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MNpepgnucnoBne

1 NMOATOTOBJ/IEH ®epepanbHbiM rOCyfapCTBEHHbIM  GHOAXETHbIM  yuypexgeHnem «Poccuinickuia
WHCTUTYT cTaHpapTusaunun» (PrbyY «WMHCTUTYT cTaHgapTu3aumm») Ha OCHOBe COOGCTBEHHOro nepesoja Ha
pYycCKUil AA3blK aHINOA3bIYHON BEpCUM AOKYMEHTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHu4yeckum KOMUTETOM No cTtaHpapTtusaumm TK441 «HaHoTexHonorum»

3 YTBEPXAEH W BBEAEH B AEWCTBWE Mpukasom ®epepanbHOro areHTCTBa NO TEXHUYECKOMY
perynupoBaHuio n metponorum ot 30 okTAa6psAa 2024 r. Ne 1561-cT

4 HacTtoawuii ctTaHgapT ABASeTCA MOANGPULUPOBAHHBIM NO OTHOLWEHUID K MEXAYHAapOAHOMY AOKYMEH-
Ty ISO/TS 21236-2:2021 «HaHoTexHonorun. FAnMHUCTble HaHoMaTepuanbl. YacTb 2. OnucaHue xapakte-
pUCTUK U METOA0B M3MEPEHWA TMAMHUCTbIX HAHOMAACTUH, UCNOMb3YyEMbIX B ra3oHENnpPOHULAeMblIX NAEHKaX»
(ISO/TS 21236-2:2021 «Nanotechnologies — Clay nanomaterials — Part 2: Specification of characteristics
and measurements for clay nanoplates used for gas-barrier film applications», MOD) nyTemMm M3MeHEHUS CCbl-
NOK, WUCKNOYEHUS OTAE IbHbIX MNOMOXEHWNA, KOTopble Ay6NMPYHOTCA MO TEKCTy cTaHgapTta, UCKAK4YeHus wus
6nbnunorpadumn nHopmMmaLum o0 JOKYMEHTAX, CCbIJIKW HA KOTOPble He UCMO/Ib30BaHbl NPU U3/10XEHUN HACTOSA-
uero ctaHgapra, 4ONO/IHEHUA 0603HAUYEHNIA 1 COKpalLeHnli, KOTOpble BblAesieHbl B TEKCTE KYPCUBOM.

BHeceHMe yka3aHHbIX TEXHUYECKMX OTKNOHEHWIA HanpaBieHO Ha y4yeT uesnecoobpas3HOCTM MCNOMb30Ba-
HUA CCbIJTIOYHbIX HALWOHabHbIX CTAH4APTOB BMECTO CCbIJIOYHbIX MEXAYHapoAHbIX CTaH4APTOB.

HanMmeHoBaHue HacTofuero craHgapTa M3MEHEHO OTHOCUTENIbHO HaMMEeHOBaHWA YKa3aHHOro Mexay-
HapoAHOro AOKYMeHTa ANnsa npuBegeHunsa B cootBetcTBue ¢ FOCT P 1.5—2012 (nyHkKT 3.5).

CBefleHna 0 COOTBETCTBUW CCbIJIOYHOTO MEXIoCcyAapCTBEHHOrO cTaHfapTa MexXAyHapogHOMY cTaHgap-
TY, UCNO/Ib30BAHHOMY B Ka4yeCTBE CCbIJIOYHOTO B NPUMEHEHHOM MeEeXAYHapoAHOM [OKYMEeHTe, NpusefeHbl B
npunoxeHunn A

5 BBEJEH BIMEPBbIE

MpaBuna NpMMeEHEHNsI HACTOSILLErO CTaHgapTa YyCTaHOBMEHbl B cTaTbe 26 defepasbHOro 3akoHa
oT 29 uwoHa 2015 r. Ne 162-93 «O cTaHgapTusauum B Poccuiickoin ®epepaumm». MHpopmayms o6
N3MEHEHMSX K HACT OSILLEMY CTaHAap Ty Ny6/IMKyeTCsl B eXXerofHoMm (Mo COCTOsIHUI0 HA 1siHBapst TeKyLero
roga) MHOpMaLUOHHOM yKasaTene «HauuoHasbHble CTaHgapThi», a ouuMasibHblii TEKCT U3MEHeHWUl
M NonpaBokK — B eXeMEeCSAYHOM WHGOPMaLMOHHOM YyKasaTesne «HauuoHanbHble CTaHAapThi». B cnydvae
nepecmoTpa (3amMeHbl) WM OTMEHbl HACTOSALWEro cTaHjapTa CoOTBeTCTBYyLWee yBefoMeHne GyaeT
ony6/IMKOBAHO B 6G/MXailleM BbIMYCKE €XEMECAYHOro WMH(OPMAaLMOHHOIO yKazaTens «HauuoHabHble
cTaHgapTbi». CoOTBeTCTBYylWas WHPOPMaUMs, YBEAOMEHME M TEKCThbl pasmMellalnTcs Takke B
MHCDOPMaLMOHHOW cucTeMe 06LLEro NoMb3oBaHUs — Ha oduumanbHOM caiTe deaepanbHOro areH TCcTBa
Mo TEXHUYECKOMY PETrY/IMPOBAHUIO U METPOOrMN B cETU VMIHTEepHeT (www.rst.gov.ru)

© 1S0O, 2021
© OdopmneHne. drbY «NHCTUTYT cTaHpapTmulaynn», 2024

HacTosiwuii ctaHgapT He MOXeT GbiTb MNOMIHOCTHLIO WM/IM YAacTUUYHO BOCMPOM3BEEH, TUPAXUPOBAH 1 pac-
NpoCTpaHeH B KayecTBe o(puLManbHOIO U3gaHus 6e3 paspeweHua defepanbHOro areHTCTBa No TEXHUYECKO-
My perysimpoBaHutd U MeTposioruu


https://www.mosexp.ru

FOCT P 59388.2—2024

CopnepxaHue
1 OB TACTD MPUMEHEHVIS cueetiiuitiiti ettt ettt sttt et eae et e et e bt eb ek e ea st ee e eh e ekt e o2t e e bt eat e bt e bt e b st ek e b e et e b et nbeea bt emn e ebeenbeenneeaneeaeenbeenne s 1
2 HOPMATUBHBIE COBITTKM ciiiiitiiiieeeeeeeaatiiteeeaeeeaaaaettteeeeaaaeessabbaeeeeaaeesaaateeeeeeeaeeeaaaatteeeeeaeeaeeeasbbbeseeee e e e e s abbteeeeeaeeaaaansbbbeeaaeeaasannses 1
3 TEPMUHDBI N OTTPE I ITEHM S ceeiiiiiiiiiiitete e e e ee e ettt et e e e e e e e ettt e e e s 4 e s et ettt a4 e 44 s bt e ettt e e e e e o s e bbb e et e e e e e e e e e et e e e e e e abbe e e e e eeeeaaannnnnee 2
A OR o] o k- NI NN B TP TP PP PPPPPPPPPPPPPN 2
5 XapakTepucTuku FMUHUCTBIX HAHOMAaTepuManos, cofepXalWmnx HaHONAaCTUHbI, U MeToAbl U3MEPEHNn ... .2
5.1 OOLUME MOTTOMEHMIT  coiiiiiieeittieeeatteeesssteeeaatteee s seeeeasssaeeeeseeeeeasteeeeesaseeeeaateeeesanseeeeanseeeeaanseeeeessbeeeaansbeeesnseeeeasnneesannneeennnes 2
5.2 MUHEPAMBHBIN COCTAB .eiieiitiariaiiistieitieireatesteestestsesietabe e s et eteesseear e e st e e e sheeebeeae e e e eenb e e ebeeas e e eeenb e e nheesteabeenb e e bt eneeneeneeeneeane 3
5.3 XUIMUUECKUIM COCTAB eeutietiiuetateeteanteasteateeteeateaseeaseeate e teeseeaaeesaees et aaeeaaeeabeem et asbeeb e e beea et es b e b e e bt eneeeh e e nbeenbeeseemeenbeenbeenbennnas 4
5.4 EMKOCTbD KATUOHHOTO OO MEHE iiiiiuiiiiitiieiiitiie e ettt e sttt e sttt e sttt e e s sttt e e eabb et e e shte e e e e b b et e e aate e e e e ae e e e s an bt e e e enbbe e e eanbbeesnntaeeeans 4
5.5 PaA3MEPbl HAHOTMITACTUH .ooiiuiiiiiiiiiis ittt sab e e eb e e e e e s b e e e e s s e e e e e s be e e s s e b b e e e s e bb e e s s s ab e e e s eabbae s s b eeesaares 4
5.6 T10TEPU MACCHI MPU TP OKATIMBAH MM eeiiiiiiiiiiieiiiiiiiie et e e et e e e e e bbbt e e e e e e ea bbbttt e e e e e e an b et e e e e e eansbbbeeeeeeeeennnnnnnnes 4
5.7 ApcopbunMoHHAA aKTUBHOCTb MO METUSTEHOBOMY CUHE MY ciiiiciiieeeiiieeeiieeeeanteeessneeeeesnssnsasssssneeanssnsasssssnsssnnneess 5
5.8 ACTEKTHOE COOTHOLLEHUIE oiiiiiiiiiiiie ittt sttt et et e e s bt e s s b b e e e e s b e e e e s s b e e e s s ke e e e s e a b e e e s s b b e e e s bbb e e s e bb e s e s an e e e s saraeeeaaes 5
5.0 T T HKO OO PABOBAHVIE cuiiieiiiiieeitiee ettt e e atteeeastteaesastaeeaaasteeesasteeeaaasbeeessteeeeans s e e e aans e e e e antee e e eanse e e e asbeeeeeanseeaeenbneeeeanbeeeennnees 5
Lo O = 32 o Y o PP P PP PPPRPPRPPPRPN 5
6 TTPOTOKOIT MCTIBITAHMIM cuvieiuiieitie it e sittesieeesieeateeesteeestaessteeeseeeasteeaseeeasteesseeessseeasseeseeessee e s eeenseeeseeanseeeabeeenbeeanbeeanbeeanseeanseeansennn 6

MpunoxeHne A (cnpaBouyHoe) MeTofbl U3MepeHuit, NpuMeHsieMble ANa onpeaeneHnss KOHKPEeTHbIX
XapaKTEPUCTUK MMHUCTbIX HAHOMATEPMANOB, COAEPXALUX HAHONMMACTUHDI ooceeeeeeereieeereee 7

MpunoxeHne B (cnpaBoyHoe) MMpPUMeEHEHWE TNIMHWUCTbLIX HAHOMATEPUAoB, COAEepPXaLlMX HAHONNACTUHDI,
AN NPUAAHNA NIEHKAM Fa306aPbEPHBIX CBOMCTB .oiiiiiiiiiieriiereieerestese sttt e se s e e sbe e esens 10

MpunoxeHne C (cnpaBoyHoe) Lienoykn co3gaHuWsA CTOMMOCTMU FNIMHUCTbIX HAHOMAaTepuanos,
COLEPKALLMX HBHOTIITACTUHDB ..tttiiiieeeeeiaiiitiit et e e e e ettt e e e e e e e b et e e e e e e e s bbbttt e e e s e nab b e et e e e e e e annbbnrreeeeeeeas 14

MpunoxeHne D (cnpaBo4yHOE€) POpPMa MPOTOKONA UCTIBITAHUM uuiriiiiieieeiiiieeseieeeeeiieeessaeeeesstaeeesnssaaesssseeeessseeessssees 15

MpunoxeHne OA (cnpaBoyHoe) CBefeHUss O COOTBETCTBUU CCbIZTOYHOTO MEXrocyLapCTBEHHOro
cTaHfapTa MexXxayHapoAHOMY cTaHAapTy, MCNO/b30BaHHOMY B KAa4YeCTBe CCbIJIOYHOTO
B MPUMEHEHHOM MEXAYHAPOLHOM JOKYME HTE coiiiiiuiieiiieateeateeateessteeabeessbeesabeesabeesnbaesaneeseneenenas 16

[S3ZC T Ao 1 = W 1< RSO PRRSRI 17



FOCT P 59388.2—2024

BBepneHne

B CBA3M C pacnpocTpaHeHUeM MPUMEHEHUS MOMIMMEPHbLIX NIEHOK W XECTKUX MONMMEPHbLIX MaTepuasnos
B 061aCTM YNaKOBKM MULEBbLIX NPOAYKTOB, MEANLUHCKUX U3AENNIA, 3NEKTPOHHbLIX YCTPOWCTB, CTPOUTENIbCTBE,
CeNbCKOM XO03sIicTBE U Tak fAanee rasobapbepHble CBOCTBA TakMX MOMMMEpPHbIX MaTepuanoB npuobpeta-
I0T Bce 6o0fbliee 3HauvyeHue. MMonMMepHbie MaTepuansl o6nafaloT ra3onpoHULAEMOCTbI Pa3HOro YPOBHS,
KOTOpbIA BapbupyeTcs B 3aBUCUMOCTU OT 06/acTu UX NpumeHeHus. MneHkU ¢ rasobapbepHbIMU CBOMCTBA-
MU COCTOAT M3 HECKO/IbKMX C/I0EB WM UMEelT chneunanbHbie NOKPbITUS, HEMPOHMLAeMble AN rasa u Bnaru
(ogHOCNOHbIE MAEHKU, Kak NpaBuio, NpoHuuaemsl Ans 60NbWMWHCTBA ra3oB). leHKU, npeAHasHauyeHHble
AN yNakoBKM NULLLEBLIX NPOAYKTOB, AO/KHbI 06/1aAaTh ra3o6apbepHbIMM CBOCTBAMM M NpeAoTBpalLaTh Npo-
HUKHOBEHWE rasoo6pasHoro Kucnopoaa U napos BAaru. Mpo3payHyo rasoHenpoHULaeMyto NAeHKY, NoMyyYeH-
HYl0 METOAO0M OCaXAeHWs NapoB AMOKCUAA KPEMHUS WU OKCUAA anloMUHUSA HA NONMITUNEHTeped TanaTHyi
NN HEWNOHOBYIO MAEHKY, Kak NpaBuio, NPUMEHAT AN YNAaKOBKW MULLEBbIX NPOAYKTOB, (hapMaleBThYeCcKoii
NPOAYKLUMW, NPOMbILW/IEHHLIX TOBAPOB U Ap. [pn 3TOM AN M3rOTOB/EHUS AMCNNEEeB Ha OpraHW4YecKux CBeTo-
avopax TpebyeTca njeHka ¢ 60/iee BbICOKMUM YPOBHEM Fa30HENPOHWLAEMOCTU MO CPABHEHUI C NJEHKaMW,
MCNONMb3yeMbIMU A1 YNAKOBKMA NULLEBbIX NPOAYKTOB.

