[Tpobnembl npMeHeHuns
HAHOTEXHOMOMu

[1oknag4uk:
Mnagwwn Hay4yHbi coTpyaHuk HOU «HaHnoTexHonornm» MICY lpuwimHa A.H.



OnpepnenenHns n NnpuHUMNbI
HAHOTEXHOMNOM

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

: HaHOTeXHonoruu — TexHosornsa O6bLEeKTOB, pasMepbl KOTOPbIX
nopsaaka 10° M (aToMbl, MOMEKY/bl); BK/OYAET ATOMHYIO COOPKY
MOJNIEKY/l, HOBblE METOAbl 3aNUCK W CUYUTBIBAHWUA WHGOPMaLnK,
NOKANbHYIO CTUMYMSLUMIO XMMUYECKOW peakuunM Ha MONEKYSPHOM
YPOBHE, BK/1lOYas aTOMHYHO COOPKY MOJNEKYJ, HOBbIE METO/IbI 3aMNUCH
N CUMTBIBaHMA MHMOPMALMK, NIOKASIbHYIO CTUMYNALIMIO XUMUYECKOW
peakuMn Ha MOMEKYNSPHOM YPOBHE U Ap.

= [pn 3TOM /1106YH0 XUMUYECKYIO PEAKLINIO HE/Tb351 pacCMaTpUBaTh Kak
HaHOTEXHO/IOMMIO
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LHednHnunn

TexHonorunsa (oT rped. techne — NCKycCTBO, MacTepCTBO, YMEHUE ”
...JIOrns1), COBOKYMHOCTb MeToAoB 06paboTkn, W3roToBIEHUS,
U3MEHEHUS COCTOSIHWUS, CBOUCTB, (DOpPMbl Cbipbsl, MaTepuana Wunu
nonydabpukata, OCYLECTBASEMbIX B MNpoLecce Mnpovn3BOACTBa
NpoaAYKUMW, Hay4dyHas AUCUMNINHE,  MU3y4valowas dusndeckume,
XUMUYECKNE,  MEXaHuM4yeckme M Apyrue  3aKOHOMEPHOCTW,
NEVUCTBYIOLLME B  TEXHONIOTMYECKMX npoueccax. TexHonormeu
Ha3blBalOT TaKXke caMm onepaumn  aodbbiun, 06paboTky,
TPaHCNOPTUPOBKK, XPaAHEHUS, KOHTPONS, SBAAKOWMECS 4YaCTbHO
obLuero NpomM3BoOACTBEHHOrO rpoLecca.

MpucrtaBka «HaAHO>» — MepBasl COCTaBHasl YacTb HAMMEHOBAHWIA
eAVHUL,  U3MUYECKMX BENWYUMH, ClyXawas ansg obpa3oBaHus
HAaUMEHOBAHUN [AOMbHbIX E€AMHWUL, PaBHbIX MWIMAPAHON Aone
UCXOJHbIX eAnHUL,.

HaHOTexHOMoOrMss — 3TO COBOKYMHOCTb METOAOB MOJSTyYeHuUs
npoaykumn (n3genun) nocpeactsoM OpraHM3auun BeLlecTBa
Ha HaHOYpPOBHe.
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HopmaTunBHbIE JOKYMEHTHI

CTAHJIAPT E 2456-06
«TepMHHOIIOTHS B HAHOTEXHOJIOTHID)

IToaroToRNEH:
AMePHKaHCKHM HHCTHTYTOM HIDKeHepOoB B oOnacTH xHMHH (AIChE),
AMEpPHKAaHCKHM OOIIecTROM MeXaHHKOE (ASME), HHCTHTYTOM
JNEeKTPOHHKH H 371eKTpPoTeXHHKH (IEEE), IIOHCKHM HALlHOHAJBLHBIM
HHCTHTYTOM IIPOTPECCHRHOH HayKH H TeXHHKH (AIST)

1) azromepam (agglomerate) — Tpynma YacTHl,
00BEIMHECHHBIX OTHOCHTENBHO cNalbIMU CHIAMH (HalpHMED,

BaH-niep-BaanbcOBBIMH - MM KalHWJUIIPHBIMH), KOTOpBIE
MOTYT 0CNa0IATbCs, OCOOEHHO B MalbIX  YacTHLAX,
HalpUMeEp, nocie 00paboTKy;

2) azpezant (aggregate) - COBOKYITHOCTb
HHAMBHAYAIbHBIX  YacTHL, OOBENHHEHHBIX IPOYHBIMH
CBA3IMH (HANpUMEP, METAUIMYECKHE, CIUABIICHHBIE HIIH
000KKEHHbIE YACTHLIBI);

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

4) narovacmuysr (nanoparticle) — yacTUlpl, HMEIIIKE, 10
KpalHeH Mepe, B OJHOM HanpaBieHHH pasmep 1...100 HM H
NPOSIBIIAIINE CBA3aHHBIE C PA3MEPOM MEPEXO/IHBIE CROHCTRA.

