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Mpepucnosune

Lienu, ocHOBHble NPUHLUMNBLI U 06LWKMe Npasuna NposefeHns paboT N0 MeXrocyaapCcTBEHHON cTaHaap-
Tnsauuu yctaHossieHbl FTOCT 1.0 «MexrocygapcTBeHHas cuctema craHgaptmsaunm. OCHOBHbIE NMOJIOXEHUA»
n FOCT 1.2 «MexrocyfapcTBeHHas cuctema crtaHgaptusaunn. CtaHgapTbl MexrocygapCcTBeHHble, npasuna
N pekomeHAauum no MexrocyfapcTBeHHON cTaHAapTusauumn. MNMpasuna pa3paboTkm, NPUHATUA, O6HOBNEHNS
N OTMEHBbI»

CeefleHus o cTaHgapTe

1 NMOATOTOBJ/IEH ABTOHOMHOIT HEKOMMEpYeCKoli opraHusaunein B 06/1aCTM TEXHUUYECKOrO perynmpo-
BaHMA n akkpeautauum «BHUMHMAL» (AHO «BHUNHMALL»)

2 BHECEH MexrocyfapCTBEeHHbIM TEXHWYECKMUM KOMUTETOM Mo cTtaHdapTusaunm MTK 441 «HaHoTex-
HOnormmn»

3 MPUHAT MexrocyaapCcTBEHHbLIM COBETOM MO CcTaHgapTu3auuum, MeTponorum u ceptudukayum
(npoTokon o1 30 okTA6pPA 2020 1. Ne 134-M)

3a NpuHATHE NporosocoBanu:

Kpaxoe HaumeHoBaHuWe CTpaHbl Koga cTpaHbl CokpallieHHOe HauMeHoBaHue
no MK(MCO 3166) 004 - 97 no MK (MCO 3166) 004 - 97 HauMoHaNnbHOro opraHa no ctaHgapTusalum
ApmeHus AM 3A0 «HauvoHanbHbIE OpraH Mo cTaHgapTulaymm m mMe-
Tponornn» Pecny6nukn ApmeHus
Benapychb BY FoccTtanpgapTt Pecny6nukn benapychb
Poccus RU PocctanpgapT
TapxukmcrtaH TJ TagxukctaHgapt

4 Mpukasom PefepanbHOro areHTCTBa N0 TEXHUYECKOMY perynpoBaHuio n meTponorum ot 23 gekabps
2020 . 1370-cT MexrocyaapcTBeHHbli ctaHgapT FTOCT 34684—2020 BBefeH B AelicTBME B KayecTBe Ha-
uMoHanbHoro ctaHgaprta Poccuiickoii ®epgepaumm ¢ 1 ceHTa6pa 2021 .

5 HacToswwuii ctTaHaapT NOArOTOB/IEH HA OCHOBE NpuMeHeHus MOCT P 58356—2019'

6 BBEJEH BIMEPBbIE

* [pukasom ®PefepasibHOrO areHTCTBa Mo TEXHUYECKOMY perynvpoBaHvio 1 meTposnorum ot 23 gekabps 2020 r.
Ne 1370-ct FOCT P 58356—2019 oTMeHeH ¢ 1 ceHTA6pa 2021 .
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NHdopmauyna o BBeAeHun B felicTBue (Npekpaw,eHun AeiicTBUA) HacTosALW ero ctTaHjapTa u usme-
HEHWU K HEMY HA TEPPUTOPUMN YKa3aHHbIX Bbllle rocyapcTsB Ny6/MKyeTCca B ykasaTensiX HaunoHas bHbIX
cTaHfapToB, M3faBaeMbiX B 3TUX rocygapcTeax, a Takxe BCceTun MHTepHeT Ha caliTax COOTBeTCTBY-
IOLWNX HaLMOHaIbHbIX OPraHoB Mo cTaHJapTu3auuu.

B cnyyaB nepecmoTpa, U3MEHEHUss UM OTMEHbI HACTOSALW ero cTaHgapra COOTBETCTBYIO LW, asf UH-
dopmauyva 6ygeT onybamkoBaHa Ha ouLmanbHOM NHTepHeT-caliTe MexrocygapcTBeHHOro coseTa no
cTaHgapTM3auuu, MeTposioruu n ceptud nkaynm B katanore «MexrocygapcTeeHHble cTaHgapThbl»

©CTtaHaapTuHdopM, ohopmaeHue. 2021

B Poccwuiickoli ®egepaunn HacToAawmnin ctaHgapT He MOXeT 6biTb NOMHOCTLIO WUAN
4YacTUYHO BOCMPOM3BEAEH, TUPAXMWPOBAH U pacnpocTpaHeH B KayecTBe ouULMaNbHOTO

usgaHna 6e3 paspewenus defepanbHOro areHTCTBa No TeXHUYECKOMY PerynpoBaHuio
1 MeTposiorumn



Monpaska k FTOCT 34684— 2020 HaHomaTepuasnbl. HaHOTPY6GKM yrnopoAHble OAHOCTOHHbIE. TexHuue-
ckue Tpeb6oBaHMA 1 MeTOAbl UCNbITAHUN

8 kakom mecTe HaneuataHo [ONXHO BblTb

Mpeaucnosue. Tabnuua cornaco- — Y36eKucTaH uz YacTaHaapt
BaHUsA

(MYC Nv4 2021 1)
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M E X IO CY O APCTUBEHH b @ C T A HAOAPT

HaHomaTtepuansl
HAHOTPYBKW YINMEPOAHBIE OAHOCTEHHbLIE

TexHuuyeckmne TpeboBaHUA U MeTOAbl ncnblTaHui

Nanomaterials.
Single-wall carbon nanotubes.
Technical requirements and test methods

Jata BBefeHns — 2021—09—01

1 0O6nactb NpUMeEHeHUS

HacTtoAwwmii ctaHaapT pacnpocTpaHAaeTcs Ha maTepuansl (4anee — HaHomaTtepuansl), cogepxalime
OfHOCTEHHble yrnepoaHble HAHOTPY6KM (anee — OYHT). nonyyeHHble XUMUUYECKUM OCaXAeHneM 13 ra3oBoli
hasbl, 3/1EKTPOAYTOBbLIM UM NA3EPHLIM UCNAPEHUEM, U yCTaHABNMBAET TEXHUUYECKME TpeboBaHUst U MeToAbl
NCNbITAHWUIA.

HaHomaTtepuanbl OYHT “cnonb3yT ANs U3roTOBNEHUS MoOAUMDUKATOPOB, NPUMEHAEMbIX Npu MpPoun3-
BOACTBE MOJIMMEPHbIX KOMMO3MLMOHHbBIX U N1aKOKPACOYHbIX MaTepuasoB, KaToAoB W 3/IEKTPOA0B, MeTann-
yrnepoaHbIX MaTepmanos, Katanu3aTopos u ap.

2 HopmaTnBHbIE CCbIIKK

B HacToflleM cTaHgapTe UCNOJIb30BaHbl HOPMATUBHBLIE CCbIIKM Ha cnefylouine MexrocygapcTBeHHble
cTaHfapThl:

FOCT 1770 (MCO 1042—83. NCO 4788—80) lNocyna mepHas nabopatopHas cTeknaHHasa. LlunnHgpsl,
MEH3YpKMK, KON6bl, Npobupkn. ObL e TeXHNYEecKne ycnoBus

FOCT 3022 Boaopofa TeXHUYECKNin. TexHnyeckme ycnosus

FOCT 6709 Boga aguctunnnuposaHHas. TexHM4eckne ycnosus

FOCT 9147 Mocypna v obopynoBaHne nabopaTopHble chapdopoBble. TexHnYeckme ycnosus

FOCT 9284 Ctekna npegmeTHble AN MUKponpenapaTtoB. TexHnyeckue ycnosus

FOCT 9293 (MCO 2435—73) A30T ra3oobpasHblii ¥ XUaKnii. TexHU4Yeckne ycnosus

FOCT 10157 AproH ra3oobpasHblii U XNAKWIA. TeXHUYeckne ycnosus

FOCT 14192 MapkupoBka rpysos

FOCT 19126 WHCTpyMeHTbl MeAuLUHCKMnEe meTannmyeckne. Obume TexHuyeckme ycnosmsa

FOCT 20298 CM0nbl MOHOOOMEHHbIE. KaTMOHUTBLI. TeXHUYeckne ycnosmsa

FOCT 21241 MuHueTbl MegnumnHckne. O6LWKne TexHmueckne TpeboBaHNs 1 MeToabl UCMbITAHWUN

FOCT 25336 lMocypga n obopynoBaHue nabopaTopHbie CTeKAAHHbIE. TWMbl, OCHOBHblE MapamMeTpbl U
pasmepsl

FOCT 26319 I'py3bl onacHble. YnakoBka

FOCT 29027 Bnaromepbl TBepfblX U CbiNyynx sowecTs. Ob6wune TexHnyeckne tpebosaHns n meToabl
ncnblTaHWUi

