUKH,
BBIYUCIICHHSI HEKOTOPBIX

OT CBOHCTB ()OHOBOTO
pacTtBopuTens (BoIbl)

Kunernmueckas
HECTAOMILHOCTH CBOICTB
BOJIBI; CTAaTUCTHYCCKAS
HEOAHOPOAHOCTH CBOMCTB
KOMITO3HUTa

ToKazaresnei)
MarHUTHBIM TOJIEM);

- QJIEKTPOMATHUTHAS AKTHBAIIHS
(HachIlIeHrEe BO/IbI MOHAMH METaJlia)

TpynnocTu npu
IIPUTOTOBJIEHUH KOJIJIOUTHOTO
pacTBopa (He CMauMBaHUE,
IUJI0XO€ JUCIIEPTUPOBAHUE)

DU3UKO-XUMHYECKH IS

- BBEJICHHUEC HAHOYTJICPOIHBIX
CTPYKTYp (HAHOTPYOOK, acTpajeHOB,
(GyIIIEpeHOB, B TOM YHUCIIE
BOJIOPaCTBOPUMBIX);

- MarHuTHass 00paboTKa pacTBOPOB
AIIEKTPOJIUTOB WIIN KOJIJIOUIHBIX
pPacTBOPOB HAHOYTIICPOIHBIX

CTPYKTYpP

He pa3paboTtanbl

He usBectHO



YnpaBJjieHHe CKOPOCTBIO THAPATAIIMN BSIKYIIEro, MopgoJiorueidi HOBOOOPAa30BaHHId,
IJIOTHOCTBIO CTPYKTYPhI H CBOHCTBAMH KOMIIO3MTOB I'MAPATHOI0 TBEPACHHS

JlocTuraemelii
pe3yJsbTar

VYnpasnenue
KPUCTAILJIUNYECKOHN U
Ha/IMOJIEKYIISIPHOU

CTPYKTypOU

Croco0
JIOCTUKEHUSA

[Tokazarens,
XapakTepusyrouuii apdexr

MoauduirpoBaHie KpUCTANIMYECKOH U HaIMOJIEKYISIPHON CTPYKTYP

Puznyeckmii:

- T0OaBJICHHE YIIBTPAAUCIICPCHBIX
XUMUYECKH HHEPTHBIX HAITOJIHUTEIEH
1 HAaHOYTJICPOIHBIX MOIU(UKATOPOB
(EHTPBI KPUCTAIUTU3AIINH,
KOHIICHTPATOPHI HAITPSHKCHHM ),

- BBEJICHHUE JKEJIC30COJCPIKAIIIX HITH
npyrux heppoMarHUTHBIX
HaIoJIHUTEJEH U 00paboTka
MarHUTHBIM IOJIEM;

- CTPYKTYypOoOOpa3oBaHue B
MarHUTHOM I10JI€ (SIBIICHUE
MarHUTOCTPUKIIIH )

Pu3NKO-XMMUYECKHI:

- BBEJICHUE TIOJIMMEPHBIX COCIMHEHHH
(oOpa3oBaHuE CTPYKTYPHOU CETKH
MTOJINMEPOB);

- 100aBJICHHE XMMUYECKH aKTHBHBIX
HaroJiHuTeNeH (oOpazoBaHue
COJIbBATHBIX CJIOEB, IICHTPHI
KPHUCTaJUIN3aIlUH, apPMUPYIOIINE
AJIEMEHTHI )

Pa3smep kpuctamios; pazmep
0JIOKOB MO3aMKH KPUCTAJUTUTHON
CTPYKTYPBI; IJIOTHOCTh
JUCIIOKAINil; TEKCTypa
KPUCTAJTUYECKOTO Tela

He pa3paborano

CTpyKTYpHO-PEOJIOTHIECKHE
CBOMCTBA

Mopdomnorus u pazmep
KPHUCTAJJIOB, MUHEPAJIOTMYECKHA
COCTaB HOBOOOpPa30BaHUI

[Tpob6aembl

OHOPOIHOCTD pacupeneacHus
VIBTPAAUCTIEPCHBIX
HaOJIHUTEIEH

HpO,I[OJ'DKI/ITeJ'ILHOCTB
BOSI[GﬁCTBH?I MarouTHOI O
I10JIA; SHEPTO3aTpaThl

OaHOPOIHOCTD pacupeneacHus
MOJIMMEPA U XUMUYCCKH
AKTUBHBIX YIBTPATUCIIEPCHBIX
HaITOJHUTEIICH



YupasjieHHe CKOPOCTHIO FTHAPATAIMH BSIKYIEro, MopgoJsiorueit
HOBOOOPA30BaHMH, IVIOTHOCTHI0 CTPYKTYPbI U CBOMCTBAMH KOMIIO3UTOB
rUAPATHOIO TBEPACHUS