HOLI HT

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

IToaroTOBIEH:
EBporeHcKoH KOMHCCHEH, COCTOSIIeH H3 IpeAcTaBHTeNneH crpaH: FOxHas
Adpuka; Hcnanms, Hpnanaus, 1Ipedrapust; @panist Benbrisy; Hrama
Cropaukasi PecrryOmika; Hspawb; Illeewpiss; BemHkoOpHTaHEs; UYelckast
pecnyOimKa; I'epMaHHA.

Hanovacmuyer — yacTHLbl ¢ pasmepoM 10 100 HM H
00Nafjaloliie HOBBIMU CROMCTBAMH IO CPaBHEHHIO ¢ OONBIIHMH
JacTHLAMH.

MoryT ObITh H3TOTORJEHEI
OKCUO08  MeMARI0e,  KepaMuKi,
HEOKCUOHOH KEPAMUK Y.

HaHoyacTulpl paznu4aTCs CTPOCHHEM: HMEKOTCA YAacTHIBI B
BHJIE xa0nseil, cghep, opeeoendnstx gopm U T 1.

@dopma CTPOEHHS 3aBHCHT OT BHJAa MaTepHala YacTHLBL
METATMYECKHE H HAHOUACTHLBl M3 OKCHIOB METAIOB HMEKOT
cghepuieckyio popmy, CHIHKATHBIC HAHOUACTHUBI HMeEET Qopmy
xaonsee C pa3MepaMH B JIBYX H3 HalpaBRlNeHHH B JIHANa30HE
100...1000 HM.

Hanoycuaumenu — noaumeprvix | komnosumoe  (nanoclay-
reinforced polymer composites), KOTOppie MO CPaBHEHHK C
TPAJULHOHHBIMH  HANOJHHUTENSMH = MOBBINAKT  [OKA3aTENH
MEXQHHYECKHX  CBOHCTB  KOMIIO3HTOB  IPH  HEBBICOKHX
KOHLEHTpalusAxX mopaupukatopa (o6plMHO 70 5%). B Kadectse
TaKMX  HAHOMOJH(UKATOPOR  NpEANaracTcss  HCIOJIb30BATh
MOHTMOPHILIOHHT, MOH(HLHPOBAHHBIH OPraHHUECKHMH
COCJIMHEHUSAMH, CHIIHKATENb H POSS-HAHOYACTHIIBI.

H3 PasimHYHBIX MaTCPHANOB!
CHAUKAMOE, Memarioe u
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[lononHuTenbHaga nones3Has

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

6e3onacHOCTM HaAaHOMaTepuanos>

Obnactb npuMeHeHus: TpeboBaHWUS, W3/I0XKEHHbIE B
HaCTOSLMX METOAMYECKUX YKa3aHUSX, MPUMEHSIIOTCSA MNpu
OCYyLLECTBNEHNN rocyiapCTBEHHOM perucrpaumm
npoAyKLUny, Mos1y4EHHOM C NCI10/1b30BaHNEM
HaHOTEXHO/IOMMN WM  COAEPXKaLLEN  HaHoMaTepuarsbl,
BrepBble  pa3pabaTbiBaeMON M BHeApsieMon  AiS
NPOMBILLSIEHHOIO N3roTOBJ/IEHUS Ha TEPPUTOPUN
Poccunckon ®depepaumm Ha 3Tane ee MOAroTOBKM K
NPOM3BOACTBY, @ TaKXe BrEPBble BBO3MMOW M paHEE He
pPEann30BbLIBaBILUENCA — [0 €e BBO3a Ha TeppuTopuio
Poccnnckon ®epepaumn.
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KoMNNeKkT AOKYMEHTOB

= Obnacte npvMeHeHMss U peKoMeHAYyeMble YPOBHWM BHECEHWs; TOpProBoe, XMMMUYecKoe
HaMMEHOBaHWE HaHOMaTepuasa; TOYHOE Ha3BaHMe, aApec, PEKBM3WTbI M3roTOBUTENS,
(Ha3BaHme n hopm na(bl) BelecTsa uau BeUJ,eCTB
BXOAALLNX B ero coCTaB, €ro (Mx) MONeKynspHas Macca), CBeAeHWs 00 WAEHTUYHOCTY
npeacTaBneHHOro obpasua BbiMyCKAaeMOW MpoayKuuu; HOpMaTVIBHO TEXHUYECKYIO AOKYMEHTaUUIo
Ha OTEeYeCTBEHHYI MpPOAYKLMIO, ; MPOTOKOJbI
OTAE/bHbIX Pa3aAesioB TOKCUKONOrO-TMIMEHNYECKMX UCTIbITaHMIA Ha 6e30nacHOCTb NpoayKLuuu (ecnu
TAKOBbIE MMEIOTCS), BbINO/IHEHHBLIX B aKKpeAMTOBaHHLIX slabopatopusx; crneumduyeckni Metoa
onpeaeneHnss HaHoMaTepuanoB B MNPOAYKUWW; AAS OUEHKM MHOrOKOMMOHEHTHbIX MaTepuanos,
ec/in HaHOMaTepuasn HaxoAUTCA B pacTBOpUTENE MMM Ha HocuTene,

