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BeepneHvne

B nocnepHue gBa AecATUNeTUs 06HapYXeHbl, CUHTE3MPOBaHbl UM U3rOTOBMEHbI pa3/iNyHbIE HO-
Bble (pOpMbl YrepoAHbIX HaHOMaTepuanos, B TOM yucne dynnepeHsl U yrnepogHble HaHOTPY6KU. OHM
SIBNAKOTCA NEPCNEKTVBHbIMU Matepuanamu A8 MHOTMX oTpac/ieil HaHOUHAYCTPUK, Tak kak 061afarT yHU-
Ka/lbHbIMW 3/TEKTPOHHBIMU, 3/1EKTPOMArHUTHLIMWA, TEPMUYECKMMMW, ONTUYECKUMMU N MEXAHWYECKUMWU CBOW-
cTBamu.

B cBfi3n c yBennyeHMeM ob6beMa Hay4HbIX 3HAHUA U Yncna TeXHUYecknx TEPMUHOB B 06/1actu
HaHOTeXHoMorMit (cM. GubNMorpacurio) Lesnblo HACTOSLWEro cTaHAapTa SBAsieTcs onpejenieHne Hanbonee
BaXHbIX TEPMUHOB, OTHOCSLLMXCA K YrNepoAHbIM HanoobbekTaM. YCTaHOB/IEHUE UX B3aWMOCBSA3€i 1 CBS-
3eli C TepMUHaMK, KOTOpble faBHO MPUMEHSAIOTCA A/15 06bIYHbIX YIEePOAHbIX MaTepuasios.

HacToswuii ctaHgapT SBASeTCa yacTblo cepun ctaHgapToB MCO/TC 80004. oxBaTtbiBawLLeli pas-
NNYHbIE acnekTbl HaHOTeXHonornii. B HacToswem craHgapTe 60MbLUVHCTBO ONpeAeneHuini TepMUHOB
cchopmynmpoBaHbl Tak, YTObObI Gbla obecnevyeHa Mx nepapxmyeckass B3aMMOCBA3b C TepMUHAMK CTaHAap-
ToB cepun MICO/TC 80004. B HeKOTOPbIX Cnyvyasx vepapxumyeckas B3avMOCBSA3b TEPMUHOB MOXET ObiTb
HapylLeHa 13-3a 0CoOb6eHHOCTel MPUMEHEHNS TEPMUHOB 47151 KOHKPETHbIX MOHATUIA.
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HALUWOHANBLHBLIN CTAHOAPT POCCUMNCKOW OGELEPALNMU

HAHOTEXHOJIOINn
YacTtb3
HaHo06beKTbl yrnepogHblie
TepMuHbI 1 onpegeneHus

Nanotechnologies. Part 3. Carbon nano-objects. Terms and definitions

[ata BBefeHus - 2014- 04- 01

1 06nacTb NPUMEHEHUS

HacTtosiwuii ctaHgapT siBNsieTCs YacTbio cepun ctaHgapTtoB MICO/TC 80004 n ycTaHaBnuBaeT Tep-
MVHBbI 1 OnpefeneHns NOHATUI B 061aCTU HAHOTEXHOMOTUIA, OTHOCALMUXCA K Yr/1epoAHbIM HaHOOOGBbeKTaMm.
HacTosiwymii ctaHaapT npefHasHavyeH AnA ob6ecneyveHnss B3avMOMOHMMAaHUS Mexay opraHusauusiMum n oT-
AeNnbHbIMU cneuvanucTamu, ocyLwecTBASIOWMMY CBOK AeATEeNbHOCTb B 06/1aCTM HAHOTEXHOOTUIA.

2 OCHOBHbIe TEPMVHbI 1 onpeaeneHns

2]

HaHogmanasoH: [nana3oH SIMHEHbIX pasmMepoB NpubansnTensb- nanoscale
HO OoT 1 A0 100 Hm.

MpumeyaHus
1 BepxHIO0 rpaHuLly 3aToro gmanasoHa MNPUHATO cuuTaTb NPUOAN3UTENIBHON, Tak Kak, B OCHOBHOM,
YHUKa/IbHble CBOWCTBA HAHOOOHLEKTOB 3a Hell He NPOoABNAIOTCA.

