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Mpeancnoeue

1 NMOAOIOTOBJIEH ®enepansHbiM rocyaapCTBEHHLIM BDIOMKETHBIM yUpexaeHUeM « POCCUNCKUIA MHCTU-
TyT ctaHgaptuaauuu» (OIrBY «MHCTUTYT cTaHgapTu3alnm») Ha OCHOBE COBCTBEHHOrO NepeBofa Ha PYCCKUM
A3bIK aHIMOA3bIYHOW BEPCUM OOKYMEHTA, YKAa3aHHOIO B NyHKTe 4

2 BHECEH TexHW4ecKuM KOMUTETOM No cTaHaapTusaumi TK 441 «HaHoTexHonorm»

3 YTBEPX/EH Y BBEJEH B IEWCTBWE Mpukasom defepanbHOro areHTCTBa Mo TEXHUYECKOMY pe-
rynupoeaHuio u metponorum ot 30 oktabpa 2024 r. Ne 1562-ct

4 HacTtosilymia cTaHAapT ABNAeTcs MOANMMLMPOBAHHBIM MO OTHOLLEHUIO K MEXOYHapO4HOMY AOKYMEHTY
ISO/TS 21356-1:2021 «HaHoTexHonoruu. OnpegeneHne CTPYKTYPHBIX XapakTepucTuk rpadena. HYacte 1. Mpa-
dheH B BUAe nopolukoe 1 ancnepcui» (ISO/TS 21356-1:2021 «Nanotechnologies — Structural characterization
of graphene — Part 1: Graphene from powders and dispersions», MOD) nyTem U3MeHeHUs1 CChINOK, UCKIHO-
YeHWs OTOeNbHbIX MOMNOKEHWIA, KOTopble oyOnMpyOTCs No TEKCTY cTaHdapTa, UCKMNYeHna n3 ubnuorpadgum
MHOpMaLMK O JOKYMEHTaX, CChISIKM Ha KOTOPbIe He MCMONb30BaHbl MPY U3MOXKEHWN HACTOALLEro CTaH4apTa,
4ononHeHus 06o3Ha4YeHMin U COKpaLLeHWI, KoTopble HeobXoAMME! ANs MOHUMMAaHWS HAcTOodALLero ctaHgapTa u
BblAeNeHbl B TEKCTE KYPCUBOM.

BHeceHve ykasaHHbIX TEXHUYECKMX OTKNOHEHWIA HAanpaBneHo Ha y4eT uernecoobpa3HocT UCNoNb30Ba-
HWUS CCBINOYHBLIX HALMOHAmbHbIX CTAHAAPTOB BMECTO CChINOYHbLIX MEXAYHAPOAHbLIX CTaHOaPTOR.

CeeeHWs 0 COOTBETCTBUMN CChINOYHbIX HALMOHAMBHEIX U MEXrOCYAapCTBEHHbIX CTAHAAPTOB MeXayHa-
pPOAHbIM CTaHOapTaM, MCMOSIb30BaHHLIM B KA4YEeCTBE CCbISIOYHBIX B MPUMEHEHHOM MEXOYHapoaHOM OOKYMEH-
Te, NpuBedeHbl B NnpunoxeHun A

5 BBEJJEH BIMEPBbIE

lNpasuna npumeHeHUss Hacmosaweao cmaHdapma ycmaHoseHbl 8 cmambe 26 @edepanbHOz0 3aKoHa
om 29 uwoHA 2015 2. Ne 162-03 «O cmaHdapmu3sauyuu e Pocculickol ®@edepayuu». MHgopmayus ob us-
MeHEeHUSX K HacmosilemMy cmaHdapmy rnybrnukyemcs 6 exe200HOM (M0 COCMOSHUK Ha 1 aHeaps mekyuie2o
eo0a) uHghopmayUoOHHOM ykazamene «HayuoHansHbie cmaHlapmbi», a oguyuanbHbIl MeKcm U3MeHeHUl
U rnonpasok — 8 eXeMecsYyHoOM UHOPMAayLOHHOM ykazamene «HayuoHnansHbie cmaHdapmel». B cnyvae
rnepecMompa (3amMeHbl) Uu OMMeHbl Hacmosauweao cmaHdapma coomeemcemeyrouee ysedomieHue bydem
onybnukosaHo 8 bnuxaluwieM 6biNyCcKe eXeMecsyYHo20 UHGOPMayuoHHO20 ykasamerns «HauyuoHanbHble
cmaHOapmsi». Coomsemcemayoujas UHgopmayus, yeedoMIeHUe U MeKCmbl pa3Mewalomcs makxe 8 UH-
ghopmayuoHHoU cucmeme obLezo nonk3oeaHus — Ha oguuuanbHoM calime @edepansHo20 azeHmcomea rno
MEexXHUYECKOMY peaynupoeaHuro U Memponoauu & cemu MHmepHem (www.rst.gov.ru)

© IS0, 2021
© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3peleHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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rOCT P 71754.1—2024
(ISO/TS 21356-1:2021)

HAUWMOHANBbHBIA CTAHOAPT POCCMUMCKOWMW PEOQEPALUMN

HaHoTexHonormnu
ONMPEAOENEHUWE CTPYKTYPHbLIX XAPAKTEPUCTUK TPADEHA
YacTtb 1

HaHomaTepuankl B hopMe NOPOLLKOB U CYCNeH3ui, cogepxallime rpaceH

Nanotechnologies. Determination of structural characteristics of graphene.
Part 1. Nanomaterials in the form of powders and suspensions containing graphene

NaTta BeegeHua — 2025—03—01

1 O6bnacTb NnpMMeHeHus

HacTtoswmin cTaHgapT pacnpocTpaHAeTca Ha HaHomMaTepuansl, cogepkalwue rpadeH, BbiNycKaeMble
B (hopme MOPOLUKOB WU CYCNEeH3uWl (danee — HaHoOMartepuarnsl), U yCcTaHaBMNMBaeT MEeTOoAbl M3MepeHuin ans
onpefeneHns CTPYKTYPHLIX XapakTepuUCTWK rpacdeHa, B T. U. 1LG-rpadpeHa, 2LG-rpaceHa, FLG-rpacdeHa u
rpacpeHoBbIX HaHonnacTuH (THIM), kak npaBuno, Nnocne ocaxaeHUsl OTAENbHbLIX YellyeK rpacheHa Ha NoANoX-
ke. B HacTosiwem cTaHgapTe K CTPYKTYPHbBIM XapakTepucTukam rpadeHa OTHECEHb!: YNCNO CrOeB/TONWMHbI
Yyellyek rpadeHa, NMHenHble pa3mMepbl Yellyek rpadpeHa, TUMNbl YNakoBKKM CMOEB, YWCNEeHHas O0NsA Yelwyek
rpadpeHa v ygenbHas nnowanb NoBepxHocTM HaHomaTtepuana. Metogbl U3MepeHWA, YCTaHOBMNEHHbIe B Ha-
CTOsILeM cTaHOapTe, BKMOYaT B cebs nopsaaok NpoBeAeHUs MU3MepeHUiA, NpoLueaypbl NOAroTOBKK 0bpasLoB,
0bpaboTKy M aHanWM3 Nony4YeHHLIX pe3ynsTaToB.

2 HopmaTuBHbIE CChINTKN

B HacToAlweM cTaHgapTe UCMoNb30BaHbl HOPMATUBHbLIE CChINKW HA CNefyLlmMe cTaHaapThl:

FOCT 9805 Cnupm usonponunoebil. TexHu4eckue ycrnoaus

FOCT ISO/TS 80004-1 HaHoTexHonoruu. Yacte 1. OCHOBHble TEPMUHBI U onpeaeneHus

FOCT ISO/TS 80004-2 HaHoTexHonoruu. Yacts 2. HaHooObekTbl. TepMUHBLI M onpeaeneHus

FOCT ISO/TS 80004-6 HaHoTexHonoruu. Yacts 6. XapakTepuUCTUKM HAHOODLEKTOB 1 MeTodbl UX onpe-
geneHusi. TepMUHbI U onpeneneHns

FOCT P 8.635 lNnocydapcmeeHHasi cucmema obecriedeHuss eduHcmaa uamepeHul. Mukpockonbs! ckaHu-
pyrowue 30H008bIe amomMHo-cunoesie. Memoduka kanubposku

FOCT P 8.636 lNocydapcmeeHHas cucmema obecnedeHuss eduHcmea usmepeHul. Mukpockonb! anekx-
MmpoHHLIe pacmposkie. Memoduka kanubposku

MpumeuyaHnue — [pn NONB30BAHNM HACTOALLMM CTAHAAPTOM LIENecoobpasHo NpoBEpUTL AENCTBUE CCbINoH-
HbIX CTAHOAPTOB B UH(OPMALIMOHHOW cucTeme 0BLWero nonb3oBaHna — Ha oduumansHom cante degepansHoro areHT-
CTBa MO TEXHWYECKOMY PEryriMpoBaH1I0 U METPONIOTAM B CETU MIHTEPHET UMK Mo eXerogHoMy MH(POPMALMOHHOMY yKasa-
Tenio «HaunoHaneHbIe CTaHOapTLI», KOTOPLIA ONYGIUKOBaH MO COCTOAHWUIO Ha 1 SHBaps TEKYLLUEro roga, U no BbiNyckam
eXeMecsMHOro MHOPMaLIMOHHOIO yKasaTensa «HaluuoHanbHble cTaHaapThl» 3a TeKYLUWA rof. ECrnv 3aMeHeH CCbINOoYHBbIiA
CTaHgapT, Ha KOTOPbLIA AaHa HeAAaTUPOBAHHAA CChINKA, TO PEKOMEHOYETCA WCMOMbL30BaTh OENCTBYIOLWYI0 BEPCUIO 3TOrO
cTaHdapTa ¢ YYeTOM BCEX BHECEHHLIX B JAHHYK BEPCUI0 U3MEHEeHWUI. Ecnu 3aMeHeH CCbINOYHbIA CTAaHOAPT, Ha KOTOpbIi
[aHa OaTWpOoBaHHas CChINKa, TO PEKOMEHAYeTCs UCNOMNb30BaTh BEPCUID aTOr0 CTaHdapTa C yKasaHHbIM Bbllle rodoMm yT-
BEPXKOEHUS (NpuHATUA). Ecnun nocne yTBEpXKOEHWS HACTOSILLEro cTaHAapTa B CCbINOYHbIM CTaHAapT, Ha KOTOpbIN AaHa

MapaHune ochbuumnansHoe
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AdathpoBaHHadA CCbiNika, BHECEHO M3MeHEeHWe, 3aTparmBaroLLee nonoxXeHnme, Ha KOTopoe daHa CCbINKa, TO 3TO NnonoxeHune
pekoMeHOyeTCcA NPpUMEHATb bes y4vyeTa 0aHHOro U3MeHeHunA. Ecnu ccbinoyHbIn CTaHOapT OTMeHeH 6e3 3ameHbl, To nono-
XeHune, B KOTOPOM OaHa CChiNnKa Ha Hero, pekoMmeHayeTca NpuMeHATbL B 4acTu, He 3anaFIABaPOLLI,EIZ 3TY CCbINKY.

3 TepMuHbI 1 onpeaeneHus

B HacTofAweM cTaHgapTe npuMMeHeHbl TepMuHbl no FOCT ISO/TS 80004-1, FOCT ISO/TS 80004-2,
FOCT ISO/TS 80004-6, a Takke criegyloLine TEPMUHBI C COOTBETCTBYHOLWMMMW ONpegeneHnsmMu:

3.1 rpadeH [cnown rpadieHa, ogHOCNOWHbIA rpadeH, MoHocnol rpadena)] (graphene; graphene
layer; single-layer graphene; monolayer graphene): MoHocnoi aTomMoB yrnepoga, B KOTOPOM KaKAbll aToM
CBSA3aH C Tpems cocegHummn, 06pasysa Takum ob6pa3om COTOBYH CTPYKTYPY.

MpumeyvaHunsa

1 MpadheH siBNAETCA OCHOBHLIM 0Opa3yLLUM MaTepUanom MHOTMX YITepoaHbIX HAHOOOBLEKTOB.

2 lMockonbky rpadpeH SBNAETCSA OAHOCMOWHBIM MaTtepuanom, To ecTb npeacTaenseT coboi Cron, TO CMHOHUMA-
MU TEPMUHA «rpadheH» ABMAKTCA TEPMUHBI € OQHOCMNOWHBLIN rpadieH» U «MOHOCNOW rpadeHay, cokpalleHHoe HarMeHo-
BaHue — «1LG-rpacpeH». TepMuHbl U onpeaeneHne cchopMynupoBaHbl TakumM obpasom, YTobbl YCTaHOBUTE OTNUYME OT
TEPMWHOB WM ONpeaeneHnid NoHATUIA « ABYXCMNOWHbIA rpadeH» (2LG-rpadeH) M «ManocnolHeli rpacer» (FLG-rpadheH).

3 MpadpeH nmeeT kpas. [padeH MOXEeT MMETb pasnuyHble AedeKThbl, HaNpMMep MeX3epeHHYI0 rpaHuLy, B KOTOpPOK
NPOUCXOAUT HAapYLLEHWE CBA3M AaTOMOR PELLETKH.

[Cwm. [1], cTaTba 3.1.2.1]

3.2 rpadwmT (graphite): AnnotponHaa mogudurkaums yrnepoga, cocTtoswas u3 cnoees rpadeHa, pacno-
TIOXEHHbIX MapanneneHo Apyr Apyry U 0bpasylollnx TPEXMEPHYH YNOPSAA0YEHHYK KPUCTannm4yeckyto CTpykK-
TYpY.

MpumeyvaHus

1 Onpepenenne «rpacdut» aganTMpoBaHO M3 ONpeneneHns, NPUHATOro MexayHapoagHbIM CO30M TEOPETUYECKOM
1 npuknagHon xumuun (IUPAC).

2 CyI.I.I,ECTByPOT ABe annoTponHblie MO,D,MC"JMKaLlHH rpachTa: rekcaroHanbHasa u pomﬁoa,u,puqecmaﬂ, oTnu4atowmnecs
TUNOM 4YepenoBaHWA YIMepodHbIX CINOEB.

[Cm. [1], cTaTba 3.1.2.2]
3.3 gByxcrnoWHbln rpadeH; 2LG-rpaceH (bilayer graphene; 2LG): [OByxmepHbld MaTtepuan
(2D-maTepwuan), cocTosILLNIA U3 ABYX YETKUX W ONpeneneHHo PacnonoXeHHbIX Croes rpadeHa.

MpumevyaHme — Ecnu n3secTeH TMN yNakoBKK CNoes rpadieHa, To A0NyCKaeTcsa NPUMEHSATh, Hanpumep, Tep-
MWH «JBYXCMOWHbIN rpadpeH ¢ ynakoBkon bepHans».

[Cm. [1], cTaTba 3.1.2.6]

3.4 manocnowHbln rpadpeH; FLG-rpacden (few-layer graphene; FLG): [OByxmepHblid MaTepuan
(2D-matepwan), COCTOALLMIA OT TPEX OO AECATU HYETKUX W ONpeLeneHHO pacnonoXeHHbIX Croes rpadeHa.

[Cwm. [1], ctaTba 3.1.2.10]

3.5 rpadeHoBas HaHonnacTtuHa; [ HI (graphene nanoplate; graphene nanoplatelet; GNP): Hanonna-
CTMHA, coCcTosLLas U3 cnoee rpacdeHa.

Mpumeyvyanne — TonwwHa MHIM, kak npaBuno, coctaensaeT oT 1 40 3 HM, pasmepbl N0 OBYM OPYruM M3me-
peHuaM — npubnuamtensHo ot 100 HM 8o 10 MKM.

[Cwm. [1], ctaTbs 3.1.2.11]

3.6 nuHeWHble pa3Mepbl [pa3mepsbl vewynku] (lateral size; flake size): NopusdoHTanbHblE pasmMepsbl
OByxMmepHoro (2D-matepuana) B BUAE YeLLYRKN.

Mpumeuvyanune — Ecnu dopma yellylrikn aBnseTca npubnusanTensHO KPyrrow, TO ee pasMep, kKak npaBuno,

onpenenarT Kak 9KBMBaNEHTHbLIN AnamMmeTp 4YacTtuubl, ecrnn CbOpMa HeKpyrnaa, To0 BbIMOMNHAKT M3MEPEHNA NO OCAM X, ¥ U
nepneHgukynapHo Hanbonee ANVHHON ero CTOpPOHeE.

[Cm. [1], ctaTtbs 3.4.1.15]

3.7 okenpg rpadpeHa; Ol (graphene oxide; GO): Xumnyeckn mogucuLMpoBaHHbIi rpadeH, NonyyYeHHbIA
B MpoLlecce OKUCNEHUs U paccnaneaHua rpadouTa, Bbi3biBAOLEro 0BLLINPHYH OKUCITMTENBHY MOAUMUKALINID
OCHOBHOW MITOCKOCTU rpacuTa.

