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MNpeancnosue

Llenn, ocHoBHbIE NPUHLMMABLI U NOPSACK NpoBeaeHUs paboT No MeXrocyaapcTBEHHON cTaHaapTUsauum
yctaHoeneHsl FOCT 1.0—92 «MexrocyaapcTBeHHas cuctema ctaHgaptusaunm. OCHOBHbIE MOMOXEHUa» U
rOCT 1.2—2009 «MexrocyaapcTBeHHas cucTeMa ctaHaapTusauuu. CTaHaapTbl MeXrocyaapcTBeHHbIe, npa-
BMNa U pekoMeHaaLumn No MexrocyaapcTBeHHoW cTaHgapTusauuy. Mpasuna paspaboTku, NPUHATASA, NpuMe-
HeHuA, 06HOBNEHNA U OTMEHbI»

CBeaeHun o ctaHpapTe

1 NMOArOTOBNEH ®eaepanbHbiM rocyfapcTBEHHbIM YHUTapHBIM Npeanpusituem «Bcepoccuiickuin
Hay4yHo-UccneoBaTeNbCKUA  MHCTUTYT  cTaHgapTusauMM U cepTuduKauMnm B MaLUMHOCTPOEHUU»
(BHUMHMALL) Ha ocHoBe COBCTBEHHOrO ayTEHTUYHOTO NepeBoAa Ha PYCCKUIA A3bIK OKYMEHTA, YKa3aHHOTO B

NnyHKTE 5

2 BHECEH MexrocyaapcTBeHHbIM TEXHUYECKUM KOMUTETOM Mo cTaHaapTuaauumn MTK 441 «HaHoTex-
HOJIOTUN»

3 MPUHAT MexrocyaapCTBEHHBLIM COBETOM MO CTaHAapTU3aUM1, MeTposornm u ceptudukauum (npo-
Tokon oT 5 gekabpsa 2014 r. Ne 46)

3a npuHATUe nporonocosanu:

Kparkoe HavmeHoBaHWe CTpaHsbl Kon crpaHb CokpalleHHOe HauMEeHOBaHWE HALMOHANBLHOTO opraHa
no MK (MCO 3166) 004—97 no MK (MUCO 3166) 004—97 no cTaHpapTu3aunu

AzepbangxaH AZ AsctaHpgapTt
ApmeHus AM MunakoHomuku Pecnybnukm Apmenns
Benapycb BY loccranpapt Pecny6nuku benapyck
KasaxcTaH KZ loccranpapt Pecnybnukn Kasaxcrau
Knpruaus KG KbipreisactangapT
MongoBsa MD MongoBa-Ctanaapt
Poccus RU Poccrangapt
YabeknctaH Uz Yacrangapt
YkpaunHa UA MuHakoHOMpa3BnTUA YKpanHbl

4 Mpukazom PeaeparnbHOro areHTCTBa NO TEXHUYECKOMY PEeryfIMpoBaHnMio U MeTPOornm ot 28 okTabps
2015 1. Ne 1647-ct mexrocygapcteeHHblii ctaHgapT FTOCT ISO/TS 80004-3—2014 BBeaeH B AelCTBUE B
KayecTBe HaluoHaneHoro ctaHgapTta Poccuinckon $egepauuu ¢ 1 aHBapsa 2016 .

5 Hactosawmin cTaHOapT WAEHTUMYEH MexayHapoaHomy aokymeHTy ISO/TS  80004-3:2010
Nanotechnologies — Vocabulary — Part 3: Carbon nano-objects (HaHoTexHonornn. Cnosaps. YacTtb 3. Yrne-
poaHble HAaHOOBBEKTbI).

HaunmeHoBaHWe HacTosiLero cTaHgapTa UsSMeHeHO OTHOCUTENbHO HAaUMEHOBaHUS YKa3aHHOTO JOKYMEH-
Ta ans npueeaeHus B cootBeTcTBMe ¢ FTOCT 1.5—2001 (nogpasaen 3.6).

MexayHapoaHblin JoKyMeHT pa3paboTaH TeXHU4eckuMm koMuTeToM no ctaHaaptusauum ISO/TC 229
«HaHoTexHonorun» MexgyHapogHoi opraHusauun no ctaHgaptusauum (1ISO).

MepeBog ¢ aHrnuincKkoro Asbika (en).

CreneHb cooTBeTCTBUA — UaeHTU4Has (IDT).