4
= PexkBM3WTbl WMMMNOPTHOM NPOAYKUUW AOMONHUTENBLHO [OSDKHbI  COAEpXaTb:
, TNPOTOKOMbl WUCMbITAHWA B
aKKpeauUTOBaHHbIX  nlabopaTtopusax (ueHTpax) 3apybexHbIX CTpaH;
(pasmep n pacnpegeneHve no pasmepy 4actuu, dpopma
4yacTuu, nnowaab MOBEPXHOCTU, MOPUCTOCTb, arperaTtHoe COCTOSHUE);
(pacTBOpUMOCTb B BOAE U OMOMOrMYECKUX HKUAKOCTSX,
3apsiA  YacTul, KpUCTaniudeckasl CTPYKTypa, aacopbuMOHHasi €MKOCTb, YCTOMYMBOCTb K
arperaumu, ruapodobHOCTb, aare3ms HAHOYACTUL, K MOBEPXHOCTM, XMMUYECKas akTUBHOCTb (B TOM
YuCe CrOCOBHOCTb reHepupoBaTb CBO6OAHbIE paanKansbl),
MOJIEKYNSIPHO-OMonornyeckme xapaktepuctukn (B3ammogencteme ¢ AHK, PHK, KJIETOUHbIMM
MeMbpaHaMK, 6enkamu); LMTOMOMMYECKUE XapaKTEPUCTUKM (UMTOTOKCMYHOCTD, CMOCOBHOCTb K
HaKOMMEHMIO B  KIETKaX, BAMSHME HA NPOTEOMHbLIN MU MeTaboMOMHbIN npousb);
(NnoTeHumasnbHble MyTU MPOHUKHOBEHWS B OpPraHusM,
OCTpasi TOKCMYHOCTb, MOAOCTPas TOKCMYHOCTb, XPOHWYECKAs TOKCMYHOCTb, KyMYyNATUBHOE
JENCTBME,  MEeCTHOpasapaxkalollee AeucTBue,  OTAaneHHble  3ddekTbl  (MyTareHHoOCTb,
3M6pVIOTOKCVILIHOCTb TepaToOreHHOCTb, KaHueporeHHOCTb),
, MPOHULUAeMocTb H6apbepoB opraHM3Ma
ans TOKCVIKaHTOB NPOHMKHOBEHME 4Yepe3 bapbepbl OpraHn3Ma); paspelleHue YNOosTHOMOYEHHbIX
OPraHoOB CTPaHbI-U3roTOBUTENS Ha UCIOJIb30BAaHNE 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
HaHOTEXHOOrnM 7 obnaparowlas
BCNeAcTBue 3TOro paHee
HeaOCTMXKMMbIMMU TeXHUKO-

OKOHOMMNYECKUMU NOoKa3aTelNsasMMm.
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KaTteropuu npogykumm
HaHOMHOYCTPWUKN B YaCTW TOBAPOB U

yCInyr

« KaTeropmus «A» (nepBuyHas HaHOTEXHOSIOrM4Yeckas rnpoaykums) —
TOBapbl, NpeacTaBnsolLmMe cobon HaHOKOMMNOHEHTbI (HaHOOOBLEKTHI
7 HaHOCVICTEMbI) B TOM 4uCNe WCMNONb3yeMble KaK Cbipbe U
nonycabpukaTbl AN MNpOM3BOACTBA MNPOAYKLMW HAHOMHAYCTPUM
KaTeropumn «b», «B» n «I».,

Ycr1oBUS COOTBETCTBUA K KAaTEropum «A»:

= MpOAYKUUS COAEPXWUT COCTAB/ISIOLINE  KOMIMOHEHTbI, KOTOpPbIE
onpenensioTr ee  (yHKUMOHanbHble  cBoMcTBA U (Man)
noTpebuTenbCkne XapakTepUCTUKM N pa3Mep KOTOPbIX XOTS Obl B
OAHOM U3MepeHuM HaxoauTca B npeaenax ot 1 Ao 100 HMm.

= [pOoAYKUUA TMPOU3BEAEHA MYyTEM MaAHUNYINPOBaHUA OTAEJIbHbIMA
aTOMaMn 1 MOJiekyllamMm, B TOM HuUdie C  WUCMNO/Ib30BAHUEM
bruoxmmMmyeckmnx TeXHOJ'IOFMM
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KaTteropum npoaykumnm
HaAHOVMHAOYCTPUU 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 MPOAYKLUUM HOBbIE,
NPUHUNNUANBHO BaXKHble AN Hee (YHKUMOHANbHbIE
(MexaHun4yeckne, @uanyeckme, OU3NKO-XUMUYECKNe |
Op.) CBOMUCTBa WM 0bBecrneynBaloT CylWecTBEeHHoe
yiyylleHue ee TeXHMKO-OIKOHOMUYECKUX u (nnm)
noTpebuTtenbCKNX XapakKTepucTuK.
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KaTteropum npoaykumnm
HaAHOVMHAOYCTPUU B YacTu TOBAPOB U

YCIyr
« Kateropua «B» — ycnyrun (ToBapbl, He coaepXalime
HAHOKOMMOHEHTbI), MNpW OKa3aHun (NPoOuU3BOACTBE
KOTOPbIX WCMNOMb3YKOTCS HAHOTEXHoNormm wu (Mnu

HAHOKOMMOHEHTbI (npoaykums HaHONHAYCTPUK
KaTeropumn «A»).