FOCT 31340—2013 MpeaynpeanTenbHas MapkMpoBka XMmuuyeckoi npogykumnm. O6wme TpeboBaHus

FOCT OIML R 76-1 FocygapcTBeHHasi cuctemMa obecneyeHuns eguHCcTBa N3MepeHunin. Becbl HeaBToMaTu-
yeckoro gencrTema. MeTponornyeckne n TexHuueckne TpeboBaHusa. McnoitaHma

MN3aaHue ouymnansHoe
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FOCT ISO/TS 80004-3 HaHoTexHonorun. Yactb 3. HaHOO6BbEKTbI yrnepoaHble. TepMUHbl U onpeje-
neHusa

FOCT ISO/TS 80004-6 HaHoTexHonormn. Yactb 6. XapakTepucTukn HAaHOO6BEKTOB U MeToAbl UX onpe-
neneHus. TepMuHbl 1 onpegeneHns

FOCT ISO/TS 80004-8 HaHoTexHonormu. Yactb 8. lMpoueccbl HAHOTEXHOMNOTMYECKOro NPoOM3BOACTBA.
TepMuHbI 1 onpeaeneHuns

MpumeuvaHne — lMpy NOML30BAHUN HACTOALMM CTAHAAPTOM Lie/Iecoo6pasHo NpoBEPUTL AEWCTBUE CCbINoY-
HbIX CTaHAAPTOB W KNacCUUKATOPOB HA O(IMLMAIbHOM UHTEpPHET-CailiTe MeXrocy4apcTBeHHOr0 CoBeTa no cTaHaapTyu-
3auMM. METPOsIOTUM 1 cepTUdMKaLmn (Www.easc.by) UM No ykasaTensiM HaumoHa/bHbIX CTaH4ApTOB, U3A4aBaeMbiM B
rocylapcTeax, ykasaHHbIX B MPEAVCIOBUN, UM HA ODULMANbHBIX CaliTax COOTBETCTBYIOLWMX HALMOHA/IbHBIX OPraHoB no
cTaHaapTuaumn. Ecnm Ha AoKyMeHT laHa HeaTypoBaHHas CCbifka, TO CNefyeT UCMo/b30BaTh AOKYMEHT, AeCTBY oL
Ha TEeKyLLWi i MOMEHT, C YUYETOM BCEX BHECEHHbIX B HEr0 W3MEHeHWA. ECnn 3aMeHeH CCbINIOYHbI JOKYMEHT, Ha KOTOpbIN
[laHa [aTMpoBaHHas CCblNka, TO CeAyeT MCMO/b30BaTh yKasaHHY0 BEPCUI0 3TOro AOKyMeHTa. Ecnn nocie npuHaTus
HaCTOSILLEro CTaH4apTa B CCbIIOYHbIM JOKYMEHT, HA KOTOPbI faHa A4aTMpoBaHHas CCbi/ika, BHECEHO M3MeHeHue, 3aTpa-
rmBaroLLiee NosoXeHne, Ha KOTOPoe AaHa CCbl/ka, TO 3TO NOJIOKEHME NPUMeHsieTcs 6e3 yueTa aHHOro U3MeHeHus. Ecin
CCbI/IOYHbIN JOKYMEHT OTMEHeH 6e3 3aMeHbl, TO MOJIOXEHUE, B KOTOPOM AaHa CChISIKA Ha HEro, NPUMEHSIETCS B 4acTu, He
3aTparmBaloLLeii 3Ty CCbi/Ky.

3 TepMmuHbl U onpepeneHus

B HacTosAwem cTaHAapTe npumeHeHbl TepmuHbl Mo FTOCT ISO/TS 80004-3. TOCT ISO/TS 80004-6,
FOCT 15045 80004-8. a Takxe cnefytolime TePMUHbLI C COOTBETCTBYOLW UMM ONpeaeneHnaMu:

3.1 apgcop6at: AgcopbrvpoBaHHOe BelLecTBO, HaxoAsleeca Ha NOBEPXHOCTU uan B o6beme nop aj-
copbeHTa.

3.2 agcop6eHT: TBEPAOE TENO UAWN XUAKOCTb, N3bUpaTenbHO nornouiallme n3 okpyxawuiei cpegpbl
rasbl, napbl WA pacTBOPeHHbIe BelecTsa.

3.3 agcop6TmB: BelwecTBo, o6nagatlee CBOWCTBOM afcopbupoBaTbCs, HO elle He afgcopbupoBaH-
Hoe.

3.4 me3onopucTblit MaTtepuan: NMopucTblii maTepuan, CTpPyKTypa KOTOPOro xapaktepusyeTca Hanuuu-
eM nosiocteli Unn kaHanoB gnameTpom oT 2 A0 50 HM.

3.5 MukponopucTelii MaTepuan: NMopucTelii Matepuan, CTPyKTypa KOTOPOro xapakTepusyetcsi Hanunum-
eM nofiocTeli UNN KaHaNoB AMaMeTpPOM MeHee 2 HM.

4 TexHnyeckne TpeboBaHus

4.1 HaHomaTepuansl OYHT fo/kHbl COOTBETCTBOBATH Tpeb6OBaHMAM HaAcTOsLWero ctaHgapra, HopMma-
TUBHBIX N TEXHUYECKUX [OKYMEHTOB Ha HaHoMaTepuanbl OYHT KOHKPETHbIX Mapok.

4.2 HaHomaTepuansl M3roTaBnMBalT B BUAE rpaHyn M/MnnM nopollka YepHoro useTta, cojepxalmnx oT-
nenbHble OYHT n ux nyyku. B maHomatepuane OYHT He gonyckaetcs BUANMbIX MOCTOPOHHUX BK/THOUYEHWIA.

4.3 Mo hU3nKo-XxMMn4YeCckum nokasatensam HaHomatepuanbl OYHT go/mkHbl cooTBeTCTBOBaTbL TpeboBa-
HUAM 1 HOpMaM, yKkasaHHbIM B Tabnuue 1.

Ta6bnuua 1

HavimeHoBaHve nokazaresnst Hopma
1 MaccoBas fons yrnepoga. %. He MeHee, BK/oYas: 85.00
- maccosyto gono OYHT. %. He MeHee 80.00
- MaccoBYI0 [0S0 APYrUX YIIEPOAHbIX Npumeceid, %. He 6oneB 5.00
2 MaccoBasi 40N HeopraHnyecknx npumveceii. %. He 6onee 15.00
3 CpegHuii HapyxHbIil gnameTp OYHT. HM. He 6onee 3
4 YpenbHasa noBepxXHOCTb. M2/T, He MeHee 300.00
5 BnaxHocTb, %. He 6onee 5

NMpumeyaHne — 3HayeHUA Mo nokasarensam 1, 2 ykasaHbl B NepecyeTe Ha Cyxoe BeLLecTBO
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4.4 3Ha4YeHUs HacbINHOM NNOTHOCTU yKa3blBalOT B HOPMATUBHOM AOKYMEHTe Ha HaHoMatepuan OYHT
KOHKPETHOW MapKu.

4.5 [lononHUTenbHble TpeboBaHMA U nokasaTenu, He NpefyCMOTPEHHble HacTOALWMM CcTaH4apToM,
[OMKHbI ObITb yKa3aHbl B HOPMATUBHOM AOKYMeEHTe Ha HaHomaTepuan OYHT KOHKPEeTHOl Mapku.

4.6 Mpun nsrotoBneHnn HaHomatepuanos OYHT ucnonb3yloT yrnepogocojepxatliee cbipbe U B 3aBUCU-
MOCTK OT cnoco6a M3rotoBneHnss — sogopos no FOCT 3022. NHEPTHBI ra3 u MeTanocogepxawuii katanu-
3aTOp — B COOTBETCTBMU C HOPMATUBHbLIM JOKYMEHTOM Ha HaHomaTepuan OYHT KOHKpPeTHON Mapku.

4.7 YnakoBKa 1 TpaHcnopTHas Tapa 40/DKHbl COOTBETCTBOBaThL TpeboBaHuam FOCT 26319. jna ynakos-
K HaHomaTepuana OYHT npuMeHAT NoTPebuTeNnbCKY0 U TPaHCNOPTHYIO Tapy, KoTopble ob6ecneynsarT CO-
XPaHHOCTb NpoAyKuun, 6e30NacHOCTb AN XWU3HW 1 340POBbS HAaCeNeHNUs, 3alunTy OKpyxXatrlLiein NnpupoaHoii
cpefbl.

Bug. TMn. BMeCTUMOCTb Tapbl JO/KHbI ObiTb yKa3aHbl B HOPMaTWBHOM [OKYMEHTE Ha HaHomaTtepuan
OYHT KOHKpeTHOl Mapku.

4.8 TpaHcnopTHas MapknpoBka — B COOTBETCTBUM ¢ TpeboBaHussmn FTOCT 14192 c HaHeceHueM MaHu-
NyAsSILMOHHLIX 3HAKOB «Bbepeyb OT Bnaru», «Bepx», npegynpeanTenbHoin Mapkuposku no FOCT 31340—2013
(NyHKTBI 5.14— 5.20), curHanbHoe c/ioBo «OCTOPOXHO».