CTaHaapT noAroToBneH Ha ocHoBe npuMeHeHus FTOCT P 55417—2013/ISO/TS 80004-3:2010*

6 BBEJEH BMNEPBbIE

* TMpukasom PenepanbHOro areHTCTBa Mo TEXHUHECKOMY PErynupoBaHuio U MeTponormu ot 28 okrsibps 2015 r.
Ne 1647-ct FOCT P 55417—2013/ISO/TS 80004-3:2010 otmMeHeH ¢ 1 AanBaps 2016 T.
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UHebopmalust 06 USMEHEHUSIX K HacmosiujeMy cmaHOapmy nybnukyemcsi 8 exe200HOM UHGOpMaUUOH-
HOM yKasamerie « HayuoHarnbHble cmaHOapmbl», @ MEKCM U3MEHEHUU U r1orpasoK — 8 eXXeMEeCSYHOM UHhop-
MaUUOHHOM yKa3zamerne «HauuoHanbHble cmaHOapmel». B crniydae nepecmompa (3ameHsl) unu ommeHs!
Hacmosiweeo cmaHOapma coomeemcmeyrouiee ysedoMmneHue bydem ornybIUKOBEGHO 8 EXEeMEeCSYHOM
uHgopmayuoHHoM ykalamerne «HayuoranbHeie cmaHOapmbi». Coomeememeyiowasi UHhopMayus, yse-
OoMrieHuUe U meKCmbl pasMeljaromecsi makxke 8 UHGhopMalUuoHHOU cucmeme obueao rofb308aHuUss — Ha oghu-
yuansHom calime ®edepanbHoeo azeHmMcmea 1o MeXHUYECKOMY peaynuposaHuio U Memposioauu 8 cemu
WHmepHem

© CTtaHpgapTuHdopm, 2015

B Poccuiickon Peaepaummn HacTosALWMA cTaHAaPT HE MOXET BbITb MOMHOCTHI0 UMM YaCTUYHO BOCNPOU3BE-
AeH, TUPaXKMpoBaH U pacnpocTpaHeH B KadyecTBe oduumanbHoro naganus 6es paspelwerus degepansHoro
areHTCcTBa No TeXHUYECKOMY perynmpoBaHuio 1 MeTpororum
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BBegeHune

B nocneagHune asa gecatuneTusi obHapyXeHbl, CUHTE3UPOBaHbI UM U3TOTOBMEHbI Pa3fUYHbIE HOBbIE
cdopMbl yriepoaHbIX HAaHOMaTep1anos, B TOM uucne dynnepeHsl U yrnepodHble HaHOTPYBkU. OHU ABNAOTCA
nepcrnekTUBHLIMK MaTepyanamm A5 MHOrMX oTpacfieid HaHOUHAYCTPUN, Tak Kak 06nagaroT yHUKanbHbIMK
3NEeKTPOHHBLIMU, 3JIEKTPOMArHUTHLIMU, TEPMUYECKUMA, ONTUHECKUMN 1 MEXaHUYECKUMU CBONCTBAMMU.

B cBs13u c yBenMueHneM o6 beMa HayyHbIX 3HaHWUIA U Y1cna TeXHUHECKUX TEPMUHOB B 061aCTU HAHOTEXHO-
norui (cM. bubnuorpaduio) Lenbio HacTosLero cTaHaapTa ABNAeTCA onpeaeneHve Hanbonee BaXxHbIX Tep-
MWHOB, OTHOCSILLMXCSA K YINIepOAHbIM HAHOOObEeKTaM, yCTaHOBMIEHWUE UX B3aUMOCBA3€e 1 CBA3eN C TepMUHaMu,
KOTOpble AaBHO NPUMEHSIIOTCA A1s1 0ObIYHBIX YINepoAHbIX MaTepuanos.

HacTtoswui ctaHaapT siBnsieTcs YacTbio cepumn ctaHaapTos ISO/TS 80004, oxeaThiBarowwen pasfnuyHble
acnekTbl HAHOTeXHONoruiA. B HacTosieM cTaHaapTe 60NbLWWHCTBO onpeaeneHuin TepMnHOB cchopmynupoBa-
Hbl Tak, 4To6bl 6biMa obecneyeHa UX Uepapxuyeckas B3aMMOCBA3b C TEPMUHAMMU CTaHOAPTOB Cepuu
ISO/TS 80004. B HekoTOpbIX Criy4asax nepapxvyeckas B3aMmocBA3b TEPMUHOB MOXET ObITb HapylueHa 13-3a
0cobeHHOoCTEeN NPUMEHEHUS TEPMUHOB AN KOHKPETHBIX NOHATUIA.