YcnoBue OTHECEeHUS K KaTeropum «B»:

= €C/IN  UCNONb30BaHME  HaHoTexHosnormm wn  (1nn)
HaHOKOMIMOHEHTOB obecneynBaeT CYyLLIECTBEHHOE
yny4dlieHue TEXHUKO-3KOHOMUYECKUX 7 (unn)
NoTpebuTeNbCKUX XapaKTEPUCTUK OKa3bliBaeMbIX /YCyr
(Npon3BOAMMbIX TOBApPOB).
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KaTteropum npoaykumnm
HaAHOVMHAOYCTPUU B YacTu TOBAPOB U

YCIyr
= Kareropua «I» — TOBapbl, npeacTaBnstoLlIME
cobon crieyyanbHoe o6opyu03aHme ons

HaHOTEeXHOJIOrmu

YcnoBme OTHECEHUA K KaTeropuu:

=« obecneymBaeT KayectBO um3MepeHus wu  (uan)
KOHTPOJSIS XapaKTEePUCTUK HaHOKOMIOHEHTOB,
HeJOCTUXMMOE NHbIMU METOaMM.

« ObecrneymMBaeTr BO3MOXHOCTb  KOHTPONPYEMOro
MaHUMYIMPOBaAHUA  OTAENIbHbIMM  aTOMaMWU U
MONieEKynamMn, B TOM 4WUCIIE MNpU NPOU3BOACTBE
HaHOMPOAYKLUMN KaTeropum «A», «b» n «B».
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OCHOBHbIE BUAbI YINepOoaHbIX
HaHOpa3MepHbIX MaTepunanos

1-pynmepen C-60
2-pynnepen C-70

3-0JHOC TIOFHAA HAHOTPYGKA

4-MHOTOCTIOFEHAA HAHOTPYHKA

S-momEIpaTEHAR
MHOTOC TIOHHAA HAHOYAC THIA-
acTpamneH
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doTorpadpunn actpaneHoB
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OnpeneneHnsa HaHoMaTepuaroB

= HaHoMaTepuanbi (HaHOMa3HbIEe MaTepuansl,
HaHOCTPYKTYPUPOBAHHbIE MaTepuansl, ob6beMHble
HaHOMaTepuanbl) — MaTepuanbl, coaep)kalime
Nno o6beMy HaHOpPa3MepPHbIX 3/IEMEHTOB.

= HaHnomoanduumpoBsaHHble MaTepuanbl —
MaTepuanbl, coaepkalume no ob6bemy
HaHOPa3MepPHbIX 3/IEMEHTOB.

«K Takom Karteropmm HaAHOMPOAYKUMM OTHOCATCA B MNEepBy ouvepenb
pa3HoobpasHble n3pgenus C HaHOYMNPOYHAOLLINMWU Unm NHbIMW
HaHOMYKUNANU3NPYIOLWMMKU NOKPLITUAMU. CuMTaTb Takue NpoAyKTbl NPOoAyKTamu
HaHOWHOYCTPUN MOXHO NULIb B TOM CcIiydae, €Crn HaHOKOMMOHEHTblI CO34aloT
NPUHLUUNUANBHO HOBbIE ¢pyHKUMOHaNbHbIE n norpeoutenbckKkue
XapaKTepPUCTUKU HAHOMPOAYKUUM U HAHOKOMIMOHEHTHI ABMNAKTCA HEOTbeMI1IeMON
YacTblo NponsseneHHoro nagenus». Akagemuk PAH M.B. Andpurmos
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HaHoOeTOH

«HaHOGeTOH ... 3TO BOBCE HE KOHKPETHbIM 6eToH, a
TOMIbKO NUWb 0603HavyeHne H6eToHa, KOTOPbIN KaKMM-TO
06pa3oM CBSI3aH C KAaKMMU-TO HaHoMmaTepuanamu, wnmu

HaAHOTEXHOJIOTNMAMU>»>. (A.H. TMoHamapeB OOO «HTL, npuknagHbIx
HaHOTEXHOIOTN»)