Ha kaxAayl ynakoBOYHYH efuHULY AO0MXHA OblTb HakneeHa 3TUKeTKa, cogepxaliasa cnegywouime cee-
feHuns:

HaMMeHOBaHMe NPOAYKLUN N MapKy;
HavMeHOBaHWe v afpec opraHn3aLnn-n3roToBUTENS;
0603HayYeHNe HaCTosALWero cTaHjapTa;
HOMep napTuu;
[aTy U3roTOB/EHUS;
maccy HeTTo, T;
- cocTaB nNpoaykuuu;
Knacc onacHocTV Npu NPUMEHEHWU:
CPOK XpaHeHus;
YCIOBUS XpaHeHusl, TPaHCNOPTUPOBaHUS.
WNHpopmauuto Ha 3TUKETKY HAHOCAT TUMorpadckum uam UHbIM cnocobom, obecneumBalWMM YeTkoe
NPOYTEHMO Ha MPOTSHKEHUUN BCETO CPOKA XpaHeHus. TeKCT MapkupoBKM AOSIKEH ObiTb HA PYCCKOM si3bIKE.

5 MeToAabl UcnbiTaHUin

5.1 O6uwue TpeboBaHus

5.1.1 OT60p ¥ NOArOTOBKY NPO6 BLINOMHAT B COOTBETCTBMU C HOPMATUBHLIMU AOKYMEHTAMWU NN Tex-
HO/Mornyeckoi fokyMmeHTtaumeit Ha HaHomaTtepuan OYHT KOHKPETHON Mapku unu ctaHgapToM/MeTOANKON Ha
KOHKPEeTHbIi METOA NCAbITAHMUSA.

5.1.2 cnbiTaHnAa NpoBOAAT B nomeleHnn npu Temnepartype 15 °C — 35 °C. 0THOCUTENbHOW BAAXHO-
CcTn Bo3ayxa He 6onee 40 % 1 HOpMasibHOM aTtMoC(epHOM faBneHunn.

5.1.3 OT60p ” NOAFOTOBKY NPO6 BLINO/IHAIT B BbITSAXHOM LiKady WM nepyaTtoyHoMm 6G0OKce, Npu 3TOM
crnefyeT pykoBOACTBOBaTbCA TpeboBaHMAMN 6€30NacHOCTU, U3/TOXKEHHLIMU B HOPMATUBHBIX NN TEXHUYECKNX
[OoKymMeHTax Ha HaHomaTepuan OYHT KOHKpeTHOW mapku. MNomelleHus, B KOTOPbIX NPOBOAAT UCMbITAHUSA,
[OMKHbI 6bITb 060pyA0BaHbl 06LLE MPUTOYHON N MECTHOW BbITSXHO BeHTUNAUMed. O6opyaoBaHne n KOM-
MYHWKaLMN [O/MKHbI ObITb repMmeTu3MpoBaHbl. epcoHan Ao/mkeH 6biTb o6ecneveH cpeacTBaMu UHAMBUAY-
anbHON 3aWunThbl.

5.1.4 CpeacTBa M3MepeHuii 4o/MKHbI 6bITb NOBEPEHDBI, @ UCMbITaTeNlbHOe 060pyAOBaHNe aTTeCcTOBaHO B
YyCTaHOBJ/IEHHOM MOPSAAKE.

5.1.5 Mpu ncnonb3oBaHnn B Ka4eCTBE PEaKTUBOB ONAacCHbIX (€KUX, TOKCUYHbIX) BELeCcTB crefyeT pyko-
BOACTBOBATLCA Tpe6OBaHUSAMMN 6€30MacCHOCTU, U3/TOXEHHBIMU B HOPMATUBHBIX JOKYMEHTaxX U TeXHUYecKoi
[OKYMeHTaLnn Ha 3TN peakTUBbI.

5.2 KOHTpoNnb BHeWwHero suga v useta

BHewHwuii BuA 1 uBeT HaHomatepuana OYHT KOHTpONupyT BU3yasibHO 6€3 NPUMEHEHUSI YBENNUYUTEb-
HbIX NPUGOPOB NpK HEBHOM OTPaXEHHOM CBETE CPAaBHEHMEM C 06pa3LoM, YTBEPXAEHHbLIM B YCTAHOB/IEHHOM
nopsake.
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5.3 OnpepeneHne MaccoBOli 4ONN yrnepoaa v HeEOpPraHMyYeckux npumecei

MaccoBylo A0M0 yrnepoga W HeopraHuyeckux npumeceil onpefensatoT MeToAoM onpefeneHnsa 30/Mb-
HOCTW.

[lonyckaeTca NpUMeEHATb Apyrme MeToAbl, o6ecneymBatolime 40CTOBEPHOCTb pe3ybTaToB U 3afaHHYio
TOYHOCTb U3MepeHNii, Hanpumep meTog TepmorpasumeTpun (TI) (cm. (1]), macc-cnekTpomMeTpun C UHAYKTUB-
HO-CBSI3aHHOW NNa3moii (cm. [2]) nanm macc-cnekTpoMeTpPUn BTOPUYUHBIX MOHOB MO HOPMATUBHLIM AOKYMEHTaM
rocyfapcTs, NPUHABLUMX HACTOALWMIA cTaHAapT*.

5.3.1 MeTop onpegeneHns 301bHOCTKN

5.3.1.1 CywHocTb MeToga

CylwHOCTb MeToAa 3ak/oyaeTcs B okucneHun npobsl HaHomaTepuana OYHT Ha B0o3gyxe B TUrne npu
Temnepatype 950 X . oxnaxAeHUn B aKCUKaTope, B3BELINBAHUN 1 BbIYNCNIEHUN MACCOBOW [0NMN HeopraHuye-
CKMX npumeceii.

Mepen npoBeAeHMeM UCMbITAHWUA ONpPeAensAT BAaXHOCTb Npobbl no 5.7.

5.3.1.2 O6opypoBaHune

[na npoBefeHnsa UCNbITaHUA NMPUMEHSIOT:

- Becbl nabopaTopHble, knacca ToyHocTn | no TOCT OIML R 76-1 ¢ guana3oHoMm u3mepeHus ot 0.001
no50r

- TUrenb HU3KKiA 3 nnm 4 no rOCT 9147:

- anekTponeyb NabopaTtopHyl kKamepHyto, obecneumBawllyto Temnepatypy 900 "C — 950 X ;

- WwKa anekTpuUecknii CylwnnbHbIN, OTPEryMpoBaHHblii Ha Temnepatypy (105 +2) X ;

- akcmkaTop no NOCT 25336, 3an0/IHEHHbIVi TBEPAbIM OCYLUUTENEM.

[onyckaeTca ncnonb3oBaHne Apyroro 060pyA0BaHNA C aHaNOMMYHbIMWU TEXHUYECKUMU U MeTpoornye-
CKMMU XapakTepucTukamm.

5.3.1.3 MNMpoBeaeHne ncnoitaHnsa

Turenb NpomMbIBalOT 6€3 NPUMEHEHNS MOKLWKUX CPeACcTB U BbiCyliMBalT B neun npu 140 X B TeueHue
24 4. 3aTem nomeLLalT B aKCMKaTop, oxnaxgarTt o 20 X — 26 X v B3BewwuBaloT, pe3ynbTaTt B3BelwBaHuA
3anucbiBalOT C TOYHOCTbIO 40 YeTBEPTOro AeCATUYHOrO 3Haka. B Turens nomewatoT npoby maccoin 0.4— 0.6 1
1 B3BELINBAIOT C TOYHOCTbIO A0 YETBEPTOro AECATUYHOIO 3HaKa.

Turenb ¢ ucneiTyemoi Npo6oli noMeLwanT B NeYb, ycTaHasNnsaoT Temnepatypy 950 X , cKOpPOCTb Ha-
rpesa 7—8 X/MuH 1 pacxof so3gyxa 200 gma/y. Bpems Bbifepxkn npobbl npu Temnepartype 950 X cocTtas-
naet 180 MuH.

Mocne ocTbiBaHunA neun o 150 X Turenb ¢ 307101 oxnaxgalT B akcukatope Ao 20 X — 26 X u B3Be-
WMBAT C TOYHOCTbLIO 0 YETBEPTOro AECATUYHOIO 3HakKa.

5.3.1.4 O6paboTka pe3ynbtaToB

MaccoByto 40110 HeopraHuyeckux npumecei X. %. BbIYNCAAT No opmyne

T2—T0

X=T,—T|_|

100. 0)
roe ro0— macca Turns, T,

ro, — Macca TUrIsa ¢ Npo6oii o OKUCNEHMS, T.

ro2 — macca TUris ¢ npo6oi nocne OKUCNEHUs, T.