YcTaHOBMNEHHbIE B HACTOSILLEM CTaHAapTe TEPMUHBI PACcNONIOKEHbI B CUCTEMAaTU3MPOBAHHOM NOpAAKe,
oTpakatoLLeM CUCTeMY NOHATUI B 061aCTN HAHOTEXHOMNOIUI, OTHOCALLYHOCS K YriiepoAHbIM HAHOO6beKTaM.

[ns KaXkaoro NOHATUA YCTaHOBNEH OANH CTaHAaPTU30BaHHLIA TEPMUH.

MpuBeaeHHbIE onpeAeneHnsa MOXHO NPU HeOBXOANMOCTU U3MEHSITb, BBOASI B HUX MPOU3BOSIbHbLIE NPU-
3HaKW, packpblBasi 3Ha4YeHUS UCNOMb3YeMbIX B HUX TEPMUHOB, YKa3blBasi 00 bEKTbl, OTHOCSLLMECS KonpeaeneH-
HOMY MNOHSITUIO. MI3BMEHEeHWA He AOMKHbI HapywaTtb o6bem U codepXXaHWe MNOHATUNA, onpefeneHHbIX B
HacTosileM cTaHaapTe.

B cTtangapTe npuBedeHbl MHOA3LIYHBLIE 3KBUBANEHTHlI CTaHAaPTU30BaHHBLIX TEPMUHOB Ha aHINIMACKOM
A3bIKE.

B ctangapTe npmBeaeH andasnTHLIN yKkasaTenb TEPMUHOB Ha PYCCKOM si3blKe, a Takke andaBuUTHbIN yka-
3aTenb 3KBMBANEHTOB TEPMUHOB Ha aHTNIMACKOM A3LIKE.

CTtaHaapTu3oBaHHble TepMUHBI HaBpaHbl NOAYXMPHBIM WPUKDTOM, UX KpaTkue opmbl, NpeacTaBneH-
Hble abbpeBMaTypoit, U MHOA3bIYHBIE 3KBUBANEHTbl — CBET/IbIM.
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M E XTI OGCVYAOAPU CT BETHHUB # C TAHAOAPT

HAHOTEXHONOIrMu
YacTthb 3

HaHooG61beKTh! yrnepogHsble.
TepMuHbl U onpegenerus

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

DaTta BBeaenna — 2016—01—01

1 O6nacTb NnpMMeHeHusi

HacTtoawunin ctaHgapT siBnseTcsa YacTbio cepun ctaHgapToB ISO/TS 80004 n yctaHaBnuMBaeT TEPMUHBLI U
onpeaeneHns NOHATWA B 06nacT HaHOTEXHOMOTNIA, OTHOCSALLIMXCSA K YriiepoaHbiM HaHoobbekTam. HacToawmi
CcTaHgapT npeAHasHaveH Ansi obecnevyeHns B3aMMONOHUMaHWSA MeX Ay OpraHu3aunMaMm U oTaeNbHbIMA CneLu-

annuctamMmu, oCylecTBnAWMMA CBOIO AEATEIIbHOCTb B 06r1acTn HaHOTEXHOMOTUNA.

2 OcHOBHble TepMUHbI U onpeaeneHns

2.1
HaHoguana3oH: [lnanasoH NMMHEHbIX pasmepoB NpubnuanTenbHo oT 1 40 100 HM. nanoscale
MpumevaHusn
1 BepxHIOI0 rpaHuLy 3TOro gManasoHa NpUHATO cHnTaTte NPMBNNM3NTENbHOM, TaK Kak, B OCHOBHOM,
YHUKarbHble CBONCTBA HAHOOOBEKTOB 3a Hel He NPOSABNAOTCA.
2 HwuxHee npegenbHOe 3HAYEHUE B 3TOM onpeaenenny (npubnuantensHo 1 HM) BBe4EHO Ansi TOro,
4YTOObI UCKMIOUMTH U3 PAcCMOTPEHUSI B Ka4eCTBE HAHOOGBLEKTOR UMW 3NEMEHTOB HAHOCTPYKTYP
OoTAENbHbIE aTOMbI UMK HEGONbLIKE FPYNNbI ATOMOB.
[ISO/TS 27687:2008, cratbs 2.1]*
2.2
HaHoO06bekT: MaTepuarnbHblii 06BLEKT, NNHeRHbIe pasMepbl KOTOPOro No O4HOMY, ABYM nano-object

nnn Tpem nusMepeHnsam HaxoadaTcsd B HaHoAunanasoHe.