2

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 6/52
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-71754.1-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69397
https://gostexpert.ru/gost/gost-71754.1-2024?utm_source=pdf&utm_medium=69397&utm_term=page

FOCT P 71754.1—2024

MpumeyvaHnne — Okcug rpadpeHa npeacTaBnaeT cobol O4HOCIMOMHLIA MaTtepuan ¢ BbICOKUM COAepKaHueM
KMCMOpoaa, Kak NpaBumno, ¢ atoMHbIM cooTHowweHreM C/O npubnuantensHo 2,0 B 3aBUCUMOCTM OT KOHKPETHOTO MeToaa
CUHTE3a.

[Cwm. [1], cTaTba 3.1.2.13]

3.8 BoccTaHOBNEeHHLIW okcua rpadeHa; BOI (reduced graphene oxide; rGO): Okcug rpadeHa ¢ no-
HWXEHHbBIM COAEPXaHWeM Kucropoaa.

MpumeyaHns

1 BoccTaHOBNEHHbIA OKCUA rpacbeHa MOXHO nonyynTb pas3nmMyHbIMA cnocobamm: XMMUYECKM, TeEpPMUYECKUM, MN-
KPOBONHOBbIM, CbDTOXMMVIHECKVIM, (.bOTOTepMW—IeCKMM nnn MVIKpDGL“IOHOFMHECKMM/ﬁaKTBpMaHbeIIVI, a TakkKe B npouecce
paccnamnBaHWA BOCCTaHOBNEHHOINo okcnaa Fpa(bMTa.

2 Ecnu okcvn rpacheHa NomnHOCTEH BOCCTAHOBMEH, TO OH siBNseTcs rpadpeHomM. Npu 3TOM HeKoTopbie KMcnopod-
copepxallye byHKLMOHANbHBIE FPYNMbl MOFYT OCTATBCS, M HE BCE CBA3W KOH(UIypaLumn sp° npeobpasyloTcs B CBS3M KOH-
curypaumm sp2. OT KOHKPETHOMD BOCCTAHOBUTENS 3aBUCAT XUMUYECKWNIA COCTaB M COOTHOLLIEHME YrNepoaa K kucnopoay B
BOCCTaHOBMEHHOM OKcuae rpadeHa.

3 BoccTaHoBneHHbIM OKeua rpacheHa MOXKeT UMETh pasnuyHble chopMy W CTPYKTYPY, Hanpumep opmy nnacTUHbI
UK YepBeobpasHyH CTPYKTYDY.

[Cwm. [1], cTaTba 3.1.2.14]

4 Obo3Ha4yeHUe U COKpaLlleHuA

B HacToflwem cTaHgapTe NpUMeHeHbl criegyolwne ob603Ha4YeHns U CoKpaLleHus:
ACM — aToMHO-cUnoBas MMKPOCKOMMWS;

BO/lIIT — 8bICOKOOPUEHMUPOBAHHbIU MUponUmMuUYeckul epagpum;

KPC — kombuHauuoHHOe paccesHue ceema,

meton B3T — metog BpyHayapa, OmmeTa u Tennepa;

MP3M — npoceequsarowias pacmposas MeKmpoHHas MUKPOCKOMUS,

M3M — npoceevmnBaloLasn anekTPoOHHaA MUKPOCKOMUS;

P3M — pacTpoBas aneKkTpoHHas MUKPOCKOMUS;

CO — cmaHOapmHoe OMKNOHeHUe;

XOIB — xMmuYyeckoe ocaykaeHue 13 ra3oBon dassbl;

FWHM — nonywwupuHa (nonHas WyprHa Ha YpoOBHE NOMOBUHHOW aMinnTyabl);
NMP — 1-metun-2-nupponungoH unu N-MeTunnupponvaoH;

1LG-rpacdeH — cnoi rpadeHa/ogHOCNoRHbIA rpadeH/MoHoCnon rpadeHa;
2D-rpadheH — OBYXMepHbIN rpadeH.

Mpumeuvanne — CokpaweHua ACM, POM u MN3M, ynotpebnaembie no TekcTy HacTodwero craHgapta bes
TEpPMUHA «MeToay, 0603Ha4alT He KMUKPOCKOMMIO», a ucnorne3yemoe obopyaoBaHue, TO eCTb MUKPOCKOTbI.

5 MNopsagok npoBeaeHNA N3MEPEHUN

B HacToAweM pa3nene ycTaHOBMEH NOPALOK NPOBeAEHUsI N3MePEeHNA ANs onpeeneHusn XapakTepucTuk
rpadbeHa, B T. 4. 1LG-rpadpena, 2LG-rpacdeHa, FLG-rpadena n T'HIM, cogepxallerocs B HaHoMaTepuanax, us-
roTaBnuBaeMblX B (popMe nopoLlka u cycneHsun. HacTosiLuin ctTaHgapT pacnpocTpaHAeTes HaHoMaTepuansl,
cogepxawue rpadeH, B Tom unucne 1LG-rpadeH, 2LG-rpadeH, FLG-rpadeH u MHI, B BMae yellyek onpege-
NEeHHbIX NUHEerHbIX pazmepoB. [Npu atom obpasubl HaHOMaTtepuana, Kak NnpPaBuno, CogepXaT 3Ha4YMTensHoe
4Ymncno Yellyek rpadeHa ¢ gecaTbio 1 Bonee crosiMu, KOTOPbIE TAKXKE ABNAKTCS Yellynkamu rpaduTa.

CHavana npoBogAaT uccnegosaHve obpasua MeTodoM crnekTpockonun KPC ¢ uenbio noaTBepxOeHus
TOro, 4TO HAaHOMaTepuarn cogepXuT rpaded unu rpaduT, Janee onpedensoT ero XxapakTepUcTUKA, UCMOSb-
3ya pasnu4YHble MEeTodbl, Kak NMokasaHo Ha pucyHke 1. Metog(bl) M3MepeHuin MPUMEHSIOT B 3aBMCMMOCTUM OT
BPEMEHU, HANMYUSA COOTBETCTBYHOLLIEr0 060Opya0OBaHMA 1 TEX XapakTEPUCTUK, KOTOpble TpebyeTcsa onpenenutb
NnonbL30BaTEN0 HACTOALWEro cTaHaapTa.
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MpumedvaHue — Kak npasuno, oBpasusl HAHOMaTepWana npeacTaeneHsl B hopme NopoLLUKa UMK CYCNeH3uu,
NoaToMy rneper NpoBENeHUEM M3MEPEHUIA NX HEOBXOOMMO HAHECTH HA MOAOXKKY.

Obpasey, B popme O6pasel B popme
CYCNEH3U nopoluka
Ipadrer/rpacur Mpacben/rpacut
oTcyTcTBYeT B obpaalle oTcyTcTRYeT B oGpasue
MATepnana Marepuana
w
M3MEPBHM9 MEeToOoOM MSMBPEHMB METOOOM
DNanes criektpockonuu KPC. cnekTpockonuu KPC. Aanee
usmepeHus MoaTeepKAeHWE HANWHUA MNoaTeepXaeHWe HaNMuUKUs MaMepeHns
He NpoBCAAT rpadpena/rpaguta {cM. 6) rpachena/rpacnTa {cm. 6) HE NpoRoAAT
MoegroToBKka/M3roToBNeHWe r:qg::eiermée
ofipasua B opmMe T ongm E3T
cycneHauu (cMm. 7} (em. 11)
W
OnpegenaHue
Boibop MeTofoB yOeneHOW nnowaau
uzMepeHui (cm. 8) NOBEPXHOCTH
HaHOMaTepuana
w w
r
Onpegnenexve Mpoeepenne MNposegenne Onpepenexne
THNA YNEKOBKMA W M3MepeHWii uaMepeHuii NMHBIHBIX PA3MBPOB
Jncna cnoes MeTeAoM NOM MeToaoM P3M uelLlyek rpacheHa
YeLuyek (em. 10) {cm. 9)
rpacheHa
r
MposeaeHue {
M3aMepeHUii Onpepenetue
meTeaom ACM »l nuHeiiHLIX paaMepos
(cm. 9) {TonLmH) YelLyek
' rpaceHa
.
h
MpoeeseHue ( )
MaMepeHui OnpepeneHue TMna
MBTOROM »| ynakoeim u uucna
CBKTPOCKOTMA Croes Hewyex
KPC (cm. 9) \ rpaceHa y :

MpumeyaHne — B ckobkax ykasaHbl HOMepa NYHKTOB, B KOTOPbIX NpUBeAeHo noapobHoe onvcaHue MeTo4OoB.
PucyHok 1 — Bnok-cxema (anroputM) NnpoBeaeHns M3MepeHuid U NPUMEeHEHUs METOLOB N3MEPEHMIA
0119 onpegeneHns CTPYKTYPHBIX XapakTepUCTUK HAHOMaTepuana B popMe NopoLUuKka UMM cycneH3um

CHavana B obpasue HaHoMmaTepuana onpefensT Hanu4me/oTcyTcTBue rpadeHa u/unu rpadgputa, To
ecTb 1LG-rpadpeHa, 2LG-rpadeHa, FLG-rpaceHa, MHIMN nnu rpadurTa, akcnpecc-aHann3om, UCNonb3ys MeToq,
crnekTpockonuu KPC B COOTBETCTBUW C pazaenom 6 n npunoxeHnem A. [ins naMmepeHuid npuMeHsoT obpasel
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HaHomaTepuana B popMe MOPOLLKa, HAHECEHHbIA TOHKMM cnoem Ha nognoxky. Ecnn HaHomaTtepuwan npeg-
cTaBneH B (hopme CycneH3nu, To U3 Hero Heobxoaumo yaanuTe pacTBOPUTENb B COOTBETCTBUN C A.2.

[anee BbIbUpaloT MeTOAbI MUAMEPEHWUA B COOTBETCTBUMN ¢ pasfernom 8. [1na onpefeneHWs pacnpegene-
HWS Yellyek rpadheHa no NUHeRHbIM pa3Mepam W Ans B3aMMOCBS3M 3TOro MoKa3aTens ¢ TONWMHOW Yellyek
BbiBupatoT metog MN3M unu kombuHauuo metogos P3M n ACM u metog cnektpockonum KPC. [na uamepe-
HWW Ha JaHHOM 3Tane NpUMeHAT obpasubl HAHOMaTepuana, coaepxallme YeTko OTAeneHHbIe 4pyr OT Apyra
Yewyinku rpacpeHa, pacnonoxXeHHble Ha nognoxke. MogroToBky Taknx 0b6pasLOB OCYLLECTBASIOT OCaXaAeHWeM
Ha NOANOXKY HaHoMartepuana B hopMe cycrneH3un. Ecnv HaHoMmaTtepuan npegocTaBneHd B hopme NopoLuKa,
TO ero HeobXxoOMMO cHavana AUCneprupoBaTh B MOAXOASLLEM pacTBOPUTENE B COOTBETCTBUU C pazfernom 7,
3aTeM BbIMOMHUTL OCaXAEHWE Ha MOOTOXKY, KaK ykaszaHo B npunoxeHusax B u C.

Ona npoeeneHuns namepeHuin metogom NMOM (cm. paszgen 10) nogroToBky 06pa3UoOB OCYLLECTBNAKT Ha
cetke anst N3M (cetkmn M3OM), kak ykaszaHo B C.2, unn Ha KPEMHWEBOW NIACTUHE C TOHKUM €CTECTBEHHbLIM
cnoem okcuaa kpemHusi (cM. B.2). 3atem ogHMM 13 METOLOB ONTUYECKON MUKPOCKONMUU NPOBOASAT NPOBEPKY
nony4YeHHbix 00pasLoB HaHoOMaTepuana Ha MX NPUrOAHOCTL AS1IA M3MEPEHWA, Onpeaensa Hanu4Me unum ot-
CYTCTBME CYLLECTBEHHOW arnoMepauun yellyek rpadgeHa. Moarotoeky obpa3uoB HaHOMaTtepuana nposogaT
00 Tex nop, Noka He NpoU3oNAeT paBHOMEpHOe ocaxaeHue Yellyek rpadpeHa Ha nognoxke. 3ateM NpoBoasAT
namepeHusa metogamu PSM, ACM u cnektpockonun KPC (cm. pasgen 9 v npunoxeHue B) unu metogom NMN3M
(cm. pasgen 10, npunoxerue C). [Ins onpeneneHns CTPyKTYPHBIX XapakTepUCTUK HaHOMaTtepuana, ykasaH-
HbIX HA PUCYHKe 1, M3MepeHWs BbINOMHAIT, KOMBUHUPYA meToabl POM, ACM u cnektpockonuio KPC.

Mpu HeobxooMMOCTKM ANs ONpefeneHns yaenbHOW Nrollaan NoBepxXHOCTM HaHomaTepuana B dopme
nopotuka npumensoT metog B3T (cm. pazgen 11 u npunoxeHue E).

[Mocne npoBefeHusa Bcex HeOBXOOMMBIX U3MEpPEHUI ONpefensoT CpeqHUA NIMHEeNHbIA pa3Mep YeLlyek
rpadpeHa, pacnpefeneHue JYellyek rpadeHa no pasMepam 1 YucreHHble gonu yewwyek 1LG-rpadeHa u FLG-
rpadpeHa B COOTBETCTBMM ¢ pasgernom 12 n npunoxennem D. YucneHHaa gons npenctaBnseT coboi OTHO-
weHne Yncna vyewyek 1LG-rpadpeHa unun FLG-rpadeHa k obLiemy 4ncny Yewyek rpadeHa, CoaepallmMxcs B
obpasLie HaHoMaTepuana, KOTOpYHo Bbipa)atoT B MPOLEHTax.

MpumeyaHuns

1 MNpepnonaraerca, 4To 06pasey HaHomaTepuana cogepxuT 1LG-rpacden/2LG-rpacer/FLG-rpacden/rpacduT. Cne-
OYET y4nThIBaTh, 4TO ecnu 0bpaszel, UMeeT APYrol XMMWYECKWIA COCTaB, HanpUMep COAEPXUT okcua rpadeHa nnu yHKUM-
OHanM3npoBaHHbIA rpadeH, TO pesynbTaThl, NonydYeHHble MeTogom criektpockonu KPC, ByayT cylecTBEHHO OTNMYATLCS
OT pesyneTaToB, NOMy4YeHHbIX 3TMM METOAOM B COOTBETCTBUM C HAcCTOALWMM cTaHdapTom. [Mpu atom gns onpegenexHus
NWHENHBIX Pa3MepoB U TOMLWMH Yellyek rpadpeHa (3a UCKMIYeHNeM YMcna Cnoes) Takux MaTtepuarnos J0MNyckaeTes npu-
MEHSATbL METOAbl ONTUYECKOM MUKPOCKOMNKMK, Takne Kak metogbl POM 1 ACM.

2 KonwnyecTBEHHBIA UKW CTaHAAPTU30BaHHBIA METOL ONpefeneHns yAensHOW NnoLaan NoBeEPXHOCTH HaHOMaTepK-
ana B chopMe cycneHsuu, cogepkallero rpaden/rpaduT, He paspaboTaH.

6 JKcnpecc-aHanu3 HaHoMaTepuara MeTo4oM CNEeKTPOCKONUN
KOMOWHaLMOHHOIo paccesiHMs cBeTa Ans onpeaeneHus Hann4ua/oTrcyTcTreus
rpacpeHa

O6pasey HaHOMaTepuana B )OpMe MOpOLLKAa HaHOCAT Ha NOAMOXKY, 3aTeEM METOAOM CNEKTPOCKOMUM
KPC onpegenstoT Hanwune/oTcyTCcTBME B HEM rpadoeHa u/unu rpacmuta. Metogom cnektpockonun KPC Takke
nony4atoT Ka4eCcTBEHHbIE JaHHbIE O CTPYKTYPHbIX XapakTepucTukax HaHoMaTepuana, BKnoYasa TUnbl ynakos-
KW CIOEB W NWHeVHble pasmepbl Yellyek rpadeHa. Ecnn obpasel HaHomaTepwana npeacTtaeneH B opme
CyCneH3uun, TO NpeaBapuTenbHO U3 Hero yaansT pacTBOpUTENb U Aanee nNpoBoaAT aHanva obpasua HaHo-
MaTtepuana B opmMme NnopoLuka.

[na skcnpecc-aHanusa MeTogoM cnektpockenun KPC npumeHAwT obpasel HaHoMaTeprana B doopme
MOpPOLLKa, HAHECEHHbIN TOHKMM CITOeM Ha nognoxky. Ecnv HaHoMartepwan npejocTasneHd B (oopMe NopoLUKa,
TO obpasey B HEOBXOOMMOM KONMUYECTBE NMOMELLAKT Ha MEHTY C NMUMKUMMW CMOAMUW C OBYX CTOPOH (cM. A.2)
Takum obpasom, 4Tobbl N3MepeHnssM NoABepranuch TOMNbKO YeLynKy rpadpeHa u UCKIKoYancs curHan oT nofa-
NOXKMW.