MpeanonaraeTcs, YTo NEHKN C BbICOKMM YPOBHEM ra3oHenpoHuuaemMocT 6yayT BocTpe60oBaHbl B pas-
NINYHBIX OTpacnax, Takux Kak 3/1eKTPOHMKa, YNakoBOUYHble MaTepuanbl A5 hapMalLeBTUYECKOW NpoayKuum u
XpaHeHusa Bogopoga. Ans ynydweHus raszo6apbepHbiX CBOWCTB MOSIMMEPHbLIX MaTepuanoB, WCNOMNb3yeMblX
AN yNaKoBKM, NPUMEHSIOT pas3/iniHblie TEXHOM0TMN, HanpuMep B Takne mMatepuansl 406aBNAOT ra30HEeNpPOoHM-
LaeMble HAHOO6bEKTbI C LLENb0 NOMyYEeHUSs HAHOKOMMO3UTOB. OAUH U3 Haubosiee pacnpoCTPaHEHHbIX TUNOB
NONMMEPHbLIX HAHOKOMMNO3MTOB M3rOTaBMMBAOT C NPUMEHEHUEM TIMHUCTLIX HAHOMAaTepuanos, CoAepxXalyux
HaHONMNaCTUHbI, KOTOPblE ynyuywalT rasobapbepHbie CBOICTBA.

MpoBeAeHbl Hay4dHble WCCNEeAO0BaHWUS U NOMyUYeHbl NaTeHTbl Ha pa3/iniHble HAHOKOMMO3UTHbIE Ta3oHe-
npoHMUaemMble MaTepuanbl, NPU U3FOTOB/EHUM KOTOPbIX MCNOMb30BaHbI TNIMHUCTBIE HaHOMaTepuanbl, coaep-
Xalue HaHONIaCTUHbI. ®PEHOMEH BbICOKOrO YPOBHSA ra3oHEenpoHMLaeMoCT MaTepuanoB onucaH B MOAENU
HunbceHa. FMMHUCTbIE HAHOMAaTepuanbl BbiNycKaldT B JOPMe MOPOLIKOB M CYCMeH3nii ¢ pa3Hoo6pa3HbLIMU Xa-
pakTepucTUkamMu, NpUMeHsa ANsS UX W3rOTOBMEHUS pasfiMyHble TEXHOMOTUYEeckme npouecchl. AN Npou3Bos-
CTBA IMMHUCTbIX HAHOMATepuUanoB NPUMEHSIOT pas3/iniHbie MaTepuansl, B TOM YUC/E CMEKTUT, TalbK, Kaonu-
HUT U cNoay, HEKOTOPbIE M3 KOTOPbIX NOAXOASAT A1 NOMYyYEeHUs MaTepuanos C ra3o6apbepHbIMU CBOCTBAMU.
ONs aTux uenein Ham6onee NPeANOUYTUTE IbHLIMU SIBNAOTCS MMUHUCTbIE HAHOMATEpUanbl, cogepxaluue HaHo-
NNacTUHbI, C BbICOKUM acCMneKTHbIM COOTHOLEHUEM 1 COBMECTUMbIe C naacTukamu. MosTomMy M3roTOBUTENSAM
ra3oHenpoHuLaeMblX NAeHOK CeAyeT BblGMpaTh MMUHUCTbIE HAaHOMAaTepuasbl, cofepXaliue HaHONIaCTUHbI,
C TaKMMU XapakTepucTuKaMmu, KOTOpPble UM HEO6GXOAUMbI ANA BbiNyCcKa KauyeCTBEHHOW NPOAYKUUN.

B FOCT P 59388.1 npuBeaeH nepeyeHb XxapaKTepPUCTUK COUCTLIX TNIMHUCTbIX HAHOMAaTepuanosB B hop-
Me nopollKa C ykasaHWeM COOTBETCTBYLMX METOAO0B M3MEPEeHUn ANns Ux onpepeneHus.

B HacTosiuleM cTaHgapTe NpuBeAeHbl NepevyeHb XapakTepuUCcTUK TUHUCTbIX HaHOMaTepuasnos, cofep-
XalWmnx HaHONIACTUHLI, C yKa3aHMeM COOTBETCTBYWOLUMX METOA0B M3MEpPEeHWin ANsa ux onpeneneHus u pe-
KOMeHAAaUMM no NpoBefeHU0 U3MEPEHU i KOHKPETHbIX XapakTepucTUK 3TUX HaHomaTepuanoB. HacTosawwui
cTaH4apT pekoMeHAyeTcs NPUMEHSITb NPy NPOBEAEHUN UCCefoBaHNii, paspaboTkax M NoCTaBKax MUHUCTbIX
HaHoMaTepuanos, cofepXallux HAHONMACTUHbI, NPpeAHa3HAYeHHbIX 415 W3rOTOBMEHUS ra3oHEeNnpPoOHULaeMbiX
naeHoK.
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HALULWOHAINDBHEBINR CTAHAOAPT POCCUWMCKOW PEOLEPALUNMN

HaHoTexHONOrnm
HAHOMATEPUWANbI TMNHWNCTbIE
YacTb 2

HaHoMaTepuanbl, coaepxalime HaHOMNMAaCTUHbI, A1 U3TOTOB/IEHUSI Ta30HENPOHULLAeMbIX MEHOK.
XapakKTepucTUKNn U MeToabl U3MepeHuni

Nanotechnologies. Clay nanomaterials. Part 2. Nanomaterials containing nanoplates for the production of gas-tight films.
Characteristics and measurement methods

[ata BBegeHuna — 2025—03—01

1 O6nactb NpUMeHeHUsI

HacTosiwuii cTaHgapT pacnpocTpaHseTcs Ha [MWHUCTble HaHomaTepuanbl, cofepXxaliMe HaHONIacTu-
Hbl (fanee — HaHOI/IMHbI), BbiNyCcKaemMble B pOpMe MOPOLIKOB U CyCneH3unii, npeaHasHaYeHHble 4158 U3r0TOB-
NEeHNs rasoHenpoHuLLaeMbliX NNeHOK (NNeHOK ¢ ra3o6apbepHbIMKU CBOMCTBAMU), W ycTaHaBNMBaeT NnepeyeHb
XapakTepuUCcTUK C yKasaHWeM COOTBETCTBYHOLUMX METOA0B U3MEPEHUA ANA UX onpeaeneHns.

HacTosiwuii cTaHpapT He ycTaHaBAMBAET 3HAUYEHUS XapaKTepucTuK HaAHOMUH U TpeboBaHus Gesonac-
HOCTW, HEe paccmaTpuBaeT BO3AeNCTBME HAHOMIUH Ha OKPYXaloulylo cpeay U 340pOBbe 4YesloBeKa Npu UX u3-
FTOTOBAIEHUM U NPUMEHEHUMN.

2 HopMaTuBHbIE CCbIIKU

B HacToAuWweM cTaHAapTe UCNOoJ/ib30OBaHbl HOpMaTMBHbLIE CCbIJIKM Ha cnegywumne ctaHgapThbl:

FOCT 16932 (MCO 638— 78) Llennonosa. OnpegernieHme cogepxaHus cyxoro seliecTBsa

FOCT 31974 MaTepuasbl akoKpacoyHble. MeTog onpegenieHnss NPOYHOCT U NOKPbITUA Npu nsrnode
BOKPYT LWINHOPUYECKOTO CTEPXHSA

FOCT ISO/TS 80004-6 HaHoTexHonoruu. Yactb 6. XapakTepuCTUKN HAHOOOBHLEKTOB U MeTOAbl UX onpe-
aeneHunda. TepMuHbl 1 onpepeneHus

FOCT P 8.774 locypapcTBeHHasa cucTemMa obecneyeHns eAMHCTBaA U3MEPEHWiA. [lucnepcHbIii cocTaB
Xunakux cpeg. OnpegeneHne pasMepos 4acTuL, MO AUHAMUYECKOMY paccesHuto ceeTa

FOCT P 8.777 locygapcTBeHHas cucTema obecnevyeHuss eanHCTBa UW3MepeHuid. [ucnepcHsblil
cocTaB aspo3oneil u B3Becein. OnpefeneHre pasMepoB YacTuL, No AudpakLm Na3epHoro nsyyeHus

FOCT P 59388.1 (ISO/TS 21236-1:2019) HaHOTexHOMOrnN. HaHomaTepuansl rNIMHUCTbIE.
YacTb 1 HaHomMaTepuansl rANHACTbIE CNOUCTbIE. XapakTepUcTUKA U MeT oAbl U3MEepPEeHiA

FOCT P MCO 11465 KauecTBO nouysbl. OnpeaeneHme MaccoBoii Ao/M CyXoro BelliecTBa U MaccoBO-
ro OTHOLUEHNA Blarn rpaBumMe T PUYecKUM MeTOo40M

MpumeuyaHue — MNpu NONb30BAHUN HACTOSILLUM CTAHAAPTOM LiesiecoobpasHo NpoBepuTL AECTBUE CCbIIOYHBIX
CTaHZ4apTOB B MH(DOPMALMOHHOW cucTemMe 06LLErD MOJIb30BaHUS — Ha 0huLMaibHOM cailTe defepasibHOro areHTcTea Mo
TEXHUYECKOMY PEerysimpoBaHuto 1 METPOJIOMUM B CETU VIHTEPHET U MO eXEerofHOMY MHGIOPMAaLMOHHOMY yka3aTento «Ha-
LMOHa/NbHble cTaHAapTbl», KOTOPbI/ OMYy6/IMKOBAH MO COCTOSHUIO HA 1 AHBAPS TEKYLLEro rofa, W rno BbiMyckaM exemecsy-
HOTO MH(POPMALMOHHOTO ykasaTesns «HauuoHanbHble CTaH4aPTbi» 3a TEKYLUWIA rof. Eciv 3aMeHeH CCblIoYHbI CTaHAapT,

M3pgaHne opuymnanbHoe
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Ha KOTOpbI faHa HeAaTUPOBaHHAs CCbIfIKA, TO PEKOMEHAYeTCs MCMo/b30BaTh [ECTBYIOLLYI0 BEPCUIO 3TOTO cTaHAapTa
C Y4eTOM BCEX BHECEHHbIX B laHHY0 BEPCUI0 M3MEHEHWI. ECIM 3aMeHeH CCbIfIOYHbIA CTaHAAPT, Ha KOTOPbIA AaHa AaTu-
poBaHHas ccblfika, TO PEKOMEHAYETCA WMCMO/Ib30BaTh BEPCUIO 3TOrO CTaHAApTa C yka3aHHbIM Bbille rOLOM YTBEPXAEHWS
(npuHsTKSA). Ecnv nocne yTBEPXAEHNS HACTOSLWEro CTaHAapTa B CChbIZIOYHbINA CTaHAAPT, Ha KOTOpLIK faHa AaTMpoBaHHas
CCbl/Ika, BHECEHO M3MEHEHWe, 3aTpariBaiolLlee NosIoKeHne, Ha KOTOPOe JaHa CCbl/ika, TO 3TO NOJOXEHNEe pekoMeHayeTcs
NpUMeHsATL 6e3 yueTa faHHOTO M3MeHeHUs. EC/M CCbINoYHbIV CTaHAApT OTMEHeH 6e3 3aMeHbl, TO NOJIoKeHUe, B KOTOPOM
[laHa ccbiflka Ha Hero, pekoMeHayeTCs NPYMEHATb B YacTu, He 3aTparmBaioLLell 3Ty CChIKy.

3 TepMuHbI 1 onpefeneHvs

B HacTosiwem cTtaHgapTe npuMeHeHbl TepMuHbl no FOCT ISO/TS 80004-6, a Takxe cneaywuwme TepMmu-
Hbl C COOTBETCTBYWOLWMUMN ONnpeaeneHnamMu:

3.1 nneHka c razobapbepHbiMK cBoWicTBamun (gas barrier film): MneHka, ymeHbwatrwwasa gngdysunio
rasa.

3.2 HaHonnacTuHa (nanoplate): HaHOOOGbLEKT, NNHENHbIE pa3Mepbl KOTOPOro No O4HOMY WM3MEPEHMUIO
HaxogAaTCcA B HaHoA4Manas3oHe, a pasmMepbl No ABYM APYTMM U3MEPEHUAM 3HAYUTesNlbHO 6osiblue.

[FOCT ISO/TS 80004-2— 2017, cTtatbsa 4.6, TepMuUHONOrMyeckasa craTtbsd N3MeHeHa — WUCKAYeHbl Npu-
MeyaHuna]

3.3 HaHonnacTuHa FMUHUCTOro HaHomaTepuarsna (clay nanoplate): HaHonsiacTuHa u3 rMHUCTOrO Ma-
Tepunana.

3.4

HaHOKOMMO3ULMOHHbI MaTepuas C NONNUMEPHONW mMaTpuuel, apMUpPOBaHHbI FAUHOK; HAHOKOM-
No3nT C NOSIMMEPHOI MaTPULENA, apMUPOBaHHbIA FIMHOW (polymer clay nanocomposite): HaHokomnosu-
LMOHHbIA MaTepuan c NOIMMEPHON MaTpuuei, cogepxawnii HaHOCTPYKTYPUPOBaHHYO a3y rnHbl.

[FTOCT ISO/TS 80004-4—2016, ctatbsa 3.2.1.1]

3.5 nneHkoo6pasoBaHue (film formability): CBoincTBO mMaTepuana K (QOPMUPOBAHUID MNNEHKA U3 CY-
CNeH3nn 6e3 npumMeHeHUs [o06aBOK.

MpumeyaHune — Cwm. [1].