«HaHObeTOH — 3TO rpynna MEeToAOoB W CNEKTp
HaHOMaTepuasos, NCMOJ1Ib30BaHNE KOTOPbIX B
Pa3/INYHbIX COYETAHUAX MO3BOJIAET YIPaABJIATb Ha60pOM
CBOWCTB CTPOUTEJIbHbIX KOMI'IOBVILI,VIVI Ha OCHOBE
MUHEPAJIbHbLIX BAXYLLUNX. O6LLI,VIVI NPU3HAaK. HaHOb6EeTOoH
O6J'IaLI,BET TEMN NN NHBIMU NPENMYLLECTBAMA 6naronapﬂ
cBOoen ocoboun CTPYKTYpE, 3auaBaeMom Ha HaAHO- W"
MUKPOYPOBHSAX. |_|pl/l 35TOM HaHObeTOHaMU MOIyT ObITb
Ha3BaHbl OETOHbI COBEPLUEHHO pPa3/IM4YHbIX K/laCCOB U
MApPOK>. (M.E. t0OgoBny OO0 «HTL, npuknagHbIX HAHOTEXHOOMUIA»)
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ATOMHasa CTPYKTypa HaHoOMaTepuana
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LHocTmxeHnst N0 HaHOCTPYKTYPUPOBAHHOMY

OETOHY

C NPUMEHEHNEM CUHTE3NPOBAHHbIX yrnepoaHbIX
HaHopa3MepHbIX Aob6aBoK dynneponaHoro Tuna «paspaboTaH u
NOCTaBNEH Ha NMPom3BOACTBO «BEeTOH HAHOCTPYKTYPUPOBAHHbIN
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;

- Mmopo3ocTtoukocTb — F300-F350.»

UctouHuk: CtaTbsa «llepcnekTuBbl NpMMEHEHN HaHOBEeTOHa B MOHOMNTHbLIX BOSbLLENPONETHbIX
pPEOPUCTLIX NEPEKPLITUAX C NOCTHaNpsikeHnemy aBTopoB: E.B. Kuuwenesckas, H.U. BatuH, B.[.
KysHeuoB (PKypHan VHxeHepHo-CcTpouTenbHbIn XXypHar, Ne2, 2009).
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YrnepogHble HaHOMaTepuansl

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

= KOMNO3MLIMOHHbIE MaTepuanbl —
MoAUMULNPYIOLLIAS nobaBka YHT NOBbILLIAET
npoyHoctb (B 1,5-3 pasza), 3nekTponpoBOAHOCTb,
TennonpoBOAHOCTb, U3MEHSIET CTPYKTYpPY KOMMO3UTOB
Ha OCHOBE NONNITUIIEH], nonunponusieHa,
(pTOpPOMNIacToOB, NMOSNYpeETaHa 1 Ap.

= CTpouTenbHble MaTepuanbl U  AOPOXKHbIE
NOKPbLITUA — T[PUMEHEHME CBEpPXManbiX [06aBOK
(0,001-0,0001%) B 6€TOHBbI NOBbILLAET B 1,2-2 pa3a ux
NMPOYHOCTb,  TEMMNEPaTypOYCTOMUYMBOCTb,  CHWXAET
TpelunHoobpa3oBaHme.
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Brninanme YHT Ha npoYHOCTb
beToHa

;
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B
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UctouHuk: A.H. Cnnxesckun, Camyinnos KO.[., baraHosckuin 3.. O BnnaHum yrnepogHbix
HaHOMaTepuanoB Ha CBOMCTBA LleMEHTa U LLlEeMEHTHOIO KaMHS
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Lpyrne HaHomMmogudomnkaTopbl

=« CTpykTypupyroume nobasku (HaHopa3MepHbIe
rMApPOCUINKATbI KaJibLIMSA) — YCKOPEHMe TBepaeHus
0o 50%, nosbllleHne npoYvyHocTu cuennenns Ao 30%,
NOBbILLIEHME NPOYHOCTU NpU CKaTUK B 2-3 pa3a,
NOBbILLEHNE TPELIMHOCTOMKOCTM B 2 pa3a

« HaHonuuteno (MoanduUuMpoBaHHbIX AUATOMMUT)
— YCKOpeHune TBepaeHud Ao 50%, nosbiwleHne
NPOYHOCTU CLensiIeHns B 2 pa3a, NoBblileHne
NPOYHOCTM NpU CKaTuK B 2-2,5 pa3a, NoBbllleHne
TPELIMHOCTOMKOCTU B 2 pa3a

= HaHouyacTuLbl AMOKCUMAA TUTAHA — SKOHOMUS
LuemeHTa 00 10%, CHWKeHue cTouMocT 1 M? u3genum
Ha 15...20%.
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Lpyrne HaHomMmogudomnkaTopbl

« HaHopa3mepHbIN AMOKCUA KPEMHUSA — MOBbILLEHNE
CKOPOCTU Habopa npo4HOCTU-(yBennyeHune
TennosblaeneHus), yeenmyeHme npovyHoctn ao 30%
(npu coapepxxaHnn 12%).

=« OpraHoraunHbl (opraHodusibHO MOANMDULIMPOBAHHbIN
MOHTMOPWASIOHUT WU KAONIUHWUT) — BBOAMUTCA B
nonnMepsbl B Konnyectee A0 5%; NOBbLIWAET XXECTKOCTb
nonumepos (00 98%), cTabunbHOCTb N 6apbepHbIe
cBoncTBa (A0 6 pa3), TOKONPOBOANUMOCTb.
[TpOMBbILLIIEHHO BbINyCcKaloTCs KoMnaHmsaMm Elementis,
Nanocor, Southern Clay (CLUA), Stud-Chemie
(FepmaHung), Laviosa (UTanusa) v ap.