2 HwkHee npegenbHoe 3HaveHne B 3TOM onpegeneHun (MpubnvsnTensHoO 1 HM) BBEAEHO A4M1A TOro,
4TOObI MUCKNIOYNTL U3 PAcCMOTPEHUA B KayeCcTBE HAHOOODBLEKTOB WU 3/1IEMEHTOB HAHOCTPYKTYp OT-
OeNbHble aToMbl WK HebOosbLLnE TPYNMbl aTOMOB.

[MCOITC 27687:2008. cTatbs 211

2.2
HaHO06beKT: MarepuasnbHblli 06bLEKT, NNHEHbIE pa3Mepbl KOTOPOro no nano-object
oAiHOMY, [BYM WIn TPEM U3MEPEHUAM HaxoAATCs B naHoavanasoHe.
MpumeuaHune - [laHHblii TEPMUH PacnpoCTPaHAETCA Ha BCe AUCKPEeTHble 06BLEKTbI, NMHEHbIe pasMepbl
KOTOPbIX HAXOAATCA B HaHOAMAaNa30oHe.
[NCO,'TC 27687:2008. cTatba 2.2]

2.3

HaHovyacTuua: HaHOOGBLEKT, NMHelHble pa3Mepbl KOTOPOro Mo BCEM nanoparticle
TPEM M3MEPEHNAM HaxoAsTCA B HaHOAManasoHe.

MpumeyvaHune - Ecav no ogHOMY Wn ABYM U3MEPEHUSIM pa3Mepbl HAHOOGbEKTa 3HAYNTENbHO 6obLue,
yeM Mo TpeTbeMy m3mepeHuto (kak npaBuno, 6onee Yem B TpU pasa), TO BMECTO TEPMUHA «HaHo4acTuLa»
MOXHO MUCNOsIb30BaTb TEPMUHbLI «HAHOEO/I0KHO» UM «HaHonnactmHa*.

[MCOITC 27687:2008. cTatbs 4,1]

M3paHne odpuymnansHoe
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2.4
HaHonnacTuHa: HaHOO6BLEKT, NMHeliHble pasmepbl KOTOPOro MO O4HOMY nanoplate
U3MEPEHNI0O HAXOAATCA B HaHoAManasoHe, a pasMepbl No ABYM Apyrum
n3MepeHnsam 3HauNTENbHO Gonblue.
MpumevyaHns
1 HanmeHbLUKiA IHERHbIV pasmep - TOJLWMHA HaHOMMACTUHBL.
2 Pa3mepsbl N0 ABYM [APYrMM U3MEPEHUSIM 3HAUUTENbHO 6ObLUe 1 OT/INYAOTCS OT TO/LWMHBLI 6onee Yem B TpU
pasa.
3 Hanbonblune nnHeliHble pasmepbl MOTYyT HAX04MTbCS BHE HaHOAManas3oHa.
(MCOITC 27687:2008. cTaTbs 4,2]

2.5
HaHOBO/IOKHO: HaHOOOBLBKT, NMHENHbIe pasMepbl KOTOPOro Mo ABYM nanofibre
M3MEpEeHUAM HaxXoAAaTCA B HaHoAManasoHe, a no TpeTbemy U3MepeHunto
3HauMTEsIbHO 60JbLUe.
MpunmevaHnsn
1 HaHOBOMOKHO MOXET ObITb FTMOKUM UIIN XECTKUM.
2 [iBa CXOAHbIX NIMHENHbIX pasMepa Mo ABYM M3MEPEHUAM He AO/DKHbI OT/IMYaTbCs Apyr oT Apyra 6onee yem
B TPV pasa, a pasmepbl N0 TPETbEMY U3MEPEHUIO [O/MKHbBI NPEBOCXOAUTL pasmepsbl No NepBbIM ABYM M3Mepe-
HVSM 6onee Yem B Tpu pasa.
3 Han6onbLumnii IMHERHbI pa3mep MOXeT HaX0AUTbCSt BHE HaHOAManasoHa.
(NCOITC 27687:2008. cTatbs 4.3]
2.6
HaHoTpy6ka: Monoe HaHOBOOKHO. nanotube

(MCOITC 27687:2008. ctaTbs 4.4]

2.7

HaHOCTepXeHb: TBepA0e HAHOBOJIOKHO. nanorod
(MCOITC 27687:2008. ctaTba 4,51

2.8 HaHonykoBuua: HaHouyacTuua (2.3), ob6pa3oBaHHas HECKOSbKMMM nano-onton
ccheponofo6HbIMY KOHLLEHTPUYECKUMY 060/10HKaMU.