Mopsimok noprotoBkM 06pa3UoB M pekoMeHOauuy No NpOoBedeHUI0 3KCMpecc-aHanu3a MeTo4OoM Crek-
Tpockonun KPC npvBedeHbl B NPUNOXEHUN A,

[na nogTeepxaeHus Hanuyus/oTCyTCTBUS B HAHOMaTepuane rpadpeHa u/wnu rpacvTta cnegyer nocTo-
AIHHO KOHTpoOnupoBaTth pe3kui (<30 cm! FWHM) G-nuk npubnuautensHo npu 1580 cm~! v 2D-nuk (vHorga
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Ha3sbiBaembln G-nuk) npubnuantensHo npu 2700 cv~! B cnektpax KPC (cm. pucyHok 2). Ecnu 2D-nuk npeg-
cTtaBnaet cobon MUK CUMMETPUYHOW NOPEHLEBCKON (POPMbl C MHTEHCMBHOCTbLIO, paBHOW unu Bonee 4em y
G-nuka, To 3TO CBUMAETENLCTBYET O TOM, 4TO 0bpasel, HaHomaTepuana copepxut 1LG-rpacheH. MNpu 3TOM
cnefyeT y4uTbiBaTb, YTO YellyNKu rpadpeHa, YrNoXeHHble HECKOMBKMMU CNOAMMU, TaKKe MOryT AaBaTb 0Ou-
HouHbIN 2D-nuk KPC. Ecnv nony4YyeH NWMK HECUMMETPUYHOW (DOPMbI, TO 3TO CBUAETENLCTBYET O HaNWYUKU B
HaHomaTepuane FLG-rpadeHa. CyuwecTBeHHO BbicTynarwwee nneyo 2D-nuka ykasbiBaeT Ha HanM4me B HaHO-
MaTepuane rpacdeHa TonwmMHoi Gonee gecaTtu crnoes (To ecTb rpaduTa). Ecnuv npu namepeHusax He nosnyYeHsl
G- v 2D-nukun, TO fanee onpenensitb XxapakTepucTUkK HaHoMaTepuana He TpebyeTtcs, Tak kak ero obpasey
He codepxuT rpadeH unu rpacut. [JaHHbIA BLIBOA OONYCKAETCA AenaTh TONbKO NPWU OCTATOYMHOM 3HA4YeHuu
OTHOLLUEHUsA NHTeHCcUBHOCTU NKoB KPC k hoHOBOMY LUYMY (Oanee — curHan/wym) (cm. npunoxeHue A). ina
YBEMUYEHUA 3HAYEHUSA OTHOLLIEHUSA CUTHan/lWyM OonycKkaeTcsa UCNonb30BaTh bonee ANUTeNbHOE BpeMS U3Me-
PEHWIA UMW CPEAHWUA PE3YNbTaT HECKOMbKUX M3MEPEHWI, BbINMOMHEHHbLIX 38 KOPOTKOE BPEMS.

Ecnun HaHomaTepuan cogepxmT yHKUMOHANM3NMpoBaHHbli rpadpeH unu OF, To Npyu U3MEPEHUSIX METO-
gowm cnektpockonun KPC nony4yatT D- u G-nukn, 1 He obsizaTenbHo 2D-nuk, npu 3ToMm D- n G-nuku nMmetoT cy-
LlecTBeHHO 6onbLline 3HavyeHna FWHM (>30 cm! ), YeMm npegnonaraetcs aons rpacdeHa. [lpyrne KOMNOHEHTHI,
cofepXalluecs B HaHOMaTtepuarne, Takxke MOryT faBaTb Takue MUKW, NO3STOMY PeKoOMeHayeTca OONONHUTENb-
HO MPOBECTU U3MEPEHUA XMMWYECKUX XapaKTepUCTMK HaHOMaTepuana no COOTBETCTBYHLLMM CTaHAapTaMm C
Lenbso onpefeneHus cogepXaHus KNCnopoaa u gpyrux KOMMOHEHTOB.
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X — caBur KPC, cm™'; Y — HopmanuaoBaHHas MHTEHCUBHOCTL KPC, YCMOBHbIE eAuHULLL; T — rpadeH

PucyHok 2 — Cnektporpamma BOITT, rpadpena, BOI™ ¢ HU3kMM codepxaHuem kucnopofa [BOT (L),
BOI ¢ Beicokum cogepxaHnem kucnopoga [BOI (H)] m O

[aHHbIl 3Tan aBnseTcs OTAeNbHbIM 3TaroM onpeaeneHns CTPYKTYPHbIX XapakTepucTUMK HaHoOMaTepw-
ana, u ero He crneayeT nyTaTtb C APYrMMK 3TanaMu, Ha KOTOpbIX NpuMeHsioT MeTogdbl ACM 1 cnekTpockonuu
KPC (cm. pasgen 9 v npunoxeHuny B) ona onpegeneHns xapakTepucTUK Yellyek rpadeHa nocne CooTBeTCTBY-
toLLein noAroToekn o6pasyoB HaHoMaTepuana.

MpumevaHus

1 HEHTy C NMMNKKUMK CNoAMK € ABYX CTOPOH NPUMEHAIT C Uernbio UCKIMIYEeHWA pacnbinneHnsa nopoLllka B obnactu pa-
Do4eld 30HbI, 0becnedeHma Be3onacHOCTH nepcoHarna 1 npeaoTepalleHna BO3MOXHOMo 3arpAa3HeHna NinH3bl MUKPOCKONa
BCneacTene nonagaHnAa Ha Hee NopoLlKa noa BO34eNCTBUEM ANEeKTPOCTaTU4eCKOro non4.
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2 Metogbl namepeHuid, Hanpumep TepmorpaBumeTpua (TI) U peHTreHoBcKas (DOTO3MEKTPOHHAA CNEKTPOCKOMUS,
NMpUMEHSIEMbIE AN ONpefAeneHns XMMUYECKUX XapakTepUCTUK HAaHOMaTepuanos, cogepXalux rpadeH, yCTaHoBMEeHb! B
COOTBETCTBYIOLLMX CTaHOapTax.

3 [JonyckaeTca NpUMEHATL ApYre MeTobl MaMEepEeHUIA, HaNpUMep MeTobl Ha OCHOBE AUMpaKUMKU PEHTTEHOBCKOMO
W3MyYeHWA, ANA ONpefeneHna Hanmumusa/oTCyTCTBUA B HaHoMaTtepuane rpadena w/unu rpadura. B HacToswem ctaHgap-
Te meTog cnekTpockonuu KPC npyvBeaeH Kak pekoMeHayeMbld ans NpoBeAeHWUA IKCNEepPcc-aHanvaa Ansa NoaTBEPXKAeHNs
HanM4MA/OTCYTCTBUA B HAHOMaTepuarne rpadgeHa u/unu rpacduta u Ana onpeneneHus xapakTepUCTUK Yellyek rpadeHa
(cm. pasgen 9).

7 NoprotoBka o6pasuoB HaHOMaTepuana B popmMe CycneH3vum

7.1 O6wWwune nonoxeHUs

[na onpegeneHvs CTPYKTYPHbIX XapaKTepucTUK HaHoMaTtepuana ero obpasubl crieqyeT NOATOTOBUTH
Takum 0O6pazom, 4Tobbl Yellynkv rpadpeHa Ha Nnognoxke ObINKW YeTKo oTAeneHsl Apyr oT gpyra. Ha Takux nog-
roToBrneHHbIXx obpasuax HaHoMaTtepuana MOXHO OMPeferniTb ero CTPYKTYPHbIe XapaKTepPWUCTUKK, BbIMOMHAS
3Tanbl B COOTBETCTBUM C PUCYHKOM 1, NnpumeHAsa 1 komBuHupya metoabl POM, ACM m cnektpockonuio KPC
M UCMNONb3yA B KAYECTBE NOANOXKN KPEMHUEBYIO MNNACTUHY C TOHKUM €CTECTBEHHbIM CIOeM OKCUAa KpeMHUs
unu npumensaa metoq N3M c ncnonesosanvem ceTkv M3OM. [ns nonyyveHus Yewyek rpadpeHa, YeTKo oTde-
MeHHbIX Apyr oT Apyra, obpasubl HaHOMaTepuana AoMmKHbl ObITb NPpeAcTaBneHsl B (oopMe CycneH3un, noato-
MY ecnv HaHomaTepwan npeicTaBneH B dpopMe Nopoluka, To ero HeobxogMMo cHavana gucneprypoBaTh B
noaxogsLiemM pacTeopuTene.

7.2 MogroTtoeka o6pazLoB HaHOMaTepuana B chbopMe CycneH3uu 3a4aHHOW KOHLEHTpauun

7.2.1 HaHomaTepuan B thopmMme nopoLlka

HaHomaTtepuan, npedcTasneHHbIn B hopMe NOpOoLLKa, B MpoLlecce NoAroToBkM 06pasLoB AMCneprupyoT
B pacTBopuTene Takvum obpasom, 4ToBbl KOHUEHTpaUusa cycneH3un coctaengana npubnuantensHo 0,1 mr/mn.
MpurogHOCTEL pacTBOPUTENS onpeaensT HabnaeHMeM 3a CKOPOCTBIO WU KONMMYECTBOM OCa)X4aemoro HaHo-
maTepuana. [JonyckaeTca NpUMEHATb PAaCTBOPUTENMW PasnnyHbIX BUAOB. PekoMmeHayeTca cnonb30B8aTh TaKoW
pacTBOPWTErNb, KOTOPbLIA MpU OUCMNeprupoBaHnM HaHoMaTtepuana B popMe nopoluka obecnevvBaeTt nonyye-
HWe Ha NogNoXKe Yellyek rpadpeHa, HeTKO oTAeNeHHbIX ApYr OT ApYyra, U € MUHUMAanbHbIM KONMYEeCTBOM HexXe-
naTenbHbIX OCTATOYHbLIX MaTepuanoB Ha Ux NoBepxHocTKU. MNMopagok BeIbopa ogHOro U3 Tpex pacTeopuTenei
NpYBEAEH Ha pUCyHKe 3.

QO6pazel B hopMe
nopoLuKa ~
~
S
~
~
o
i) JevoHnanpoBaHHaA ii) Msonponunoewiii iii) N-meTunnupponuaoH
Bofa cnupT (NMP)
\\ //
~ ”
~ ”
~ #
~ 5 ”
Of6pasel| B hopMe d
CYCNEH3UU
MpumeyaHune — Ha pucyHke npvBegeH nopsagok Beibopa noaxoaslero pacTBoOpUTEns.

PucyHok 3 — Bnok-cxema nogrotoBkv obpasua HaHoMaTepuana B popMe CycneH3vu
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CHauana HaHomaTepuan B popMe NopoLlka ANCNeprupytoT B 4EMOHU3VMPOBaHHOW Bode. [ins aTtoro geu-
OHW3WMPOBAHHOYIO BOAY W HAHOMAaTepuarn NoMeLlarT B CTEKNAHHbBIA anakoH unu ByThinky 1 BCTpsxuBatoT. [o-
TNy4eHHYH cycneHano obpabaTeiBaloT ynsTpa3ByKoM B TedeHue 10 MUH B yNbTPa3ByKOBOW BaHHE C YacTOTON
o1 30 po 40 kl'y. CnegyeT yunuThIBaThL, YTO Bonee AnUTeENbLHOE BpeMsi 00paboTku HaHoOMaTepuana ynesTpasBy-
KOM MOXET BbI3BaTb UBMEHEHUSA CTPYKTYPHbIX XapakTepUCTUK rpadpeHa, B TOM Yicre paclienneHue B 6asans-
HOWM MIOCKOCTW (YyMeHblUEeHWE FIMHeNHbIX pasMepoB 4Yelyek) U ganbHellwee paccnavBaHne (YMeHbLUeHWe
TOnNWMH/YKCRa cnoeB Yelyek). 3a nony4eHHor cycrneHsnein HabnwgawT B TeYeHMe HeCKOMbKUX MUHYT. Ecrin
3a 3T0 BpeMsi npoucxoanT BbiCTpoe ocaxaeHue 3Ha4YMTenbHOro Konu4yecTesa HaHomaTepuana, To npouenypy
NMOBTOPSAKT C NPUMEHEHUEM OpPYroro pacTBOpUTENS.

Ecnu gevoHuanMporaHHas Bof4a He MOAXOAWT ANS AUCMEPrMpOBaHWA HaHOMaTepwana, To npouenypy
NMOBTOPAKT C NPUMEHEHWEM U30NPOMNUITOBOrO CNMPTAa B KAYEeCTBe pacTBopuTens. Ecnu HyXHbI pe3ynsTaT He
BygeTt 4OCTUIHYT, TO B KaYeCcTBE pacTBOpUTeEns crnegyeT ucnonb3osate NMP, npurogHelii ons gucneprupoea-
HWA rpadpeHa. [Npu aToM cnegyeT y4UTbIBaThb, YTO M3-3a BbICOKOW TEMMEPaTYpPbl KUMEHWA, KOTOpas cocTaBnseT
203 °C, NMP moxeT ocTatbCsi Ha MOBEPXHOCTM Yellyek rpadieHa, YTo NPUBEAET K NMOMyYeHU HETOYHbLIX pe-
3ynLTaToOB U3MEPEHMWIA NpU ONpedeneHn CTPYKTYPHBLIX XapakTepuUcTUK rpadyeHa.

Mpouenypbl HAaHECEHUA HaHoOMAaTepuana Ha MNOoANOXKY NpuBedeHbl B pasgenax 9, 10 v npunoxe-
Husx B u C.

Kak npaswno, rpacdeH Haanexawum obpasoMm gucneprypyetcsi B 4eMOHU3MPOBaHHON BOAE TOMLKO B
TOM cry4ae, ecnv npu ero U3roToBMeHWM UCMNOMb30BaH CTabUNU3NPYIOLLWIA areHT, Takon Kak noBepXHOCTHO-
akTUBHoe BellecTBo. [py 3TOM cnegyeT y4nTbiBaTb, YTO MCMOMb30BaHMNE NOBEPXHOCTHO-aKTUBHBLIX BELLLECTB B
3HaYUTENbHLIX KONMMYecTBax MOXET NMOBMUATL Kak HA CBOMCTBA obpa3sua HaHoMaTepuana, Tak U Ha pesynksTa-
Thl ONpegeneHns CTPYKTYPHLIX XapakTepucTuk rpadpeHa (cMm. npumepsl B B.2).

Mcnonb3oBaHWe yneTpa3Byka C OTKIIOHEHUEM OT 33a[aHHbIX Bhille NapaMeTpoB AN AWCNEepPrupoBaHus
HaHoMaTepuMana MOXeT Bbi3BaTb paccravBaHuve Yellyek U, cnefoBaTenbHO, NMOBNUATL Ha pe3ynbLTaTthl onpe-
LeneHnsa CTPYKTYPHbIX XapakTepucTuk rpacdeHa. Takum obpasom, Yactota (MIWM MOLLHOCTb) yrbTpasByka u
NPOAOMKUTENBHOCTE YNbTPa3ByKOBOW 06paboTkiM AOMKHBI ObiITe MUHUMAanNbHLIMKW, TO €CTb TakMMW, YTOOBI
Bbina BO3MOXHOCTL NMPOBECTK Npouecc aucneprupoeaHus. [lonyckaeTcsa BbIMOMHUTE M3MEPEHUs pa3mMepoB
yellyek rpadeHa Ons CpaBHEHMWA NOMNYYEHHbIX Pe3ynsTaToB, ONpeneneHusa X 3aBUCUMOCTM OT YacToThl Yib-
TpasByka W NPOOOIKUTENBHOCTM YNLTPAa3BYKOBOW 0BpaboTku, a Takke, 4ToDObl NMPOBEPUTL, NPOUCXOAUT I
paccrnavBaHue Yyelyek, U Npyv HeobXoAMMOCTH, CKOPPEKTMPOBaTEL NapamMeTpbl yibTpa3BykoBon o6paboTku.

MpumedvaHue — B [2] npuBeaeHbl pekoMeHOaUMM MO ONpeaeneHulo BO3MOXHOCTY NPOBEAEHUs npolecca
avcnepriupoeaHus, o6paboTku U 4OCTUKEHUSA 3aJaHHOTO AWCNEPrMPOBAHHOMO COCTOAHUSA TBEPABIX YACTUL, B KMAKOCTU.