4 CokpalleHunsa

B HacToAwem cTaHfgapTe NPUMEHEHbI CnefyllWmne cokpalleHnsa:

AAC — aTtomHo-abcopbuMOHHAA cnekTpocKkonus,

ACM — aTtoMHO-cu/i0Bass MUKPOCKOMUSA;

APV —aondpakuns peHTreHOBCKOro M3NYyYeHus;

APC — gnHamMunyeckoe paccesHue CBeTa;

NCM-C — cnekTpomMeTpusa C MHAYKTUBHO CBA3AHHON Nna3moil;

M3M — npocBeyunBarllaa 3/1IeKTPOHHAA MUKPOCKOMNUS;

P® — peHTreHoBckasa nyopecueHuus;

P3OM — pacTpoBas 3neKTpPoOHHAA MUKPOCKOMNUS;

POM-34PC — pacTpoBas 3/IeKTPOHHasa MWKPOCKOMNUA U 3HEProAnCnepcuoOHHass pPeHTreHoBCKasa chnek-
Tpockonus;

Tr (TGA) — TepmorpaBumeTpus;

Y®-cnektpopoTomeTpmusa — cnekTtpodoToMeTpusa B yAbTpadnoneToBoin 1 BUAUMONM 061acTaX cnekTpa;

33MA — 371eKTPOHHO-30HAOBbII MUKpOAHanms.

5 XapakTepuUCTUKWN NIMHUCTbIX HAHOMAaTepPMasioB, CoAEPXaLMX HAHOMTACTUHBbI,
N METoAbl N3MepeHWI

5.1 O6uwmne nonoxeHuns

B Ta6nuuax 11 2 npuBeAeHbl OCHOBHbIE U AONO/HUTENbHbIE XapakTepPUCTUKM HAHOT/IMH, NoAnexaliue
onpeAeneHnto, U COOTBETCTBYIOUWIME MeToAbl M3MepeHuii. XapakTepucTuku, nepedncrneHHble B Tabnuuyax 1
u 2, cneayet onpefenaTb yKazaHHbIMW MeToAamu usmepeHwuii. B cpegHux rpadgpax Taénuy 1 u 2 ykasaHa
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tbopma (MOPOLWOK MU cycneH3us) nNpobbl AN NPOBEAEHUS U3MEpPEeHU KOHKPETHbIX XapakTepUCTUK HaHOo-
rAWHbL. ANA npoBeAeHUs M3MepPEeHUin Npobbl B YyKa3aHHON popmMe FOTOBSAT M3 HAHOIIWH, NMPEACTAB/IEHHbIX B
bopme cycneH3uu MU NopoLuka.

B npunoxeHun A npusefeHbl MeTofbl U3MepeHuil, NpuMeHsieMble ANa onpefefieHnss KOHKPETHbIX Xa-
pakTepUCTUK HAHOF/IMH.

Ta6nunua 1— OCHOBHblE XapakTepPUCTMKN HAHOTIMH 1 COOTBETCTBYIOLLME METOALI U3MEpPeHUii

XapakTtepucTtumka dopma npobbl MeTog n3mepeHuii

MuHepanbHblli cocTaB Mopowok MeTogbl Ha ocHoBe APW, 33MA, nonspusaymoH-
Has MUKpOCKoNusi

XuMunyecknii coctas MopoLuok NCI-C, AAC, meToabl Ha ocHose P®, POM-3PC
nnn A3MA

EMKOCTb KaTMOHHOro o6meHa MopoLuok MeTog WonneH6eprepa (cm. [2])

Pasmepbl HaHOMACTWH CycneHsus MeToabl Ha OCHOBe AuchpakumMm nasepHoro usny-

yeHusa nnn APC

MoTepn mMacchbl Npu npokaaneaHnUm MopoLuok B3sewmBaHue wnn meton TI

Tabnuua 2— [ONONHUTENbHbIE XapakTEPUCTUKN HAHOI/IMH U COOTBETCTBYIOLLME METObl 3MEpPEHM

Xapakrepuctuka ®opma npobbl MeTog nsmepeHuii
Ancop6bunoHHaa akTUBHOCTb MO Mopotuok MeToa ubTpoBasnbHOW Bymarn unm Yd-cnekrpo-
MEeTU/IEHOBOMY CUHEMY hoTomeTpus
AcCneKTHOe COOTHOLLEeHne MNMopouiok ACM, N3M nnn POM
MneHkoobpasoBaHne MNopouwok MogrotoBka cycrneHswun, BbiCylLMBaHWe U BU3yasb-

HbI KOHTPO/Tb

BaskocTb CycneHsus MeTopf c npMeHeHneM BUCKO3UMeTpa

B npunoxeHuu B npuBeseHbl peKoMeHAauuu Mo MNPUMEHEeHW HAHOMUH ANA NpuaaHus naeHKam
razob6apbepHbiX CBONCTB, B npunoxeHun C — LENOYKN CO3[4aHUA CTOMMOCTU FIMHUCTLIX HAHOMATEpPMasos,
cofepXxawmux HaHONaCTUHbI.

5.2 MuHepanbHbI cocTaB

HaHOrnunHbI, Kak NnpaBuaio, COCTOAT U3 pas/IMYHbIX MUHepanoB. MPpUPoAHbI CMEKTUT MOXET cofepxaTb
KBapL, cnwgy, noaeBoi wnat v Kanbuut. MnHepasbHblIl COCTaB HAHOT/IUH ONpPeAensAlT Kak OTHOWeEeHe mac-
Cbl MMHepanbHON KOMNO3MLMKU, coaepxawencsa B Nnpobe HaAHOMNMHbI, K Macce BbiCYyWeHHO Npobbl. B npobe
HaHOrNMHBLI ONpefenaT Hannyme KaxAoro KOHKPEeTHOro MuHepana v onpegenalT ero Maccosylw fontw. Pe-
3ynbTatamm U3MEpPEHUn MMHeEpPasibHOIo cocTaBa HaHOI/WHbI ABNAKTCA 3HAYEHUA MACCOBbIX AOseli KOHKpeT-
HbIX MWHEpanoB, BbipaXeHHble B NpOUEeHTax.

Ana onpefeneHns MuHepanbHOro coctaBa HaHOMINH B (POPME NOpPOLIKA B KA4eCTBe OCHOBHOIO MeTofja
NPpUMeHaT MeToq Ha ocHoBe APW (cm. [3]), B KauecTBe AONONHUTENbHLIX MeTO40B — MeTog S3MA unu no-
NApPU3aLNOHHYI MUKPOCKONMID. MeToA NOAAPU3aLUOHHON MUKPOCKONMUM NPUMEHSIOT A1 BbiABAEHNS B Npobe
HaHOTMIMH Ha/INYMA KOHKPETHbIX MWHEepasnoB, HO MM HEBO3MOXHO OnNpeAennTb WX MaccoBykw fontw. lMoato-
MYy AaHHbIA MeToA MCNOMb3YKT B Ka4ecTBe LOMOMHUTENbHOTO ANA NOBbIWEHUA 4OCTOBEPHOCTN pe3ynbTaToB
naeHTudukaumm muHepanos. Ecnm HaHornnHa npegctaBneHa B hopMe CycneH3un, TOo ANS U3MepPeHuin roto-
BAT Npoby B hopmMe nopolka NyTem ee BbicylWuBaHua npu Temnepatype 100 °C. MuHepanbHblIl coCcTaB Ha-
HOTIMH onpefensT MeTogamMmun Ha ocHoBe APW no audpaktorpamMmme [3aBUCUMOCTM UHTEHCUBHOCTEN NUKOB
KOHKPEeTHbIX MWHEepanoB OT yrna nageHunsa (MQu oTpaxeHus) nyyka PpeHTreHOBCKOro usnydyexHunsal. Kak npasuno
M3MepeHns NPoBOAAT C NPUMEHEHMWEM CTaHAapTHbIX 06pa3uoB. [n1a usmepeHnii NPUMeEHAT Npoby HaHOrNwu-
Hbl, HAHECEHHYIO Ha MOAMI0XKY TOHKUM C/I0EM C NJIOCKO/ MOBEPXHOCTbIO M HEMOLABUXHO 3adMKCUPOBAHHYIO
Ha Hel.
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5.3 Xumunuyeckunii cocrtaB

XuMunyecknit coctaB HaHOIMMH ONpeAensioT NyTeM BbISBAEHUSA Ha/IMUMSA U U3MEPEHUS MAcCOBOWN [0MU
XMMUYECKNX 3NEeMEHTOB, cojepXxalwnxca B npobe. NMonyyeHHble pe3ynbTaTbl BblpaXxalT B NpoLeHTax.

XUMUYECKUA cocTaB HaHOrMNWHbI B ()OpMe MOopowkKa W MacCOBYH A0/10 KOHKPETHbIX XUMWUYECKUX
3/1EMEHTOB, COoAepXalwuxcsa B Heli, onpegensawT metogamu MCM-C, AAC, Ha ocHoBe P®, POM-34PC wunun
O3MA. POM-3PC — 3TO AONONHUTENbHbLIA MeToA, NPUMEHSAEMbIN ANA onpefeneHnss XMMMUYeckoro coctaBsa
HaHOrNWH. Ecnn HaHornuHa npegocTaBneHa B QOpMe CycneH3un, To 4N U3MepeHnii roToBAT npoby B popme
nopowka nyTem ee BbiCyWMBaHUa npu Temnepatype 100 °C. Ans namepeHuih metogamu VCM-C n AAC un3
npo6bl HaHOMNWHbI TOTOBAT BOAHYK CYCNeH3W 3ajaHHOl KoHUueHTpauuu. OnA n3mMepeHuih metogamu Ha
ocHOBe P® npuMMeHSAIOT BbiCYyLWEHHbIR TBEPAbIA 06pa3el 3ajaHHbIX pasMepos.

5.4 EMKOCTb KaTMOHHOro obmeHa

EMKOCTb KaTMOHHOro obmeHa onpeaensAlT Kak KONMYECTBO OOMEHHbIX KATUOHOB Ha eAWHMULY Mac-
Cbl Npo6bl HAHOTNWHbI. EMKOCTb KaTMOHHOrO Oo6MeHa HaHOr/MHbI onpefensaT no metoay WonneH6eprepa
(cm. [2]), pesynbTaTbl BblpaxalT B efUHULAX MUNNUIKBMBANEHTA BodopoAa Ha 100 r BbiCYWEHHOW Ha BO3-
ayxe npobbl HaHOrNMHbI (Mr-ake/100 r) nnnM B eguUHMLAX CaHTU-MONb Ha Kr (cmonb+/kr). Metoa WonneH6ep-
repa, kak npaBuao, NPUMEHSAIT 419 onpeAeneHns eMKOCTU KaTMOHHOTo o6meHa nouyB. KoHUeHTpaLuno MOHOB
MOXHO paccyMTaTb Ha OCHOBEe pe3y/bTaToB ONpefesieHUs XUMWYECKOro cocTaBa HaHOTMNWHBI, NOJIYYEHHbIX
meTogamu NCM-C nnn AAC [4].

5.5 Pa3mepbl HaHONMAaCTUH

Kak npaBunio, gna onpefesieHns pacnpefeneHns 4yacTul, no pasMepam B pas/IMuHbIX MaTepuanax npu-
MeHsIoT MeTofbl Ha ocHoee APC (cm. [5]). B [6] npuBeseHa nHpopmauus 06 MCNONb30BAHUM MeTOAOB Ha
ocHoBe [APC pans onpefefieHus cpefHero rmapoAMHaMuyeckoro guameTtpa 4vacTul M gManasoHOB pacnpe-
feneHusa yacTuy no pasmepam. MNPpUMEHMMOCTb MeToAoB Ha ocHoBe APC k HaHomaTepuanam 3aBUCUT OT
HECKONbKMX (hakTOPOB, CBA3AHHbIX KAk C CAaMUM HaHoMaTepuasom, Tak U C UcnbiTaTeNbHbIM 060pPYA0BAHUEM.
Ncnonb3ys meTtodbl Ha ocHoBe APC, MOXHO NOMyYWTb JOCTATOYHO TOUHble pe3ynbTaTbl U3MEPEHUIA pacnpe-
LefneHnsa yacTuy no pasmepam U TpexmepHble M306paxeHus yacTuy (BMecTo ABYXMEPHbIX M306paxeHui,
nonyyaemblx mMetogamum MuKpockonuu). Ans uM3MepeHuidi pa3mMepoB 4YacTul, Takke NPUMEHAT MeToAbl Ha
ocHoBe Audpakuuu nasepHoro usnydenuma (cm. FOCT P 8.777 u [7]). Kak npaBuio, cycneHsnyu copepxar Kak
nepBMYHbIe YacTULbl, Tak M arnomepartbl 4YacTuly, NO3TOMYy NpW NOATOTOBKE Npo6 ANsi M3MepeHuin cnepyet
cneAmnTb 3a TeM, YToObl NPU BbICOKOW KOHLUEHTpauun B Heli He o6pa3oBbiBanchb 60see KpynHble arnomeparbl
HaHonnacTUH. MeTofbl Ha OCHOBe AW pPakLMW Na3epHOro M3nyyeHWss NPUMEHSAIOT TONbKO ANA U3MepeHWui
CTabUNbHbIX CyCNeH3nii ¢ MOHOMOZA/NIbHbIM W OTHOCUTENbHO Y3KOAMUCMEPCHLIM pacnpefenieHnsiMu vacTul,
no pasmepam, a npu aHanu3e pesynbTaToB W3MeEPEHUii cneayeT yuyuTbiBaTb hOpPMYy 4YacTul. HaHOrIuHy, co-
LepXallyl HaHOMNMACTUHbI, NONEepeyYHblii pasmMep KOTOPbLIX YBENIMYEH NO CPABHEHWUID C WX NepBOHaYabHbIM
pasmepoM, Kak NnpaBuno, NPUMEHSAIOT 4151 YNYULEHUS CBOWCTB NAEHKN M3-32 6GO/bLIOTO COOTHOLWEHUS CTOPOH
HaHonnacTuH. [Ins npoBeAeHNs U3MepeHUli peKkoMeHAyeTCcs OCyLW,ecTBNATb NOATOTOBKY Npo6bl B hopme Ccy-
CNEeH3MN NOoAXOAAMM CNOCO60M, Hanpumep nepeMellnBaHUEM C MPUMEHEHUEM Melanku, BCTPAXUBAHUEM
Ny BpalleHnemM.

CpefiHUil pa3mep HaHONMACTUH, COLEPXALLNXCA B HAHOT/INHE, oNpeaensdalnT MeToLamMun Ha OCHOBe And -
pakuuu nasepHoro msnydeuuss unm APC. Pe3ynbTaTbl, NONy4YeHHble 3TUMKU MeToAamu, npencTaBnsaoT coboi
rmapoAnMHaMuyeckme pasmepbl, U UX BblpaxalT B HAHOMeTpax. Mi3amepeHnsa pa3mMepoB HAHONMACTWH, cofep-
XalMXcs B HAHOTNMHE, AONyCcKaeTCcs NPOBOAMTbL MeToAaMu Ha OCHOBe AW pakuuW Na3epHoro M3snyyeHus B
cootBeTcTBuM ¢ FTOCT P 8.777 (Takxe cMm. [7]) n meTogamun Ha ocHoBe APC B cootBetcTBuu ¢ FOCT P 8.774
(Takxe cm. [6]).