MpumeyaHwue—[JaHHbIN TEPMUH PACNPOCTPAHSAETCS Ha BCEe OQUCKPETHbIE 0ObEKTbI, NTUHEN-
Hbl€ pa3mepbl KOTOPbIX HAXOAATCS B HAHOANAaNa3oHe.

[ISO/TS 27687:2008, ctaTbs1 2.2]

* Cm.IOCT ISO/TS 27687—2015.

Uspanune opuumnansHoe
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HaHou4acTuua: HaHooObekT, NMHelHble pasmMepbl KOTOPOro No BCeM TpemMm UsMmepeHnam
Haxo4ATCd B HaHOAMaNa3oHe.

M pwumeyaH ue— Ecnuno ogHomy nnm ByM U3amepeHnsm pasmepbl HAHOOGbLEKTa 3HAYNTENb-
Ho 6onblue, YeM Mo TpeTbeMy U3MepeHmio (kak npaeuno, Gonee 4em B Tpu pasa), TO BMECTO TepMUHa
«HaHO4YaCTMLA» MOXHO UCMONb30BaTh TEPMUHBI KHAHOBOMOKHO» UNN «HAHOMNACTUHAY.

[ISO/TS 27687:2008, ctatbs 4.1]

nanoparticle

24

HaHonnacTuHa: HaHoo6beKT, NMHeNHble pasmepbl KOTOPOro Mo OAHOMY U3MEPEHUHo
HaxoasATcA B HaHoAManasoHe, a pasMepbl No ABYM APYrMM U3MEPEHUAM 3HaYMTeNbHO
fonbLue.

MpumevyaHusn

1 HavmeHbwuii NIMHENHBIN pa3mep — TOMWMWHA HAHOMMACTUHbI.

2 Pasmepbl No ABYM APYIMM U3MEPEHNSM 3HaUMTeNbHO GonbLue 1 OTNINYaloTCA OT TOMNWMHLI Gonee
YeM B Tpu pasa.

3 Hawnbonbluve nuHelHblie pasmepbl MOTYT HAXOAUTLCS BHE HAHOAMANA30oHa.

[ISO/TS 27687:2008, cTaTbs 4.2]

nanoplate

25

HaHOBOJIOKHO: HaHOOGbEKT, NNHEHbIE pasMepbl KOTOPOTro Mo ABYM U3MEPEHUSAM Haxo-
AATCS B HaHoAMAanNasoHe, a No TPETbEMY U3MEPEHUI0 3HaUUTENbHO Bonblle.

MpumevaHnwusn

1 HaHOBONOKHO MOXET 6bITb TMOKUM UMK XKECTKUM.

2 [lBa cxogHbIX NMHENHBIX pa3Mepa No ABYM U3MEPEHUSIM He AOMKHbI OTNNHATLCA APYr OT Apyra
6onee yem B Tpu pasa, a pasmepbl NO TPETEEMY U3MEPEHUIO AOSMKHBI NPEBOCXOANTL pa3mepbl Mo
nepebiM ABYM u3mepeHusim 6onee yem B Tpu pasa.

3 Han6onblwui nuHenHbIN pasMep MOXET HaXoAUTLCSI BHE HaHOAWaNa3oHa.

[ISO/TS 27687:2008, cTaTtbn 4.3]

nanofibre

2.6

HaHoTpy6Kka: Monoe HAHOBONOKHO.
[ISO/TS 27687:2008, ctaTbs 4.4]

nanotube

2.7

HaHoCTepXeHb: TBepa0e HAaHOBOIOKHO.
[ISO/TS 27687:2008, ctaTbs 4.5]

nanorod

2.8 HaHonykoBwuua: HaHovyactuua (2.3), o6paszoBaHHas HeckonbkumMu cdpeponogoGHEIMN
KOHLeHTpUu4eckumm obonovkamm.

2.9 HaHOKOHyc: HaHoBormokHo (2.5) nunn HanovacTuua (2.3), umetoLme KoHycoobpasHyto

opmy.

2.10 HaHoneHTa: HaHonnacTuHa (2.4), NMHenHble pa3Mepbl KOTOPON Mo ABYM U3MepEeHU-
AIM HaxoOsTCA B HaHoauanasoHe (2.1) B COOTHOLIeHWUM Bonblue, Yem 2:1 1 cyLecTBEHHO
MeHbLLIe pazMepa no TpeTbeMy N3MEPEHULD.