7.2.2 HaHomaTepuan B hopMe CycneH3uu

Ecnu HaHomaTtepuan npefcTtaeneH B (hOpMe CycrneH3uu, To ONS NOAroTOBKKM 0OpasLoB ero crnegyet
pa3baBuTb, NCNOMb3ya PacTBOPUTENb, yKasaHHbld B 7.2.1, Takum obpa3om, 4ToDbl KOHLEHTPaUNUs CyCneH3um
cocTtaensina npuénuautencsHo 0,1 mr/mn. MNpwr 3TOM, €crnv pacTBOpUTENb NpeacTaenseT cobol cMecb BOAbI U
NMOBEPXHOCTHO-aKTUBHOIO BeLLecTBa, To AnA pa3baBneHna HaHomaTepuana crnefyeT NpUMEeHATh OEMOHW3U-
POBaHHY BOAY ANA YMEHbLIEHUS KOHLIEHTpaL MM NOBEPXHOCTHO-aKTMBHOTO BELLECTRA.

MpumedaHne — Ecnu KOHUEHTPALWA NPELOCTABMNEHHON CYCMNEH3UW HAaHOMaTEpPUana HEeU3BEeCTHa, TO HeoBxo-
AMMO BbINONHWTL ee pa3basneHne 4o NonyyYeHus NpubnusnTenbHO yka3aHHOM KoHLeHTpauwKu. KoHUeHTpaLUuio cycneHsum
HaHomaTepuana nogbuparT Takum o6pa3oM, YTobbl Nocne BCTPAXMBaHWA B Hell 0B6pa3oBbIiBanNMNCh OMCMEPrMPOBaHHbIE
YeLLyiiKK, a Nocne HAaHECEHWUS Ha NOAMOXKY — YellyikKu rpadeHa, YeTKo OTAeNeHHbIe Apyr OT Apyra.

8 Bbibop meTooOB U3MEpPEHUN

[Ons onpefeneHns CTPYKTYPHBIX XapakTepUCTUK rpadeHa NpUMeHAT OAWH M3 OBYX BapMaHTOBR M3Me-
peHui (cMm. pucyHok 1), Bbibupaa ana uamepeHun kombuHauuio metogos POM, ACM wu cnektpockonuu KPC
(cm. pasgen 9 n npunoxexue B) unu metog N3OM (cm. pazgen 10 n npunoxenne C). [JononHWTENbLHO AnNA
onpegeneHns yaenbHOW nrowagvM noBepxHOCTW HaHoMaTepuana B pOpMe MOpoLUKa pPeKoMeHOyeTcs npu-
MeHATbL MeTog B3T (cm. pasgen 11 w npunoxeHue E). Boibop MeToga unu MeToOoB 3aBUCUT OT Hanmuuus
BpPEMEHN U COOTBETCTBYHLLLETO 000OpPYOOBaHUSA, a TaKke OT CTPYKTYPHbIX XapaKkTepUCTUK rpadeHa, KoTopble
TpebyeTcsa onpenenuTsb.
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Mpw BbIGOpE OOHOTO M3 BApUMAHTOB M3MEPEeHWIn MeTodaMu MUKpockonuw obpasubl HaHoMmaTepuana
LOM¥Hbl ObITb NOATOTOBMEHbLI B (POPME CYCNEH3NW B COOTBETCTBWMU C pa3fnerioM 7, a 3aTeM HaHeceHbl Ha Co-
OTBETCTBYIOLLYIO MOAMOXKKY B COOTBETCTBUK ¢ B.2 unu C.2.

9 OnpepeneHne CTPYKTYPHbIX XapakTepucTUK rpacdeHa meToaamu
PacTpPOBOW 3NEKTPOHHOW MUKPOCKONMUWU, aTOMHO-CUJSTOBOM MUKPOCKONUUN
M CMeKTPOCKONMUMU KOMBMHALMOHHOIO paccesiHUA cBeTa

B HacToslWem pa3gene npueedeH NopsiAoK NpoBedeHnss U3MepeHUn aAns onpefeneHus NUHenHbIX pas-
MEpPOB, TOMLWMWH, TUMOB YNaKoBKN M YWc/a CroeB 4Yellyek rpadpeHa ¢ npMMeHeHnem KomOuHaumMm MeTo4oB
P3M, ACM wn cnekTtpockonun KPC. MamepeHua NpoBOASAT B COOTBETCTBMM C DMOK-CXeMOW, NpUBEAEHHOR Ha
pucyHke 4.

CycneH3nun

[ Obpasey B dhopme ]

MogroToeka
obpa3ua
1 Ecnu TpebyeTca, TO nposogsT
v NOBTOPHO
MpoBepka
obpasua MmeToaom
ONTUMECKOA
MMKDOCKOMAK
v
MposegeHue 4 )
ugmepeum‘i B OnpepeneHxve
mMeToroM PAM JIMHEelHbBIX paamepoB
yewyek rpadeHa
v
~
Mposenenme OnpepieneHue
M3MEPBHUM $  NMHEAHbIX PA3MEpOB
meTonom ACM (TonwmH) YeLuyek
rpacdeHa
9 pac r
v
MpoBegeHne
M3MEPeHWUA
METOZIOM Onpepgenexne TMNa
creKTpockonun YNakoBK1 U YMcna
KPC CrioeB Yelyek rpacgeHa

PucyHok 4 — Brniok-cxema (anropytM) npoBedeHnst UaMepeHui, B TOM Y1Cre Npouecc NpUHATUA peLLleHni,
Ana onpefeneHus NMHeRHbIX Pa3MepoB, TOMLLUMH, TUMOB YNaKkoBKW W YMCna crnoes Yellyek rpadeHa

CHavana NPOBOAAT NOATOTOBKY oﬁpaau,a HaHoOMmaTepwrana B COOTBETCTBMM C HACTOALLMM CTaHOAPTOM.
OGpaaeu, OOJKeH BbITb NMPUroToBneH B qDOpME.‘ CyCneH3nn 1 nomMmeLleH Ha COOTBETCTBYHLYH NOATNOXKY. Hc-
nosrb3ya MeTobl ONTUYECKOK MWKPOCKOMNWK, NpOBOAAT NPOBEPKY NPUroaHOCTU o6pa3ua anA MamepeHmﬁ. ,Ela-

9

GostExpert.ru
https://GostExpert.ru/gost/gost-71754.1-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69397
https://gostexpert.ru/gost/gost-71754.1-2024?utm_source=pdf&utm_medium=69397&utm_term=page

FOCT P 71754.1—2024

niee BLIMOMHAT M3MepeHusi, kombuHupys metogbl PGM, ACM u cnektpockonuio KPC, ans onpepeneHus
CTPYKTYPHLIX XapaKTepucTWK rpadpeHa (CM. pUCYHOK 4), 3aTeM NpoBoAST aHanu3 u o6paboTKy nonyYyeHHbIX
pe3ynsTaTos.

MeTonbl NOATOTOBKKM 06pa3UoB, NOpPSAOK NPOBEAEHUST U3MEPEHWIA U peKkoMeHaauun No aHanusy u ob-
paboTke pe3ynsTaToB NPUBEAEHb! B NPUNOXeHUN B.

Mpumeyvarnunn

1 NamepeHns metogoMm P3M npoBodsT Ha NOAMOXKE W Yellyikax rpadeHa, KoTopkle He Bbinv UCronb30BaHbl B
nsmepeHusix metogamu ACM un cnektpockonuu KPC.

2 B [3] npmBeaeHbl pekoMmeHaaumm no NpoBefeHuto U3MEPEHNA ANA ONpeaeneHns pacnpeaeneHuns no pasmepam u

hopmam HaHoYacTvu, BKMoYas oblme TpeboBaHus, pekoMeHaaLmMm No nogrotoBke 06pasuos, HacTporke PAM, no nony-
YeHW U300pakeHWn, aHanuay 1 obpaboTke pesynsTaToB.

10 OnpepeneHve CTPYKTYPHbLIX XapaKkTepuUCTUK rpacheHa mMeTogom
npocBeYMBaroLe INEeKTPOHHON MUKPOCKONWUMN

MpuHumMn pa6oTbl N3M — nyyok 3NeKTPOHOB BbICOKOW 3HEPriKn MPOXOAWUT Yepe3 TOHKUA 3NeKTPOHHO-
npo3padHbiil 06pasel, B yCNOBUSAX BaKyyma.

MeTtog NM3M npuMeHAOT Ana onpefeneHus NMUHEeRHbIX Pa3MepoB W YKCrna CroeB 4ellyek rpadeHa,
a Takke TWUMOB YMaKOBKW CINOEB MO MOMYYEHHbLIM 3MEKTPOHHO-AUMPaKLUMOHHLIM KapTuHaMm. Cneayer yunThl-
BaTb, YTO Ha MOBEPXHOCTHAX Yelwyek rpadeHa, nony4yeHHbIX METOOOM XMAKOMAa3HOro paccnanBaHus, MoryT
HaxoauTbLCH OCTATKW NOBEPXHOCTHO-aKTUBHbIX BELLECTB W APYrux NpuMecei, coaepKallnxcs B OKpyKatLlen
cpene [Hanpumep, Bogopoaa (H), yrmnepoga (C), kncnopoga (O), kpemuus (Si), Hatpua (Na) n xnopa (CI)], 4to
MOKET BbI3BaTb TPYOHOCTU NpU nonyydeHnn naobpaxenun M3IM.

VHdopmauusa no npumeHeHuo metoga N3M npuseaeHa B [4], B TOM YACne pekoMeHaalMu o HacTpoii-
ke M3M 1 aHanMay pe3ynsTaToB M3MEPEHUIA YaCTuLL.

[Mopsgok npoBedeHWss U3MepeHW Ons onpegeneHns NUHEenHbIX pasMepoB, TUMNOB YNakoBKW UM 4Mucna
cnoeB yelyek rpacpeHa metogom N3M npueeneH Ha pucyHke 5.

O6pa3seu B chopme
CycneH3nn

MogroToBka
obpasua

Ecnu TpebyeTca, TO NpOBOAAT
L 4 NOBTOPHO
Mpoeepka
obpasua MeToooM
ONTHHECKOA
MUKROCKOMUK

h 4

MpoeegeHue OnpeaeneHue NUHEAHBLIX

u3MepeHui pasmepoB, TUNa ynakoBku1
MeTogom MAM M MUCIa CTIOeB MeLIyek
rpadeHa

PucyHok 5 — bnok-cxema (anropuTtm) npoBegeHns uamepeHnin metogom MN3M
ONsi onpefeneHns MMHeRHbIX pasMepoB, TUMOB YNaKoBKM W YMcna CNoes Yellyek rpaceHa
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CHavana npoBogsaT noaroToeky obpasua HaHoMaTepuana B COOTBETCTBMM C HACTOSALLMM CTaHAapTOM.
O6pasey gomkeH BbiTb NPUroTOBNeH B hopMe CyCneHsun U nomelleH Ha ceTky M3M. Wcnonbays meTtoabl
ONTUYECKOW MUKPOCKOMUKU, MPOBOAAT NPOBEPKY NPUrogHocTU obpasua Ans uamepeHuid. [lanee BbINOMHSAKLT
naMepeHus Mmetogom MN3M, 3aTeM NPoBOAAT aHanu3s U 06paboTKy NoNyYeHHbIX Pe3ynLTaTo..

MeToabl NoaroToekM o6pasLoB, NOPSAOK NPOBEAEHUS U3MEPEHUIA U pekoMeHaauWy no aHanusy u o6-
paGoTke pe3ynLTaToB NpuBedeHbl B npunoxenun C.

11 OnpegenexHne yaoenboHOM Nnowaan NOBePXHOCTU HAaHOMaTepuana
metoaoM bpyHayapa, dmmeTta n Tennepa

MeTton BT npuMeHsioT AnNa onpefeneHns yaenbHON NmnoLliaan NoBepXHOCTU OUCMEPCHBIX MOPOLLKOB
W/MNn NOPUCTLIX TBEPABIX TEN MO KoNW4ecTBY aacopbupoBaHHoOro rasa. B gaHHoOM MeTofe Ucnonb3oBaHa Mo-
fenb, paspabotaHHaa bpyHayapom, OMmeToMm u Tennepom, AnNA MHTepnpeTauuM nsotTepm agcopbumm rasa.
Mcnonbays meTtog B3T, onpegensioT yaenbHyo nnollafgb NoBepxHocTH obpasua HaHomaTtepuana B coopme
NopoLLKa.

MeTopa, NoAroToBkM 06pasLoB, NOPAOOK NPOBEAEHUS U3MEPEHUA U peKoMeHOauMm1 Nno aHanuay u obpa-
B0TKe pe3ynLTaToR NpUBeAeHbl B NpUNoXeHun E.

12 OnpepeneHve cpegHero NMMHENHOro pasmepa
M YNCNEeHHOW Aonu Yelwyek rpadpeHa

[Mo nony4eHHbIM pe3ynsTataM U3MepeHUn CTPYKTYPHbBIX XapakTepucTuK rpadyeHa BbIMMCNAKT CpegHui
NUHEeNHbIM pa3Mep Yeluyek, pacnpegeneHue Yyewyek No NUHENHbIM pasMepaM WU YMCMNEHHY OO0 Yellyek
1LG-rpacbeHa n FLG-rpadeHa. B npoTokone permcTpupyloT pesyneTaThl M YKasblBalT MpuMeHsaeMble ans
3Toro Metoabl. PekoMeHgaumm no onpeneneHnio cpeaHero IMHeMHOro pasmepa 1 pacnpeaeneHns no nuHemn-
HbIM pasMepam 4Yellyek rpadpeHa, a TakKke YynucneHHon gonuv vewyek 1LG-rpadena n FLG-rpadeHa, cogep-
}awmxca B obpasue HaHoMartepuana, npueedeHbl B npunoxenunn D.

11
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MpunoxeHune A
(cnpaBo4Hoe)

Mopaaok noaroToBKKU 06pa3LlOB U peKoMeHgauuu no NnpoeeaeHNo 3KCnpecc-aHanunia
HaHOMaTepuana MeTo4oM CNeKTPOCKONK KOMBWHALMOHHOTO paccedHuUA cBeTa
AnA onpeneneHUA HaﬂMHHﬂ!DTCYTCTBHH rpacbeHa

A.1 O0OLwwMe nonoxeHus

B HacTosilLlemM npunoxeHWW npueedeHbl MOPSAOK NOAroTOBKM 0oBpa3sLoB U pekoMeH4auun no MpoBegeHMUIo 3KC-
npecc-aHann3a MmeTodoM crnekTpockonuu KPC ons onpegeneHnsl B HaHoMaTepuane Hannyus/oTcyTcTeus rpadpeHa, B TOM
uncne 1LG-rpadeHa, 2LG-rpacena, FLG-rpacbena, MHIMN wunu rpacuTa.

A.2 NMogroTtoBka 0GpasuoB

A.2.1 Nogroroeka o6pa3uoB HaHOMaTepuana, npefcTtaeneHHoro B popme cycrneHsuu

a) Ans BakyyMHOW chunsTpauuu NpUMeHsoT MemBpaHy ¢ nopamu pasmepamu He 6onee 0,2 MKM ANS TOro, 4Tobbl
Kak MoxHO Bonblue Yellyek rpadheHa ocTanock Ha MembpaHe.

1) Matepuwan membpaHbl JomKeH BbiTe COBMECTUM C PACTBOPUTENEM, NMPUMEHSAEMBIM ANA NPUIOTOBMNEHUS CY-
CNeH3un.

2) MembpaHbl U3 OKcuaa anioMUHKUA UNK LEennionossl cneayet Uenonb3oBaTe ANs HaHomaTepuanoB B dhopme
CYCNEH3MW, N3FOTOBMNEHHBIX C MPUMEHEHWEM 0BbIMHLIX pacTBOpUTENen rpadeHa, Takux Kak Boaa, uaonponaon unu NMP.

b) BakyymHyro dpuneTpauunio npoBoaaT npu aasneHun npubnuauntensHo 100 mbap.

c) Mo okoH4aHWW npouecca huneTpauuy Ha NOBEPXHOCTU MemMbBpaHbl obpasyeTcs NieHKa BbICYLLEHHOro HaHoMa-
Tepuana.

TonwmHa nony4yeHHOW NMeHkn JomxHa ObiTe He MeHee 1 MKM Ans Toro, 4Tobel obecneunTb nonyyeHwe curHana
[0CTaTOMHOW CUIbl AN NMPOBEAEHUSA U3MEepPeHU MeToaoM crekTpockonuu KPC. [nsg nonyyYyeHus nneHKu 3agasHon Torn-
LLMHBI HeoBX0AMMO MCNoNb30BaTh HAHOMAaTepKan B hopMe CyCcrneH3uy 4oCTaToMHO BOoMbLIOro KONMMYECTBa UMW C BBICOKOW
KOHUeHTpauuen rpadeHa.