Ecnn HaHornuHa npeactasB/sieHa B opMe CycneH3nu, TO MU3MEPEHNSI pa3MepoB HAHONMACTUH NPOBOAAT
HenocpeAcTBeHHO Ha ee npobe. Ecnm HaHornMHa npejactaBneHa B popMe Nopollka, TO OCYLW,EeCTBASIOT NoA-
roToBKy nNpobbl B hopmMe CycneH3nn nyTem ee JUcneprupoBaHus B XUAKOW AMCNepCUOHHOW cpege.

5.6 lMoTepn maccbl Npu NpoKaanBaHuu

MoTepn maccbl NpU NPOKanMBaAHUW HAHOT/IUHbI ONPeAEenAT Kak NOTeEPU MacChbl BbICyLWEHHOW Npob6bl B
npouecce TepMoo6paboTKy Npu TemnepaTtype He Bbiwe 1000 °C. MoTepn mMaccbl Npu NpoOKannBaHUN CBA3aHbI
C pas3fioXeHMeM OpraHuyYecknMx coeguHeHuUn n opraHMyeckoro moaudukaropa, cogepxalwnxca B HAHOI/IUHE,
ncnapeHnem BoAbl U (PA30BbIMU U3IMEHEHUAMMU TNIMHUCTbIX MUHepanoB. Ecnum HaHornnHa npepcTtaBfieHa B

4



FOCT P 59388.2—2024

hopme cycneH3uu, TO NOATOTOBKY Npo6bl B (hopMe NMopolka AN U3MEepPEeHUl ocyLWwecTBAAT NYyTEM BbICYLIN-
BaHWUA CyCMNeH3uu.

MoTepn maccbl nNpu npokKannBaHUM U3MEPAKT B3BewWMnBaHNeM unu metogom TI. PedynbTaTtbl npeacras-
NAT KaK MaccoBYI0 [0/110, BblPaXXEHHYI0 B NMpoUeHTax.

CopepxaHue agcopbupoBaHHOW BOAbl B Npo6e HaHOMNWHLI ONpPeAenslnT Kak MacCOBYK AOJ0 BAaru
(cm. pasgen 6).

5.7 A,qcop6u,|/|0HHa9| aKTUBHOCTb NO MeTU/1eHOBOMY CUHEMY

ALCOPOLUNOHHYIO aKTMBHOCTb HAHOT/IMH MO METU/IEHOBOMY CUHEMY ONMpeaensanT Kak OTHOWEeHUe Mak-
CUManbHOro KonmMyecTBa MeTU/IEHOBOrO CMHEro kpacutens, aAcop6MpoOBaHHOrO BbICYWEHHOW npo6oii, guc-
neprupoBaHHON B BOAE, K Macce BbICYLWIEHHONM Npobbl B (hopmMe nopolwka nepen aucnepruposaHnem. Ecnu
HaHOrMMHa npejcTaBneHa B popme cycneH3umu, TO ANA NpoBefeHUs n3MepeHuii npoby B hopme nopouwka
rOTOBAT M3 CYCNEH3NN NyTeM BbiCyLUNBaHUA.

ALCOPOLUNOHHYIO aKTUBHOCTb MO METW/IEHOBOMY CUMHEMY onpegensawT MeToAoM (UAbTPOBaNbHON 6Yy-
maru unu metoaom Y®-cnektpopotomeTtpun (cMm. [8] n TOCT ISO/TS 80004-6) B 3aBUCMMOCTH OT TpebyeMoii
TOYHOCTW M3MepeHuii. Pe3synbTaTbl U3MEPEHNI BbipaxarT B Muaammonax Ha 100 r.

5.8 AcCneKkTHOe COOTHOLWEHNE

ACneKkTHOe COOTHOLWEeHNe HaHOIMH ONpeaensaAlnT Kak OTHOWEeHWe CpefHero gnamertpa naockux ob6bek-
TOB, cogepxawmnxcsa B npobe, K X cpeagHel ToNwuHe.

OvameTpbl U TONWMHLI 06BHEKTOB, COAEPXALLMXCA B HAHOMIUHE, M3MepstoT MeTogamu ACM (cm. [9] u
[10]), M3M (cm. TOCT P 59388.1 u [1]) u POM (cm. [11]), pesynbTaTbl BbipaxalT B HaHoMeTpax. ANs nony-
yeHns 60slee TOYHbIX pe3ynbTaToOB PeKkoOMeHAyeTCsH MPOBOAMTb U3MepeHuWs Ha obpasuax 3afaHHOl KOHLUEeH-
Tpauum ana Toro, YTobbl Ha M306paXeHUAX OTCYTCTBOBaNM NIOCKME O0OBbEKTbl, HAa/lOXEeHHble APYr Ha Apyra.
MoprotoBky ob6pas3yoB OCyWeCcTBAAKT cnegyrowmnm obpasom. M3 npobbl HAHOTNMHLI B (pOpMe nopollika wunm
CyCMeH3Un roToBAT AOCTATOYHO pa3baB/ieHHY CYyCNeH3Wlo, B KOTOPOW maccoBas A0/ HaHOMNWHbI AO/KHA
cocTaB/iATb, Hanpumep, 5 * 10-5 %. [lanee NOJIYYEHHYIO CYCMEH3NK0 HAHOCAT Ha MJIOCKYI MOAJIOXKY, Npes-
Ha3Ha4YeHHY AN1A U3MEPEHUIA NPUMEHSAEeMbIM MEeTOAOM, W BbicywunBawT. CycneH3n HaAHOCAT B BUAE kanesb
Ha NOAMOXKY NUNeTKol nnn gpyrum obopygosaHnem. CywKy npoBoaAT nNpu TemnepaTtype He Bbiwe 100 °C.

OnpefensaT cpegHuii gnameTp U CpeaHIo0 TOTWMHY NNOCKUX 06BbEKTOB, COAEpXalWnXcs B HAHOT/IMHE.
AcCneKkTHOe COOTHOLWEeHNE HAHOIM/INHbI BbIYNCAAKT AENeEHNEeM CPefHero gnameTpa Ha CpefHIol0 TOMWNHY 06b-
eKToB. Yncno o6beKToB, AMaMeTpbl U TOJLWMUHBI KOTOPbIX 6YAYT M3MeEpPEeHbl, AOoNycKaeTca ycTaHaBauBaTb Mo
cornalweHunto Mexay M3rotoeutesiemM n noTpebutenem.

5.9 NMneHkoob6pa3oBaHue

MneHkoob6bpasoBaHMe — 3TO CNOCOBGHOCTbL K 06pa3oBaHMID KA4eCTBEHHO C(hOpPMUPOBAHHOI NAEHKN 6e3
npumeHeHus ao6asok (cm. [1]). MneHkoo6pa3oBaHWe HAHOMIWH OLEHWBAOT BU3yasibHO W MPOBeLEHUEM WUC-
NbiTaHUSA Ha U3rnb6 MosyyYeHHOU NAeHkM B cooTBeTCTBMM c A.9. PesynbTaTbl ANa peructpayuum B npoTokone
npeAcTaBnSAT B 3@aBUCMMOCTM OT NPUMEHEHHOTO MeToAa.

5.10 BSAAI3KOCTb

BSI3KOCTb XMWAKOFO Tesa — 3TO CBOWCTBO OKasblBaTb COMPOTWMBJ/IEHWE NepeMel eHU0 OAHOW UX YacTu
OTHOCUTENbLHO APYroit. BA3KOCTb HAHOINIMH B (pOpMe CYCMeH3UU N3MepsoT BUCKO3UMETPOM, pe3y/bTaTbl Bbi-
paxatoT B Ma «c. CoaepxaHue cyxoro BewiectBa (HAHOMIUHbLI) B UCMBITYEMOI CYyCNEH3UN yKa3biBAKT Kak Mac-
COBYIO A0/10 M BblpaxatloT B NpoLeHTax. B NpoTokone Takke ykasblBaloT HauMeHOBaHWe CYCNeH3uu u temne-
paTtypy, Npu KOTOpoii NpoBeAeHbl N3MEepPEeHUs.

Ecnu HaHorNuHa npeactaefieHa B (QOpMe CyCneH3un, To NPOBOAUTL MOATOTOBKY NPo6bl AN U3MEpPEHUi
He TpebyeTcsi. ECnu HaHOrnuHa npeactaBsieHa B popmMe NOpoLllKa, TO ANA NPOBEAEHUS U3MepeHuii roToBAT
npo6y B (hopmMe CycneH3um nyTem ee AUCNEepPrupoBaHns B COOTBETCTBYIOWEM pacTBopuTene. CrneayeT yunTbl-
BaTb, YTO BSI3KOCTb HAHOM/UHbI 3aBUCUT OT €€ KOHUEeHTpauuu B cycneHsuu. MoaTomy, ec/im HaHOoruHa npeg-
cTaBneHa B (popMe MopollKa, TO A0/KHA 6blTb yKasaHa KOHUEHTpaLua HaHOMNACTWUH, CofepXalluxcsa B Heil.

JonyckaeTca NPUMEHATb BUCKO3UMETP KOHKPETHOTO Tuna W NPoBOAWUTbL U3MEPEHUS B YC/IOBUSIX, KOTO-
pble cornacoBaHbl Mexay noTpeéuTenem u M3roToBUTENEM.
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6 TNpOTOKOJT UCTIbITAHWUIA

dopma NMpoToKoNa McnbiTaHWii npuBedeHa B NpunoxeHun D. NMPoTOKON MCMbITAHWUA JO/MKEH cofdepXaTb
cnefywuy nHopmaumio:

- NOEHTU(UKALNOHHbIE AaHHble HAHOMNHbI:

- HaMMeHOBaHue NpoayKuun,

- HauMeHoBaHne N3roToBUTENS,

- HOMep napTuu,

- UICXOHOE Cbipbe,

- YCNOBUS XpaHeHUs NMPOoAYKUMM 1M Npo6 A0 WCNbITAHWA;

- HaMMeHoBaHWe XUAKON cpefbl, NPUMEHEHHON ANA W3rOTOB/IEHUSA HAaHOINWHbLI B (hOpMe CycneH3uu
(ans rmagpodnNbHON HAHOTNMNHLI — BOAA, OPraHOMUAbLHOW HAHOMNWHbBI — OpPraHn4yecknii pacTBOPUTESNb);

- cogepxaHue Ccyxoro Bel,ecTBa [OTHOLWEHME Maccbl NPO6bI HAHOIAUHbLI B (QOpPME CYCNEH3Un Wnu
nopowka nocne BbiCylWMBaHWA [0 AOCTMXEHWA MOCTOSAHHOW Maccbl K mMacce npobbl HAHOMNWHbI A0 BbICYy-
wuBaHnA. Ons HaHOrAMHbLI B (hbopMe BOAHOW cycneH3Mm TemnepaTypa cywku coctasnseTr (105 = 2) °C
(cm. TOCT P NCO 11465)], BblpaxeHHOe Kak maccoBas [0/ B NPOLEHTAX;

- MaccoByl A0 Bfarn [HaHOTUHbI B JOpMeE MOpoLWKa M3MepPAT MeToAaMu BbicywuBaHus unaum Tr,
npy aTom TemnepaTtypa Harpesa cocTasnset (105 = 5) °C], BbIpaXeHHYI0 Kak mMaccoBas [0S B NpoueHTax
(cm. [12])-

- Ha3BaHue A06aBOK (NpWM HaAMNMUYMUK), TAKUX KaK NOBEPXHOCTHO-akTUBHOE BELLECTBO W 3aryCTUTENb;

- MOpdosiornYeckne xapakTepucTtukm (Hanpumep, CTPykTypa, hopma HaHONJACTUH W COCTOAHUE UX
arnoMepaumun c NpuNoXeHNeM penpes3eHTaTUBHbIX N306paXeHnii co WKanon yBennmyeHns, NoNy4eHHbIX MeTo-
namun ACM, NM3M uan P3M, npu 3TOM YUC0 N30O6PaXeHUn MOXET ObiTb COr1acoBaHO MeXAy M3roToBuTeNeMm
n noTpe6utenem);

- 3HayeHne pH HaHOrNWHbLI B hOPMe BOAHON CyCcneH3unm (M3MepeHHOe CTeKNSAHHbIM pH-3nekTpoAoMm) C
yKkazaHueM TemnepaTtypbl, NPy KOTOPOI NpoBeAeHbl N3MEPEHUS;

- 0603HayYeHne HacTosALWero crtaHfapTa;

- HAaMMEHOBAaHNA U3MEPEHHbIX XapaKTepuCcTUuK, ykasdaHHbIx B Tabnuuax 1 m 2;

- MeToAbl U3MEPEHUN, NPUMEHSAEeMble ANA onpefeneHNs KOHKPEeTHbIX XapakKTepUCTUK HAHOT/INHbI;

-faTy nNpoBeAeHns U3MepeHuinl 1 HaumeHoBaHWe opraHusauuu, NPON3BOAMBLLEN U3MEPEHUS;

- KOIMYEeCTBEHHblIE U/MNN KaYeCTBEHHbIE pe3y/bTaTbl N3MEPEHU KOHKPETHbIX XapakTepucTuK, BkYas
CCbINIKY Ha pasfjen cTtaHjapTa, B COOTBETCTBUWU C KOTOPbIM BbINO/IHEHbI pacyeTbl W/MAM aHanus3 pes3ynbLTaTos;

- HeonpeAeNneHHOCTb pe3ynbTaToB W3MepeHWil, BKAlYas NOBTOPAEMOCTb M BOCMPOW3BOAMMOCTbL pe-
3yNbTaToB;

- 0CO6EHHOCTV NpOBeAEHUSA N3MepeHuit;

-AONONMHUTENBHYIO MHpOpMaLuo (MpU Hann4yumn), NOATBEPXKAALWYI0 pe3ynbTaTbl U3MEpeHunii;

- OTK/IOHEHUA (MPU Hannyuu) OT HacToAWero crtaHgapTa, Hanpumep NPUMEHEHWE APYroro metoga W3-
MepeHun (cnepgyet NpUBECTU ero onucaHWe M COOTBETCTBYHOLULee 060CHOBaHMWE ero NPpUMMeEHeHUs).
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MpunnoxeHue A
(cnpaBo4HOE)

MeToAabl VI3MepeHI/II7I, npumeHaemMble onAa onpegenneHna KOHKPETHbIX XapakKTepUCcTukK rNMuMUHNCTbIX
HaHoMaTepunasnos, coaepXxawnx HaHon/1aCTUHbI

Al O6wue NONOXeHUS

B HacTosileM NpUIOXEHUN MPUBEAEHbI METOAbl M3MEPEHUN, NPUMEHSEMble NS ONpefeseHUsi KOHKPETHbIX Xa-
pakTepuUCTUK HAHOIIMH B (hOpMe MOPOLLKA U CyCMeH3nK, B TOM Yuc/ie PeKkoMeHZauumu no nofrotToBke Npo6, NpoBefeHuo
N3MepeHnii, aHanm3y u o06paboTke pesynbTaToB.