2.11 rpadeH: MoHocnon aToMOB yriepoa, B KOTOPOM KaXabl/A aTOM CBfi3aH ¢ Tpemst
cocegHUMK, o6pasys TakuMm 06pa3oM COTOBYIO CTPYKTYPY.

2

nano-onion
nanocone

nanoribbon

graphene
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MpumeyaHune—IpadeH ssBNSETCA OCHOBHbIM 06pa3yloWwmyM MatepmanomMm MHOTUX Yrnepod-

HbIX HAHOOGBEKTOB.

2.12 rpadumT: AnnoTponHas moamcbukaums yriepoga, cocTosias 13 croeB rpacdeHa  graphite
(2.11), pacnonoxeHHbIX NapannenbHo Apyr Apyry 1 o6pasyroLnx TpeXMepHyo ynopsgo-

YEHHYI0 KPUCTanIM4ecKyto CTPYKTYpY.

MpumevaHunsn

1 BHacTosiwem cTaHaapTe onpegeneHe TepMuHa «rpacut» NpYBeeHo B COOTBETCTBUW C TEPMU-
Hornorven MexayHapoaHoro coto3a TeopeTudeckow u npuknagHon xumun (IUPAC) [7].

2 CyuwecTByloT ABe annoTponHbie Moamdukaumm rpacduTa: rekcaroHanbHas u pom6osgpuyeckas,
OTNNYAKLWMNECH TUNOM YePEeAOBaHUSA YrIepoaHbIX CNOeB.

3 TepMuHbI M onpegeneHUsi NOHATUN, OTHOCSLLMXCH K KOHKPETHbLIM TUNam
yrnepoaHbIX HaHo4acTUL

3.1 dynnepeH: Monekyna, cocTosLLasa N3 4eTHOro YMcra aToMoB yriepoga, obpasyrowmx — fullerene
3aMKHYTYHO BBITMYKITYHO MOBEPXHOCTb MHOrOrpaHHuKa, ABeHaauaTs rpaHel koToporo obpa-
30BaHbl NATUYroMNbHUKAMU, @ OCTarnbHble — LECTUYroNIbHUKaMu.

MpumevaHusn

1 BHacTosiwem cTaHgapTe onpegenexHme TepMunHa «pynnepeH» NnpMBeaeHo B COOTBETCTBUM C TEp-
MuHornorvein MexayHapoaHoro cotsa TeopeTnyeckon n npuknagHomn xumum (IUPAC) [7].

2 O6wWwensBecTHbIM NpuMepoM sBnaeTcs dynneper Cgg, KOTOPbIN MMEET cdepuyeckyio (opmy
auamMeTpom NpuMepHo 1 HM.

3.2 npousBogHble dynnepeHa: XvMuieckne coefuHeHnsi, koTopble obpasoBaHbl ns  fullerene
ynnepeHoB (3.1) 3amelueHneM yrinepoga Unu KoBaneHTHbIM NpucoeguHeHnem komno-  derivatives
HEeHTOB.

3.3 aHpoagpanbHbIn dynnepeH: PynnepeH (3.1), BHyTpM 060M04KN KOTOPOTO 3aknode-  endohedral

Hbl O4WUH NI HECKOJTbKO aTOMOB. fullerene

3.4 metannodynnepeH: SHgoaapanbHeld dynnepeH (3.3), cogepxawmin oguH unm  metallo-

HEeCKOMbKO MOHOB MeTasnos. fullerene

3.5 yrnepopgHas HaHonykoBuua: HaHonykoBuua (2.8), cocToswas us yrnepoaa. carbon nano-
onion

4 TepMMH bl W onpepeneHUNA NOHATUIN, OTHOCALUNXCA K KOHKPeTHbIM TMnam
yrnepoAHbIX HAHOBOMOKOH U HAHONIACTUH

4.1 yrnepogHoe HaHOBONOKHO; YHB: HaHoBoMoKHO (2.5), cocTosAwee U3 yrnepoaa. carbon nano-
fibre; CNF

4.2 rpacuTOoBOE HAHOBOMNOKHO: YrnepoaHoe HaHOBOMOKHO (4.1), cocTosAwee U3 MHoro-  graphitic

CINOMHBIX CTPYKTYp rpadpeHa (2.11). nanofibre

MpwumeyaHun e — PacnonoxeHue cnoesrpadeHa MOXeT ObiTb NPON3BONbHBLIM MO OTHOWEHMIO K
OCK BOJTIOKHA; Hanu4ue aanbHero nopsagka He AsnAaeTca obs3aTenbHbIM.