M pumedyaHmne — TouHo N3MepATb TONWKWHY NNeHKN He Tp86yETC$|, TaK KakK eCrn Crdan ot HaHoMaTtepuana He-
[0CTaTOYHOM CUMbl ANS BeINOMTHEHUS MSMEpeHHﬁ no A.3, To TonwuHa I'IOJ'IyHEHHOIﬁ MNeHKn He COOTBETCTBYET 3aaHHOMY
3Ha4YeHUo.

A.2.2 NogroTtoBKa o6pa3LoB HaHOMaTepuana, npeacraBneHHoro B hopme nopoLika

a) Mepen pabotoit ¢ HaHOMaTepranoM B hOpMe MOopoLLKa crieayeT NPOBECTM COOTBETCTRYIOLLYIO OLEHKY pUCKa U
NMPUMEHUTL HEODBX0ONMbIE TEXHUYECKUE CPEACTBA KOHTPOMS, CPeacTBa MHAWBMAYANBEHOW 3aLMThl U Mepbl Be3onacHoCTw.

b) NeHTy c NUNKMMK CNOAMK C OBYX CTOPOH (ganee — neHTa) HakneuearT Ha YMCTOE NPEeaMETHOE CTEKMNO MUKPO-
ckona.

c) Ha nenTy HaHocaT HebonblLuoe KONMMYECTBO HAHOMaTepwana, crnerka npuaasnueas ero Lwnarenem, 4Tobel obe-
cneynTb HeoBXoOMMOE CLEeNMeHUe C MOBEPXHOCTLI NMEHTHI. JIeHTY NMPUMEHSIOT C Lefbi UCKITIYEHUA PachbIfIieHUs Mo-
poLuka B obnacTu pabodeii 30HbI, obecnevyeHns Ge3onacHOCTK NepcoHana v NPefoTBpaLleHUsa BO3MOXKHOIO 3arpsi3HEHNS
NNH3bI MUKPOCKONa BCNEeACTBME NONaAaHus Ha Hee NopOoLLKAa Noj, BO3OENCTBMEM 3NEKTPOCTAaTUHYECKOro Nons.

[ns oueHkn ogHOpPOOHOCTY HaHoMaTepuana pekoMeHayeTca oTbupatb U NpoBOOUTE NOATOTOBKY HECKOMNbLKUX 06-
pasuoB 13 OgHOW NapTum (HanpuMep, BEPXHEN, cpegHen v HKHEN YacTel KoHTelHepa ¢ HaHomartepuanom). [pu atom
[ONA NPOBENEHNs IKCNpecc-aHanuaa OoMnycKaeTcs UCNonb30BaTb oauH obpasel.

d) Mocne TOro kak HaHOMaTepwan 3aKpennAT Ha NEHTe, ero U3NWLLKW W He3aKpernneHHbI HaHoMaTepuan yaa-
NS0T, crnerka nocTykuBasl No NpeaAMeTHOMY CTEeKIy MMKPOCKOMa, AepXa ero BepTukansHo. [Ins npenoTBpalleHus pac-
nbineHUs HaHoMaTepuana B pabo4yeld 30He ero cnegyet cobupaTth Ha BnaxHoe BymaxHoe nonoteHue. MNpyMep HaHoma-
Tepuana B hopMe NopoLlKa, CoAepKallero rpadeH, HAHECEHHOTO Ha NEHTY, NpuBeaeH Ha pucyHke A.1. HaHomartepuana,
HAaHECEHHOTo Ha NeHTy (cM. pucyHok A.1), normkHO BbITh focTaTouHO AnA obecnedYeHns curHana HeobxoaMMon cunsl ans
NPOoBeAeHWNA U3MEPEHWIA MeTOAOM cnekTpockonuu KPC. Ecnv npu uaMmepeHnax Noy4arT CUrHarn TofbKO OT MOAMNOXKKK, TO
Ha NeHTy HeobXoOUMO NOMECTUTL HAaHOMaTepuan B BonbLUEM KONMMYeCTBe.

MpumevaHume — MNogroToBky 06pa3LoB HAHOMaTepuana B hopme NnopoLLKa JonycKaeTcs NPoBOANTE METOAOM
NpPeccoBaHUs C NOMy4YeHUem rpaHyn.
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PucyHok A.1 — ®oTorpacdusa HaHoMaTepuana B (hopMe NopoLlka,
coaepaLlero rpageH, HaHeCEHHOro Ha NEeHTY

A.3 MNpoBeaeHne aKkcnpecc-aHanM3a MeToaoM CNeKTPOCKONMKM KOMOMHALUMOHHOMO paccesHMA cBeTa

M3amepeHnsa Metogom cnekTpockonun KPC crnegyeT npoBogwnTb B 0GpaTHOM paccesiHu ¢ NpUMEHEHWeM MUKPO-
cKona, ocHalleHHoro obbekTuBoM, obecneunsaowmm yeenndenune 50x unu 100x (NA = 0,75). MameputensHana cuctema
pomkHa BeiTe 0TkanMbpoBaHa B COOTBETCTBUM C MHCTPYKUMEN uaroToBuTens obopyaosanus. MNMpuMeHsioT nasepsl, reHe-
pPUPYIOLLIME KpacHoe (Kak NpaBuno, ANMHON BOMHbI 633 HM) UNK 3eneHoe (Kak NpaBuno, ANMHOW BonHbl 532 unu 514 Hm)
nany4yerHve. CneayeT y4uTbiBaTh, YTO NOMNOXEHWA HEKOTOPLIX Habmogaemelx NMKoB ByayT HAXoOQWTbCS B pPasHbIX Crek-
TpanbHBIX NO3ULMAX B 3aBUCUMOCTM OT AMNWHBI BOMHbI Na3epHOro U3ny4eHus.

Oduana3oH cnexkTpoB nasepHoro uanyyeHus sobibupaloT Taknum obpasom, 4Tobbl Bbinn BrNoYeHsl NuHuM KPC co-
OTBETCTBYIOLWMX AMWH BOMH [D-AManasoH (NpubnuautensHo 1350 cm~!), G-guanasoH (npubnuauntensHo 1580 cm™ '),
2D-gnanasoH (npubnuantensHo 2700 cm~)] 1 WwrpmHbl, Hanpumep ot 1200 go 3000 cw.

B cOOTBETCTBMM C MHCTPYKUMEW MO IKCMNyaTaumMn HacTpanBalT MUKpOCcKon, dhokycupys ero Ha obpasue HaHoma-
Tepuana. BbiNonHAT 04HO M3MepeHne MeTOAOM crnekTpockonun KPC, ucnone3ys nasepHoe uanyyeHne MOLHOCTLI0 He
6onee 1 MBT gnsa Toro, 4YTobLI NpeaoTBpaTUTL NoBpexaeHne obpasua. Ha obpasel BO3OeWCTBRYIOT ABYMSA MMNYNbCaMm
nasepHoro na3ny4eHus, Bpemsa so3gencteus — ot 5 go 10 c. BeinonHeHne ganHoro TpeboBaHna obecneyneaeTt nonyyeHue
3Ha4YeHWA OTHOLWEHUS curHan/wym He meree 10. [onyckaeTca ucnonb3oBaTte bonee onuTensHoe Bpems U3MepeHuin Ans
YBENUYEHNS 3HAYEHUS OTHOLLEHWSA CUTHAN/WyM.

MamepeHuns cnegyeT BLINOMHATEL Kak MUHMMYM Ha Tpex pasHbiX y4acTkax obpasua, 4Tobbl BeISBUTE NOKankbHble pas-
NW4YMs B €ro CTPYKTYpe, Tak Kak rpadpeH, Kak NpaBuno, COOemKUTCA B HaHoMaTepuane B popMe arperaTtos.

[nsa nogTBepkaeHusa Hanu4YWa/oTCyTCTBUSA B HAHOMaTepuane rpadeHa w/unu rpaduta cnegyet NOCTOAHHO KOHTPO-
nupoeaTk peakuii (<30 cm~! FWHM) G-nuk npu aAnuHe BonHbl npubnuantensHo 1580 cm~! u 2D-nKk Npu AnvHe BOMHbI
npubnuantensHo 2700 cv~! B cnektpe KPC. Ecnu 2D-nvk npeacTasnseTr coboi MK CUMMETPUYHON NopeHLeBcKkoi dop-
Mbl C UHTEHCWBHOCTbLIO, paBHOW WK Bonee, Yem y G-nuka, To 37O CBMAETENLCTBYET O TOM, YTO obpaseu HaHoMaTepuana
cogepxut 1LG-rpadcbeH. MNpn aToM cnegyeT yYnTblBaTb, YTO YelLyKK rpadpeHa, YNoXeHHble HECKONBKUMU CROSIMU, TakKe
MOryT gaBaTtb OAWHOYHLIA 2D-nk KPC. Ecny nonyyeH Nk HECUMMETPUYHOW (hOpMbI, TO 3TO CBMAETENLCTBYET O HANMYMK
B HaHoMaTepuane FLG-rpadheHa. CylecTBeHHO BeICTyNatoLwee nneyo 2D-nuka ykasblBaeT Ha HanM4yMe B HaHOMaTepuane
rpadpeHa TonwuHon bonee gecATr crnoes (To ecTb rpacuTa). Ecnun npyn nameperuax He nony4veHsl G- n 2D-nukun, To ga-
rnee onpenensTe XapakTepucTUKN HaHoMaTepunana He TpebyeTcsa, Tak kak ero obpasel He cogepxuT rpadbeH unu rpaduT.
[anHbIi BeIBOA AoNycKaeTcs genaTh TOMbKO NPY AOCTAaTOYHOM 3HAYEHWW OTHOLLEHWS CUrHan/LWymM.

Mpw nsmepeHnax HaHomaTepuana B opme NopoLLKa, cogepkailero rpaduT, Takke, kak npaeuno, nonyyatot D-nuk
npu AnvHe BomHbI NpubnuantensHo 1350 cm~!, kak nokasaHo Ha pucyHke 2, BoneAcTBUE akTWBauuu D-nonockl kpas-
MU YellyeK ¥ Hanu4ua aedekToB Ha nognoxke. Takmm o6pa3om, oTHoLeHWe UHTeHcuBHocTel D-nuka n G-nuka (ID/1G)
KOPpPenupyeT ¢ NMHEeNHbIMKW pa3MepamMn YeLlyex, npyu aToM Gonbluee 3HavyeHWe OTHOLEHWA, KaK NpaBuno, yKkasbiBaeT Ha
HanW4ve B HaHomaTepuane 4Yelyek MeHbLUMX pasmepoB. PekomeHgyeTca onpegenntb 3HadeHne oTHoweHnsa ID/IG n
CpaBHUTL €ro € peaynsTataMu, NONyYeHHLIMU OPYruMi METOAAMW U3MEPEHWIA, NMPUMEHAEMBIMW ANA ONpeaeneHns xapak-
TepUCTWK HaHOMaTepuarna B COOTBETCTBMM C BNOK-CXeMOoW, MPUBEOEHHON Ha pucyHKe 1.

MpumeyaHne — Cnegyet y4UTbIBaTb, YTO ECNM HAHOMATEPUAn CoaepPKUT (OyHKLMOHAaNM3MpoBaHHbIA rpacdeH
unin OF, To npy uamepeHusx Mmetogom cnekrpockonum KPC nonydatoT D- n G-nukuK, n He obasatencHo 2D-nuK, npyuyem
D- n G-NuK1 MMEIOT CyLLECTBEHHO Gonblume 3HaveHust FWHM (>30 cm™1), yem npeanonaranocs (Hanpumep, cm. [5] u [6]).
Mpu aTOM Apyrve yrnepodHble 06bekThl, Cooepalluecs B HaHoMaTepuane, Takke MOryT AaBaTb TakMe MUKW, NO3ATOMY
pekoMeHAYEeTCs ONpeaensiTe XMMUYECKNE XapakTePUCTUKN HaHOMaTepuarna OTAeNbHO NO COOTBETCTBYHOLLMM CTaHAapTam.
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MpunoxeHune B
(cnpaBo4Hoe)

OnpegeneHne CTPYKTYPHLIX XapakTepUCTUK rpadpeHa MeTogaMu
pacTpOBOWN 3NEKTPOHHOW MUKPOCKOMWUW, aTOMHO-CUNOBOW MUKPOCKONUN
M CNeKTPOCKONMUN KOMBUHALMOHHOrO paccesHus ceeTa

B.1 O6wue nonoxeHus

B HacToAlweM NpUNoXxeHn NpUBEAEHBI METOALI UBMEDPEHWI, NPMMEHAEMbIE ONA OnpeneneHusa NMUHeNHbIX pa3me-
POB ¥ pacnpefeneHua Yellyek rpadpeHa no NMHeHsIM pasamepam Metogom POM, NMHErHLIX pa3MepoB U TOMLMHLL YeLly-
ek rpacheHa metogom ACM, TMNOB ynakoBKM CNOEB W YMcna croes rpadeHa metogom cnektpockonun KPC. MNoarotoeky
obpa3suoB crnegyeT NpoBOAWMTL B COOTBETCTBUM € B.2, nporeaeHne naMmepeHuin — B cooTBeTcTBun ¢ B.3—B.5.

B.2 MNoagroTtoBka o6pasuoB

B.2.1 NoaroTtoBka o6pa3uoB ANA U3MEepPEHU MEeTO4aMW PacTPOBOW 3NMeKTPOHHOW MUKPOCKONWU, aTOMHO-
CUIMOBON MUKPOCKOMWUWN U CMEKTPOCKONUM KOMBMHALIMOHHOTO paccesHUA cBeTa

[ns onpegeneHns pasMmepoB Yellyek rpadeHa MeTogaMy ONTUYECKOW MWKpOCKonuMM (To ecTb MeTogamu P3M,
ACM wunwn cnektpockonun KPC) nogrotoBneHHsIM obpa3el HaHoMaTepuana B hopMe CycrneH3uyv HaHOCAT Ha MoaMoXKu
OBYX BUAOB: oaHy nognoxky Ans PSM 1 ogHy noanoxky ons ACM un cnektpockonuun KPC.

Ons uamepennii metogom POM B KadecTBe nognoxku ang obpasua HaHoMmaTepuana NpUMeEHsIT KpeMHUEBYHO
NNacTUHy ¢ TOHKUM ECTECTBEHHBLIM CMOEM okcuaa kpemHus. Cnoi okcuaa KpeMHus gormkeH GbiTe 4OCTATOYHO TOHKUM
Aanst Toro, 4To6el 06ecnevynTe HEOBXOAMMYID 3NEKTPONPOBOAHOCTE W NPEAOTBPAaTUTE BO3MOXHOCTL 3apsaa obpasua Bo
BpEMSA M3MEPEHUI ¢ NpuMeHeHnem POM. [ina namepeHuin metogamm ACM 1 cnektpockonum KPC B Ka4yecTBe NOANOKKA
anda obpasua HaHoMaTepurana NpMMeHAT KpeMHUEBYHD NNACTUHY CO CIOEM OMOKCKAA KpeMHKA TonwmrHoM (300 £ 5) Hm
unn (90 = 5) Hm gna Toro, 4Tobbl obecneunTb MakCcMManbHbI ONTUYECKAW KOHTPACT MeXay Yellyikamu rpadeHa u
MOANOXKKON.

[ns Bcex Tpex MeToOoB Yellyinkun rpadieHa credyeT pacnonaratb Ha NOAMNOXKe Takum 06pasom, YTOBbI Kak MOXKHO
Bonblwe Yewyek 6binn M3onMpoBaHbl Apyr ot gpyra. Metogom cnektpockonuu KPC M3MepsioT XapakTepucTUKM Yellynkia
rpadpeHa Tornbko B TOM Criy4ae, ecinv OHa YeTKO OTAeneHa 0T APYror YeLyrWKkM M pacrnonoXeHa oT Hee Ha PacCTOAHUN Mpu-
BnmantensHo 1 MkM. BeinonHeHve gaHHoro TpeboBaHws HeobxoamMmMo Ang Toro, YToObl NpeaoTBpaTUTL OAHOBPEMEHHOE
nony4yeHue pesynsTaTtoB U3MEPEHUIA XapaKTEPUCTUK HECKOMBKUX YeLlyek.