A.2 MuHepanbHbIi cocTaB

MuvHepasbHbIA COCTaB HaHOI/VH, BKIOYas cogepXaHne MUHepasioB, ONpesensaT MeTogaMm Ha ocHose APW. Mu-
Hepanbl UAeHTUMUNPYIOT, cpaBHMBAas MOJMYYEHHbI 06pasel, KOHKPETHOTO MUHepasna, CoAepXallerocs B MCNbITyeMol
NpPo6e HaHOIMHbI, CO CTaHAAPTHLIM 06pa3L oM. PaccTosHue d BbIMUCASIOT, UCMO/b3YS NNKOBbLIE 3HAYEHNS HA MOSTYUYEHHbIX
n3o6paxeHunsx. Kak npaBuo, NPMMEHSIOT COOTBETCTBYIOLME METOAMKA U3mepeHuii (cm. [2]).

PaccTosiHne d BblUMCAAOT MO 3aKoHy Bparra no dopmyne

d = nX1{2 sin 0),

roe N — uenoe 4ncno;
X — [J/1MHa BOJHbI PEHTIeHOBCKOIO U3/yYeHUs;
0 — yron nageHua (UM OTpaxeHus) nyvyka PeHTTEHOBCKOro U3y4YeHus.
Kak npaBunno, NpuMeHsIIOT n3MepuTenbHoe 060pyAoBaHNe C PEHTTEHOBCKUM u3nyyeHnem Cu-Kal cX =0,1540562 Hm.
Mopsiaok AndppakuMoHHOro oTpaxeHus /7=1.
TunuyHble napameTpbl U3MepUTesIbHOTO0 060pyA0BaHNSA — peHTreHoBckasa Tpybka (Cu aHog): HanpshKeHue peHTre-
HOBCKOIi Tpy6kn — 40 kB, TOK PEHTreHOBCKOI Tpy6kn — 40 MA, yron namepeHunii — ot 2 go 60 rpag.
MuHepasibHbIi cOCTaB HAHOM/IMH ONMpPeAensatoT Mo 3aBUCUMOCTN UHTEHCMBHOCTEW NMUKOB KOHKPETHbIX MUHEPasioB OT
yrna nageHmsa (MNu oTpaxeHus) nyyka PEHTrEHOBCKOIO W3/TyUYeHUs.

A.3 Xumunueckuin coctaB

XUMUYecKunii coctaB HaHOINH B POPME NOPOLLKA, Kak npaBwuio, onpeaensaiT MeTogamu Ha ocHose PP n gonosn-
HUTe/IbHbIM MeTogom POM-3PC. [lonyckaeTcs NPUMEHATL ApYyrne mMeTofbl U BbINOJSIHATL U3MEPEHUSA B COOTBETCTBUN C
PYKOBOACTBOM MO 3KcnayaTauun obopynoBaHus.

A.4 EMKOCTb KaTMOHHOIro obmeHa

EMKOCTb KaTMOHHOTO 06MeHa HaHOMMH onpeaensiioT cneaywmm obpasom (cm. [13]).

MpYMeHSAT cregylolee ncnbiTateNibHoe 060pyAOBaHNe: eMKOCTb AN chunbTpaTa, Npo6bupky ANs Bblllenayvsa-
HUA (Oanee nNpobupka) n pecmeep. B HWXKHIOK YacTb NPOOGUPKM MOMELLAIOT MMIPOCKONUYECKYO BaTy B HEGOMLLIOM Konye-
CTBe Takum 06pa3om, 4TOObl ee BepxXHAs NOBEPXHOCTb Oblfa NA0CKOW, fanee B KauecTBe MOAJI0XKKMA A4S Npobbl HAHOIN-
Hbl YKnafblBatoT Gymary ¢ aMy/IbCUOHHbIM C/I0EM TOJLLMHON OT 2 A0 3 MM. BepyT HaBecky HaHOI/IMHbI Maccoi ot 0,4 no
0,5 r n B 10 pa3 npeBbILaOLLY0 MacCy KBapLueBOro nopolka »u paBHOMEpHO nepemelumsatoT. [anee npoby B3BelInBalOT
C TOYHOCTbIO A0 0,1 Mr 1 noMeLaT B NPO6UPKY.

KBapLeBblii MOPOLLOK C YacTuuamu pasmepom npnbamsntensHo ot 40 Ao 60 mell KUNATAT ¢ pa3baB/ieHHOW COMAHON
KMCNOTOM, 3aTeM TLiaTe/IbHO NPOMbIBAOT BOLOWN W BbICYLUMBAIOT.

[na vcnbiTaHnii NPUMEHSIOT cnegyowme X.4. peakTuBbl.

A.4.1 1N pacTBOp auerara aMMOHUA Cc pH 7

2 N BogHoro ammuaka v 2 N yKCYCHOI KMCNOTbl CMELUMBAIOT B PaBHbIX KOMyecTBax, f06aBisioT KOHLEHTPUPOBaH-
Hblli BOAHbIA aMMuak Wan nefsiHylo YKCYCHYH0 KACMOTY A0 NOJSlyYeHUs pacTBopa CcO 3HavyeHueM pH, paBHbiM 7. pH nony-
YEeHHOro pacTtBopa M3MepsT PH-MEeTPoM CO CTEK/ISAHHLIM 3/IEKTPOAOM.

A.4.2 80 %-HbIi pacTBOp 3TUNOBOro cnupta ¢ pH 7

OunLLEHHYI0 BOAY CMELUMBAKT C 3TWI0BbIM CIMPTOM B COOTHOWeEHUN 20:80, f06aBNSAT rMAPOKCUA HaTpMs 40 MNo-
NlyyeHusa pacTBopa co 3HadyeHuem pH, pasBHbIM 7, MOCTOAHHO KOHTPOAMPYS 3HayeHue pH uHAnkaTopHO Gymaroii.

A.4.3 10 %-HbIli pacTBOp X/i0puaa Kaims

Xnopug kanma maccoii 100 r pacTBOPSIOT B OYMLEHHON Boge o6bemom 900 mn.

BbilwenaunsaHme npoBOAAT B C/iefytoWwemM nopsake:

a) pacTBop aueTtata ammMoHUs o6bemom 100 MA HanNMBalOT B KanesibHYH0 BOPOHKY. 3aTem pacTBOp auerara aMMo-
HMA NUNeTKol A06aBNAT B NPO6MpPKY ¢ NPO6OM TakuM 06pa3om, 4Tobbl Npoba BGbina fOCTAaTOYHO MponMTaHa pPacTBOPOM.
[anee kanenbHyl BOPOHKY M Npo6MpKy C NpobGoii moAcoeAuHST K pecuBepy. KpaH kanefnibHO BOPOHKW PerynupyloT
TaknuMm 06pa3om, YTOGbl OCTaBLIMIACS pacTBOp auetaTa aMMOHUS MOCTENEHHO Yepe3 4—24 4 6bin nepesnmT B Npobupky c
npo6oii;
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b) kanenbHyl0 BOPOHKY W pecuBep TLLaTeNbHO NPOMbIBAKOT. 3aTeM MpPOMbIBAKOT npoby, Aob6aBuB B Hee 80 %-Hblil
3TUAOBbLIV cnMpT o6bemom 50 Mn 1 faB emy CTeub;

C) B KanesibHyH BOPOHKY HanmeakT 10 %-Hblii pacTBOp xaopuga kaims o6bemom 100 mMi v gatoT eMy CTedb B pecu-
Bep 4na obecneyeHnsa npouecca MOHHOTO 06MeHa (3amelleHne MOHOB aMMOHMS B 06pasLe Ha MOHbI Kanus);

d) pacTBop xnopuaa kanus NepeHocAT U3 pecuBepa B MEPEroHHbI annapaT v BbINO/IHAKT NEePEeroHky aMMOHMSA Mo
meToay Keenbpansa. K guctnnnaty no6asnstoT 0,1 N cepHoli KUCNOTbI, a N3bbITOK CEpHO KncnoTbl TUTPYOT 0,1 N pacTBo-
pom epgkoro Hatpa. O4HOBPEMEHHO MPOBOAAT XOSIOCTOW OMbIT, paccyMTaHHbIi no dopmyne (A.1l), okpyrnswT pesynbTar
[0 NepBoro AecATUYHOrO 3Haka nocsie 3ansaTol U BbipaxalT B MUINN3KBMBaNeHTe Bogopoda Ha 100 r BbICYLLEHHOW Ha
BO3ayxe npobbl (Mr-aks/100 r)

C=[{A-B)-f- 10]/[S-(100-M)/100], (A1)

roe A — o6bem 0,1 Ne+NaOH, Heo6xoAMMbIii NS XO/I0CTOrO OnbiTa, MJI;
B — Ttpebyewmblit 06bem 0,1 N *NaOH, wmn;
f — koacppuumenT 0,1 H NaOH;
S — macca npob6esl, T;
M — maccoBasi gons Bnarv npo6ol, %.

A.5 Pa3mepbl HaHONNaCTUH

A.5.1 O6wwme NoNoxeHms

Pasmepbl HaHOMMaCTWH, coAepXalnxca B HaHOIMHe B (hopme CycneH3uu, U3MepslT MeTojamMy Ha OCHOBe Au-
hpakun nasepHoro M3ny4yeHus ¢ NpMMEHeHeM aHanmsaTopa pasmepoB YacTuy uam Ha ocHose [PC. Huxe npuBefeHbl
pekomeHauun no NoAroToBke NPo6 HAHOMIWHbI 4715 NPOBEAEHUS N3MEPEHWA.

A.5.2 MoarotoBka Npo6 g8 NpoBeAeHNS U3MepeHni

Mpoby HaHorMHbLI B (hopMe MopoLlka CHavana BbicywmsatoT npu Temnepatype 110 °C B TeueHme 8 4. Ecnm co-
AepXaHue cyxoro BellecTBa B Npobe 3HaunTesibHO BE/SIMKO, TO A0NS ar/iOMepPUPOBaHHbIX HAHOMNACTUH YBeNnYnBaeTcs.
OTO CBA3a@HO C TeMm, YTO ar/ioMepauusa HaHoMMacTUH NPOUCXOLAMT MO Mepe yBesIMYeHUA KOHUeHTpauunu. Mpu aTom ecnu
coflepxaHue Cyxoro BeliecTtBa B Npo6e He3HauuTesNlbHO, TO HEBO3MOXHO MOJyYUTb AOCTATOYHYH MHTEHCUBHOCTL pacce-
AHWA cBeTa HaHonnacTuHamu. MoaTomy Ana nNpoBefeHns u3mepeHuii Npoby HaHOMMHbLI B hopMe NopoLluka Heo6xoAnmo
AvicneprmpoBaTb B AUCTUIIMPOBAHHONM BOAE Takum 06pa3oMm, 4Tob6bl CycneH3ns Bblia Takoi KOHLeHTpauuu, npu KoTopoi
MOXHO MOJly4UTb AOCTATOYHYIO WHTEHCUBHOCTb PAacCeAHWs cBeTa HaHomnnacTUHamu. MTOTOBAT CYCMNEH3W0 HaHOIMMHBI C
MaccoBoi gonein 0,2 % nyTem CMeLMBaAHUSA HAHOMMWHbI C AUCTUANNPOBAHHOW BOAONM. MNonyyeHHble pesynbTaTtbl npeg-
CTaBNAT cob0li pasmepbl HAHONNACTUH, COAEPXALLMXCA B CYCNEH3NN.

A.5.3 MogrotoBka Npo6 ¢ NpMMeEHEeHMEM OpraHWYecKnx pactesoputenei

Ecnn HaHOrAMHY HEBO3MOXHO AMCNEpPrnpoBaTtb B AUCTUANNPOBAHHOW BOAE, TO 4718 3TUX Lefneil NpUMEHSIoT CooT-
BETCTBYIOLL M OpraHuyecknii pactsopuTesib. B NpoToKose ykasbiBalT TUN OPraHNYeckoro pacTBOpPUTENIS Y KOHLEHTPaLUIo
nonyyeHHoli cycneHsuu. Mpoby B dhopMe CycneH3unn roToBAT nepemeLliBaHneM C NpUMEHEHNeM MeLLasku.

A.6 TloTepn mMaccbl Npu NpoKainBaHUn

MoTepn macchbl Npy NPOKa/MBaHWM HAHOMMH ONPeAensalT cneaywwmm obpasom:

a) nNpoby HaHOIMUHbI B hOpMEe CYCMeH3MM WM Mopollka Maccoli oT 1 Ao 2 r noMmelialT B NpefBapuUTesibHO Bbl-
CYLUEHHbI TUreNb U BbIAEPXMBAKOT B CYLINIbHOM Likady npu Temnepatype 110 °C go nonyyeHuss MOCTOSIHHOW Macchl
npo6bl. 3aTeM oxnaxaalT B 9KCMKaTope A0 3afaHHO TemnepaTypbl 1 B3BELIMBAIOT € TOYHOCTbIO A0 0,1 Mr;

b) TWrenb C BbICYLWEHHON Npo6O MnoMelalT B 3INEKTPUYECKYD Meyb U BbiAepXMBalT npu TemnepaTtype
(1000 + 25) °C B TeueHune 60 MuH;

C) TUrenb ¢ Npoboli oxnaxaalT B 3KCMKaTope A0 3a4aHHOl TemnepaTypbl U B3BELLMBAKT C TOYHOCTLIO 40 0,1 Mr.