4.3 yrnepopaHas HaHOTpyGka; YHT: HaHoTpy6ka (2.6), cocToswan us yrnepoaa. carbon nano-
tube; CNT

MprvmeyaHune—YrmepogHble HAHOTPYOKM OBBLIMHO COCTOAT M3 CBEPHYTLIX Cnoee rpadgexHa
(2.11), B TOM uncne oaHOCTEHHbIE YrNepoaHble HAaHOTPYOKku (4.4) U MHOFOCTEHHbIE yrnepoaHbie
HaHOTpyOku (4.6).

4.4 opHocTeHHaRA yrnepogHasa HaHotpy6ka; OYHT: YrnepogHaa HaHoTpybka (4.3), single-wall
CoCTOSALLas U3 0AHOro LMNUHApuYeckoro cnos rpacdeHa (2.11). carbon nano-
tube; SWCNT

Mpumedyanue— Crpyktypy OYHT MOXHO NpeacTaBuThb B BUAE Nucta rpadeHa, CBEpHyTOro B
LIMNUHOPUYECKYIO COTOBYIO CTPYKTYPY.

4.5 BekTop xupanbHoctu OYHT: BektopHoe ycrnoBHoe 0bo3HaveHue, ucnonbayemoe  chiral vector
ANA onucaHusi CnMpanbHON CTPYKTYPbl OAHOCTEHHBIX YriepoaHbIX HaHOTPY6OoK (4.4). of SWCNT
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4.6 MHoOrocTeHHasl yrnepoaHasa HaHoTpy6ka; MYHT: YrnepogHas HaHoTpy6ka (4.3),
COCTOALLAs U3 BIIOXKEHHBIX APYr B Apyra KOHUEHTPUYECKUX WU NOYTU KOHUEHTPUYECKUX
cnoes rpacpeHa (2.11) c MexXcNnoeBbIMN PacCCTOAHUAMU, aHANOTNYHBIMW MEXCITOeBbIM pac-
cTosHNAM B rpacdute (2.12).

Mpumedyanune—MYHT npeacraensiet coboi MHOXECTBO BIOXEHHbIX APYr B Apyra 0qHOCTEH-
HbIX YrepoAHbIX HAHOTPYOOK (4.4 ) uMnNUHApUYEcKon opMbl B Criyyae Manoro gnamerpa v cTpems-
LLIMXCS K MHOTOYTONIbHOMY CEYEHUI0 MO Mepe YBEeNMYeHUsi guameTpa.

4.7 pBycTeHHas yrnepopHas HaHOTpy6ka; IYHT: MHorocTeHHas yrrnepogHas HaHo-
Tpybka (4.6), cocTosLasn U3 ABYX BMOXEHHbIX KOHLEHTPUYECKUX OAHOCTEHHbIX YTriepoaHbIX
HaHOTpYy6OoK (4.4).

MpumeyaHune—Hecmorps Ha To uyTo AYHT siBnsietcs ogHum n3 Bugos MYHT, ee cBolictBa
6onee cootBeTcTBYlOT OYHT.

4.8 rupnaHgHaa yrnepogHaa HaHoTpy6ka; 'YHT: YrmepogHas HaHoTpybka (4.3),
cocTaBfeHHas U3 ycevyeHHbIX HAaHOKOHYCOB (2.9) rpacbeHa (2.11).

Mpwumeyanne—TIloctpykrype NYHT nonHocTeio otnmyaetcs ot OYHT unm MYHT. OtkpbiThie
BEpXHEE U HUKHEE OCHOBAHNSI yCe4YeHHbIX HAHOKOHYCOB rpadeHa 06pasyloT COOTBETCTBEHHO BHYT-
PEHHIOI0 U BHELLIHIOIO NOBEPXHOCTU HAHOTPY6BKN.

4.9 yrnepoAHbIA HaHOCTPYYOK: J[IMHeHbIN Maccune dynnepeHos (3.1), 3aKkmnoyYeHHbIN B
yrnepoaHyro HaHoTpyoky (4.3).

MpumeyaHune—YmepogHbiii HAHOCTPYHOK MOXXHO pacCMaTPUBAaTh Kak MPUMEP KOMMO3NLMNOH-
HOIO HAaHOBONOKHa.