HeopraHuuyeckne NpMMecu B OCHOBHOM COCTOSIT M3 YaCTUL, METANI0COAEePXalLnX KaTann3aTopos rpyn-
nbl Xenesa (ganee — MeTan/MyeckMe YacTulbl), UCNOb3YEMbIX MPU U3FOTOBMIEHNN HaHoMaTepuana OYHT u
06pasyoLmx OKCMAbl B npouecce UcnbiTaHus. MNMpu 06paboTke pesynbTaToB UCMbITAHUS CleayeT yunTbiBaThb
yBe/NMYEeHNEe MacCbl HEOPraHWYeckKoro BellecTBa Npy o6pas3oBaHUKU OKCUAOB. [M03TOMY Npu pacyeTe Macco-
BOI 4O/ HEOPraHWYecKUx NpuMeceli BHOCAT COOTBETCTBYHOLL YO MNOMNPaBKy, 3HAYEHUE KOTOPOI AO/MKHO 6bIThb
YCTaHOB/IEHO B HOPMATMBHOM A0KYMeHTe Ha HaHomaTepnan OYHT KOHKPETHO Mapku.

3a pesynbTaT UCMbITAHUS NPUHMMAIOT CpefHee apuMeTUyeckoe 3HaueHue pesynbTaToB Tpex napasn-
NenbHbIX ONpefeneHnii, pacxoXaeHne Mexay KoTopbeiMu He 6onee 20 % cpefHero 3HayeHusi. PesynbTar uc-
NbITAHMS 3aNUCbIBAKOT C TOYHOCTLIO 40 BTOPOro A4EeCATUYHOTO 3HakKa.

* B Poccuiickoii ®epepauun gelicteyet ®P.1.27.2009.07630 «MeToauka U3mMepeHuii. YrnepoaHble HaHOTPYGKU.
3mMepeHus KOHLEHTpaLmn NpUMECHbIX 31EMEHTOB METa/II0B METOAOM BTOPUYHO-MOHHOW Macc-CnekTpoMeTpum».
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Mpegfensbl fonyckaemMoil OTHOCUTEIbHOM NOTPELHOCTH pe3yNbTaToB U3MEPEHUA [OMKHbI 6bITh HE 6onee
+10 % npu goBepuTenbHOW BepoaTHOoCTH P = 0.95.
Maccosyto gonw yrnepoga Xc, %. BblYMCAAT No hopmyne

Xc=100-X K. @)

rae K — koppekTtupyowmii KoauLumMeHT, 3Ha4YeHne KOToOporo f4O/MKHO 6biTb yCTAHOBNEHO B HOPMATUBHOM
LOKYMEHTE Ha HaHomaTtepuan OYHT KOHKpeTHO Mapku.

5.4 OnpepgeneHune maccoBoli gonu OYHT n Hannuua gpyrux yrnepogHbix npumecei

5.4.1 HaHomatepunan OYHT moxeT cofepxaTb HECKONbKO anfioTponHbiX dopMm yrnepoaa, Bkawouvas
OYHT. yrnepofiHble 060/104KM MeTaNIMYeCcKknx yactuy un gp. Hanvume B npobe HeCcKoNbKux popm yrnepoga
MOXeT 6bITb onpegeneHo metogom TI no uncny nukos Ha TI-kpusoit (cm. [1]). Mpu aTom cnepyeT yunTbiBaTh,
4YTO HEBO3MOXHO OMNpeAennuTb Hannume n Kon4ecTBo Kako-HUbyab KOHKpeTHOW hopMbl yrnepoga no onpe-
[EeNeHHOMY nuky Ha TI-KpUBOIA.

5.4.2 Hanunune OYHT u gpyrux yrnepofHbix npumeceii (yrnepogHole 060104k MeTan/Inyecknux 4acTuly
1 Apyrve annotponHble dopMbl yrnepoga) onpefensaioT MeTo40M npocBeynBaloLLeil 31eKTPOHHON MUKPOCKO-
nun (metog NM3M) (cm. [3]).

[lonyckaeTca NpuMeHATb Apyrue mMeToAbl, o6ecneynBatoLLme 4OCTOBEPHOCTb pe3ynbTaToB U 3aAaHHylo
TOYHOCTb M3MEPEHW, HanpuMmep MeTofbl PacTPOBOW 3/EKTPOHHOW MWUKPOCKONMUW U 3HEProAMCNEePCUOHHON
PEHTTeHOBCKOW cnekTpockonuu (cMm. [4]).

5.4.3 CywHOCTb MeToda

CyuwHoCTb MeToAa 3aknyaeTca B BU3yanbHOM onpegeneHnn Hanmuua B HaHomaTtepuane OYHT, yrne-
pPOAHBbIX 060/104EK METANNIMYECKNX YacTUL, U A4PYTrUX anfioTPONHbIX (hopMm yrnepoga no pesysbTatam aHanusa
NONYyYEeHHbIX N306paXeHNn 1 BblYMCNEHUN MaccoBoi fonu OYHT.

5.4.4 O6bpaboTka pe3ynbTaToB

Mo nosflyyeHHbIM U306paxeHnssM BU3yanbHO onpeAenstoT Hannune OYHT. yrnepogHbix 060104eKk me-
Tannnyeckux 4acTul u Apyrux anioTponHelx opm yrnepoga B HaHoMmaTepuane. B npoTokone perncTpupyoT
Bce O6HapyxeHHble hopMbl yrnepoja.

MaccoByto 40110 YrepofHblXx 060/104eK MeTalInYecknx yactuy, Xcs, %, BblYNCAAT No hopmyne

TC X K

*c3 = /Npa . (3)
rae-12=-— oTHOLWEHWE MacChl YrepoaHbIX 060/104eK T C K Macce MeTannyeckmx vactuy mFe, Boluncnsie-
Fe  moe no chopmyne
Tc _I16nA \2rr\2 8n3A3\ pc /41
Tro 'd d2 P | Prc

rape d — gnameTp MeTanIMyeckoil YacTuubl, HV;
N — 4YNCNO YrepoAHbiXx 060/104eK MeTanInyeckon YyacTuubl;
[l — paccTosiHne mexay yrnepoaHbiMn 060/104KaMy MeTanmyeckoi yactuubl, pasHoe 0,34 Hwm;
pc — NAOTHOCTb yrnepoga, r/cm3;
pFe — nnoTHOCTb Xenesa, r/’cm3.

[OvnameTpbl 1 4ncno 060n104eK MeTanINnYeCcknx 4acTul, A40MKHbl 6biTb YCTAHOBAEHbI B HOPMATUBHOM [,0-
KyMeHTe Ha HaHoMaTtepuan OYHT KOHKPETHOWN Mapku.
Maccosyto fo110 OYHT XOyHT. %. BbIYMCNAOT No popmyne

X OYHT = 10° - X K - XC8- (5)
MeTannnyeckne yacTuubl guameTpom 10 HM 1 6osiee UMetOT TpW 1 6onee yrnepoaHbIx 060104ekK, Kpyn-
Hble YacTuubl AnameTpom 100 HM ¥ 6onee MMET 3HAUYUTENbHOE YMCO YINEepPoAHbIX 060n04ek. Mpu aTom
£[0Ns yrnepofHbix 060n04ek cocTaBnsetT meHee 10 % maccbl camoii YacTulbl U He BAWSAET Ha yBenuyeHue
o6Llei gonn annoTponHbix hopm yrnepoga.
MaccoByto fonto OYHT, yrnepogHbix 060/104eK METAIIMYECKUX YaCTUL, U APYTUX anfoTPOnHbIX hopm
yrnepoga B NpoLeHTax perucTpupyroT B NpoTokosne.
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Pe3ynbTaTom nMcnbiTaHUsA SBASETCA cpefHee apudmeTnyeckoe 3HayYeHne Tpex onpefenieHnii, pacxox-
AeHne mMexay KoTopbiMu He 6onee 20 % cpegHero 3HayeHus. Pe3ynbTaT UCNbITAHWA 3anUCbiBAOT C TOYHO-
CTbl0 ;O BTOPOrO AECATUYHOTO 3HaKa.

Mpepensl [onyckaemMmoi OTHOCUTENbHOW NOTPEeLHOCTM pe3yibTaToB U3MEPEHU AOKHbI BbITh HE 6onee
+10 % npu foBepuTenbHON BepoaTHocT P = 0.95.

5.5 OnpepeneHue cpefHero HapyxHoro gnametpa OYHT

CpefHuit HapyxHsblli gnametp OYHT onpegensioT MeToA0M abCopOLUMOHHON CNEKTPOCKONUK B ybTpa-
hnoneToBoli, BUANMOWK M BAMXKHEN MHpakpacHoW obnacTax cnektpa (ganee — cnekTpockonua Y®-Bug-
BUK).

[lonyckaeTcs npuMeHATb Apyrne mMeTogbl, o6ecneynsalrolyne JOCTOBEPHOCTb pPe3ynbTaToB U 3afaHHYIo
TOYHOCTb U3MEpPEeHUt, HanpuMep MeToAbl CKaHvpytloLlieli 30HA40BOU MUKPOCKONUN MO HOPMAaTUBHbLIM JOKYMEH-
TaMm rocygapcTs, NPUHABLLNX HACTOSALWMI CTaHAapPT*, pacTPOBO 3/1E€KTPOHHON MWKPOCKONUU MO HOPMAaTWB-
HbIM AOKYMEHTaM rocyapcTs, NPUHABLLINX HACTOAWMIA cTaHapT * v ap.