MoTepu macchl Npy NPOKaIMBaHUN HaHOTAMHBI L, %, BbIYMCASIOT C TOYHOCTLIO A0 NEPBOr0 3HaKa nocne 3anaToi no
hopmyne

L= - W2){Wi - WA) 100, (A.2)

roe W1 — macca Turns ¢ npo6oit 4o TepmoobpaboTku, T;
W2 — macca Turns ¢ npo6oii nocne TepMoo6paboTku, T
W3 — macca BbICYLLEHHOro TUrnsa, r.

A.7 Aacop6uMoHHas akTUBHOCTb MO METU/IEHOBOMY CUHEMY

MpUMeHAT MeTog C UCMoNb30BaHNeM (PUNbTPOBa/IbHON Gymarn, NpYBEAEHHbI B HACTOALEM MPUIOXKEHUN, Wan
konopumeTpa (cm. [13]).

HaHornuHy B cdhopme nopouwka maccoin 0,5 r nomeLwaT B KOHUYECKYH Konby, copepxaluyto 2 %-Hblii pacTsop
nnupodpocchata TetpaHatpusa (TSPP) o6bemom 50 mn. [Janee rotoBAT CyCNeH3U0 HaHOIMHbI MyTeM YNbTpa3ByKOBOM 06-
paboTku B TeyeHne 20 MWH UM KunsyeHnem B TeveHne 10 MWH. 3aTem B MOSyYeHHYI CyCneH3nio f06aBnsioT pacTBop
MeTuneHosoro cuHero (0,01 M) nopumamm no 1 Ma A0 HaCbIWEHUS (SOCTMXEHUSA KOHEYHON Toukm). Mpu kaxgom gobas-
NleHUn pacTBOpa METWUIEHOBOTO CMHEr0 CYCMEH3U HaHOIMHbI NepeMeLllnBaloT ¢ NPUMEHEHUEM MarHUTHOW MeLlasnkm

8
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M Kanaio CycrneHsnn nomeLlarnT Ha uabTpoBasibHy0 Gymary. KOHeUHylo TOUKy onpefensoT Nno Ha/nymio OKpalleHHOro
«opeonia» WUPUHON 1,5 MM BOKPYr Kan/nm CyCneH3Wu HaHOIUHbI Moc/e nepemelinBaHns B TeyeHue 2,5 MuH. Agcop6-
LIMOHHYIO aKTUBHOCTL MO METU/IEHOBOMY CMHEMY ONpefensioT no o6bLeMy pacTsopa MeTU/IeHOBOro CMHero, A06aBfeHHOro
B CYCMEH3MI0 HaHOI/INHbI B KOHEYHOI TOuKe.

ApcopbunoHHas akTUBHOCTb MO METWU/IEHOBOMY CUHEMY HaHOMIMHbI (MMO/L/100 1) paBHa o6bemy pacTBopa
METWUNEHOBOTO CUHEro, A06aBfIEHHOr0 B CYCMEH3WK0 HaHOMMHbI B KOHEYHOW Touke, (MMOJb)/Macca BbICYLUEHHO
npo6el (r) x 100.

PekomeHayeTCcs NPUMEHATbL PUILTPOBaLHYI0O Bymary, COOTBETCTBYIOLLYIO CleaytoluM Tpe6oBaHnaM:

- Macca — npubnunsntensHo 140 r/m2;

- ToNIWMHA — nNpuéamsnTesnibHo 0,25 mwm;

- pasmepbl NMop — NpuU6IN3NTENBHO 3 MKM.

Bpemsa dunbTpauuu, To ecTb Bpemsi (OUIbTPOBaHUSA AUCTUNNINPOBAHHON BOAbI 06bemoM 100 cM3 yepes unbTpo-
Ba/ibHyt0 bymary nnowagbio 10 cm2 dmnbTpoBanbHON 6ymarn npu gasnexHun 0,98 kMa n Temnepartype 20 °C — He 6onee
240 c.

A.8 AcneKkTHOe COOTHOLlleHne

ACMeKTHOe COOTHOLUEHMEe HaHOI/IMH, KaK npaswsio, onpegensooT metogoMm ACM. CHauvana u3 npobbl HaHOMUHbI
rOTOBAT CYCMEH3W0, B KOTOPO Maccosas [0/ HaHOIMWHbI cocTaenseT 0,1 %, 3arem ee pa3baBnsioT A0 NOJydYeHUs
CYCMEeH31N C MaccoBOW Aonelt HaHoruHbl 5 * 10-5 %. [lasiee Nosly4yeHHY0 CyCneH3nilo HaHOCAT Ha MJI0CKYH MOAMOXKY U
BbICYLLMBAIOT. 3MepsaoT NnHeiHble pa3Mepbl OTAE/bHbIX N0CKUX 06BbEKTOB (YMCN0 OO6BLEKTOB AO/HKHO ObiTb CTATUCTU-
Yeckn 3HauYMMbIM), COAEPXALLMXCA B HAHOIMHE, U BbIYUCAAIOT CpefHuii auameTp. CpefHuii AnaMmeTp Naockux 06bLEKTOB
JeNAT Ha UX CPefHIol TOJLWMUHY W NOSy4valoT acrnekTHOe COOTHOLUEHWEe HaHOI/NHLI. VI3MepeHus npoBOAAT MeTogamu
N3M, PAM un ACM (cwm. [11], [14], [15] v [16]).

A.9 MneHkoob6pa3oBaHue

A.9.1 O6wMme NoMoXeHUs

M3 npo6bl HAHOMMHLI B (DOpPMeE MopoLLKa CHayana rotoBaT BoAHyto cycneHauto (cm. FOCT 16932, [17]\1 [2]). Macco-
Bas [0 HAHOI/IMHbI B CYCMEH3Un JO/HKHA CoCcTaB/iAaATb 0T 2 % Ao 3 %. BogHyto cycneHsnto o6bemom 110 cm3 nepemeLun-
BalOT 0 NOJSIHOIO AMCNEePrMpoBaHns, 3aTeM NPOBOAAT ee Aerasauunio B BakyyMHOW kamepe. [lanee CyCrneH3uio BblIvBaoT
B MOSIMNPONU/IEHOBbLIN NOTOK pasmepamu (200 * 140 * 25) mMm3 1 BbiCylIMBalOT nNpu Temnepatype 60 °C B TeueHne 1 cyT.
MneHkoo6pa3oBaHWe HaHOMVHbI ONpPeAensaT NpM HOPMasbHbIX YCIOBUAX OKpyXatoLiel cpefbl B COOTBETCTBUU C A.9.2
(om. [1]).

A.9.2 OnpepeneHne NneHKoo6pa3oBaHUs

MonyyeHHy0 NEeHKY oCMaTpuBaloT U pesynbTaTbl UKCUPYIOT Ha hoTon3obpaxeHunax. [anee naeHKy akkypaTtHo
OTAENAT OT NOAJOXKA N BU3Yas/IbHO ee KOHTPOJIMPYIOT Ha Hanudve gedopmauny 1 oLeHMBaloT ee CnoCobHOCTbL coxpa-
HATb hopMy. Ha OCHOBaHMU MOYyYEHHbIX Pe3y/bTaTOB HAHOMIMHY OTHOCAT K OfHOM U3 yeTbipex kateropuii. Kateropum
OLEHKMN NNeHKoo6pa3oBaHUsA HaHOMMH NpuBeAeHbl B Tabnuue A.l.

Ta6nunuya Al — Kateropun oueHKn naeHKOOOpa3oBaHWUs HaAHOMUH

KaTeropus o Hannune [ononHnTenbHbI
BHeLWHWA BUA, NIEHKK CoxpaHeHne hopmbl o
nieHkoobpasoBaHus nedopmaymmn KpUTEpwuin
A YeTko cchopmmpoBaHHas Het MpeBocxogHoe MBKOCTb NNEeHKM
B YeTko cchopmmpoBaHHas Oa Xopollee "'MBKOCTb MIEHKM
C HeopHopopgHasa xpynkas Oa Mnoxoe —
D C Hecn/IOWHOW NOBEPXHOCTbLIO — Mnoxoe —

A.9.3 VcnbiTaHne NneHKn Ha usrné
TMBKOCTb NOyYEHHOI MAEHKN OueHMBaloT UcnbiTaHnem Ha n3rné no FOCT 31974 (takke cm. [2] v [4]).

A.10 BA3kocTb

[ONnsi M3MepeHnst BA3KOCTW HAHOMMH B (hOpMe CYCMeH3UM NMPUMEHS0T BUCKO3UMETPbI pasinyHbIX TUMOB. Jonycka-
€TcA NPOBOAUTL U3MEPEHUsI BSA3KOCTWM HaHOIWH B COOTBETCTBUM C MHCTPYKUMEl Mo akcnayatauuu, nNpefocTaB/ieHHO
M3rOTOBUTENIEM BUCKO3UMeTpa. Kak npaBuo, Ans U3MepeHusi BA3KOCTU HAHOMIUHbLI B (DOPME CYCNEH3MU MPUMEHSIIOT PO-
TAUMOHHBIA BMCKO3MMETP, KOTOPbI/i BbIGMPAKOT B 3aBMCUMMOCTU OT ee BS3KOCTU. CredyeT yuuTblBaTb, YTO pe3y/ibTaThbl
N3MEPEHUIA BA3KOCTU HAHOIMUHBLI B (DOPME CYCMEeH3UN 3aBUCAT OT KOHLEHTpAaLMK, CKOPOCTU BpaLLeHUs 1 Temneparypsl.

JlonyckaeTcs NPYMEHATb BUCKO3MMETP KOHKPETHOro TuMna W NpoBOAUTb U3MEPEHUsI B YC/IOBUSIX, KOTOPbIE COrnaco-
BaHbl MeXAy NoTpebuTenem 1 N3roToBUTENEM.
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MpunoxeHve B
(cnpaBo4yHOE)

MpuYMeHeHMe TIMHUCTbIX HAHOMAaTepuasoB, coaepXalux HaHOMNTACTUHBbI,
ANA nNpuaaHus NaeHKam razo6apbepHblX CBOCTB

B.1 O6wme nosoxeHuns

HaHOKOMMNO3MT C NONIMMEPHOI MaTpuLLeil, apMUPOBaHHbINA TNMHONM, 06N1afjaeT yayUlEHHbIMU ra30HEeNPoHULLaeMbIMU
cBOliCTBaMW, 4YTO MOATBEPXAEHO COOTBETCTBYKOLLMMY NateHTamu u onybavkoBaHHbIMKM matepuanamu. CBolicTBa mnne-
HOK A/151 YNaKoBKW MULLEBbLIX NPOAYKTOB U APYTUX MPUMEHEHWI, W3TOTOBJIEHHbLIX C MCNOJ/Ib30BAHMEM HAHOKOMMO3WTa C
NOIMMEPHOI MaTpuLeil, apMUPOBaHHOIO TMMHONM (faniee — HaHOKOMMO3WTHbIe Fa30HenpoHULaeMble MEHKU), U3YYeHbl,
N HanaXeH CEPUWIiHbIA BbIMYCK TakUX MAEHOK. Hanbonblunii ypoBeHb ra3oHenpoHULLaeMoCcT AEMOHCTPUPYET M/eHKa, B
KOTOPOI FMUHUCTbIE HAHOMMNACTUHBLI PACMOJIOKEHLI NapasieflbHo OTHOCUTENBHO ee noBepxHocTU (cM. [14]). HaHokommo-
3UTHblE ra30HeNpPOoHMLaeMbIe NMIEHKN U3rOTaBNMBAOT ABYX BMAOB: C NOMIMMEpPHOI MaTpuueli v B BUAe NokpbiTus. Mpu
N3rOTOB/IEHUM HAHOKOMMO3WUTHOW ra30HENPOHMLAEMON N/IEHKM C MOJIMMEPHOM MaTpuULEell paBHOMEPHO CMELNBAKT Nou-
MEpPHbI/i MaTepuan u HaHOTMHY. MNpu M3roTOBIEHNM HAHOKOMMO3WTHON ra3oHenpoHWLaeMoli NAEHKN B BUAE NOKPbITUA —
TOHKWIA CMOM HaHOIMMHbLI HAHOCAT Ha NOJIMMEPHYI MEHKY-NOAMOXKY. B 060Mx cnyvasx monyvarT HAHOKOMMO3WUTHbIe
NEHKN € ra306apbepHbIMK CBOCTBAMU, TakK Kak HAHOMIACTUHBI TMIMHbI HEMPOHULL@eMbI A1 Monekyn rasa. Kak npasuno,
npu nU3rotToBs1IeHNN HaAHOKOMMNO3UTHbLIX rA30OHEeNnpPOoOHULUaeMbIX NNEeHOK UCNOMb3YHT Takne NMUHUCTbie MaTtepuarsbl, Kak o4u-
LLEeHHbI/i BEHTOHUT, CUHTETUYECKUA CMEKTUT M OPraHoMUNbLHYIO FMHY. IS M3roTOBAEHNA NPO3pPayHoi ra3oHenpoHuuae-
MOV MNIEHKA UCMONb3YHOT CUHTETUYECKUI CMEKTUT, He coAepXallnii okpalnBarwLmx npumeceil. MaccoBasi 0N HAHOTNN-
Hbl B ra306apbepHOM C/10€ MNIEHKN COCTaBASAET OT HECKObKMX eanHuL A0 90 %. HaHOKOMNO3UTHY ra3oHenpoHuLaemyto
NAEHKY B BUAE NOKPbITUA MOXHO MOJlyYUTb MyTEM HAHECEHMWS pPacTBOPa, COAEPXALLEro HaHOIMHY, Ha MAEHKY-MOAMTOXKY,
Hanpumep nonuaTuneHTepedTanaTHyo naeHky. s nonyvyeHust NaeHkn 60MbLIONA ANTMHBI UCNONb3YIOT cneyumansHoe 060-
pyAoBaHue ANns HAHECEHUS! MOKPLITUA Ha MJIEHKY-NOA0XKY B PY/IOHE W BbICYLUVBAHUS.