HOIL HT | Tea. (499) 188-04-00 | | www.nocnt.ru



Llpyrmne npumepsol

« HeMeTannuyeckaqa apmaTtypa
x JHEproameKTUBHOE CTEK/O

« KOppO3MOHHO-CTOMKMNE MOKPLITUS Ha
METa/INTNYECKMX NOBEPXHOCTAX

= [leHocTeKkNno
« Kpacka-Tepmoc
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3apyOeXxXHbIN OMbIT

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

= HaHOCTpyKTypHblE KOMMO3UTbI HA OCHOBE
B3aMMOMNPOHUKAOLLMX MOSIMMEPHbIX CETOK

= HaHOKOMMO3UTbl Ha OCHOBE r’MbpUAHOM
OPraHOCUIMKATHOWN MaTpuLibl

= [lonMepHble HAHOKOMMO3UTbI C OYEHb HU3KOM
MPOHNLIAEMOCTbIO N BbICOKUM COMPOTUBIIEHUNEM
arpeccuMBHbIM CpeaaM

= Kpacku c HaHopa3MepHbIMK YacTuLaMu cepebpa
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3agayvn HaHOTEXHONOrmu

« OnpepennTtb pauMOHaNbHYIO TPaeKTopuUIO
HAaHOCTPYKTYPUPOBaHNSA CTPOUTENBbHbIX
MaTepuanoBs

= OUEeHUTb TOKCUKOMNOrnyeckoe BAnsgHume
HaHOOObEKTOB Ha 3J0POBbE YeroBeKa

=« Pa3pabotaTb METOAONOrMNI0 TEXHUKO-
35KOHOMWYECKOW OLIEHKWN BHEAPEHUS
HAaHOTEXHOJIOMMU B CTPOUTENLCTBO
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3agadya Net

BBeneHne B Matepuan CUMHTE3NPOBAHHbIX
HaHOOObLEKTOB

CnHTE3 HaHOOOBLEKTOB B MaTepuane B
npoLecce ero N3roToB/1IEHNS]
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YnpasJjieHHe CKOPOCTBIO THAPATAIIMY BSIKYIIEro, MopgoJiorueii HOBOOOPAa30BaHUId,
IIOTHOCTBHIO CTPYKTYPbI H CBOHCTBAMH KOMIIO3MTOB I'MAPATHOI0 TBEPACHHS

JlocTuraemeli
pe3yabTaT

Cnoco0
JIOCTAKEHUS

ITokazarens,
XapakTepusyromuii 3pdext

MosekynsipHoe U3MEHEHHE CTPYKTYPhI BOJIbI

XNMHYeCKHM:

- BBEJICHUE BOJIOPACTBOPUMBIX
COJICH;

- no0aBiIeHNE OPTraHNYECKUX
COCIUHCHHI

Du3HYeCKUI:

- MEXaHWYECKas aKTUBAIUS
(mpunoXXeHrne NEPEMEHHOTO
JIABJICHUS);

- MarHuTHas 00padboTKa
(MOCTOSTHHBIM WJIM TTIEPEMEHHBIM
MAarHUTHBIM TIOJIEM);

- 9JIEKTPOMArHUTHAs aKTHUBAIUs

(HachIlIeHNEe BO/IBI MOHAMH METaJlia)

PU3NKO-XUMHYECKHI:
- BBeJIEHHE HAHOYTJIEPOIHBIX

CTPYKTYp (HaHOTPYOOK, acTpaJieHOB,

¢yn1epeHoB, B TOM YHCIIe
BOJIOPACTBOPUMBIX );

- MarHuTHas 06paboTKa pacTBOPOB

AIIEKTPOIUTOB WIIH KOJIJIOUTHBIX
pPacTBOPOB HAHOYTIIEPOIHBIX

CTPYKTYpP

CrpykTypHas Temreparypa
pacTtBopa

He pa3paboransl (umeroTcs
OTJENIbHbIE METOJTUKH,
BBIUHCJICHHSI HEKOTOPBIX
MoKa3atesnei)

He pa3paboranbl

[TpoGaemsr

CBoiicTBa pacTBOpa 3aBUCAT

OT CBOHCTB (pOHOBOTO
pacTBopuTes (BoIbl)

Kunernueckas
HECTAaOUIBLHOCTh CBOMCTB
BOJIBI; CTAaTUCTHYCCKAS
HEOAHOPOAHOCTH CBOMCTB
KOMITIO3HUTa

TpynHoctu pu

IIPUTOTOBJICHUHN KOJIJIOMIHOT'O

pacTBOpa (He CMa4YMBaHHUC,
IIJI0X0€C ,Z[I/ICI'IepFI/IpOBaHI/Ie)