2.9 HaHOKOHYC: HaHOBOMOKHO (2.5) unn HaHovacTuua nanocone
(2.3). umetowmne KoHycoobpasHyto hopmy.

2.10 HaHoNneHTa: HaHonnacTtuHa (2.4), NuHelHble pa3Mepbl KOTOpOW nanoribbon

no AByM U3MEPEHUSIM HaXOAATCA B HaHoAuanasoHe (2.1) B COOTHOLe-
HUKM 6oMblleM, Yem 2:1 U CyL,eCTBEHHO MeHbLUe pasmepa no TpeTbemy
N3MEPEHUIO.
graphene

2.11 rpacheH: MoHoc/oli aToOMOB Yr/ieposa, B KOTOPOM KaxAblii atom
CBSA3aH C TpPeMsi cocefHUMK, 06pa3ys TakuM 06pa3oM COTOBYH CTPYK-

Typy.
MpumeuaHue - MpadeH ABNAETCA OCHOBHLIM 06Pa3yIOLLMM MATEPUANIOM MHOTUX YINePOAHbLIX HAHOOBLEKTOB.

2.12 rpacuT: AnnotponHas moaudukauua yrnepoga, cocTtosilas u3 graphite
cnoeB rpadpeHa (2.11), pacnonoXxeHHbIX napasnsienbHO Apyr Apyry v 06-
pasyoLwmnx TPEXMEPHYH YNOPAA0YEHHYH0 KPUCTaIINYECKyo CTPYKTYpY.

MpumevaHunsn

1 B HacTosileM CTaHaapTe onpefesnieHne TepMuHa «rpadut» NpruBeeHo B COOTBETCTBUM C TepMUHOIOTMein Mexay-
HapOoAHOro coto3a TeopeTuyeckoi n npuknagHoi xumun (UHOMAK) [7].

2 CyulecTBylOT [Be &/I10TPOMHbIE MOAUMKaLMM rpadmTa: rekcaroHasibHas ¥ poM60o3apuyeckas, oTiMyaoLmecs
TUNOM YepenoBaHUA yrneponHbIX C/ioeB.
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3 TepMUHBbI U onpepeneHns MOHSATUNA, OTHOCALWNXCA K KOHKPETHbLIM TUNam
yrnepogHbixX HaHO4YacTuL,

3.1 dynnepeH: Monekyna, cocTosilasa M3 YeTHOro ymMcna atoMoB yrie- fullerene
pofa, 06pasyroLmx 3aMKHYTYI BbINyKyH MOBEPXHOCTb MHOFOrpaHHuKa,

ABeHajuaTb rpaHeil KOTOpOro 06pa3oBaHbl NATUYTO/bHMKAMWU, a ocTaslb-

Hble - LIeCTUYTo/IbHUKaMM.

MpumeyvaHunsn

1 B HacTosilem cTaHfapTe onpejeneHve TepMmuHa «y/iepeH» MpUMBELEHO B COOTBETCTBUM C TEPMUHOMOrMEN
MexayHapogHOro coto3a TeopeTuyeckon n npuknagHoi xumum (UHOMAK) [71

2 O6Len3BecTHbIM NpUMepoM sBfsieTcs dynnepeH CBo. KOTOPLI MMeeT cdepuyeckyto hopMy AramMeTpom okoso 1
HM.

3.2 npousBoAHble ynnepoHa: XvMUyeckme coefunHeHns, KoTopble 06- fullerene derivative
pa3oBaHbl 13 pynnepeHos (3.1) 3amelleHVeM yrnepoga WM KOBasleHT-

HbIM MpUCOoeANHEHNEM KOMMOHEHTOB.