4.10 yrnepogHbi HaHopor: KopoTkas, HenpasunbHoi chopmbl yriepoaHasi HaHOTpy6ka
(4.3), BepLUMHON KOTOPO ABNSETCA HAHOKOHYC (2.9).

[MpumeyaHune—YrmepogHble HaHopora o6bIYHO 06pa3yloTCsi B BUAE arperaTos.

4.11 yrnepogHasa HaHoneHTta: HanoneHnTa (2.10), cocTosAwas ns yrnepoga.

MpuMmeyaHune—YrmepoaHbie HAHONEHTHI YalLle BCEro COCTOAT U3 HECKONbKMX CNoeB rpadeHa
(2.11). Ecniv neHTa cocTouT U3 04 HOTO Crosi rpadeHa, TO NPUMEHSIIOT TEPMUH «rpactheHoBasi NIeHTay.

multiwall car-
bon nano-
tube;
MWCNT

double-wall
carbon nano-
tube;
DWCNT

cup-stacked
carbon nano-
tube

carbon
nanopeapod

carbon nano-
horn

carbon nano-
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AanaBI/ITHbII;I yKasaTellb TePMUHOB Ha PYCCKOM A3blKe

BeKTOp xupanbHoctn OYHT
rpacpeH

rpacpwmT

MYHT

OYHT

meTannodynnepeH

MYHT

HaHOBOJIOKHO
HaAHOBOJOKHO rpacputoBoe
HaHOBOJIOKHO YrnepoaHoe
HaHoAMana3oH

HaHOKOHYC

HaHoOmneHTa

HaHOMNEeHTa yrrnepoaHas
HaHonyKoBMLaA
HaHONyKOBMLA yrrepoaHas
HAaHOOOBLEKT
HaHomnnacTvHa

HaHOPOT YrnepoAHbIN
HaHOCTEepPXeHb
HAHOCTPYYOK yrnepoaHbIn
HaHOTPyO6Ka

HaHOTpPyO6Ka yrnepogHas

HaHOTPyGKa yrnepoaHas rupnsaHgHas
HaHOTPyGKa yrnepoaHas ABYCTeHHast
HaHOTpPy6Ka yrnepoaHasi MHOroCTeHHas
HaHOTPy6Ka yrnepoaHasi OQHOCTEHHas

HaHo4acTnua

OYHT

npoun3BogHble pynnepeH
YHB

YHT

cdynnepeH
c¢hynnepeH aHAo3ApanbHbIN
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carbon nanofibre
carbon nanohorn
carbon nano-onion
carbon nanopeapod
carbon nanoribbon
carbon nanotube

chiral vector of SWCNT
CNF

CNT

cup-stacked carbon nanotube

double-wall carbon nanotube
DWCNT

endohedral fullerene
fullerene

fullerene derivatives
graphene

graphite

graphitic nanofibre
metallofullerene

multiwall carbon nanotube
MWCNT

nanocone

nanofibre

nano-object

nano-onion

nanoparticle

nanoplate

nanoribbon

nanorod

nanoscale

nanotube

single-wall carbon nanotube
SWCNT

AndaBUTHbIN yYKa3aTenb 3KBUBaNeHTOB TEPMUHOB
Ha aHrMMUACKOM fi3blKe
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MpunoxeHne A
(cnpaBo4Hoe)

YrnepogHble MaTepuanbl B HaHoguanasoHe

A1 O6Lwue nonoxeHns

CyliecTBye T MHOIO BUAOB YIIepoaHbIX MaTepuaros, M3roTOBMSIEMbIX U LUMPOKO MPUMEHSIEMbIX B IPOMbILLIIEHHOCTM
B TEUEHUE MHOTUX NeT. TaK KaK B MocneaHee BpeMsi MosiBUIIach BO3MOXHOCTb U3MEPSTh 0GLEKTbI, pasmepbl KOTOPbIX HAXO-
OATCS B HAHOQMANa3oHe, Tenepb HEKOTOPbIE YINEPOAHbIE MaTepuarbl MOXHO OTHECTU K 0611acTi HaHOTEXHOOoruiA. Tep-
MMHbI, OTHOCS LLMECS K 0BbIMHBIM YINepoaHbIM MaTepuranam, criefyet paccmaTpuBaTh Kak yCTOSIBLUMECS M HE NoAnexaluye
nepecMoTpy B HACTOSLLLEM CTaHaapTe.