Mopagok nogrotoBku 06pa3ua HaHoMaTepuana:

a) rotosAT obpasel B hopme cTabunbHOM CycneH3nn B COOTBETCTBUW C pas3fenom 7;

b) BBIMOMHAKT NOATOTOBKY M OYMCTKY MOAMOMXKM B COOTBETCTBUM C NpUnoxeHuem F;

C) MOMeLLatoT OYULLEHHYIO MOAMNOKKY Ha ropAYYy NAWTY W YCTaHaBNMBAlOT TeMNepaTypy BbiLle TOYKN KMNEeHWUs pac-
TBOPWTENS, MCMOMNB3YEMOro Ans NoAroToBky 06pasua;

d) obpasey TwaTtensHO NEpeMEeLLMBAIOT BCTPAXMBAHUEM, 3aTeM BbICTPO M3BMEKaKT penpe3eHTaTMBHOE Konuye-
cTBO B nuneTky. HaHocaT HebonbLwoe konuyecTeo obpasua (kak npaeuno, ot 10 go 100 mkn) Ha nognoxky. [Nocne atoro Ha
NMOBEPXHOCTW NOANOXKN JOMKEH OCTaTbCH AVCNEePrupoBaHHbIi crnow vyewwyek rpadeHa. Obpasew paccmaTtpuBaloT nog on-
TUYeckum mukpockonom (cm. B.2.2) n onpegensaoT ero npurogHocTe Ansa naMmepeHuin. Ecnun ycraHaenveatoT, 4To obpasel,
He npurodeH Ana U3MepeHuid, To NpoLecc NOAroToBkM obpa3ua NoBTOPSAOT, UCMOMb3YS CYCNEH3WI0 APYron KOHLEHTpaLuum
n/unun obbema wunu gpyrue pacteoputenu. NMpumep npaBuUNbHO MPUroTOBMNEHHOTO oBpasua npuBeaeH Ha pUcyHKe B.1.
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MpumeyaHune — HaHeceHWe TOKONPOBOAALLETO CMOS (KaK NPaBuUIo, 3010Ta) Ha NOBEPXHOCTb HEMPOBOAALLETO
obpasua nepen namepeHnem metogom P3M sensetca HeobxogumelM ycnoemem. OgHako BeneacTBUE HEDOMbLUMX pas-
MEPOB M3MepseMblX 0OBLEKTOB Takoe HaHeCeHWE MOXKET OCMOXHUTL OLEHKY pa3mepoB Yellyek rpacheHa n3-3a HaHeceHus
crnos NpoBoAsLLEero Matepvana aHanormdHorW unu Gonblen TonwMHel. TakMMm 0Bpa3oM, He peKOMeHAYeTCA HaHOCUTb
TOKOMPOBOAALLWIA o Ha obpasel.

PucyHok B.1 — Mpumep nzobpaxeHus NpaBUnLHO NPUroToOBNEHHOrO 06pa3ua,
Bknovasa 1LG-rpaden, 2LG-rpadeH, FLG-rpadeH v Yelwuyiiku rpacmta, HAHECEHHOTO
Ha NOANOXKY CO CroeM OKCcMAa KpeMHWaA TonwmuHon 90 Hm,
nony4eHHoe € NPUMEHEHNEM OMTUYECKOrO MUKpPOCKoNa

e) 3atem obpasel, NOMELLAKOT B BAKYYMHY!O NeYb 1 BbIAEDKUBAIOT B HEW B TedeHune 2 4 unv Gonee npw Temnepary-
pe 40 °C gns Toro, 4106kl yMEHbLWMWTL KONW4ECTBO OCTABLUMXCH PACTBOPUTENS W/MNIM NOBEPXHOCTHO-aKTUBHOTO BELLECTBA.

B.2.2 MeToaobl onTU4ecKOW MMKPOCKONMWM AnNA onpegeneHuWsa npurogHoctu obpasua gna npoBefeHWs
AanbHerWNX U3MEepeHUn MeToaamMu pacTPoOBOW 3MEKTPOHHOW MMKPOCKOMWUW, aTOMHO-CUNMOBOW MUKPOCKOMUWU
M CNEeKTPOCKONUN KOMBMHALMOHHOIO pacceAsHUA cBeTa

[Onsa BbICTPON OLEHKM NPUrodHOCTM NOArOTOBNEHHOro obpasua 4na npoBeeHus ganbHelWnx U3MepeHnid npume-
HAOT METOAbI ONTUYECKON MWKPOCKOMNWW C COOTBETCTBYIOLMM yBEMMYEHWEM Mukpockona. [na Toro 4ytobel onpegenvTs
NWHeHbIe pasmepbl, TOMLWWHLI U pacnpefeneHue Yellyek rpadeHa no NUMHerHbIM pa3MepamM, HeobXoaMMO Hanuyue Ha
noanoxke OTAeNeHHbIX APYT OT Apyra YeLlyek kak MoxHo Bonblero Yvcna. [pu BbinonHeHun AaHHoro TpeboBanHua byaeTt
obecneyeHo nposeneHue uamepeHuin PGM u ACM B TeYeHWe HenpopoMmKUTENBHOMO BPEMEHW WM MOMyYeHUE 3HAYEHUNA,
OTHOCALLMXCA K KOHKPETHBLIM YellyiKam U He COAepKallnx nokasaternein Apyrux Yelyek.

[Mpumepbl Yellyek, HAHECEHHbIX Ha NOAMOMKKY CO CNOeM OKCHAa KpemHus, npuseneHbl Ha pucyHke B.1. B Takux
obpasuax HaHomaTtepvana c NPUMEHEeHVWEM ONMTUYECKOW MUKPOCKOMUMA MOXHO OBHapyXWTb OTAENbHBIE YeLuyWKku, pac-
NnonoXeHHble Ha onpedeneHHoOM pPacCTOsHWW ApYr OT Apyra, WKW yHacTKW CKOMAEHWA YELLyeK, TakKe pacrnonoKeHHbIX
oTAeneHo Apyr oT gpyra. MNpu aTom BO Bpems NpoBefeHns U3MepeHuii METoJaMu ONTUYECKOW MUKPOCKONMUKM HeOBXoANMO
cobniofaTe OCTOPOXHOCTL, YTOBbL! BLIABUTL MMEHHO Yellyikn rpadpeHa, a He Opyrue MaTepuansl, BIUAOLWME Ha OMNTU-
YEeCKWA KOHTPACT, HanpyMMep: OCTaTK¥ PacTBOPUTENS, BbI3bIBAOLLErO U3MEHEHWE OKPAaCKWM MOOMOXKW, Kak nokasaHo Ha
pucyHke B.2.
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PucyHok B.2 — lNpumep nzobpaxeHnsa obpasua HaHoMaTepvana, HaHECEHHOTO Ha MoANOKKY
CO CNoeM OKcuAa KPeMHWS U YHaCTKM KOTOPOro nokasaHbl pasHbIMU LiBeTamu,
nony4eHHoOro ¢ NPUMMEHEHWEM ONTUYECKOro MMKpOCKona

Mpumep n3obpaxeHna obpasua HaHoMaTepuana, KOTOPbIA HEBO3MOMKHO WCMOMB30BaTk NOcMe MOAroTOBKW ANs
AanbHenWwnx n3MepeHnin n3-3a arnomMepaummn JYellyek, npusedeH Ha pucyHke B.3. Tawke cnegyeT y4utbiBaTh, YTO Hedo-
CTaTo4HOE KONMM4YecTBO HEOBXoAMMOro HaHoMaTepuana, HaHeCeHHOro Ha NMoAMNOXKY, 3Ha4YMTENbHO CHUXAET CKOPOCTb 13-
MepeHuid. [na onpegenexus oblero pacnpegeneHia Mmarepyana no nognox)ke cneayer NPUMMEHATL pasHele 06bEKTUBEI
C pasnuyHelM yBenuyeHneM. Ecnu obpasel nogrotoBneH HeNpaBWbHO, HANpUMep B HEM COAEPKUTCA pacTBOPUTENb B
BonbLIoM KonM4ecTBe, TO NPoLece NOAroToBkk obpasua HaHoMaTepuana crnegyeT NOBTOPUTh, NCMOMb3YS CYCNEeH3uMio Apy-
rov KoHUEHTpauun u/unu obbema n/vnu apyrue pacTBOpUTENM, KaK ykasaHo B pasgene 7 u B.2.1.

Ecnu vewyiikn rpadpeHa nmetoT goctatodHo bonblune nuHenHsle paamepsl, YTobbl nx MOXHO BeINO onpenenvTs C
MOMOLLLbKO ONTUYECKOW MMKPOCKOMWW, Kak NoKasaHo Ha pucyHke B.1, To aTo cnefdyeTt paccMarpuBaTh Kak AOMNONHUTENbHYIO
nHopmaumo 06 obpasue oo npoeegeHUs namepeHuin metogom P3M. Takum obpasom, n3obpaxeHue HaHoMaTepuana,
nony4yeHHoe MeTogamMu onTUYECKOW MUKPOCKOMUK, MOXET NpedocTaBWTeL KaYecTBeHHEIE AAHHbIE O NUHEWHbIX pasmepax
velwlyek rpadeHa, NOATBEPKAAOLME Pe3ynsTaTel M3MEPEHWIA, BEINONHeHHbIe MeTogqoM P3M. Ecnu metogamum onTude-
CKOW MUKPOCKOMNWW He yOaeTcs BbISBWMTb Ha NOQNOXKE OTAEMbHbIE Yellyiki rpadieHa 13-3a Toro, Y4To MX pasMepsl CrnL-
KOM Marbl, TO Ha OCHOBaHWKW 3TOr0 TAKKE MOMXHO KA4€CTBEHHO OLEHUTb AManasoH NMHEeNHbIX Pa3MepoB YeLuyex.

Mpumeyvarnnn

1 TonwmHy Yellyiku rpadeHa, pacnofioKeHHOW Ha NOAMOKKE CO CNOEM OKCWAA KPEMHWUS,, MOXHO OLEHWUTL Briaro-
[aps ToMy, 4To rpad)eH A0CTaTOYHO MpO3padyeH M CTaHOBUTCH BUAUMBIM B ONTUYECKUA MMKpOcKon Bnarogaps HTepde-
PEHLIMOHHOMY KOHTPAacTY MO CPaBHEHWIO C MYCTON NOAMNOXKKOW. YCTaHOBMNEHO, YTO Ha NOAMNOKKE CO CNIOEM OKCUAA KPEMHUA
TonwuHo 90 i 300 HM Nony4YarT AOCTaTOYHbIA KOHTPACT ONA TOro, YTobbl MAEHTUMNLUPOBATL HECKOMNbKO KpucTarn-
nuToB rpadeHa MUKPOMETPOBOTO pa3mMepa cpey MHOXECTBA Yellyek rpadeHa BonbLunx pasmepoR, pacnonoMXeHHbIX Ha
y4acTke NoAnoXKW nrowanso 1 Mm2 (cm. [7]).

2 Ecnu B oBpasue Bce Yellyikin rpadeHa nmetoT Gonblune pasmepsl, HanpuMep Gonee 1 MKM, TO JOnycKaeTcs
MCMOMb30BaTh aBTOMaTU3UPOBAHHYI ONTUYECKYH MUKPOCKOMMIO AS MONyYeHus M300paskeHunii Yellyek rpadyeHa 1, cne-
AOBaTenbHo, Ana onpeaeneHns pacnpeaenetns Yellyek rno fNMHenHsIM pasmepam.
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PucyHok B.3 — lNpumep n3obpaxeHna obpasua HaHoMaTepwana, HaHeCEHHOIO Ha NOAMNOXKKY
CO CNOeM OKCUAa KPEMHWS, KOTOPbIN HEBO3MOXHO MCMOMNb30BaTh A8 ONpefeneHns pa3Mepos Yellyek rpadeHa
APYTMMW METOAAMU M3MEPEHUI U3-3a UX arnoMepanun, Nony4YeHHoOro ¢ NpUMeHeHWEM ONTUYECKOrO MUKPOCKONa

B.3 MeTon pacTpoBo# 3NeKTPOHHOW MUKPOCKOMNMUU

B.3.1 O6wue nonoxeHunA

MeTon P3M npuUMeHSOT s onpeeneHns pasMepoB W pacnpegerneHns no pasmepam o6bEeKTOB B MMKPO- M Ha-
HogwanazoHe. P3M copmupyeT naobpaxeHvwe obbekta nyTeM CKaHUPOBAHWA €ro NOBEPXHOCTW 3MEKTPOHHBLIM 30HO0OM
(3NEeKTPOHHBIM MYYKOM) W PErvcTpauMK XapakTepUCTUK BTOPUYHbLIX MPOLECCOB, UHAYLMPYEMbLIX 3NEKTPOHHBIM 30HOO0M.
Metogom P3M nonyyatoT nsobpaxeHus obbekTa ¢ 6onblwMM paspelleHeM (HeCKOMbKO 4ecATKOB HAHOMETPOB) MO cpaB-
HEHWMIO C ONTMYECKOW MUKPOCKOMUEN.

CnepnyeTt y4uTbiBaTb HEOMPEOENEHHOCTU U3MEPEHWIA, BHOCUMBLIX 3dhdbeKkTamn HakonmneHus 3apsaa M OTNOXEeHUs
YIMepoaHbIX MatepuarnoB Ha NMoBEepXHOCTAX 00pa3ua, CKaHUpyeMbIX 3NMEKTPOHHBIM 30HOO0M. Takme HeonpedeneHHoCTU
W3MEDEHUI HEBO3MOXHO MOMHOCTLI YCTPaHWUTL, HO MX MOXKHO YMEHBLLWTL 38 CHET NMPaBUMNbLHO BbINMOMHEHHON NOATOTOBKU
obpasua. [Ans uamepernin POM Heobxogumo NprMeHATE KDEMHUEBYIO NMOLMOMXKKY C TOHKUM €CTECTBEHHBLIM CITOEM OKcuaa
KpemHus. He gonyckaeTcs NpMMEHSATb KPEMHUERYIO NMOANOXKKY € Boree TONCTLIM CIMOEM OKCUAA KPEMHUS, BbIPALLEHHOMO
TEPMUYECKM, TaK KaK 3To yBenuyuBaeT adppeKT HaKonneHus 3apsga Ha obpasue. Tem He MeHee and nonyyeHus nsobpa-
XeHua POM Ha obpasel, HaHOCAT cron yriepoga, noatoMy namepeHunsa metogom ACM npoBogaT Ha gpyrux obpasuax,
HaHEeCEHHbIX Ha MOAMOXKY CO CINOEeM OKcuaa KPeMHUs, MOArOTORMNEHHBLIX B COOTBETCTBUM ¢ B.2.1. BuinonHeHue fgaHHoro
TpeboBaHma HeoBXOOMMO ANA TOro, YTobbl TOYHO M3MEPUTL TOMLWMWHY Yellyek rpacheHa 6e3 ydeta fgobaBneHHoro yrne-
pogHoro marepwvana.

[omxHo 6bITb Nony4eHo UaobpaxeHue POM Gonee 200 velyek rpadeHa. Yellyinkn omKHbl ObIiTb YETKO OTAENeHbI
Opyr ot gpyra ans obecneyeHns TOYHbIX U3MEPEHUWIA UX NIMHENHbLIX PAa3MepPoB. M3MepaAloT NMHEeNHbIE pasMepbl HE MeEHEe
yem y 200 yellyek, BbIOpaHHLIX CriyyaiHo Ha nonyyeHHoM usobpaxeHun POM. Mopagok npoBegeHUs UaMepeHuin npu-
BegeH B B.3.2, obpaboTka pesynesratos — no B.3.3.

B.3.2 MNopagok npoBegeHnsa N3MepeHUn

Mopagok NnpoBegeHUsA U3MEPEHWIA:

a) POM pomkeH 6biTb oTkanubporaH no NOCT P 8.636 ¢ ucnonb3oBaHveM NpocneXnBaeMblX 3TaroHOB Kanubpos-
kn pasmepor. Kannbpoeka POM pomkHa GbiTh Takke BbiNONHEHa W AeAcTBMTENbHA ANA paboyero paccTosiHUS U YCKopsi-
IOLLLETO HAaMPSKEHUS, MPUMEHSIEMbIX B MOCNEOYOLLNX U3MEPEHWSX;

b) ycraHaBnueaT nognoxky ¢ obpasuom Ha pabouun cton POM Takmm obpasom, 4Tobel oHa Bbina HagexHo 3a-
KpenneHa, M B COOTBETCTBMMW C MHCTPYKLMEN o akcnnyaTaumn POM oTkaumBaloT Bo3gyx U3 Kamepsl.

[Nocne npoeeaeHna uaMmepeHuin metogom P3M obpazel 1 ero NoanoxKy He NPUMEHSIIOT ONA Kaknx-nnbo aansHen-
WKX M3MEpPEHWUA, NO3aToMy Npu HeobXooUMOCTM JOMNYCKAeTCH YCTaHaBMMBAaThL NOANOXKKY ¢ 0Dpasyom, Mcnonb3ysa Heob-
paTUMeIli NpoLuecc (T. e. cnocobom, AonycKalLwmMm paspyLUeHue nognoxkn 1n obpasua nocne NpoBeaeHUA N3MEPEHUIA);

c) P3OM HacTpaveaoT ang nony4eHua M3obpakeHns BO BTOPWMHHLIX 3MIEKTPOHAX; YCKOPAKLLEE HANPAKeHUe, Kak
npaBuIo, AOMKHO BbiTh 5 KB nnn MeHee, YToObl YMEHBLINTE 3hOeKT HAaKoNNeHna 3apsaga Ha obpasue;
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d) onpemensawT MecTononoxeHne obpaszua no naobpaxeHnwo POM v HacTpaueaoT PGM B COOTBETCTBMM C WMH-
CTPYKUMEN MO IKCnnyaTtauuu, B TOM Yucne anepTypy, pabouve pacctosHua, cturMatop n pokyc, Ans AOCTWKEHUS Hau-
nyyLlero BO3MOXHOIO paspeLueHus.