Hen3BecTHO



YnpaBJjieHHe CKOPOCTBIO THAPATAIIMM BSIKYIEro, MopgoJiorneii HOBOOOPa30BaHHId,
IJIOTHOCTBIO CTPYKTYPBI H CBOHICTBAMH KOMIIO3MTOB I'MAPATHOI0 TBEPACHHS

JlocTuraemelii
pe3yJsbTar

VYnpasnenue
KPUCTAILJIUNYECKOHN U
Ha/IMOJIEKYIISIPHOU

CTPYKTypOU

Croco0
JIOCTUKEHUSA

[Tokazarens,
XapakTepusyrouuii apdexr

MoauduirpoBaHie KpUCTANIMYECKOH U HaIMOJIEKYISIPHOM CTPYKTYD

Puznueckmii:

- T0OaBJICHHE YIIBTPAAUCIICPCHBIX
XUMUYECKH HHEPTHBIX HAITOJIHUTEEH
1 HAaHOYTJICPOJHBIX MOIU(UKATOPOB
(IeHTPBI KPUCTATUTU3AIIAH,
KOHIICHTPATOPHI HAIIPSHKCHHUH ),

- BBEJICHUE JKEJIC30COJCPKALIIX HITH
Opyrux heppoMarHUTHBIX
HaIoJIHUTEJEH 1 00paboTka
MarHUTHBIM IOJIEM;

- CTPYKTYypOoOOpa3oBaHue B
MarHUTHOM II0JI€ (SIBICHUE
MarHUTOCTPUKIIIH )

Pu3NKO-XMMHUYECKHI:

- BBEJICHUE TIOJIMMEPHBIX COCIMHEHHH
(oOpa3oBaHue CTPYKTYPHOU CETKH
MOJINMEPOB);

- 100aBIICHHE XMMUYCCKH aKTUBHBIX
HaroJiHuTesNeH (oOpazoBaHue
COJIbBATHBIX CJIOEB, IICHTPHI
KPHUCTaJUIN3aIUH, apPMUPYIOIINE
AJIEMEHTHI )

Pa3smep kpucTanios; pazmep
OJIOKOB MO3aMKH KPUCTAJUTUTHON
CTPYKTYPBL; IJIOTHOCTh
JMCIIOKAINii; TEKCTypa
KPUCTAJTUYECKOTO Tela

He pa3paborano

CTpyKTYpHO-PEOJIOTHYECKHE
CBOMCTBA

Mopdomnorus u pazmep
KpHUCTAJJIOB, MUHEPAIOT Y€ CKHA
COCTaB HOBOOOpPa30BaHUI

[Tpob6raembl

OHOPOIHOCTB pacupeneacHus
VIABTPAAUCTIEPCHBIX
HaOJIHUTEIEH

HpO,I[OJ'DKI/ITeJ'IBHOCTB
BOSHeﬁCTBHﬂ MarouTHOI O
II0JIA; SHEPTO3aTpaThl

OaHOPOIHOCTH pacupeneacHus
MOJIMMEPA U XUMUYCCKH
AKTUBHBIX YIBTPATUCIIEPCHBIX
HaITOJTHUTEIICH



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

Jlocturaempli

pe3yabTaT

Ynpasnenue
MPOLIECCOM
MepeKpUCTaIN3aLN
1 HOBOOOpa30BaHMIA

Cnooco0

JOCTHKCHHUA

ITokazarers,
XapaKTEepU3yOIUN

s ekt

MoaudunmpoBaHre KpUCTAITUIECKON CTPYKTYPBI

Pu3NKO-XMMHYCCKHUM:
BBEJICHUE TTOJIMMEPHBIX

COCIUHEHHH,

azcopOupyIOLIUXCS Ha
yABTpaMabIX MPOAYKTaX
KPUCTAITU3AINH H
MIOJTIUMEPU3YIOLIUXCS B

MIOPOBOM PAacTBOPE

Pa3mep 610K0B MO3auKu
KPUCTAJUTUTHOMN
CTPYKTYpBI;  IUJIOTHOCTb
VCIIOKAIINN

[Tpobaembl

OnHOPOIHOCTD
pacrpeneneHus
MOJIUMEPA;
JIOJITOBEYHOCTh
MaTepuana



[Tpobnembl obecnevyeHus
o4HOPOAHOro pacnpeneneHus

[pu =1500...2000 m/c u A =d =10...100 ™ yacTora paBHa
n=15...200 I'Tu. [Ipu Takux yacrtorax (00JaCTh TUIIEP3BYKA)
MPOUCXOTUT OBICTPOE MOTVIOIIEHUE 3BYKOBOM SHEPTUU U OHA
pacxonyeTcs Ha pa3inuHble (U3NYECKUE MPOIECCHI U
peoOpa3oBaHKE BEIIECTRA.