3.3 aHpo3apanbHbll hynnepeH: ®dynnepeH (3.1), BHyTpu 06004km ko-  endohedral fullerene
TOPOrO 3aK/0YeHbl O4UH U HECKOSIbKO aTOMOB.

3.4 meTannogynnepeH: DHAo3ApanbHbIN dynnepeH (3.3), cogepxa- metallofullerene
LMA OAWH NN HECKOJSIbKO MOHOB METaJINoB.
3.5 yrnepogHas HaHonykosuua: HaHonykosuua (2.8), coctosiwasa u3 carbon nano onion
yrnepopga.
4 TepMyHbI 1 onpegeneHnss NOHATUA, OTHOCALLMXCA K KOHKPETHbIM Tunam

yrnepoaHbiX HaHOBOJTIOKOH U HaHOM/1aCTUH

4.1 yrnepogHoe HaHOBOJ/IOKHO; YHB: HaHoBonokHo (2.5). cocTosllee carbon nanofibre;
u3 yrnepoga. CNF
4.2 rpahMTOBOE HAHOBOJIOKHO: YrNepoAgHoe HaHOBOJ/TOKHO (4.1). co- graphitic nanofibre

cTosILee U3 MHOTOC/OMHbIX CTPYKTYp rpadheHa (2.11).

MpumeyaHue - PacnonoxeHne croes rpadeHa MOXeT ObiTb NPON3BO/bHBIM MO OTHOLLEHWIO K OCU BOJIOKHA;
HauMuve JasibHero nopsiaka He ABNSETCS 06A3aTesIbHbIM.

4.3 yrnepogHas HaHoTpybka; YHT: HaHoTpy6ka (2.6). cocTosuwas us carbon nanotube;
yrnepoga. CNT

MpumeyaHune - YnepoaHble HAHOTPYOKM OBLIYHO COCTOSIT U3 CBEPHYTLIX CN0EB rpadpeHa (2.11), B Tom uncne
OHOCTEHHbIE yrnepoaHble HaHOTPYOKN (4.4) U MHOTOCTEHHbIE YriepoHble HaHOTPY6ku (4.6).

4.4 opHOCTeHHas yrnepogHas HaHoTpyb6ka; OYHT: YrnepopgHas single-wall carbon  nano-
HaHoTpy6ka (4.3), cocToslas n3 OAHOro LUAMHAPUYECKOTO CNos rpa- tube; SWCNT
hoHa (2.11).

MpumevyaHune - Ctpyktypy OYHT MOXHO npeAcTaBuTb B BUAE NncTa rpadeHa, CBEPHYTOrO B LUIMHAPUYECKYHO
COTOBYIO CTPYKTYpY.

4.5 BekTOp xupanbHocTun OYHT: BekTtopHOoe ycnoBHOe 0603HayeHue, chiral vector of SWCNT
ucnonb3lyemoe An8 ONUCaHUS CMupanbHOW CTPYKTYpPbl OLHOCTEHHbIX

yrnepofHbIX HaHOTPY6oK (4.4).

4.6 MHOrocTeHHas yrnepogHass HaHoTpybka; MYHT: YrnepogHas multiwall carbon
HaHOTpy6Ka (4.3), cocToslllas U3 BNOXEHHbIX APYr B Apyra KOHLEHTpU- nanotubo; MWCNT
YecKMX WM NOYTU KOHLEHTPUYECKnx cnoes rpadeHa (2.11) c mexcnoe-

BbIMW PACCTOAHUAMMW, aHaSIOTMYHLIMU  MEXCMOEBbIM PACCTOSAHUAM B

rpacute (2.12).

MpumeyaHue - MYHT npeacTaBnset co60il MHOXECTBO B/IOXEHHbIX APYT B Apyra OAHOCTEHHbIX YI1ePOAHbIX

HaHOTPYy6OK (4.4) UMNMHAPUYECKOl (hopMbl B C/iyyae Masloro gvaMmeTpa U CTPEMSLLMXCA K MHOTOYyro/isHOMy ceue-
HUIO MO Mepe yBeNMYeHns AuameTpa.
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4.7 pBycTeHHasa yrnepogHas HaHoTpyb6ka; AYHT: MHorocTeHHas yr- double-wall carbon
HepoAHasa HaHoTpy6ka (4.6), cocTosiuias M3 ABYX B/IOXEHHbIX KOHLEH- nanotube; DWCNT
TPUYECKUX OJHOCTEHHbIX YI1EPOAHbIX HAHOTPY6OK (4.4).