5.5.1 CywHocTb MeTOOa

CyuHOCTb MeTofa 3aKnio4yaeTcs B USMEPEHUN MHTEHCUBHOCTM NPOLLEALIEro Yepes UCMbITYyeMY Npoby
n3ny4yeHns B yNbTpadunosieToBoli, BUAUMON N GAMXKHER nHbpakpacHo 06nacTax cnekTpa ¢ nocaeayrowmum
BblUMC/IEHNEM 3HAYEHUI onpeaenseMblX nokasatenen.

MeTonom cnektpockonuu Y®-Bug-bVK nsmepsaoT Mex3oHHble ONTUYeCcKMe nepexofbl HaHoMmartepua-
noB OYHT u Ha 0CHOBE NOIyYeHHbIX pe3ybTaToB BbIYUCAAIOT CPeAHNA HapyxXHblii gnameTp OYHT.

HaHomaTtepuan cogepxut OYHT ¢ nonynpoBOAHWKOBbIMWU U MPOBOAHUKOBLIMU cBOlicTBamMu. C uenbto
onpefeneHns cpefHero HapyxHoro guametpa OYHT meTogom cnektpockonun Y®-Bua-bUK ana pernctpupy-
€MbIX MEX30HHbIX ONTUYECKUX NePexofoB (fasiee — NUKOB NOT/I0LWEeHNs) UCNO/b3YT 0603HavYeHne Sn n S22
(ANS NepBOro M BTOPOro MeX30HHbIX nepexofosB OYHT ¢ nonynpoBOAHWKOBbLIMU CBONCTBAMW COOTBETCTBEH-
HO) M Mn (&ns NepBOro Mex3oHHOTO nepexoga OYHT ¢ NpoBOAHWKOBLIMUW CBOWCTBaAMM).

5.5.2 O6opypoBaHMe n matepuansl

[na npoBefeHNsA NCNbITAHUA NMPUMEHSIOT:

- cnekTpothoTomMeTp TOYHOCTbIO +0,02 eguHML, 06ecneyvBaLWnii perncTpaymio CnekTpoB B AuanasoHe
ONVH BOMH OT 190 go 3500 HM.

- KOMNbIOTEP NEepcoHasbHbIli C COOTBETCTBYOLW MM NPOrpaMMHbIM 0o6ecneyeHnemM gna o6paboTku u xpa-
HEeHUA pe3y/ibTaToB UCMbITaHUSA:

- fvcnepraTtop ynbTpa3ByKOBOI;

- Becbl nabopaTopHble, knacca To4yHocTn | no TOCT OIML R 76-1 ¢ gnana3oHom usmMmepeHus ot 0.001
no 50r.

- UMAUHAP MepHbIA no TOCT 1770:

- nuHuet no NOCT 21241 wnn wnatens no F'OCT 19126;

- cTekna npeametHble no NFOCT 9284;

- neyb mydhenbHyto, obecneynBaioLLylo MOCTOSIHHbIE TEMMepaTypy M CKOPOCTb Harpesa:

- BOAy buauctunnupoBaHHyto (Boga guctunnuposaHHas no NF'OCT 6709. neperHaHHass NOBTOPHO Un
nponyuieHHasi Yepes KOJIOHKY C MIOHOOGMEHHOI cmosoii no TOCT 20298);

- MOBEPXHOCTHO-akTUBHbIe BewecTBa (MAB) B COOTBETCTBUMM C HOPMATUBHbLIM JOKYMEHTOM Ha HaHoMa-
Tepnan OYHT KOHKpPEeTHOW MapkKu;

- aproHd no NOCT 10157 unan aszot no N'OCT 9293.

[lonyckaeTca NpUMeHATb annapaTypy C aHaNornYHbIMU TEXHUYECKUMWU U MEeTPONIOrTMYeCcKUMU XxapakTe-
puUcTUKaMu. a Takxe peakTuBbl, MO KaYeCTBY, He XyXe yKadaHHOMY B HacTofLlWeM cTaHfapTe.

5.5.3 MogrotoBka npob

[oTOBAT pacTBOp U3 6GUANCTUANNPOBaHHOW BoAbl U MTAB KoHueHTpauueli 0.2 % MNAB o6bemom 10 cm3.
PacTBop rotoBAT B y/bTpa3BykOBOM gucnepratope B TeyeHne 15—20 MuH A0 NONHOro pactesopexHus MAB.

B 10 mMAa NpurotoBfieHHOro pacTeopa wnartesem Wan nuHueToMm A06aBfsAlT HaBeCKYy HaHomartepuana
OYHT maccoii 0.001—0,002 r. fanee ucnbiTyeMyto npoby o6pabaTbiBaldT yNbTpa3Bykom (B yNbTpa3ByKOBOM

* B Poccuiickoil ®epepaumnn geiicteyet ®P.1.27.2010.07626 «MeToauKka n3mepeHuii. FeomeTpuyeckme pasmepsbl
YINepofHbIX HAaHOTPY6OK. VI3MepeHns guaMeTpoB METOAOM CKaHUPYHOLLEe 30HA0BOI MUKPOCKOMAN.

** B Poccuiickoii ®epepaumu aelicteyet ®P1.31.2010.07627 «MeToauka n3MepeHuii. FeomeTpruyeckme pasmepsbl
yrnepofHbIX HAHOTPYOOK. 3mMepeHnst fuameTpoB METOAOM PacTPOBOW 3M1EKTPOHHON MUKPOCKOMUM».
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aucnepratope npu yactote ynbTpassyka 40 KI'L n MowHOCTK 2 KBTU/AM3) B TeHeHne 7 MUH Npu Temneparype
He Bbiwe 25 “C. lMony4vyeHHy CycneH3nio MeToAOM pachbl/IEHUs HAHOCAT Ha NpegMeTHoe CTek/10. KoHueH-
Tpauusi ucnbiTyemoii Nnpo6bl AoMxHa ob6ecneymBartb HanMune He MeHee OAHOro0 MakCMMyma MorioweHus B
npegenax ot 0.5 go 1,5 egnuuu,.

3aTteM CTeKNo ¢ UCnbITyemMoi Npo6oit nomewaT B MydenbHY0 Nedb U NporpesalwT Npu Temnepartype
300 *C B TeyeHne 15 MUH B MHEPTHOI aTMocdepe (aproHa nau asora).

5.5.4 NpoBepeHne ncnoiTaHma

CnekTpocoTomeTp BkAYalT 3a 30 MUH J0 Havyana WUCNbITaHWA U BbIBOAAT Ha PeXWM M3MepeHuii B
COOTBETCTBMM C UHCTPYKUME NO akcnayaTaunu. B 3aBucMmMocTun oT Mogenu npuéopa gonyckaeTcs npegsapu-
TeJIbHO He nporpesaTb CnekTpooTomMeTp.

CTekno ¢ ucnbiTyeMoil npo6oil nomewialoT ¥ 3akpennsalT B KIOBETHOM OTCeke crnekTtpodoTomeTpa.
CnekTpohoTOMETp yCTaHaBIMBAKT HA CKaHMPOBaHME CO CKOPOCTbIO, COOTBETCTBYIOLEl/ pa3peLleHnio Tpe-
6yeMmMoii ANNHbI BOJHbI W CNEKTPY UCMbITYyeMOW Npo6bl, yCTAHOBIEHHOMY B HOPMATWBHOM AOKyMEHTe Ha Ha-
HomaTepunan OYHT KOHKpeTHOI mapku. ViamepeHusa BbINONHAKT nNpu Temnepartype 25 °C.

B kayecTBe o6pasua cpaBHEHUA UCNONbL3YIOT YNCTOE NpejMeTHOe CTeKNO.

WcnbiTaHna NpoBOAAT Ha Tpex npobax Hanomatepuana OYHT nooyepegHo.

5.5.5 O6bpaboTka pe3ynbTaToB

Pernctpaunio n o6paboTky pe3ynbTaTtoB ucnoliTaHus HaHomaTepuana OYHT ocyuwecTBNAOT B aBTomMa-
TUYECKOM pexume C UCNOMb30BaHWEeM COOTBETCTBYIOLLEr0 NPOrpaMMHOro obecneyeHus.

PernctpupyoT cnekTp ucnbiTyeMol Npobbl 1 ANA nocnefylnx BblHNCAEHNA BbINOMHAIT Nnepepacyet
B 9Hepruto oToHoB (3B). PernctpmpytoT nuky noraowenua Sn, S22 u Mn . Mo rpadunky 3aBUCMMOCTW NOMO-
XEeHW NuKoB noraoweHns ot gnameTtpos OYHT (rpaduky Kataypbl) BbIYUCAAIOT HapyXHblli gnametp OYHT
ONA KaxAoro nuka nornoweHnsa. CpefHuin HapyxHblii gnametp OYHT BblUMCNAT Kak cpegHee apudmeTuye-
CKOe 3HauyeHue npu nukax nornoweHusa S1Vs22un M,,.