1) Cvna npuTskeHust Npu d <<i
I R RS B ()3
F, 47t[ g ] E[ > do] (2+6)2

2) Cvna nputaxeHna bbepkHeca
(Mpun NPOTSKEHHbIX 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:

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

¥ — paanuyC HAHOYACTHUIIBL;

k — moctositHHasa bonpiMaHa;

T — Temrnieparypa;

C_— KOHICHTpAIMsI BAKAaHCHH B
MaKpOTEJIE;

C — KOHILICHTpalHsI 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

HaHouacTuubl, Ha  BBeAEHWUU KOTOPbIX  OCHOBaHbI
pa3pabaTbiBaeMble TEXHONOMMM KaK POCCUUCKUX, TakK W
3apybeXXHbIX CTPOUTENbHbLIX MaTepwuanoB, MOryT nonaaatbh B
OpraHM3M 4esioBeKa 4epe3 OpraHbl AblXaHWsl, Xenyaoo4Ho-
KULWEYHbIM  TPakT  wuaum  ApyruMu nytamu.  [puyém
HeratuBHble 3ddeKkTbl 0T BBeAeHUss  HaHOTPybOK
NpeBOCXOAMIM  pe3ynbTaThl  BO3AEUCTBMS — acbecta w
KPUCTANNIMYEeCKoro KpeMHe3éma. Takue xe npobnemsl
BbISIB/IEHbI NPU UCMOSIb30BAaHMM HaHOYaCTUL, OKCKAA TUTaHa U
cepebpa.

KntoyeBble noasagayuu:

1) TNogobpaTtb cnocobbl U pexmumbl 06paboTkn, obecneymBatoLne OQHOPOAHOE
pacnpegeneHne HaHo4acTuy, No o6bemy cpeabl-HOCUTENS U CTPOUTENBHOIO MaTepuana

2) NopobpaTb BcnomMmoraTernbHble BeWecTBa, obecnedunBatoLme arperatmBHyo

CTabMMNbHOCTb KOMMOWUAHbBIX CUCTEM U YAanslLMecs Ans peanusauumn noteHumana
HaHo4acTuu
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3agada

Kosppuuuent 3¢ppexTuBHOCTH:

_ %
d.f C
C — oTHOCUTENbHAsA CTOMMOCTb
TEXHOMornm
@~ oTHOCHTEILHOE H3MEHEHNE O6O06LLEHHbIN KPUTEPUI KavyecTBa

0000IIIEHHOTrO TOKa3aTes
KadecTBa MaTepuana

KntoyeBble noalagayn:

1) PaspaboTaTb METOOMKN pacyeTa 3KOHOMUYECKNX NOoKa3aTeneun, yuymTbiBaroLLINX

BECb XM3HEHHbIN LMK paboTbl MaTepuana.
2) CdopmynupoBaTtb 0600LLEHHbIN KPUTEPUIA KadecTBa MaTepuana.
3) VYcTaHOBUTb NEPEYHU U rPaHUYHbIE 3HAYEHNSI CBOMCTB MaTepuana.
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MeToaunka oueHKN 3KOHOMUNYECKOW
Lenecoobpa3HoCTU BHEAPEHMNSI HOBOW
TEXHOSOMM
=« Kputepum skoHoMmyeckomn

LileniecoobpasHoCcTuH

4, — PacXofl pecypca Ha U3rOTOBJIECHUE U3/IEIHUs]
{. — TIPOJIOJDKUTELHOCTD SKCILTyaTaluK

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

g, — SHEPronoTPeOIICHNE B MPOLIECCE IKCILTYATAMI U3/
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Kputepum akoHOMUYEeCKOU
9(PPEKTUBHOCTH

pH/p6
1 K0 VK,H
VK,H

4

VK,6 L ‘ pH CK,H




Pe3ynbtaTbl MOAENMPOBaHUA

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
p=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 2,9 3,55 4,14 4,73
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BbiBOAbI U 3aKNHOYEeHUdA

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

BeBeaeHne HaHo4dacTuy (3D-HaHOOOBLEKTOB) NMpMBOAUT K
BO3HUKHOBEHUIO 3K0/10rn4eckmnx rnpobsiem. Kpome Toro,
NCMosb30BaHME aKTUBHbIX CNOCOOOB pacripeaeneHnsi HAHOO6bEKTOB
(ynbTpasByk) B AnanasoHe YacToT MPOMBILLIEHHbIX aAnapaToB HE
MOXXET 06ECTIEYNTb FOMOr€HU3aLINID CMECEH, @ MPUMEHEHME
BCrioMorarte/ibHbIX BELLECTB 6/I0KMPYET aKTUBHYIO NMOBEPXHOCTb
HAaHOOOBLETOB N He NO3BOJSISET peann30BaTb UX MOTEHLNA.

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

[pon3BOACTBO CTPOUTENBHBIX MAaTEPUAJIOB [O/HKHO NPOBOANTLCA Ha
6a3e TpaanLMOHHbIX 06bEMHbIX TEXHO/I0MMMU, NOSTOMY CNOCOObI
yrnpaBneHns CTPYKTypoobpa3oBaHneM A0/KHbI OCYLIECTBNATLCS 6e3
CYyLLECTBEHHOI0 U3MEHEHNS TEXHONOMMYECKON NIUHUMN.
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bnarogapto 3a BHMMaHue!

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

E-mail: KorolevEV@mgsu.ru