Ona nonyyeHns NoKpbITUIA HEOBXOAMMO, HYTOObI CMeLLUMBaeMble HAaHOM/IMHA U MOJIMMEPHbI Matepuan 6blin coBme-
CTUMbI, NO3TOMY, Kak NPaBW/Io, ANs 3TUX Lenell NPUMEHSAIOT OpraHoUNbHYK HaHOMIMHY. OpraHoUNbHY0 HaHOTINHY K3-
roTaBnmMBaroT nyTem BBefeHNA NOBEPXHOCTHO-aKTUBHOIO BellecTBa B VICXO,quIIz marepunan gna peakynn MOHHOro obmeHa
1 CUTMNNPYIOLLErO areHTa Ans 06pa3oBaHUsl KOBANIEHTHbLIX CBSI3El BHYTPM OpPraHMYyecknx MOJeKys, PacnosioKeHHbIX Ha
Kpasix KpUCTasl/ioB.

Mpy M3roTOBNEHUN HAHOKOMMO3WTHOW ra30HENPOHULLAEMOI NMEHKM C MOMUMEpPHOM MaTpuueil NonMMepHbId Ma-
Tepunas N HaHOIMMMHY CMelWnBalT B pa3/iIndHbIX COOTHOLUEHUAX. B aTtom cnyvyae NpUMEeHAT pacTBop, B KOTOPOM MOXHO
AvcneprmpoBaTb HaHOIMIMHY U OAHOBPEMEHHO pacTBOPWTbL MiacTWK. MOCKOMbKY KpUCTasibl HAHOMIMHbI CBO6OAHO mepe-
MeLLalTCA B XUAKMX cpefax, TO TakuM MeTOOM MOXHO MONYyYuTb MEHKY C BbICOKOW OpueHTauumeil kpuctannos. [ns
MApodUIbHBIX NOAIVMEPHbLIX MaTepnasioB UCMO/b3YIOT PacTBOP Ha BOAHOV OCHOBE U TMAPOdVNIbHYI0 HaHOMUHY. MneHka,
M3roTOBMIEHHAsA 13 rMAPOUILHOrO NOIMMEPHOr0 MaTepuania u ruapouibHON HaHOMNUHBI, o6nafaeT 6apbepHbLIM CBOWA-
CTBOM B OTHOLLEHMUW ra3oB, HO He obecneymBaeT 3aluTy OT BOASHOMO napa. [ns peleHus AaHHO npo6nemsbl paspabo-
TaHa HaHOINMHA, YCTOWYMBasi K HarpeBy, Npu 3TOM NapOHENPOHMULLAeMOCTb 06ecneymMBaeTCsl 3a CUET HarpeBaHus nocne
nsrotoneHus nnaeHku (cm. [5], [14] v [18]). Takum o6pasom, nocne HarpeBaHWUs Yy MAEHKW, U3TOTOB/IEHHON C NMPUMEHEHU-
€M TaKoil HaHOINNHbI, MOSIBNAKTCA MapoHenpoHUUaeMble CBOWCTBA. HAaHOKOMMO3UTHYH ra3oHENpPOHULLAEMYHO MJIEHKY B
BuAE NOKPbITUA MOXHO NMOJSIy4YUTb NyTEM HaHeCeHUA CyCneH3nun HaHOr/IMHbI Ha NNeHKY-NoAN0XKY, Hanpumep noanaTunieH-
TepedTanaTHY MNIEHKY, C MOCNEAYIOWUM OTAEeNIEHNEM NOyYEHHOTO HAHOKOMMO3UTHOMO MOKPbITUS OT NAEHKU-MOAMN0XKN.
Mpn aTOM ecnu Ucnonb3ylT cneunanbHoe o60pyaoBaHVe AN HaHeCEeHWS MOKPbITUS Ha MIEeHKY-NOA/I0XKY B py/IOHe, TO
nosly4aloT HAaHOKOMMO3UTHYH Fa30HENPOHULLAEMYH0 NJIEHKY B BUAE MOKPbITUS GONbLUOKA ANNHbI.

HaHOKOMI'I03VITHyIO rasoHenpoHuyaemyto nseHkKy B Buae NOKPbITUA NPUMEHAKT Kak CaMOCTOSATE/bHBbIN npoAayKT nnu B
KauyecTBe C/0sl B MHOTOC/IOMHbIX M/IEHKaX, COCTOSALMUX M3 Pa3/IMYHbIX ra30HENPOHNLAEMbIX 1 MAapOHEeNPOHMLAEMbIX COEB.

B.2 OCOGEHHOCTU NMPUMEHEHUS HAHOF/IMH MPU U3rOTOBIEHUM HAHOKOMMO3UTHbBIX Fa30HENPOHMLAEMbIX
nseHoK

B cooTBeTCTBMM C Mogenbio HunbceHa (cM. [17]) KoMno3uLuoHHbIe MaTepuasbl U3 NAACTMACC U KPUCTA/IMYECKNX
mMaTepuasnos, CoAepXalimx NnacTuHbl, 06/1a4at0T ra306apbepHbIMU CBOCTBAMU. ECN NPy U3rOTOBNEHUM MIEHOK NCMOSb-
30BaHbl [NIMHUCTbIE MaTepuasbl C GO/bILMM 3HAYEHMEM aCMEeKTHOrO0 COOTHOLUEHUS! 1 KOHLUEHTpauuu, To GyAeT nosyyeHa
M/IeHKa C BbICOKMM YPOBHEM ra3o6apbepHbix cBoicTB (cMm. [19]). CornacHo mMogenu HunbceHa, yem 6osibLie cogepxaHue
IIMHUCTOTO MaTtepuana, Tem Jiydwe razobapbepHble CBONCTBA MeHKW. [03TOMy CMOCOBHOCTL K MIEHKOO6PA30BaHUIO
ABNSIETCA BAXHON XapakTepUCTUKO, KOTOpas 3aBUCMT OT YPOBHSI KOHLEHTPALMM HAHOI/IMHBI, TO eCTb Yem GOoJiblue CO-
LEPXNUTCS HAHOTIMHBI B paboyell cycrneHsun, TeM fydiue ee Cnoco6HOCTb K NeHKo06pa3oBaHnio. CnocoGHOCTL K MIEHKO-
06pa3oBaH10 HAHOIMVHbI, COAEPXKALLEN CMEKTUT, TakKe 3aBMCUT OT acneKkTHOrO0 COOTHOLUEeHWsl, MEXC/OHOMo paccTosi-
HUA 1 eMKOCTK KaTuoHHoro o6mena (cm. FTOCT P 59388.1, [2], [4], [15] n [16]).

C Apyroii CTOPOHbI, NpY GOMbLIOM COAEPXaHWUM HAHOTIUHBLI B paboyeli CyCneH3uu MOryT BO3HUKHYTb Takue npobse-
Mbl, KaK NOsiIB/IeHUE MWUKPOOTBEPCTUIA U TPELUMH, YXYALIEHNEe TMBKOCTU M NPOYHOCTU ra30HEeNnpPOHNLAeMOoro nokpbITus. Mo
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3TOI NpuunHe 60/bLIOE CoflepXaHne HaHOIMHbI B paboueli cycneH3nn He Bcergja siBNseTcs NofoXUTENbHbIM (DAKTOPOM.
Mo3ToMy ONTUMasibHOE COAEpPXaHWe HaHOIMVHbI B paboueli cycneHsnn onpefensoT ¢ y4eToM Bcex nokasaTeneli, Heo6-
XOAUMbBIX AN151 MOSlyYeHUss HAaHOKOMMNO3WUTHOW ra3oHEeNpPOHULLAeMOl NIEHKN 3a/1aHHOTO KayecTBa.

[na n3roToBNeHUs Npo3payHoil HAHOKOMMO3WTHONM Fa3oHeNpPOHULLAeMOW MIEHKW MPUMEHSAIOT HAHOTNHY C OfHO-
POAHOV CTPYKTYpOii, B KOTOPOi BCe €e KOMMNOHEHTbI TLlaTelbHO nepemellaHbl. CneayeT yuuTbiBaThb, YTO M/IEHKA C LWEPO-
XOBaTOW MOBEPXHOCTbIO, KaK MpaBwu/io, HenpospayHas, No3TOMy ra3oHenpoHMLAeMy N/EeHKY crefyeT W3roTaBnnBaTh C
POBHO MOBEPXHOCTbIO.

B.3 Cnocobbl n3rotoBneHusi rasoHenpoHumuaemMblX NMJ1IEHOK

B HacToAWweMm nogpasfesne npusefeHbl NpUMepbl CNoco60B N3roTOBNEHUA HAHOKOMMO3UTHBLIX Fa30HENnpPoHMLaeMbIX
NAEeHOK. MMBKY NPo3payHyd HAaHOKOMMO3UTHYIO Fa30HENPOHULAEMYIO NNEHKY M3roTaBNBalOT C NPUMEHEHNEM HaHOru-
Hbl, cofepxalleli CUHTETUYECKUA CMEKTUT 1 BOAOPaCcTBOPUMbIA noavmep. Ha peHTreHorpamMme npy uccnefoBaHun Takom
HaHOINHbI, KaK NpaBuso, BbISABNAT Ha/IMuMe B Heli CUIbHO OPUEHTUPOBAHHbLIX KPUCTas/IoB. lieHKa Ha OCHOBe Takol
HaHOIIMHbLI OTNINYAETCS YNYULIEHHbIMIU TEPMOCTOMKOCTLIO 1 razobapbepHbiMi cBolicTBamu (cM. [19]), B Tom umncne no oT-
HOLLUEHUIO K KUC/IOpOAY.

YCTaHOBNEHO, YTO YeM KpynHee KpucTas/ibl CMeKTUTa, TeM fydle rasobapbepHble CBONCTBA HAHOKOMMO3UTHOM
MOJIMMEPHOI MAEHKN, U3TOTOB/IEHHON C ero npumeHeHnem (cm. [14]). Mpu 06paboTke CMEKTUTA B TMAPOTEPMasIbHbLIX yC-
NIOBUAX pasMepbl ero KpUCTasnnoB yBE/MUMBAIOTCH, HanpvMep, BbiBIEHO, Y4TO Yy 06paboTaHHOro Takum o6pas3om cmek-
TUTa cpefHuii pasmep KpuUCTansioB cocTaBnseT 71 HM, 4yTo NpubAU3MTENbLHO B ABa pa3a 60/blue WCXOAHOTo CpefHero
pasmepa, paBHOro 36 HM. CMeKTUT, 06paboTaHHbIl B rMApoTEpMasbHbIX YCNOBUAX, UCNONb30BaIN A1 U3TOTOBAEHUS
HaHOKOMMO3UTa C NPMMEHEHNEM HaTpMeBOW conu kap6okcumeTtunuenatonossl (KMLU, Na) n oueHuBanu adhdekT, KOTopbIi
OOCTUTHYT 3a CuYeT yBeNNYEeHNs pasmepoB KPUCTa/I/IOB. Y HAHOKOMMO3UTHbIX M/IEHOK ¢ cogepxaHunem KMLL Na maccoBoi
foneii ot 40 % 0 90 % BbISIB/IEHbI YNyULLEHHbIE KMC/IOPOAOHENPOHULLAEMbIE CBOWCTBA MO CPABHEHWUIO C MeHKamu, Ans
N3roTOB/MEHNA KOTOPbIX UCMNONb30BaN TOMIbKO UCXOAHbIA CMEKTUT. Takum 06pa3oM, 6biSI0 YCTAHOBEHO, YTO yAydlleHue
ra3o6apbepHbIX CBONCTB HAHOKOMMO3UTHbIX N/IEHOK CBA3AHO C YBENNYEHWEM PasMepoB YacTUL, HAHOMUHBI. N8 OLeHKn
ra3o6apbepHbIX CBOMCTB HAHOKOMMO3UTHYIO MAEHKY TOMLWMHON HECKONIbKO MUKPOMETPOB, cogepxauwyto KML, Na macco-
Boin gonei 10 % n cMeKTUT MaccoBoi gonen 90 %, HaHeC/IM Ha NONUaTUEeHTepedTanaTHy NAEHKy.

[na n3rotoBneHns HaHOKOMMO3WTHONM ra3oHenpoHWLaeMoli NAeHKW ucnonb3oBann 6eHToHuT (BentlLi+), ouunuieH-
Hblli ¥ NoABEpPrHyTbIi MOHHOMY 06MeHy Li+ (cm. [20]). Han6onee cnoco6HbLIMU K MOHHOMY O6MeHY 6bin Li+, npu aToM
€MKOCTb KaTMoHHOro obmeHa coctaBuna 101,8 mr aks/100 r. B kayecTBe CBA3YHOLLEr0 UCNO/b30BaIN [/INKOMb-/IATHWH,
NOMYYEHHbIN MyTEM KMC/IOTHO-KaTanM3MpyeMoro CosibBO/IM3a APEeBECUHbl Keapa C NoMnaTuneHrnnkonem. MNnexHky Harpe-
Ba/IM nNpu Temnepartype He Bbiwe 300 °C. Ha peHTreHorpamMmme npv UcciefoBaHUM Takol NAEHKW BbIABUIWN Ha/MYne B Hel
CW/IbHO OPUEHTUPOBAHHbIX KPUCTa/I0B HaHOMMHbLI. CKOPOCTb NPOMYyCKaHWA BOAAHOroO napa noslyv4eHHOW HaHOKOMMO3UT-
HOW nneHkn cocTtaBuna 1,64 r » M~2 B CyTKU Npu TemnepaType okpyxawueint cpefbl 40 °C 1 OTHOCUTE/IbHON BNAXKHOCTK
90 %, npu aTom 60siee BbiCOKasA NapoOHENnpPOHMLAEeMOCTb HAHOKOMMO3UTHOW NAEHKU 06YCNOoB/ieHa He TO/IbKO Ha/imuvem
BOAOCTONKOrO 6EHTOHUTA, HO W F/TIMKOMb-AINTHUHA.

B.4 B3aMMOCBA3b MeXAy XapaKTepucTvkKamMu HaHOT/IMH 1 ra3o6apbepHbIMY CBOWCTBAMU M1IEHOK

MuHepanbHblii COCTaB SIBASIETCS OfHON U3 OCHOBHbIX XapaKTEPUCTWK HAHOI/MHbI, KOTOpasi Heo6xoauma Anst u3-
TOTOB/IEHNST HAHOKOMMO3WTHOW ra3oHenpoHWLaemoii MAeHkU. MNpu NPUMEHEHWN HAHOIIUHLI, B COCTAB KOTOPO BXOAWT
GEHTOHWT, ClleayeT YuYnTblBaTb, YTO OH COAEPXUT MOMMMO CMEKTUTA APYIMe MUHepasibl, Takne Kak KBapl, MosieBol Lunar,
KpMCTO6aNUT 1 cntofy. MuHepasibl, OT/IMYHbIE OT CMEKTUTA, HE AUCNEPTMPYIOTCS B BOAE A0 OAHOMO C/0s, NO3TOMY U3 HUX
HEBO3MOXHO MOJlyYNTb HAHOMNACTUHBLI. CMEKTUT OUMLLAIOT NPOMbIBAHUEM W OLEHUBAKT €70 YNCTOTY MO MUHEPASIbHOMY
cocTaBy. [laHHaa xapakTepucTuka CBsid3aHa C AUCNEPTUPYEMOCTbIO U M/IEHKOOGPa30BaHNEM HaHOMIMHbI B (DOpMe NopoLu-
ka, a TakKe opueHTaLueli KpUucTannoB B NIEHKaXx.