Pe3ynbTatom ucnbiTaHUs siBAsieTCA cpegHee apudmeTuyeckoe 3HayeHne Tpex onpeAeneHunit, pacxox-
AeHne Mexay KoTopbiMu He 6onee 20 % cpefHero 3HauyeHus.

Mpepensl fonyckaemolt 0OTHOCUTENbHOI NOrPeLWwHOCTN pe3yibTaToB U3MEpPeHUii f0/KHbI 6biTb He 6onee
+10 % npw foBepuTenbHON BeposiTHocTn P = 0,95.

5.6 OnpepeneHue yaenbHoO NOBEPXHOCTH

YpenobHylo noBepxHOCTb HaHomartepuana OYHT onpepensaT MHOrToToyeyHbiM meTogom bBpyuwayapa,
OmmeTa u Tennepa (ganee — metos B3T) no nsotepmam agcopb6umm rasa (asota Uan aproHa).

[lononHnTenbHble cBeAEHNS O NpUMeHeHUn metoga 63T gna onpegeneHns yaenbHo NOBEPXHOCTU Ha-
HomaTepuana OYHT npusefeHbl B NPUIOXeHUn A.

5.6.1 CywHocTb meToga

CylwHOCTb MeTofa 3aknyaeTcs B onpefeneHnn konuyecTsa rasa-agcopbrTusa. KoTopoe Heo6xoAMMO
ON5 NMOKPbITUA BHELWHEN U BHYTPeHHel nmoBepxHocTel nop HaHomaTepuana OYHT moHoc/noem rasa-afcop-
6ata. KonnuecTtBo rasa-agcop6ata BbIYMCAAKT N0 M30Tepme afcopbumm ¢ npMeHeHnemM ypaBHeHns bB3T.

5.6.2 O6bopynoBaHue n matepuansl

[na npoBefeHns UCMbITAHNA NMPUMEHSIOT:

- aHanusaTop yAenbHOoli NoOBePXHOCTN 1 pa3mepoB nop (ganee — npmbop):

- KOMNbIOTEP NEepPCOHa NbHbIA C COOTBETCTBYIOLMM NPOrpaMmMHbIM obecneyeHnem ans o06paboTkm u xpa-
HEHWA pe3ynbTaToB UCMbITAHWIA:

- Becbl nabopartopHble, knacca ToyHocTn | no FOCT OIML R 76-1 ¢ gnana3oHom namepeHums ot 0.001
pos0r;

- nuHuet no FOCT 21241 wnu wnatens no FOCT 19126;

- cocyd Abtoapa ¢ xuakum azotom no FOCT 9293;

- a30T razoo6pasHblii No FTOCT 9293 unan aproH razoobpasHbiii no FOCT 10157,

- renunii razoo6pasHsblii, B. .

Mpnbop fOMKEH COCTOATH U3 CUCTEMbI NPUrOTOBEHNS Ta30BOI CMecu 3afaHHOro coctasa, 610ka af-
copbepa. ycTpoiicTBa, o6ecneynBalllero HarpesaHme ncnbiTyeMoin Nnpobbl 1 NpoBeAeHUe npouecca nsme-
peHnii 6e3 MexaHW4Yeckux nepemelleHnit CocTaBHbIX YacTeil, aHanusaTopa (faTynka TennonpoBOAHOCTY),
CUCTEMbl aBTOMATMYECKOro perynnpoBaHus TemnepaTtypbl U NPOLO/KUTENbHOCTM HarpeBa npobbl A0 Moy-
YeHna pesynbTaToB U3MeEpPEeHUl € 3afaHHOl TOYHOCTbIO, CUCTEMbl 06paboTKn MHOpMaLnn 4NA BblYNCNEHNA
YAEeNbHOW NOBEPXHOCTU MO MOJIyYEHHbIM pe3ynbTaTtam UCMbITaHUs.
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[lonyckaeTca NpuMeHATb annapatypy C aHa/loTMYHbIMWU TEXHUYECKUMU U METPOIOrNYEeCKUMUN XapakTe-
pucTUKaMu, a Takxe peakTuBbl, MO KaYecTBY, HE XyXe yKadaHHOMY B HacToflWeM cTaHaapTe.

5.6.3 NMoAaroToBKa K UCNbiTaHUIO

MpuroTtoBneHne v fo3npoBaHne paboyeii ra3oBoii CMeCK BbIMOJIHAIOT B aBTOMATUYECKOM pexunme B Npu-
6ope. CocTaB M KOHUeHTpauus paboyeii ra3oBoil cMecu JO0/MKHbI 6biTb YCTAHOB/IEHbI B HOPMATUBHOM AOKY-
MeHTe Ha HaHomaTepuan OYHT KOHKpeTHO Mapku.

5.6.4 NpoBefeHne ncnblTaHus

HaBecky ncnbiTyemoit npobbl maccoli He meHee 0,01 r nomelwarT B Npubop, 3aTemM ero BKAKYAT U
BbIBOASIT HA PEXMM B COOTBETCTBMMU C MHCTPYKLMel No akcnayatauuun. B cnyyae ecnu B npolecce UCNbiTaHWii
YyCTAaHOB/IEHO, YTO 3Ha4YeHne yAenbHOW MOBEPXHOCTU NPOo6bl HE COOTBETCTBYET AMana3oHy M3MepeHuin npu-
MeHseMoro npuéopa, To Maccy npobbl cnegyet U3MeHUTb COOTBETCTBYOLWMUM 06pa3oMm.

Mepep HayanoMm McnbITaHWi BbINOMHAKT Aerasauuio UcnbiTyeMolt Npo6bl, yaanssa c ee MOBEPXHOCTH
afgcopbupoBaHHble KOMMNOHEHTbI MyTeM Aerasaluun, Npu aTOM He gonyckas Heo6paTUMbIX U3MEHEHWNI NoBepX-
HOCTU. MakcumMmanbHO 4oNyCcTUMYI TemnepaTtypy A4NA npobbl onpegenstoT metogom TI (cMm. [1]) mnm npoBogaT
0AHYy Aerasauuto npu Temnepatype (300 ¢ 10) °C n BpeMeHamu Bbigepxek 30 MuH. 1.2,3 4y u T. 4. 4O Tex nop,
noka u3MepeHHble 3Ha4YeHUs yesbHOW NOBEPXHOCTU He CTaHyT MOCTOSAHHbIMU. [lerasauunto npobbl MUKPOMO-
puctoro HaHoMmatepuana OYHT BbINOMHAKT B Bakyyme npu NoCTOSAHHOM OCTATOYHOM fAaBsieHnn meHee 1Ma
B TeyeHne 15— 30 mwuH. Jerasaynto npobbl Me30NOpUCTOro HaHoMartepuana BbIMOMHAKT NyTemM NPoOAYBKM
npo6bl MHEPTHLIM rasom npu Temnepatype 300 °C, Bpems BblAepPXK/ onpeAensioT nNo BPEeMeHU, B TeyeHue
KOTOPOro macca npobbl CTAHOBUTCHA HEW3MEHHON, a N30TePMbl BOCNPON3BOANMbIMU.

Mocne gerasauyuy npoby B3BEWUNBAIOT, pe3ynbTaT PerucTpupyloT B NpoTokose. Mpoby nomewaT B Npu-
60p. ycTaHaBMBaKT 3a4aHHblil cocTaB paboyeli ra3oBoil cmMecu 1 NPOBOAAT UCMbITAHKE.

TemnepaTypy agcop6TnBa NOCTOSHHO KOHTPONUPYIOT B NpoLuecce ucnbiTaHuA. [laBneHne HacblWweHns
afcop6TuBa npu TemnepaTtype nsMepeHusa onpeaensaioT u3MepeHmemM AaBneHns KoHAeHcauumn agcopbtmsa B
N3MepuTenbHOI AN JONONHUTENBHON AYelike UM n3MepeHnem TemnepaTypbl B TepmocTare.

MN3mepsalT KoNmyecTBo afcopbupoBaHHOro rasa npu 3agaHHoOM AaBfeHun, korga agcopbat n agcopo6-
TUB HaAXOLATCHA B paBHOBECWW, M NoNy4vawT U3oTepmy afcopbumm — 3aBUCUMOCTb KO/iMYecTBa rasa-afcop-
6ara OT OTHOCWUTENbHOrO faBneHus. 3otepmy agcopbunm noayyarT OAHUM WUAN HECKONbKAMKU MeTofaMu:
06beMHbIM (BOMIIOMETPUYECKUM), TPABUMETPUYECKUM, KANOPUMETPUYECKUM, CMEKTPOCKONUYECKUM, Tenn0BOWA
necopbumneii (Metop rasa-HocuTens).

McnbiTaHnsa NpoBOAAT Ha Tpex npo6ax noovyepeaHo.

5.6.5 O6paboTka pe3ynbTaToB

O6paboTKy pe3y/nbTaToB OCYL,ECTBAAIOT B aBTOMATUYECKOM pexume € UCNONb30BAHNEM COOTBETCTBY-
lolWero NporpaMMHOro o6ecneyeHnss AN BbINOHAT CAMOCTOATE/IbHO NO MOJYYEHHbIM 3HAYEeHUSAM C Npume-
HeHnem ypaBHeHust B3T (cm. A.3).