MpumeuyaHune - HecmoTpa Ha To 4To AYHT aBnsetca ogHum 13 BugoB MYHT, ee cBoiicTBa 60onee cooTBeT-
cTBytoT OYHT.

4.8 rupnaHgHas yrnepogHas HaHoTpyb6ka; [YHT: YrnepogHas cup-stacked carbon nanotube
HaHoTpy6Ka (4.3), cocTaBNeHHas U3 yceYeHHbIX HaHOKOHycoB (2.9)

rpacgpeHa (2.11).

MpumeyvaHune-Tlo cTpyktype N'YHT nosHocTblo otimyaeTca oT OYHT unm MYHT. OTKpbITble BEPXHEE U HUXHee
OCHOBaHMA yCeYeHHbIX HaHOXOHYCOB rpaq)eHa 06pa3y|oT COOTBETCTBEHHO BHYTPEHHIOK N BHELUHIOK MNOBEPXHOCTU
HaHOTPYOKMN.

4.9 yrnepoAHbliAi HaHOCTPYYOK: JIMHelHbIi MaccuB iynepeHoB carbon nanopeapod
(3.1). 3aK/04EHHbIN B YrnepoaHyto HaHOTPY6Ky (4.3).

MpumeyaHune - anepo,qunZ HaHOCTPYYOK MOXHO paccMatpmBaTb Kak npuMmep KOMNO3NLUNOHHOIO HaHOBOMOKHA.

4.10 yrnepofHblii HaHopor: KopoTkas, HenpaswnbHOW (OpMbl yrie- carbon nanohom
pofHas HaHoTpy6ka (4.3), BEpPLUVMHOWN KOTOPOI ABMSETCA HAHOKOHYC
(2.9).

NMpumeyaHwue - YrieposHble HaHopora 06bIYHO 06pa3yloTCs B BUAe arperartos.

4.11 yrnepofHas HaHoneHta: HaHoneHta (2.10), coctoawasa m3 yr- carbon nanoribbon
nepopa.

MpumeuaHne - YrnepogHble HAHOMEHTbI Yalle BCEro COCTOAT U3 HECKO/IbKUX crioeB rpadeHa (2.11). Ecnv nex-
Ta COCTOWT U3 OAHOrO €NosA rpadeHa, To NPUMEHSAIOT TEPMUH «rpad)eHoBas NeHTax.
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MpunoxeHne A
(cnpaBouHoe)

YrnepogHble mMatepuasibl B HaHoAuanasoHe

A.1 O6Lpme NONOXEHUS

CyuiecTByeT MHOTO BUAOB YriepofHbIX MaTepuasioB, N3roTaBNBaeMbIX U LUMPOKO NPUMEHSIEMbIX
B NPOMbILLI/IEHHOCTN B TEYEHWE MHOrMX neT. Tak kKak B nocfiefHee BpPemsi NosiBUIacb BO3MOXHOCTb M3Me-
pATb 06BEKTHI, pa3Mepbl KOTOPbIX HAaXOAATCA B HaHoAManasoHe, TeMnepb HEKOTOpble YrnepoaHble mare-
pvasibl MOXHO OTHECTM K 06/1acTV HAHOTEXHOMOMMA. TepMUHbI, OTHOCAWMECA K 06bIYHLIM Yr1epoAHbIM
maTepuanam, crefyet paccMaTpuBaTb Kak YCTOSIBLUMECA W He noAfexaline nepecmoTpy B HACTOsILLEM
cTaHgapTe.