HacTtpoiky PGM cnenyet BLINOMNHATL HA 06bEKTe, KOTOPLIV N0 pasmMepam aHanornyeH Yyelynkam rpadeHa, Ho He
ABNseTCH 0OBEKTOM M3MEPEHWIA, TaK Kak BO3OENCTBUE 30HOOM B TEHEHWE AMNUTENbHOIO BpEMEHW, HeobXxoaMMOoro ans Ha-
cTponkn POM, okasbiBaeT HeraTMBHOE BMUAHNE Ha OBbekT;

e) nony4vatoT uzobpaxeHus POM ¢ manbiMm yBenuveHuem (yBenudeHue npubnuautensHo 10 000%) ans yvacTkos
obpasua, cogepxaluux Yellynkn rpadeHa.

Mpw oBHapyKeHUM y4acTKoB, COAepXKalLux Yellyinku rpacdeHa, obpasel oueHWBAKT Ha NPUroAHOCTb ANA NpoBe-
OeHust nocnegywmx namepeHuin metogamu PSM n ACM c 6onblivm yBenudeHvem. Ecnu vewyiku rpadera npeacras-
neHbl B 0bpa3ue B HEOOCTATOMHOM KONMMYEeCTBe W Ha MOANOXKKe OTCYTCTBYIOT OTAENeHHble APYr OT Apyra Yellyiku, To
noaroToBKy o6pa3lia NPoBOAAT NOBTOPHO;

f) 3atem nony4atoT nzobpaxeHus Yewyek rpadpeHa ¢ GonblKMM paspeLleHWeM 1 yBenuyeHueM Ans npoBedeHus
rnocnenyoLwero aHanusa usobpaxeHuil. YeenvyeHve cneayet BelbupaTts Takum obpazom, 4tobel B none 3peHna POM Ha-
Xogunack BCS Yellyika. [Ina npoBedeHWa nocneayoLwero aHannsa n3obpaxeHuit:

1) cneayet nonyyate nzotpaxeHns POM ¢ GonbluvM yBENMYEHNEM, TaK KaK 3TO YyMEHbLUAEeT HeonpeaeneHHoCTb
M3MEPEHWUA NMHEWNHbIX Pa3MEpOB, TO €CTb YeLLyNK1 JOMKHbI 3aHUMaTb 3Ha4YMTENbHYK YacTb n3oBpaXeHus, a Y1cno nuK-
cernen JOBKHO BbiTe OOCTATOYHBIM ANS TOro, YTobbl paccTosiHue Mexay nukcenamu (pasmep nukcens obpasua) Guino
meHee 10 HM,

2) pekomeHAyeTCcsl OOHOBPEMEHHO Mony4aTth 306paxeHnsa HECKOMNBKMX YELUyeK, Kak NokasaHo Ha pucyHke B.4,
WK KaK MoXKHO Bonbluero yncna naobpaxeHnid oTaeNbHbIX YeLlyek,

3) cnegyet nony4nTe M306paXeHWa penpe3eHTaTMBHOIO pacnpefenerHus Yellyek pasHelx pazMepoR no BCeW no-
BEPXHOCTW NoANoXkU. CrneayeT yunThiBaTh, YTO BbIOOP, Hanpumep, bonee KpynHbIX Yellyek, n3obpaxeHne KOTopbIX Nony-
YUTb NPOLLE, UCKa3NT OKOHYaTeNbHble pesyneraTel. CnegoBaTensHo, cnegyeT UCNonb3oBaTk AWanasoH yeenvyeHuin POM
W nony4yate n30bpaxeHna pasnuyHeIX y4acTkos obpasua;

g) NoBTOpSAOT AeHCTBUA MO nepeduncrieHuaM e) 1 f) Ao Tex nop, noka He ByayT nony4yeHsl n3obpaxeHua bonee
200 cny4yaiHo BblOpaHHbIX YeLlyek.

MpumeyaHne — [lononHUTENbHbIE PeKOMEH4AUMM NO NMPOBEAEHUIO U3MEpeHU ONs onpedeneHvs pacnpe-
AeneHns HaHo4acTuy no pasmepam v cdopme, BKrovas oblwme TpeboBaHua, nogrotoBky obpasuyos, kanubpoeky POM,
nonyyeHue U aHanns nobpaxeHui, 0bpaboTky AaHHbIX cM. B [3].

B.3.3 AHanuz n obpaboTka pesynbraToB

[Nocne Toro Kak nony4veHsl n3obpaxeHuss Bonee 200 yeluyek, onpenensoT NMHerHble pasmepsl 200 crnydanHo
BbIOpaHHbIX YeLlyeK, Npu 3TOM aHanUanpyT BCe YeLlynKU, HaxoasLnecs Ha ogHoMm MaobpaxeHun. JIMHERHbIA pa3mep
Kaa0M YeLlynky OnpedensaT U3MEepeHUeM cHadana ee AnWHbI, 3aTeM LUMPUHBI (pa3Mep, NepneHauKynapHLIA OANnHE)
W BbIYMCNEHMEM CpeaHero apMMEeTUHECKOro ABYX 3HayeHui. Cneayet obecneunTts, 4ToObI ObINKM NONyYeHsbl penpeseH-
TaTMBHbIE 3HAYEHWNS U3MEPAEMbIX ANMHBLI U WWPWHBI YELIYAKK. 3a WWPKUHY YELLYRKA CrieayeT NpUHMMaTb CepeduHHbIN
nepneHaukynap K AnvHe, OaXe ecrni aTo HE MaKCUMarnbHbIA NepneHauKynapHbIin paaMep. MNpumepbl NpaBUNbHLIX U He-
npaBuUMbHbIX M3MEPEHUIA pa3MepoB YellynkW NpuBedeHsl Ha pucyHke B.4. Ecnin dhopma yellyek Takas, YTo HEBO3MOXHO
onpefennTb, YTo ABMNAETCA ANWHOKW, TO OONYCKAETCA 33 AMUHY YelUyiKn NpUHMMaTh MakcuMmanbHbIi avameTtp ®epe, a
MUHUManNbHEIN aAnameTp ®epe — 3a WUpWHY.

a) MpumMep npaBUNbHLIX U3MEPEHUIA pa3MepoB YeLlyiky rpadeHa
(cHayana uamepeHa AMWHa, 3aTeM — LUMPUHA KaKk cepedVHHbIA NepneHanKynsap)
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b) MNMpumep HenpaBWbHLIX N3MEPEHWI pa3MepoB Yellyinku rpadpeHa

v

c) Cxema npaBuNbHLIX U HENPaBUIbHLIX M3MEPEHWIA pasMepOoB YeLuyinkn rpadeHa

PucyHok B.4 — lNpumepbl NpaBunbHbIX XU HENPaBUIbHbIX M3MEPEeHUA pasMepoB Yellyiiki rpadeHa,
BbINOMHEHHbIX Ha U3obpaxeHusax POM

MamepsoT paaMmepsl TONMLKO Tex 06BbEKTOB, KOTOPLIE TOYHO ABNSAKTCA Yeluylikamu rpadeHa, To ecTe pa3mepsl 00b-
€KTOB, KOTOPbIE HE ABMNAIOTCSH Yellykamuy rpadieHa, He U3MepsatoT. Takke He cnegyeT N3MepsaTb pasMepbl Yellyek, KoTo-
pble He BMAHbLI MOMHOCTLIO U3-33 TOMO, YTO OHW NEPEKPLITHI APYIMMU YELLyKaMK, U KOTOpbIE CONMPUKacalTesa ¢ 4pyrumMu
Yellynkamu.

Mocne BblYMCreHNs NMHENHBIX pa3mepoB He MeHee 200 Yeluyek CTPOAT rMcTorpaMmmMmy He MeHee yeM ¢ 20 BuHamn.

MpvMep rucTorpaMmMbl pacnpegeneHus Yellyek rpadyeHa no NMHelHLIM pasmepam, Nony4YeHHON No pesyneTatam naMepe-
HUA meTtogom POM, npuBegeH Ha pucyHke B.5.
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X — nuHerHBIN pa3Mep Yelyiku rpacena, HM; Y — 4ucno yelyek rpacdeHa

PucyHok B.5 — lNpumep ructorpammel pacnpegeneHuns yellyek rpadpeHa no fiMHENHbIM pasMmepam,
nony4eHHON No peaynsTatam uaMmepeHun metogom POM

Kak npaBuno, UCTOYHUKOM CYLLECTBEHHbBIX MOTPELUHOCTEN NPW ONpeaeneHniA pacnpeneneHus Yellyek rpacdeHa no
NUHelHbIM pasmepam asnaetcsa He POM, a cneumnanuct, NpoBOAUBLLNA M3MEPEHNUS, Tak Kak UMEeHHO OH BbIBUpaeT JeLlyi-
KM ana aHanwu3a. lNoatomy Heobxogumo, 4YToBbI CneunanncT He M3Mepsn YellyiKn NperMyLLecTBeHHO onpeaeneHHbIX
hopM 1 pasMepoB, a M3MepPAN BCe YellyWK1, HAaXOOALWMECA Ha aHanM3npyemom n3obpaxeHun.

B npoTokone Ansa Kaxaoro MaMepeHus criefyeT perucTpupoBaThk BCe HEOMNpPeneneHHoCTH, oTHOCALMecs K hopme
YeLUyrKK, Yucny nukcenen nsobpaxeHus n kanubpoeke POM.

B.4 MeTon aTOMHO-CMIOBOW MUKPOCKOMWM

B.4.1 O6wune nonoxeHus

Metog ACM — aTo MeTo ckaHupyioLLEe 30HA0BOW MUKPOCKONWKY, B KOTOPOM M3obpakeHne obbekTa hopmupyeTcsa
B pe3ynstate peructpauun cunbsl B3anMogencTBua 30HO0Boro aatyuka (kantuneeepa) ACM ¢ noBepxHocTelo 06bekTa B
npouecce ckaHUpoBaHWA. MiameHnAs BLICOTY KaHTUNeBepa OTHOCUTENBHO M3MepsieMoro obbekTa, mony4arT n3obpaxeHus
penbeda ero NOBEPXHOCTW B TPeX HanpaBneHwusix (BbiCOTe, WUMPUHE W TOMLWMHE) C paspelleHnemM B HaHOOManasoHe.
Takvum 06pasom, Ha NNIOCKOW NOBEPXHOCTU, TaKOW Kak KpEMHMEBaS NOAMNOXKA CO CMIOEM OKCWMOA KPEMHUSA, MOXHO onpege-
NWTb pa3mepkl Yellyek rpadpeHa, BKMKYas TOMNWKHY.

3HaveHWs TONWMH Yelyek rpadeHa TakKe MOXHO ONpeaenuTb, 0OHOBPEMEHHO U3MEPSAsA WX MWHENHbIE pasMeps,
Kak npaeuno, metogom POM, 1 BeINONHUTL KOpPEnALMIo Mexay pesynsratamMu, nonyvyeHHsimu metogamu POM u ACM.

MamepeHusa metogom ACM crneayeT BeINONHATE Ha oBpa3suax HaHomaTtepuana, y KOTOporo pacnpefeneHve Yeluyek
rpadpeHa no NMHerHbIM pasmepam paHee onpefeneHo metodom POM ans Toro, 4Tobbl pesynetathl, Nony4eHHble MeTo-
aom ACM, MOXHO BbIno MCNonb3oBaTh ANA KOPPEnsuMm FIMHEWHBIX pa3MepPOB C TOSMLWKMHAMKM Yellyek. C 3ToW uensto, Npu-
MeHss ACM, cnegyeT nonyyunTte uzobpaxkeHne oTaenbHbIX Yellyek rpadeHa, pasmMepbl KOTOPeIX HAXOAATCA B AManasoHe,
COOTBETCTBYIOLLEM AManazoHy NMHENHbIX pasMepoB, onpedeneHHomy Metogom POM. Hanpumep, ecnun no pesynsratam
nsmepeHui metogom POM nonydeHsl 1 npoaHannavpoBaHbl M3o0bpaxeHnus Yellyek rpadeHa ¢ NMHENHBIMIW pasMepamu
o7 100 Hm go 10 mMkM, To namepenna metogom ACM crnegyeT NpoBOAWTL Ha YellyKax Cc NMHERHbIMK pa3MepaMu B ana-
nasoHe ot 100 Hm go 10 mKm.

B.4.2 Nopsgok npoBegeHUA U3MepeHUN

[Mopsagok npoBefeHns U3MepeHuia:

a) ACM, Bkniouaa ckaHep, gomkeH ObiTb oTkanubposaH no MOCT P 8.635 no pasamepam B Hanpasnenusx X, Y, Z
C MCMOnNb30BaHWEM KanuBpoBOYHBIX PELLETOK CO CTYNEHAMW 3a4aHHOM BbICOTE M paboTaTte B 3aMKHYTOM KOHType. B co-
OTBETCTBMM C MHCTPYKUMeR no akcnnyataumm ACM npoeogsT onepauwun, HeobxoduMmele Ans npuBegeHus ero B paboyee
COCTOSIHME, UCMOMb3Ys PEXWUM NPEPLIBUCTONO KOHTaKTa B YCNOBUAX OKPYXatoLLen cpedbl;

b) Ans namepeHuwit NnpuMmeHsAOT obpasel, HaHoOMaTepuana, Ha KOTOPOM paHee He NPOBOAMIUCE U3MEPEHNS MeTo-
aom POM, copepawmii Yellynki rpadeHa M HaHeCEHHBIN Ha NOAMNOXKY CO CNoeM OKCWMAa KpeMHUA TOMWMHOW npnbnu-
autensHo 300 unm 90 HM. VcnoneayoT MeToq noaroToBky obpasuoes kak ana metoga POM ¢ uensio nonyyenus bonblworo
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Yyucna Yeluyek, OTAeNeHHbIX Apyr OT Apyra. YcTaHaBnrBarT Noanoxky ¢ obpasuom Ha pabouuit cton ACM Takum obpa-
30M, 4TOGbI OHa BbiNa HaAeXHo 3akpenneHa Ansa Toro, 4Tobel 06pasel, MoxHO BbINO UCNONB30BATH:

1) Ang gansHeWwnx naMmepeHnia MetTogom cnektpockonun KPC nocne nonydeHus nsobpaxeHuin ACM,

2) u3aMepeHW ¢ npMMeHeHuem KoMBuHupoBaHHoW cucteMsl ACM-KPC [aTOMHO-CMNOBOW MUKPOCKOMUWA U Crek-
Tpockonun KPC (cm. B.5)], koTopble MOryT BbiTb BbINOMHEHLI HEMNOCPEACTBEHHO NOCMNe M3MepeHuid ¢ npuMmeHeHnem ACM
Ha TOW ke YellyiKe rpacheHa;

c) B ACM ycTaHaenuBaloT COOTBETCTBYKLWMI KaHTUNeBep, obecnednBaolwmii paboTy B pexvMe npepbiBUCTOro
KOHTaKTa, U HacTpauBatT YacToTy KonebaHuil Takum obpa3oM, 4Tobbl OHa Bbina cMeLleHa OT Pe30HaHCHOW YacToThl KaH-
Tunesepa Ha 5 % LWMpuHbLl pe3oHaHcHoro nuka Ha FWHM.