B npoTokone ucnbiTaHnii perucTpupyoT cpefHue apugmeTuyeckre 3HaueHuns yaenbHoi NoOBEpPXHOCTH,
noJsly4yeHHble B pe3ynbTaTe Tpex napasafiefibHbiX onpeaeneHuii.

5.7 OnpepgeneHne BNaxHoCTH

5.7.1 CywHoOCTb MeTofa 3aknoyaeTcsd B MPSAMOM M3MEPEHUN BNaXHOCTWM Npob6bl NyTem onpefenieHns
noTepu Macchbl Npu BbICYLUNBAHWN.

[na onpepeneHna notepu maccbl NPy BbICYLWIMBAHMM M3MEpPAOT Maccy npobbl 4O M nocne npouecca
CYWKN. PasHuuy Mexay aTUMu 3Ha4YeHUAMU UCNONb3YIOT ANSA onpefefieHns BAaXHOCTU B NPOLeHTax.

5.7.2 O6opypoBaHMe n matepuansl

[na npoBeAeHNsA NCNbITAHUA NMPUMEHSIOT:

- aHanmsaTtop BAaxHocTn no FOCT 29027 ¢ npegenom abCOMOTHOM NOTPeLHOCTN B3BELWWBAHUS He
6onee 0.005 r, ¢ LeHO HaMMmeHbLlUEro paspsga B eguHuuax BnaxHoctn 0.01 % u TOYHOCTbIO NoALepXaHus
Temnepatypbl B Anana3oHe +5 °C oT 3af,aHHOro 3Ha4YeHus:

- nuHueTt no NOCT 21241,

- KNCTb MIOCKYI0 C HATypasibHOW WeTUHON 20 MMm;

- Yallky M3 antoMUHNEBON hONbru.

5.7.3 NMpoBegeHne ncnboiTaHns

YcTaHaBnmBalT 3HavyeHue Temnepartypbl cywkn 130 *C 1 pexum CylwKkn A0 NOCTOSAHHOW mMacchl. YcTa-
HaBNMBaKT BbIBOA Ha 3N1€KTPOHHOe Tabno aHanusatopa pesynbTata U3MEPEeHUs BaXHOCTU B NPOLEHTHOM
OTHOWEHNW. Yallky 13 afloMUHWEBON honbrv pasmellalnT Ha AepxXaTesie Yawu, 06HYyNAIT Maccy Yawku v
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nomeLLalT B Hee POBHbIM C/I0eM MPOGY mMaccoil He meHee 1 1. MNocne ctabunnsaynn nokasaHuii Mmaccbl npo-
6bl Ha 31eKTPOHHOM Tab/10 3aKpbIBAKT KPbILIKY aHanu3aTopa BAaxHocTW. MpoBOAAT NU3MEPEHNs B TeyeHue
15 MuH. AHanu3aTop MOXeT aBTOMaTMYeCckn 3aBeplwnTb NPOLLeCcC CyLKW, ecnun npoba npuobpetaeT NOCTOAH-
HYl Maccy, To ecTb, HECMOTPS Ha HarpeBaHue, NoTeps Macchbl NPo6bl 601ee He NPOUCXOANT.

5.7.4 O6paboTka pe3ynbTaTtoB

O6paboTKy pe3ynbLTaToB OCYLLECTBAAIT B aBTOMaTUYECKOM pexnme C Bbijaveli Ha Tabno aHanusaropa
B/TAXHOCTMW pesy/nbTaTta Nu3mMepeHus.

MonyueHHble pesynbTaTbl C TOYHOCTbIO 0,01 % 1 ykaszaHMeM BpeMeH CYLLIKU PerncTpupytoT B NpoToKoe.

5.8 OnpeaeneHne HacbiMHOW NAOTHOCTKU

5.8.1 CywHOCTb MeToda

CyuwHOoCTb MeToAa 3aknivyaeTcs B B3BellMBaHMW onpejeneHHoro o6bema HaHomaTtepuana OYHT u
pacuyeTa HacbIMHOM NJOTHOCTMW.

5.8.2 O6opypoBaHue

[Ans npoBefeHna ncnbiTaHUA NPUMEHSAIOT:

- UMNuHAp MepHblli 3-100 no FOCT 1770:

- wnatenb no F'OCT 19126;

- Becbl nabopartopHble, knacca TodyHocTu | no FOCT OIML R 76-1 ¢ gnanasoHoM usamepexHus ot 0,001
no50r

5.8.3 NpoBegeHne ncnblTaHns

HaHomaTepnan OYHT HacbinaloT MO LEHTPY MEPHOro LuaMHapa BbICOTON He 60nee 50 MM OT ero Bepx-
Hero kpasi 4o o6pas3oBaHua Haj LUINHAPOM KOHyca. BbipaBHMBAIOT NOBEPXHOCTbL HAHOMATepuana ¢ BEPXHUM
Kpaem uunvHapa. Ana 3Toro O4HWM ABVMXKEHMEM LnaTens, Aepxa ero ropusoHTanbHo, cpe3atT N36bITOK Ha-
HomaTepuana OYHT nepneHANKYNAPHO K Kpaw uuanHapa. LnnuHgp B3selwnBaloT v onpeaensatoT Maccy Ha-
HomaTepuana OYHT c ToyHocTbio fo 1.0 1.

5.8.4 O6paboTka pe3ynbLTaToB

HacbINHY NAOTHOCTL p. I/CM3, BBIYNCAAKT No hopmyne

roe T — macca HaHomatepuana OYHT, r;
V — BMECTUMOCTb MEPHOro unnnHgpa, cm3.

3a pesynbTaTt UCMbITAHUSA MPUHUMAIKT cpefHee apudMeTUUeckoe 3HauyeHue pesynbTaToB Tpex napan-
NnenbHbIX onpegeneHnii, NoMyYeHHbIX OL4HUM UCMNONHUTENIEM, PACXOXAEHUE MeXAY KOTOpbIMU He 6onee 20 %.

PesynbTar ucnbiTaHa 3anncbiBalOT C TOYHOCTLIO [0 BTOPOTO AeCATUYHOIO 3HakKa.

Mpepensl fonyckaemMoil OTHOCUTE/IbHOM NOrPeLHOCTN pe3ynbTaTtoB U3MEPEeHU f0/KHbI 6bITh HE 6oee
+10 % npu goBepuTenbHoii BepoaTHocT P = 0.95.
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MpunoxexHne A
(cnpaBoyHoOE)

JononHnTenbHble CBeAEeHNA O NpuUMeHeHun metoga 63T
ONs onpefeneHns yaoenbHON NOBEPXHOCTUM HaHOMaTepuana OYHT

A.1 Bbi6op rasa-agcop6Tmea

B kauecTBe rasa-aacop6TmBa fonyckaeTcsa NpUMeEHSTb N06ON ras, KOTOpbIi 061a4aeT CBOCTBOM copbupoBaTbCs
Ha NMOBEPXHOCTW TBEPAOro Tena, B3auMoAelcTBYS C HAM TO/bKO cnabbiMu CBsi3AMU (cunammn BaH-gep-Baansca), n gecop-
61poBaTbCA NPV YMEHbLLEHWN AaBIeHns Npu TOV Xe Temnepartype.

Han6onee yacto B kayecTBe rasa-afcopbTuBa UCMob3yT a30T C TeMnepaTtypoii Kunenust 77,35 K uam aproH c
Temnepartypoii kunewus 87,27 K. AproH SiBNSieTCA XOpOLMM afcop6TMBOM MNpu ONpeaeneHnn yaensHol NOBepXHOCTW
(oco6eHHO rpadMTUPOBAHHOTO YriepoAa W rMAPOKCUIMPOBAHHON OKCUAHOW MOBEPXHOCTM), Tak Kak aproH XvMUYecku
VHEPTHbI 04HOATOMHbIN ra3 ¢ MOsieKy1amu C CUMMETPUYHON 31EKTPOHHOM 060/104KON, B OT/IMUME OT a3oTa. A30T 1 aproH
o6nafatoT CXoXel NoNspU3yemMocTbio.

A.2 flerasayuuma MMKpornopucToro HaHomatepuana OYHT

[ONs MUKPOMOPUCTBLIX KMHOMaTepuanoB OYHT pekoMeHyeTcs BbINOMHSATbL Aerasauuio npobbl CTyneHYaTbiM Ha-
TPEBOM B Bakyyme C KOHTponieM AasneHnsi. CHauaa BbINOMHAIOT OTKauky BO34yxa 0 3HauYeHus AaeneHust meHee 1 MMa,
3aTeM HauvHaoT Harpes NpPobbl. Mpy Temnepatype Boiwe 100 MC NpoUCXOANT MHTEHCUBHAs eCOPOLIUA KOMNOHEHTOB C
noBepxHOCTU Npo6bl. Mocne Toro, kak faBneHue npesbicuT 10 Ma, Harpes NPO6GbI NPEKPALLAOT U BbIAEPKMBAIOT U30TEPMY
[l0 TEX NOp, MOKa aB/ieHne CHOBA He YNafeT A0 3HauYeHns 1Ma v Huxe. 3aTem Harpes NPoGbl BO30OGHOBASIOT C MOCTOSIH-
HbIM KOHTPOJIEM 3HAYEHIH AaBNeHUs [0 OCTWKEHUS 3aaHHbIX 3HAYeHWii TeMnepaTypbl Aerazalmm.