A.2 AnimasHble HaHoYacTuLbl

AnMasHble HaHo4acTuLbl (4acTo HasblBaeMble «HaHoasIMasamu») OTHOCAT K YrNepoAHbIM mare-
prnanam u M3roTaBnMBaT PasNNyHbIMW MeToAaMu, HanpyMep AeTOHAUMOHHbIM CUHTE30M, XMMUYECKUM
ocaxeHnem 13 rasoBoil hasbl, PU3NUECKUM OCaXKAEeHWeM K3 ra3oBoii hasbl. AnlMa3Hble HaHOoYacTULbI
pa3Hoo6pasHbl N0 BHELLIHEMY BuAy, pa3Mmepam, CBOWCTBaM U MpUMeHeHut0. HekoTopble asiMa3Hble HaHo-
YyacTuubl. HanpyMep AvamaHfoubl. BCTPEYaTCa B NPpUPoAe, UX MOXHO OOHaPYXUTb B MECTOPOXAEHUAX
yrneBoAopoaoB. TepMUHbI U OnNpefeneHns, OTHOCAWMECA K anMasHbiM HaHoyacTuuam, npuBefeHbl B
HOpMAaTMBHbIX OKYMeHTax [3].

A.3 YrnepogHble nJieHKn

YrnepofHble NMEHKM NMPUMEHSIIOT B /TAKOKPACOYHOW NPOMBILLIEHHOCTV AN NpUAaHUs mMatepua-
flaM ornpefiesieHHbIX CBOWCTB. YrepogHble MEHKV MosyyaloT MeTofamy [yroBoro KaToAHOro W MarHe-
TPOHHOIO pacnbiieHnsi. B nuTepaType MCNOb3YHT PasnyHble TePMUHbI A8 YIIepoAHbIX NOKPLITUIA Ha
OCHOBE, Hampvmep, anMasonoAo6Horo yrnepoga (AMY). cteknoyrnepofa v TeTpasgpuyeckoro aMmopaHo-
ro yrnepoga. YrnepogHbie MeHKM OT/IMYAKTCS COOTHOWEHMEM BUAOB rmépuausaummn sp2, sp3 v cogep-
XaHuem B HMX Bofopofa. Hanpumep, aiMa3onofo6Hblii yrnepos UCnosb3yoT A CHUXKEHNUs a6pasuBHO-
ro U3HOCA, CTEK/IOYIN1epos NPUMEHSIIOT TaM. r4e Heo6XOAVMbl YCTONUMBOCTL K BLICOKUM Temmnepatypam,
XMMUYECKOl KOppOo3uu, raso- Wi BOAOHENpPOHULAEMOCTb. HeKkoTopble TEPMUHbLI U ONpeaeneHnsi, 0THO-
csilMecs K yrnepoAHbIM NeHKaM, npuBejeHbl B HOPMATUBHBIX LOKyMeHTax [3].

A.4 TexHUueckuii yrnepog, (caxa)

TexHuueckuii yrnepog, (caxa) sBnseTcs KoNNougHbIM YrnepoaHbIM MaTepuanoM NpoMbILLIEHHOTO
NpPou3BOACTBA, MMELWMM BUg cdhep Wan ux arperatoB pasmepamy MeHee 1000 Hm (cMm. [7]). Pa3mepsbl
NepBUYHOI YacTuLbl HaxoAsaTca B npegenax oT 5 fo 50 HM. TexHUYecknit yrnepog Haubosnee 4acto npu-
MeHSIl0T B KayecTBe YCW/IMBAIOLLEro KOMMOHEHTa B MPOM3BOACTBE PE3VHOBbLIX LUMH. NUTMEHTa NS yep-
HU/1. KPacoK W TOHepOoB. TexHWYeckuii yrnepos M3rotaB/iMBalOT MeTofamy TEPMUYECKOTO Pas/oXeHus,
BK/OYAS AETOHALMOHHOE, WM METOAAMW HEMOJSIHOrO CropaHus YrieBoA0POAHbIX COeAVNHEHUA. TexHuye-
ckuli yrnepog vmeeT onpefeneHHylo MOpPgOSIOTM0 C MUHUMa/IbHBIM COLEPXaHWEM CMOST AW APYruX
BK/IIOUEHUIA, 1 ero crnefyeT OTANYaTh NO COAEPXAHUIO CMOJI, 30/1bl U NPUMecell OT KOMOTW (Takke Hasbl-
BaeMoli «caxeli»), obpasytoLieiics cnydaiHo.
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