A.2 AnmasHble HAHOYACTULbI

AnMasHble HaHOYaCTMLbI (4acTo HadblBaeMble kHaHOaNMa3amm») OTHOCAT K YITepoAHbIM MaTepuanam n n3rotToe-
NSOT pasnUYHbIMKM METO4aMU, HAaNPUMEpP 4EeTOHALNOHHBIM CUHTE30M, XMMUYECKUM OCaXAeHMEM 13 razoBon hassl, husm-
YECKMM OCaXeHUeM W3 rasoBol (hasbl. AnMasHble HaHo4YacTUUbl pa3Hoo6pa3sHbl MO BHEWHEMY Bugy, pasmepam,
CBOWCTBaM U MpUMEHeHU0. HekoTopble anmMasHble HaHO4YacTULLbI, HaNnpUMep AnamaHzoubl, BCTpPeYalnTCa B npupoae, nx
MOXHO OBHapyXUTb B MECTOPOXAEHUSIX YINeBoA0poA0B. TepMUHEI U onpeaeneHunsi, OTHOCSILLMECS K aNMa3HbIM HaHo4ac-
TMuam, NpUBEAEHbI B HOPMATMBHOM AOKyMeHTe [3].

A.3 YrnepogHble nneHKn

YrnepoaHble NeHKU NPYMEHSIIOT B NTaKOKPACOYHOW NPOMbILLNEHHOCTY ANS NpuAAHUs matepuanam onpeaeneHHbIX
CBOWCTB. YrnepogHble NNeHKU nonyyaT MeTogamm AyroBoro KatogHoro 1 MarHeTpoOHHOTo pacnesinexHnin. B nutepartype
MCMONb3Y0T pasnnyHble TePMUHbI ANS1 yrnepoaHbIX MOKPLITUIA HA OCHOBE, HanpyMep, anmasonogobHoro yrnepoga (AllY),
CTeKnoyrnepoga u Tetpasgpuyeckoro amopgHoro yrnepoga. YrnepogHole NneHkn oTrnmyaloTca COOTHOWEHNEM BMAOB
rmbpuamnaaunu sp2, sp® n cogepxannem B HUX Bogopoaa. Hanpumep, anmasonogo6Hbiii yrnepoa UcnonbayioT Ans CHUXe-
HUA abpa3nBHOro M3HOCA, CTEKNOYINepoa NPUMEHSIIOT Tam, rae Heo6xoAUMbI YCTOWUYMBOCTD K BbICOKMM TemnepaTypam,
XUMUYECKOWN KOPPO3UW, ra3o- Uy BOAOHENPOHMLLAEMOCTb. HekoTopble TEPMUHBI U onpeAeneHns, OTHOCAWMECH K yrie-
poaHbIM NNEHKaM, NPMBeAEHbI B HOPMATUBHOM AOKyMeHTe [3].

A.4 TexHudveckum yrnepogp (caxa)

TexHu4eckuii yrnepog, (caxa) sIBnsAeTcs KONMouaHbIM YrnepoaHbIM MaTepUManom NPOMBbILLIEHHOTO NPOU3BOACTBA,
umetwum Bua cdep unu ux arperatos pasmepamu meHee 1000 um (cm. [7]). Pasmepbl nepBUYHON YacTULbl HAXOAATCS B
npegenax ot 5 Ao 50 HM. TexHuyeckuin yrnepoa Hanbonee 4acTo NPUMEHSIOT B KAYeCTBE YCUITMBAIOLLETO KOMIMOHEHTA B
NPOV3BOACTBE PE3VHOBbLIX LWWWH, MUTMEHTa A8 YePHUI, KPaCOK M TOHEPOB. TeXHUYECKWUIN YImepoa U3roToBnsAioT METO4aMM
TEPMUYECKOr0O pasnoXeHusl, BKIoYasi 48 TOHAUWMOHHOE, NN MEeTOAaMU HEMOMHOro CropaHusl YrneBoAOPOAHbLIX COeANHE-
HUIA. TEXHWYECKUI YrNepod MeeT onpeaeneHHylo Mopdonormie ¢ MUHUMarnbHbIM COAEPKaHNEM CMON UNW APYIUX BKNIO-
YEeHWI, 1 ero criegyeT OTNUYaTh NO COAEPKAHUIO CMOI, 30/1bl U MPUMECEN OT KOMOTU (TAKKe HA3LIBAEMOW «KCaXen»),
o6pasylolueiicsi cry4arnHo.
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