MpumeuaHne — MpumeHeHne Takoro cnocoba gerasauum NcnbITyeMoii Npo6bl NO3BONSET N3bexaTb CTPYKTYp-
HbIX M3MEHEHW B MUKPONOPUCTBLIX MaTepuanax, KoTopble MOryT 6biTb BbI3BaHbI 6YPHOI fecopbLeli 1 60/1bLLIMM NOTOKOM
napa 13 MVKpOMop, a Takke NpeAoTBpaTUTb YHOC TOHKOAWCMEPCHOro HaHomatepuana OYHT 13 30Hbl U3MepeHus, Bbl-
3BaHHbIli 6YpPHbLIM BblAeNEHNEM rasa.

A.3 O6paboTka pe3ynbTatos (cm. (5))

PesynbTaTtom n3mepeHuii sBnsieTcst nsotepma afcopbuum, npefctasnsiollas coboli 3aBUCMMOCTb KOM4ecTBa af-
cop6ata na OT 3HaYeHWn OTHOCUTENLHOTO AaBneHus agcop6Tmea p/p0. KonuuecTBo afgcopbata B MOHOC/0e (fanee —
€MKOCTb MOHOC/1051) NT BbIYUCASAIOT C NPUMEHeHUeM ypasHeHust BT

P-Po 1 ,C-1 p

n,(1-P>Po) ntC nrC PO (A1)

roe C — aHepreTuyeckasi KOHCTaHTa ypaBHeHusi B3T. xapakTepusylowas 3Hepruio B3auMoaeincTansa agcopbara ¢ no-
BEPXHOCTbI0 NPOGLI (fanee — KOHCTaHTa):

na— KONM4ecTBo rasa-agcopbara, Monb/r;

p0O — paBneHve HacbiweHus agcop6Tmea. Ma;
p — fasnenue, Ma;

NT — eMKOCTb MOHOC/1051, MOJIb/T.

CTposT rpacuk B3T. npeacrasnstoLmii coboi YacTb M30TepMbl aacopbuun, B koopanmHatax B3T. B kKOTOpoOM no ocu
opavHaT oTnoxeHbl 3HaveHus (p/p0)/[na(1-p/p0)). a no ocu abeumce 3HadeHus p/p0. Mpadhvk LOMKEH NMETL BUZ, NPAMOIA
NMHWUKM (Y = @ + bx) B NpaBu/bHO BbIOBPAHHOM Ananas3oHe 3HauvyeHWli OTHOCUTENBHOTO AasneHuns (npumepHo ot 0,05 fo
0,3). OgHO 13 ycnoBuii BbIGOpa AnanasoHa 3Ha4YeHWn OTHOCUTENBHOTO faB/IeHNS — NepeceveHne NUHNN € OCbo OpAvHaT
[O/MKHO AaBaTb NOMOXUTENbHYIO OTCeYKy a. [N BblUUCNEHWI cnedyeT BbIOUPaTb HE MeHee YeTblpex TouYek AnanasoHa
B3T. HaknoH b = fly/Ax = (C -1 )1(mr C) 1 oTceuky Ha ocu opgmHaT a = 1/(nT C) paccunTbIBaOT C NMOMOLLBI NIMHERHON
perpeccuu.

3HayeHne eMKOCTM MOHOC/I0A MT , MOJL/T, BbIYUCASIOT NO dhopmysie

1 (A.2)
MNr=a+b

3HaueHne KoHCTaHTbl C BbIMMCAAT MO hopmysie

(A3

10
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YpenbHyto NoBepxHOCTb HaHoMaTepuana OYHT as, M2/r. BbIUMCASAT No hopmyne
«S= (A4)

rae ar — nnaowaab NaowWwankn, 3aHuMaemoli OAHOV Monekynoi agcopbara, HM2 (418 asota npu Temneparype
77.35 K pekomeHayemoe 3HaveHne 0.162 HM2, Ans aproHa npu Temnepatype 87.27 K pekomeHgyemoe 3Hade-
Hue 0.142 HMm2):

Na — uucno Asoragpo, KoiMyecTBo MOJIEKY/T B O4HOM MOJe BellecTsa, paBHoe 6.022-1023 monb"1l

A.4 OcobeHHOCTU NpuMeHeHus metoda b3T Ansa mukponopucTbiX martepuanos (cMm. [6])

Mpn HaAMYMM MMKPONOP B HAHOMATepuasne NHOrAa HEBO3MOXHO pasAenivTb NpoLecchl MOHOCIOWHOR/MHOrOCNON-
HOI afcopouUMM 1 06BEMHOIO 3anosIHEHNS MUKPOMOP. TaK Kak 3arnosIHeHMe MUKPOMOp MOSIHOCTLI NMPOMCXOAUT, Kak npa-
BW/10. Npy 3HaveHusx plp” meHee 0,1. B 3TOM cnyyae AyanasoH fvHeliHocTn rpachuka BT onpefennTb CROXHO, npu
3TOM rpadvk CUIbHO CABUHYT BNeBo. MNpu onpeAeneHun 3HavyeHus NT AN ypasHeHUs BAT f0/MKHbI BbiTb BbIMNOHEHbI
cnefytowme 0CHOBHblE YC/OBUS:

- 3Ha4yeHune KOHCTaHTbl C f0/MKHO 6bITb NOIOXUTENIbHLIM, TO €CTh OTPULATE/IbHasA OTCeYKa Ha ocv opanHaT rpadu-
ka BAT aABnsieTcA NpM3HaKoM TOro, 4YTo AvanasoH B3T BbibpaH HEBEPHO:

- NpUMeHeHue ypaBHeHns BT AOMKHO 6GbITb OrpaHUMYeHo Anana3oHoM Todek, rae 3Hadvenue n(1 -p/p0) Henpe-
PbIBHO pacTeT € yBeMYeHneM 3HaueHuii p/po;

- 3HayeHwue p/p0. COOTBETCTBYIOLLLEE 3HAYEHMIO MT . AO/HKHO HAXOAWUTLCS BHYTPU BblbpaHHOro avanasoHa b3aT.

Mpwn aTOM cnepgyeT yuuTbiBaTb, YTO BbINOSIHEHWE AAHHbIX YC/I0BUI HE SABNSIETCA NOATBEPXAEHUEM NPaBUIbHOCTU
onpegeneHns eMKOCTU MOHOC/IOS, & 3HAYEHNS yAeIbHOV NOBEPXHOCTU MUKPOMOPUCTbIX MaTepuasioB, NOyYeHHbIE METO-
aom B3T. MoryT 6bITb HEAOCTOBEPHBIMU. B 3TOM Cnyyae yaenbHyr0 NOBEPXHOCTL CrieflyeT pacCMaTpuBaTh, Kak YC0BHYHO
yAENbHYH0 NMOBEPXHOCTb, SAB/SIIOLLYIOCS OAHOW 13 XapakTepUCTUK MOPUCTLIX 1 AUCTIEPCHBIX MaTepUasioB.

1n
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Bubnunorpacusa

Nanotechnologies.  Characterization of single-wall carbon  nanotubes using
thermogravimetric analysis (HaHoTexHonorun. OnpegeneHne xapakTepuUcTuK OAHOCTEH-
HbIX YTIEPOAHLIX HAHOTPYGOK C UCMONb30BaHMEM MeToZa TePMOrpaBUMETPUYECKOTO aHa-
nn3a)

Nanotechnologies. Determination of elemental impurities in samples of carbon nanotubes
using inductively coupled plasma mass spectrometry (HaHoTexHonoruu. OnpegeneHve
3/1IEMEHTHbIX NpUMeceil B o6pasuax YrnepoAHbiX HAaHOTPYGOK C MPUMEHEHUMEM Macc-
CNeKTPOMETPUU C MHAYKTUBHO-CBSA3aHHOW Niasmoif)

Nanotechnologies. Characterization of single-wall carbon nanotubes using transmission
electron microscopy (HaHoTexHonorun. OnpefeneHne xapakTepucTuK O4HOCTEHHBIX yrrie-
POAHbIX HAHOTPYBOK C UCNO/b30BaHMEM MEeTOAa NPOCBEUNBALOLLEN 3M1EKTPOHHON MUKPO-
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Nanotechnologies. Charaterization of single-wall carbon nanotubes using scanning
electron microscopy and energy dispersive X-ray spectrometry analysis (HaHoTexHonorum.
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BOW 3/1EKTPOHHOI MMUKPOCKOMWK 1 3HEProAvcnepCMoHHOV PEHTTEHOBCKOI CNeKTpoCKonum)
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