ALCOPOUMOHHAsS aKTUBHOCTbL MO METW/IEHOBOMY CMHEMY HAHOI/IMHbI B/IMSIET HA ra3o6apbepHble CBOWCTBA MJIEHOK.
Mo 3Ha4YeHUIo AaHHOM XapakTepUCTUKM OLLEHMBAIOT COAEPXaHNe CMEKTUTA B HAHOI/IMHE. YeM Bbllle 3HaYeHne afacop6uu-
OHHOVi aKTUBHOCTU MO METU/IEHOBOMY CUHEMY, TeM Go/blie coaepXaHne CMekTUTa B HaHornHe (cm. [21]). AaHHas xapak-
TEPUCTMKA CBSI3aHa C AMCNEPTPYEMOCTbIO M NIEHKOO6pa30BaHNEM HaHOMVHbI B (DOPME MOPOLUKA, a Takxe opueHTaumel
KpUCTasI/IoB B N/IEHKax.

EMKOCTb KaTWOHHOTO 06MeHa — XapakTepucTuKa HaHOTMMHbI, KOTOPYH CrieflyeT YUUTbiBaTh NpW U3rOTOB/IEHUN Ha-
HOKOMMO3WUTHbIX Fa30HENPOHULAEMbIX MEHOK. M0 3HAUYEHWIO 3TOl XapakTepUCTUKM OLEHMBAKOT COAEpXaHNe CMeKTUTa B
HaHOI/IMHE, a Takke aficoPOLMOHHYI0 aKTUBHOCTb N0 METUIEHOBOMY CMHEMY. Kak npaBu/io, Yem Bbllle 3HaUYeHUEe eMKOCTM
KaTWOHHOTO O6MeHa, TeM GO/iblIe COAEpPXaHWe CMEKTWTA B HaHOMMHe. [laHHas XapakTepucTuhka CBsi3aHa C gucrnepru-
pYyeMocCTbl0 W NAIEHKOO6PA30BaHNEM HAHOIIMHBI B (DOPME MOPOLLKA, OpUeHTaLuel KpUCTaNNoB B M/EHKAX, a Takke co
CBOICTBOM MapOHENpOHMLLAEMOCTY NpK HarpeBaHuu.

Pa3mMepbl HAHONMACTVH, cofepXaluxcst B paboyeii cycneHsun, BASOTCA OAHOW U3 OCHOBHbIX XapaKTepuUCTUK Ha-
HOI/IMHbI, KOTOPYIO CMeayeT yuuTbiBaTb NpW W3rOTOB/IEHUM HAHOKOMMO3UTHOWM ra3oHEenpoHWLAeMoii nneHku. [JaHHas xa-
pakTepucTvKa SIBNSieTCs nokasatesnieM 3hDeKTVBHOCTY AUCMEPTUPOBAHNS HAHOIUHLI B XWUAKOW cpede. HaHonuHy, npu-
rOAHYI0 K AMCNEPrpoBaHWI0 B XWUAKOW cpefe, MOXHO CMelluBaTb C MacTvkamu B XWAKO (DopMe, U3roTOB/IEHHLIMU C
NPUMEHEHNEM aHasIOTMYHON XUAKOW cpefbl. HaHONACTVHbI HAHOT/TMHBI B MOHOZMUCMEPCHOW XNAKOW cpese ahheKTUBHO
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OPVEHTUPYIOTCA Npu MneHkoobpasoBaHuu. Mpu 3TOM cregyeT yuuTblBaTb, YTO B HaHOM/MHE, cOAepXalleil yacTuubl C
60/1bLLIMM ANaMeTPOM, B MOHOAMCNEPCHOW XWUAKOW cpefe MOXeT NMpou3oiTu arnomepaums NnepBuMYHbIX YacTuy. JaHHas
XapakTepucTuka cBsizaHa C AUCNEeprupyemMocTbio U MIEHKOO6pa3oBaHneM HaHOIMIMHbI B DOPMe MOPOLLKa, a Takke OpueH-
Tau,me|7| KpUCTas/1ioB B NJ/IeHKax.

MuHepanbHbIli cocTaB SIBNSeTCS OAHON U3 OCHOBHbIX XapakTepUCTUK HAHOI/MHbI, KOTopasi Heo6xoauma Ans usro-
TOB/I€HUSI HAHOKOMMO3UTHOM raaoHenpOHmuaemoﬁ nneHkn. Ecnun npun N3rotoBI€HNN HAHOT/TMHbLI UCMOJ/Ib30BaH I'IpI/IpO,quIVI
CMEKTUT, TO MOXHO onpeaesintb BUA4 CMEeKTUTa Nno ero XMMnyeckomy CoCTaBy W KOHUEHTpauWuio LUBETHbIX KOMMOHEHTOB.
Ecnu ncnonb3oBaH CUHTETUYECKUA CMEKTUT, TO MO XMMUYECKOMY COCTaBY MOXHO YCTAHOBWUTb €r0 NPUrOAHOCTb AJ1St U3ro-
TOB/IEHWNS1 HAHOKOMMO3WUTHOW ra3oHENpPOHMLAEMO NIEHKU, B TOM YKC/ie ONpefenuTb COOTHOLLEHWE 3apsoB TeTpasapu-
YeCcKoro c/1051 ¥ OKTasfpuUyecKoro c/osi, KoTopoe Heo6xoANMO A1 06ecrnevyeHns NapoHenpPOHULAEMOCTU MIEHKU.

ACNEeKTHOEe COOTHOLLEeHNe — XapaKTepucThka HaHOMMHbI, KOTOPYI CreAyeT yUYnTbiBaTb NPU W3rOTOBIEHUM HAaHO-
KOMMO3UTHbIX Fa30HENPOHULAEMbIX NIEHOK. B COOTBETCTBUU C MoAesbio HubceHa o razob6apbepHbIX CBOCTBaX KOMMO-
3UTHbIX NOJZIMMEPHbLIX MaTepuasioB, cogepxawux Kpuctanabl B Buae nnaactuH, npn npuMeHeHUnm HaHOT/IMHbI C BbICOKUM
aCMeKTHbIM COOTHOLWWEHNEM MOXHO NMoNy4uTb NJIEHKY C y]'ly'-IIJJEHHOVI ra3oHenpoHnLaemMoCTbHo. ,ﬂ.aHHaﬂ XapakTtepuctuka
CBsi3aHa C NJIeHK006pa3oBaHUEM HAHOMMHbI B (DOPMe MOPOLUKA, a TakKe OpveHTaLMeid KpUCTanioB B MEHKax.

MneHkoo6Gpa3oBaHne HaHOI/MHbI BAUAET Ha rasobapbepHble CBOWCTBA M/eHOK. Ecnv HaHornvHa o6nafaet cno-
COGHOCTbIO K NJIEHKOO6PAa30BaHN0, TO HAHOKOMMO3WTHbIE Ta30HEMPOHMLAEMbIE MMEHKA MOXHO U3rotaBivmBaTb 6e3 go-
6aBneHnss 60MbLIOTO0 KOIMYECTBa OpPraHM4yeckoro CBA3ytLliero. B cooTBeTCTBMM € Mogenbld HunbceHa 0 razobapbepHbIxX
CBOWCTBAxX KOMMO3UTHbIX MOJIMMEPHbIX MaTepuasioB, COAePXalLnxX KpUcTansl B Bue NAacTuH, Npu 60/bLOM coaepxa-
HUM HaHOTMHbI B paboueli cycneH3un ByaeT MoslydyeHa MNJeHKa C ynydylleHHOW ra3oHenpoHMLaemMocTbio. Mpu Hannumum
TpeboBaHMn NOTPEOUTENSA K TEPMOCTOMKOCTI MIEHKN Takke HEO6X0AMMO, YTO6bI cogep)XaHue HaHOTNHBI B NEHKE 6blNo
MaKcUMasibHbIM. [M03TOMY HaHOIMMHA C NPEBOCXOAHOW CMOCOGHOCTLIO K NAeHKoo6pa3oBaHWiD B Haubonblieli cTeneHu
NoAXOoAUT AN51 U3rOTOB/IEHNSA HAHOKOMMO3UTHbIX Fa30HENPOHULLAEMbIX NMIEHOK C BbICOKMMU 3KCM/lyaTauMOHHbIMU Xapak-
TepUcTnKamu.

I'I0Tep|/| MaccChbl Nnpu npokasinBaHn — oAHa M3 OCHOBHbLIX XapakTepUCTUK HaHOIMNHbI, KOTOPYIO cnenyeTt yuntbiBaTb
npu M3roTOB/IEHUN HAHOKOMMO3WUTHONM ra3oHEenpoHuLaemMoli NaeHkn. HaHorMHa MOXeT cogepxaTb [06aBkM U NOBEPX-
HOCTHO-aKTMBHblE BeLLecTBa, HO UMEHHO Ha/MyMe B Hell HaHOMIAaCTUH CMOCO6CTBYET MOJyYEHMI0 NEHOK C razobapbep-
HbIMW cBolicTBaMu. OnpeAenns AaHHYI0 XapakTepUCTUKY HaHOI/TMHbI, MOXHO YCTaHOBWUTbL MacCOBYIO [O/110 COoAepXaLlnx-
CS B HEWl HaHOMMAaCTVH.

Ha pucyHke B.1 npuBegeHa B3aUMOCBSA3b MeXAY XapakTepucTUKaMu HaHOMWH U ra3obapbepHbIMU CBOCTBaAMU
NAIEHOK.

12



FOCT P 59388.2—2024

PucyHok B.1 — B3anMMOCBA3b MeX/y XapakTepucTUKaMi HaHOMMH 1 ra3o6apbepHbiMI CBOMCTBAMU MIEHOK
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MpunoxeHne C
(cnpaBo4yHOE)

Llenouykn co3gaHna CTOMMOCTU TNIMHUCTbIX HAHOMAaTepuasioB, coaepXawmx HaHON1aCTUHbI

Lienoykn co3gaHuss CTOMMOCTM HaHOMWH npueefeHbl Ha pucyHke C.1. B HacTofllleMm cTaHgapTe npeacrasneHa
chopma nNpoToKosa UCNbITaHWi, KOTOPYIO AONYCKAeTCA MCNOoNb30BaTh B ka4yecTBe cneundukaumm npy noctaBkax HaHOru-
Hbl MO COr/1aCOBaHUI0 MeXAy U3roToBUTEsIeM U NOTpebutenemM B Lienoyvkax co3faHns ee CTOMMOCTH.

PucyHok C.1 — Llenouku co3gaHus CTOUMOCTU HaHOIMVH
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MpunnoxeHue D
(cnpaBo4HOE)

dopmMa NpoToKOosla UCNbITaAHU

dopma npoTokona ucnbiTaHuii npueegeHa B Tabnvuyax D.1 n D.2, koTopble fOMNyCKaeTCcs UCNO/b30BaTh B KauecTBe
NPOTOKONA UCNbITAHWIA HAHOMWH, NPefOoCTaBNAEeMOro M3roToBuTenIeM nNoTpebuTento, a Takke B kayecTsBe crneumdukalmm.

Tab6nuya D.1 — Obwan nHgopMauns 0 HaHOTINHE
HavnmeHoBaHve maTtepuana
HavmeHoBaHue usrotosutens
Homep naptum
VicxogHoe cbipbe
YcnoBus xpaHeHUst npoaykuun 1 npob Ao UcnbiTaHwuii

HaumeHoBaHMe XWAKOW cpefbl, NPUMEHEHHO ANs1 W3rOTOBMIEHUSI HAHOIWHbI B
hopmMe cycneH3uu

CofepxaHne cyxoro BelecTsa

MaccoBas gons snaru

HaumeHoBaHue 1 cogepxaHve fo6aBok

Mopdonornyeckme xapakTepuctukn (gpotorpacmy — B NPUIOKEHUN K NPOTOKOSY)

3HaueHue pH

Ta6nuuya D.2— OdopmneHne pesynbTaToB UCMbITAHWA UK cneunduKkaLmn Ha 3aKkynky HaHOMIMHbI

[Lata namepeHuit/

HeonpepeneHHoCTb
MeTogn PesynbTar JononHutenbHasa HanMeHoBaHune
XapaktepucTuka o o pe3ynbTata o
n3MepeHunii n3MepeHuni o nHhopmaLms ncnbiTaTenbHoOM
n3mepeHuii
naboparopuun
OTK/IOHEHUSA:

15
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MpunoxeHue JA
(cnpaBo4yHOE)

CBeneHus 0 COOTBETCTBUM CChIZIOYHOIO MEXrocyAapCTBEHHOro cTaHAapTa

MeXxayHapoaHOMY CcTaHAapTy, NCNoJib30BaHHOMY B KadyeCTB€E CCbIJIOYHOTIO
B NPUMEHEHHOM MeXAYHapoAHOM OOKYyMeHTe

Tabnuuya [OA1

OGo3HayeHNe CCbIIOYHOTO CreneHb O603HayeHe U HaMMeHOBaHWUE CChbIZIOYHOTO MEeX/yHapoHOro
MEXrocyAapCTBEHHOTO CTaHAapTa COOTBETCTBUSA cTaHgapTa
FOCT ISO/TS 80004-6—2016 HOT ISO/TS 80004-6:2013 «HaHoTexHonorun. Cnosapb. YacTb 6.

OnpefeneHne XxapakTepucTUK HAHOOObLEKTOB»*

MpumeuyaHue — B HacTosiweli TabnuLe MCNOMb30BAHO Criefylollee YC/I0BHOe 0603HAYeHWe CTENeHu CooT-
BETCTBUA CTaHaapTa:
- FOT — naeHTUYHBbIA cTaHgapT.

* 3ameHeH. [JeicTtByeT ISO/TS 80004-6:2021.
16
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