JlocTuraemseli

pe3yabTaT

VYnpasnenue
MIPOLIECCOM
MEePEeKPUCTATUIN3ALN
¥ HOBOOOpa30BaHUI

Cooco0

JOCTHKCHHUA

ITokazareb,
XapaKTePU3Y IO

ekt

MonudumpoBanre KpUCTALUTUIECKOW CTPYKTYPHBI

PU3UKO-XMMHUYECKHUM:
BBEACHUE TOJIUMEPHBIX

COCIIMHEHHH,

aJICOPOUPYIOLITUXCS Ha
YIbTpaMaJbIX MMPOAYKTax
KpucTaJuiu3anunu u
MOJTMMEPH3YFOIIHXCSI B

MOPOBOM pPacTBOPE

Pa3mep 0110k0B MO3auku
KPUCTAJUTUTHOU
CTPYKTYpBI;  IUIOTHOCTb
JUCIOKauN

[Tpobaembl

OnHOpOIHOCTH
pacnpeeeHus
MOJTUMEPA;
JIOJITOBEYHOCTh
Marepuaia



[Tpobnembl obecnevyeHus
o4HOPOAHOro pacnpeneneHus

[Ipu =1500...2000 m/c u A =d =10...100 ™ yacrora paBHa
n=15...200 I'Tu. [Ipu Takux yacrtorax (00JaCTh TUIIEP3BYKA)
MPOUCXOTUT OBICTPOE MOTVIOIIEHUE 3BYKOBOM SHEPTUU U OHA
pacxonyeTcs Ha pa3jinuHble (U3NYECKUE MPOLIECCHI U
peoOpa3oBaHKE BEIIECTRA.

1) Cvna npuTskeHust npu d <<i
o (d, Y ok, ) 1+ G-0)
F, 47r[ g ] E[ > do] (2+6)2

2) Cvna nputaxeHna bbepkHeca
(Mpu NPOTSXKEHHbIX arperaTtax)

4q2

d,)*e
FB=4TEp[ 2] h2 COS(I)
3) Cuna nputsaxxeHna bepHynnu
_3_(dy ]6v2
F, = @
f 2 p[z h?
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BrnnaHue 'NAB

OHepreTnyecknin notTeHumnan:

O — NOBCPXHOCTHOC HATAKCHUC,
E=mnor’+ kI(C — C_)

¥ — paanuyC HAHOYACTUIIBL;

k — moctositHHasa boneiMaHa;

T — Temrnieparypa;

C_— KOHICHTpAIMs] BAaKaHCHH B
MaKpOTEJIE;

C — KOHLICHTpAIHsI BAKAaHCHUI B
HaHOYACTHIIE

C=C eXp 20 ]l AV — u3MeHeHne 00bema
KpUCTajla Ipu 3aMeHe aroma Ha
T T \rAVk 5 P

BAKaHCHIO
T
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3agada Ne2

HaHouyacTuubl, Ha  BBeAEHUU KOTOPbIX  OCHOBaHbI
pa3pabaTbiBaeMble TEXHONOMMM KaK POCCUMUCKUX, TakK W
3apybeXXHbIX CTPOUTENbHbLIX MaTepwuanoB, MOryT nonaaatb B
OpraHM3M 4esioBeKa 4Yepe3 OpraHbl AblXaHWs, Xenynoo4Ho-
KULWEYHbIM  TPakT — wuanM  ApyruMu nytamu.  [puyém
HeratuBHble 3(ddeKkTbl 0T BBeAeHUss  HaHOTPyboK
NpeBOCXOAMIM  pe3ynbTaThl  BO3AEUCTBMS — acbecta w
KPUCTANNIMYeCKoro KpeMHe3éma. Takme e npobnemsl
BbISIB/IEHbI NPWU UCMOSIb30BAHMM HaHOYaCTULL, OKCKAA TUTaHa U
cepebpa.

KntoyeBble noasagayuu:

1) TNogobpaTtb cnocobbl U pexmmbl 006paboTkn, obecneymBatoLLne OQHOPOAHOE
pacnpegeneHne HaHo4acTu, No o6bemy cpeabl-HOCUTENS U CTPOUTENBHOIO MaTepuana

2) NopobpaTb BcnomMmoraTernbHble BeWecTBa, obecnedunBatoLLme arperaTuBHyo

CTabMMNbHOCTb KOMMOWUAHbBIX CUCTEM U yYaansoLMecs Ans peannsauumn noteHumana
HaHo4acTuu
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3agava

Kosppuuuent 3¢ppexTuBHOCTH:

_ %
d.f C
C — oTHOCUTENbHAsA CTOMMOCTb
TEXHOMornm
@~ oTHOCHTEIILHOE H3MEHEHNE O6O0b6LLEHHbIN KPUTEPUI KavecTBa

0000IIIEHHOTO MOKa3aTes
KauecTBa MaTepuana

KntoyeBble noalagayn:

1) PaspaboTtaTb METOOAMKN pacyeTa 3KOHOMUYECKNX NoKa3aTeneun, yuymTbiBaroLLNX

BECb XM3HEHHbIN LMK paboTbl MaTepuana.
2) CdopmynupoBaTtb 0600LLEHHbIN KPUTEPUI KadecTBa Matepunana.
3) VYcTaHOBUTb NEPEYHU U rPaHUYHbIE 3HAYEHNSI CBOMCTB MaTepuana.
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MeToaunka oueHKN 3KOHOMUYECKOW
Lenecoobpa3HoCTU BHEOPEHMNS HOBOW
TEXHOOMM
=« Kputepum skoHoMmyeckomn

LileniecoobpasHoCcTuH

¢, — PacXof pecypca Ha U3rOTOBJIECHUE U3/IEIHUs]
{. — TIPOJIOJDKUTELHOCTD SKCILTyaTaluK

q,, — PacxoJi pecypca Ha MOJUIepKAHNE U3IIEIHs B paboTOCIOCOOHOM COCTOSIHUH
t | — TIPOJIOJIKUTENLHOCTH MEKPEMOHTHOTO NEpHO/Ia

4, — SHEPronoTpeOiIeHNE B MPOLIECCE IKCILTYATAMI U3/l
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Kputepun aKoOHOMUYeCKOoU
9PPEKTUBHOCTH
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Pe3ynbtaTbl MOOENMPOBaHUA

CooTHoleHne
1,5 2,0 2,5 3,0 3,5 4,0
=1,1
=0,9 1,83 2,44 3,06 3,67 4,28 4,89
=1,0 1,65 2,20 2,75 3,30 3,85 4,40
=1,1 1,50 2,00 2,50 3,00 3,50 4,00
B=1,2
=0,9 2,00 2,67 RIRR 4,00 4,67 3,33
=1,0 1,80 2,40 3,00 3,60 4,20 4,80
=1,1 1,64 2,18 2,73 3,27 3.82 4,36
=13
=0,9 2,17 2,89 3,61 4,33 3,06 3,78
=1,0 1.95 2,60 3,25 3,90 4,55 3,20
=1,1 1,77 2,36 2,95 3,55 4,14 4,73
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BbiBOAbI U 3aKNOYEeHUdA

CoBpeMeHHasi HOpMaTuBHas 6as3a He CrocobCTByET pa3BUTUIO
HaHOTEXHOJ/IOMMU B CTPOUTE/IbCTBE.

BeBeaeHne HaHo4dacTuy (3D-HaHOOOBLEKTOB) NpUBOAUT K
BO3HUKHOBEHUIO 3K0/10rn4eckmnx rnpobsiem. Kpome Toro,
NCMOsb30BaHMEe aKTUBHbIX CNOCODOO0B pacripeaeneHnsi HAHOO6bEKTOB
(ynbTpa3Byk) B AnanasoHe YacToT MPOMBILLJIEHHbIX aAnapaToB HE
MOXXET 06ECTIEYNTb FOMOr€HU3aLINMID CMECEH, @ MPUMEHEHME
BCrioMorarte/ibHbIX BELLECTB 6/I0KMPYET aKTUBHYIO NMOBEPXHOCTb
HAaHOOOBLETOB N He NO3BOJSISET peann30BaTb UX MOTEHLNA.

CTpaTerns peanu3aumm COBPEMEHHON HAHOTEXHOIOIUK B
CTPOUTESNLCTBE A0/DKHA 6a3MpoBaThCsA Ha MCMOJIb30BaHNM
3aMnacéHHON B BELLECTBE XMMUYECKOU SHEPrUU, T.€. NEPCNEKTUBHDI
XUMWNYECKME METO/Abl CMHTE3a HAHOOOBHEKTOB.

[pon3BOACTBO CTPOUTENbHBIX MAaTEPUAJIOB [O/HKHO NPOBOANTLCA Ha
6a3e TpaanLMOHHbIX 06bEMHbIX TEXHO/I0MMM, NOSTOMY CNOCOObI
ynpaBneHns CTPyKTypoobpas3oBaHneM A0/KHbI OCYLIECTBNATLCS 6e3
CYLLECTBEHHOIr0 U3MEHEHNS TEXHONOMMYECKON NIUHUMW.
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bnarogapto 3a BHMMaHue!

KoHTakTHaa nHgopmauuna:
Ten. (499) 188-04-00
www.nocnt.ru

E-mail: KorolevEV@mgsu.ru