PekomeHayeTcs NpUMEHATE KaHTUNEBEP CO CredyloWMMN NapaMeTpaMu: KECTKOCTE NPYXMHbI NpUBnnanTensHo
40 H/m, pezonaHcHas 4actoTta 240 k4 1 paguyc ocTpusa KaHTunesepa oT 5 ao 15 HM;

d) KaHTuneBep ycTaHaBNMBAOT HaA MOAMNOXKON C 0Bpa3LoM M HaxodAaT y4acTok obpasua, cogep:allunil KaKk MOoX-
Ho Bonblue Yellyek rpadpeHa, oTAeneHHbIX Apyr OT Apyra, UCMonb3ys ANA 3TOr0 ONTUYECKU MUKPOCKON, BCTPOEHHBIN B
cuctemy ACM;

e) kaHTunesep ACM npubnmkatoT kK o6pasuy, ycTaHaBNMBasg MUHUMAarbLHO BO3MOXHYIO aMnnuTyady konebaHui ans
obecneyeHns cTabunbHOro BO3AENCTBMA HA KAHTUNEBEDP CUN CO CTOPOHLI 06pa3ua ¢ 3agaHHbiM 3HadeHnem 80 % amnnu-
Tyadbl konebaHwi;

f) ycTaHaBnmBaloT pexuM ObICTPOro CKaHMPOBaHWS B HanpaBneHUW, NeprneHauKynspHoOM ANVHe KaHTunesepa, U
BBIMNOMHSAT CKaHMpoBaHWe y4yacTka obpasua Takoro pasmepa, YTobbl B HEM MOXHO BbINo MAEHTUDNLMPOBATL HECKOMBKO
yelwyek rpadpeHa. [inga aToro:

1) mocTaTouHO NpockaHMpoBRaTk yyacTok obpasua nnowaasto 20 x 20 MkMm2, Tak kak 6yaeT nonyyeHo naobpaxe-
HWE HecKomnbKkux obbekToB Npu Tpebyemom paspelleHun u MoxHo ByaeT onpefenvTe, ABMATCA N 06beKThl Yellynkamm
rpadpeHa unu gpyrium matepuarnom. Ecnu pasmepsl Yelyek 6onblue, YeM MakCMManbHbIW pa3mMep ckaHupoBaHua ACM, To
NS onpejeneHns xapakTepUCTUK Yeluyek npumeHsaoT POM unu ontuyeckunii MMKpockon,

2) CKOpOCTb NUHEWHOro cKaHWpoBaHUA AomkHa 6biTe MeHee 10 MKM/c € paspelleHueM 256 x 256 nukcenen, 4YTo-
Obl nonyunTe M30bpaxeHWe ydacTka obpasua 3a npuemnemoe Bpems, a Takke obecneunTs CTabuUneHOCTL M300paKeHus
B TOT MOMEHT, KOrfa KaHTuNeeep nepemeLyaerca Hag obbekramun penbeda NoBepXHOCTU NOAMNOXKKM,

3) cnepyet 3apgasatb pabo4dyto TOYKy Ha ypoBHe He Bonee 70 % amnnuTyabl cBo6oaHbIX konebaHwii KaHTUneBe-
pa 1 COOTBETCTBYIOLLEE yCcuneHne obpaTHoW cBA3M, obecneymBaroLLme MakcumMareHo BeICTPYO peakumio KaHTuneBepa Ha
M3MeHeHUs penbeda NOBePXHOCTH NoAnoxKn 6ea OTKNOHEHWUA OT 3aAaHHbIX konebanuii. nsa aToro:

- NPV NoMNy4eHnn n306paxeHns Yellyek 4ONYyCKaeTca YMeHbLWMTh YpoBeHb paboyelt TOUKW, NpW 3TOM cnegyeT
KOHTPONMUPOBaTL BbICOTY CTYMNEHW AnA Toro, YTobbl onpegenunTs, TpebyeTcs nu Gonee HU3KWIA ypoBeHs paboyelt Toukn Ana
BGonee TOYHOMO U3MEPEHWS TOMLLMHBI YELLYAKH,

- NpW NPoBeAEHUU U3MEPEHWIA CNedyeT YUMTbIBaTb, YTO HU3KWIA YpOBeHb pabodeit Touku (T. e. <40 % amnnu-
TyAbl cBoboaHbIX KonebaHuil KaHTUNeBepa) MOXET NPUBECTU K MOBPEXOEHUIO OCTPUS KaHTUNEBepPa;

g) nocne 3aBepLUeHUs1 ckaHUpoBaHWa BonbLIOro y4acTka obpasua nony4vatoT nobpameHus ACM KOHKPETHbIX 00b-
eKTOB (T. e. OTAENbHLIX Yellyek), pacrnonoXeHHLIX B ero npeaenax, Belbupas Ana ckaHupoBaHus obnacTe yyacTka obpas-
La Takux pasmepos, 4Tobbl MOXHO BbINo Nony4nTe n3obpaKeHne oTAenbHbIX YeLLyek.

[ns ckaHWpoBaHUs pekomeHayeTcs BulbpaTth obnacTb yyacTka obpasua nnowaabto 2 X 2 MKM2, YUCro NUKcenen
yBenu4nuTte o 512 x 512 nukcenen gns Toro, 4tobel obecnevnTe nonyyeHve Bonee TOYHbIX Pe3ynsTaToB NpU aHanuse
n306paXKeHuiA;

h) noeToOpslOT OAelACTBUE MO NepevucneHno g) Ansa OApyrux y4acTkoB obpasua Gonblioro pasmepa, naobpaxeHusi
ACM koTopkIx Nony4YeHksl B COOTBETCTBUM C NepevmcneHmem f);

i) noBTOpAT AencTBMA no nepeduncrneHnam f) — h) Takum obpasom, 4yTobbl NonyyYnTe M30bpakeHUs He MeHee
20 velyek, Anana3oH NUHENHbIX Pa3MepPOB KOTOPBIX COOTBETCTBYET AManasoHy NMHENHBIX pasMepoB Yellyek, NonyyeH-
HbIX MeTogomMm P3M;

j) 3aTem nony4eHHble AaHHbLIE aHANW3KPYIOT U ONPEaensoT TOMNWKUHY YeLlyek B 3aBUCMMOCTN OT UX NMUHENHBIX pas-
MepOB.

[nsa nony4yeHna cTaTUCTUYECKU 3HAYMMBIX PE3YNLTAaTOB PEKOMEHAYETCS BhIMOMHUTE M3MEPEHNA Kak MOXHO Borb-
LLEero Yuicna Yewyex rpadeHa, Ho aTo YBEeNMYMT NPOAOMKUTENBHOCTb M3MEPEHNUI.

B.4.3 AHanu3 u o6paboTKa pe3ynsraTtoB

M3obpaxeHna ACM npuMeHsIHOT Ana onpedeneHns cpegHero apuMeTUYecKoro 3Ha4eHns N3mepeHHbIX LWMPUHBI U
ONWHBI B Ka4ecTBe NMHEWHOro pasmepa Ka)on Yellyinku rpacpeHa cnocobom, KOTOpbIA NpUMeHAnUM Ans obpaboTku pe-
3ynbTaToB, NonydeHHbIx Metogom POM. IluHelHbIn pasmep kaxaon Yellyiki onpeaensioT M3aMepeHneM cHavana ee anu-
Hbl, 3aT€M LWUMPWHLI (pa3Mep, NepneHanKYNAPHLBIA ANWHE) U BEIMUCTIEHWEM CPEAHErD apudMETUYECKOro ABYX 3HAYEHWA.
Cnepyet obecne4nTb, 4T0Ob! ObINKM NONyYeHbl penpe3eHTaTUBHbIE 3HAYEHWUA U3MepPSeMblX OMVHBl U LUMPUHBL YeLlly ki,
MpyvMepbl MPaBUMbHBIX U HEMPaBUMbHBIX U3MEPEHUI PasMepoB Yellyku NpuBedeHbl Ha pUcyHke B.6.
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a) MNpumep npaBUNbHEIX U3MEPEHWUIA pa3MepoB YeLlyiku rpaceHa (cHadana uaMepeHa anuHa,
3aTeM — LUMPWHA KaK cepednHHbIN NepneHaukynsap)

b) Mpumep HenpaBKMbHBIX U3MEPEHWIA pa3MepoB Yellyku rpaeHa
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c) Cxema npaBUNbHBLIX U HEMPaBUINbHbLIX U3MEPEHWIA pa3MepOoB Yeluyinkn rpadeHa

PucyHok B.6 — lNpumepbl NpaBunbHbIX U HENPaBUIbHbLIX M3MEPEHUA pasMepoB YeLlynkK rpadeHa,
BbIMONHEHHBIX Ha naobpaxeHuax ACM

MamepsroT pazMmepsl TONbKO TeX 0GBbEKTOR, KOTOPLIE TOYHO ABNAKTCA YellyiiKamu rpadeHa, To ecTb pasmepsl 00b-
EKTORB, KOTOpbIE HE SABMSIOTCA Yellyikamy rpadpeHa, He namepsiioT. Ecnn chopma yeluyek Takas, 4To HEBO3MOXKHO onpege-
NATb, YTO ABNAETCS ANVHON, TO AONycKaeTcs 3a ANUHY YeLlynKn MpUHUMaThL MakcumansHsli guametp ®epe, a MuHUMans-
Hell anameTp Pepe — 3a WKnpuHY. Takke He cneQyeT U3MepsTh Pa3Mepbl YeLyeK, KOTOpPbIE HE BUAHLI MOMHOCTLIO M3-3a
TOTO, YTO OHW MEePEKPbLIThI APYTMMU YELLYIAKaMM, M KOTOpLIE COMPUKACAKTCA C APYrMMK Yellyinkamu. Cneayer n3aMepaTth
TOMbKO Te YeLlyiki rpadieHa, MOBEPXHOCTb KOTOPbIX NIOCKas, TO eCTb NOBEPXHOCTb HE UMEET MPU3HAKOB KPUBW3HBI K
napannensHa NOBEPXHOCTU NOAMNOKKY. HeBbINONHEHWE yKa3aHHbIX TpeboBaHU MOXKET NPUBECTU K MOMYHEHUID HETOYHBIX
pe3ynsTaToR M3MEPEHWIA BCNEACTBUE TOrO, YTO BMECTO TOMLLUMHBI OOHON Yellyikn ByayT naMepeHsl Kak 0gHo Lernoe Ton-
LWMHBI OBYX YellyeK 13-3a TOro, 4TO Yellyika Bonblunx pa3mMepoB HanoXeHa Ha YellynKy MEHbLUMX pa3MepoB, KOTopas
HENoCpenCcTBEHHO HE BUAHA.

Mpw BLINONMHEHUW KaXO0ro M3MEPEHWA U ONpeaeneHns NMHENHBLIX pa3MEPOR Yellyek cneayeT YY4ecTs BCe Heonpe-
OEneHHOCTN TakuM e 00pa3oMm, Kak 1 Npu BeIMOMHEHWUW naMepeHuid MeTonom P3M. B npoTokone ona kaxaooro uamepe-
HWA cregyeT PErncTpUpoBaTh BCE HEONPEAENneHHOCTU, OTHOCALLMECS K hopMe YeLlyiiKK, YNCIY NMUKCenen naobpaskeHns
n kanubposke ACM.

[ns onpenenennsa cpegHen TONWMWHBL Kaxaol Yelly ik rpadyeHa cneayeT onpeaenuts Kak MUHUMYM TPW 3HaYeHus
ee BbICOThI (TONLWWMHBI). [na aToro cnegyeT NPUMEHATL JaHHbIE, KOTOPbIE paHee He UCMOoMb30Banuch ANsA onpeneneHns
TNMHEMHBIX Pa3MEepPOB YeLLYIKIA, HanpyMMep AaHHbIE, M3MEePEeHHbIEe B HanpaeneHun Z. [laHHble CcneayeT CHUMAThL B pexume
OLICTPOro ckaHWpoBaHUs B 3agaHHOM HanpaeneHuy. Ha rpadvke onpenensoT pasHuLy Mexay BbICOTOW, U3MEPEHHOM
OT NMOBEPXHOCTU MOAMNOKKA [0 BEPLUMHBLI YELYNKM, U BbICOTOW, N3MEPEHHOW OT MOBEPXHOCTU MOAMOXKKMA C U3MEHEHHBIM
penbedhoM A0 BEpPLUMHbI YELLYMKX, KaK NoKaszaHo Ha pucyHke B.7 b). Ecnu no kpasm Yelwlyikn MOXHO M3MepWUTb ABa
pasHblX 3HA4YEHUA BLICOTHI, TO 3@ pesynsLTaT NPUHMMAKT HAMMEHbLLEE 3Ha4YeHMe U3 AByX. [Ana nony4yeHns Gonee TOYHbIX
pe3ynsTaToB M3MEPEHWI PEKOMEHOYETCH Ha rpaduke HanoKUTb ABE NPAMbIE TOPM30HTamNbHbIE NMUHUMA — OOHY Ha MOBEPX-
HOCTb YeLlyKW, OPYTYH0 — Ha NOBEPXHOCTL NOAMOXKM, U ONPEAENATL Pa3HULY MEXAY aTUMK NMMHUAMM, KakK NoKasaHo Ha
pucyHke B.7 c).
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a) VsobpaeHne ACM veluyiikn rpadheHa ¢ CUHEN NUHWEW, NpuBeAeHHOW Ha pUCYHKax b) 1 c)
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b) Npadhuk pasmepoB Yellyiku rpadgpeHa c) Mpachuk pasamepos Yellyikn rpaceHa
C BbIZENEHMEM ABYX TOMEK U3MEDEHUIA C BblAENEHWEM ABYX NUHUIA U3MEPEHWIA
(CMHMIA U KpacHbIA TPEYronbHUKN) ONA onpeaeneHns (CMHSA K KpacHasa NUHWK) ONsa onpeaeneHns
ee BbICOThI (TOMLLMHbLI) C UCMONB30BaHUEM €€ BbICOThI (TOMNWWHbLI) C UCMONb30BaHMEM
n3obpaxeHua ACM, npenctaBneHHOrO Ha PUCYHKe a) naobpaxeHns ACM, npeocTaBneHHOro Ha pUCyHKe a)

X — NUHenHbIN pasMep Yellynku rpadeHa, MKmM; Y — BblcOTa Yellynku rpacdeHa, Hm
PucyHok B.7 — lNpumep 06paboTky pe3ynsraToB namepeHut metogom ACM

[ns pacyeTa HeonpedeneHHOCTW crnedyeT MCMONb30oBaTk CTAaHAAPTHOE OTKMOHEHWME W3MEPEHWA TPeX 3Ha4YeHWi
TOMLWMHBI YeLUYHKW NPU YCNOBKMW, YTO OHO He MeHee CpedHEeKBagpaTUYHOMo 3Ha4eHNs LepoXOBaTOCTH NOAMOXKN BCnea-
cTBMe paspeleHna ACM no BelcoTe UNKU 3Ha4eHWA akTUYECKON LWEPOXOBATOCTM NOAMNOKKM, NMBO 3HaYeHUs LLepoxXo-
BaTOCTW MOAONOXKKW, CBA3AHHON C HAaMMYMeM OCTaTKoB pacTeopuTens. Ecnv ykazaHHoe ycrnoBWE He BbINOMHEHO, TO ANs
pacyeTa HeonpegeneHHOCTU cregyeT UCNoNb30BaTk CpeaHeKBagpaTUYHOE 3HaYeHWe LIepPoX0OBaTOCTU MNOAMOXKKN.

PacyeT HeonpedeneHHOCTN M3MePEHUI MUHENHOMO pasMepa Kaxkgon Yeluynku cnedyeT BbINoNHATb C YYeToM pas-
Mepa BEPXHErD Kpas Yellynku, UCronb3ysa ABE TOYKU U3MEPEHWUA, Kak nokaszaHo Ha pucyHke B.7 b). Takum obpasom, He-
onpefeneHHocTb Byaet obycnoeneHa HeTouHoCTEI0 ACM Npyu nsMepeHnsx pasmepoB YeLUYWKA UM HEONPEAENEHHOCTEIO,
CBA32HHOM C NOMOXEeHWEM Kpas YeLUynKu.

3artem cTpoAT rpaduk He meHee YyeMm ¢ 20 ToYKamK OaHHbIX, MOKa3blBAKOLLIMIA 3aBUCMMOCTbL TOMLUMH Yellyek rpade-
Ha (ock Y) OT MX cpeaHuX NHEeRHbIX pa3smepoB (ock X), Kak NokasaHo Ha pucyHke B.8.
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X — NUHerHble pasmMepbl Yellyek rpadpeHa, HM; Y — TOmMLWMHbI Yellyek rpaceHa, HM

PucyHok B.8 — padurk 3aBMCMMOCTH TOMLLMH Yellyek rpadpeHa oT UxX NMHeRHbIX pasMepoB,
NMOCTPOEHHbIM MO pe3ynsTataMm uaMepeHuin metogom ACM, Ha kOTOpoM npeacTaeneHsl AaHHbie bonee 20 vellyek,
cofepxaluxca B obpasle HaHomaTepuana, NMHelHble paaMepsbl KOTOPLIX HAX0OATCA
B AManasoHe NMUHENHbIX pa3MepoB, onpeaeneHHbix metogqom POM

Mony4eHHble 3HAYEHUA TOMLWMH YeLlyeK CcrenyeT WCMonb3oBaTh ANA ONpefeneHua YMcna cnoee rpadeHa, npm
3TOM CNeNYeT y4UTLIBaTh, YTO TOMLWMHA OAHOro cnos rpadpeHa coctaensaet npubnusntensHo 0,34 HM. Takke npu pacyete
yucna cnoee rpadeHa Ang Yellyek TONWMHOK NpUbnnanTensHO 3 HM M MEHEEe CrNenyeT YYUThIBaTh, YTO MEXAY YELLYIAKON
1 NOAMNOXKKOW MOXET HaxoauTLCA Matepuan, He yaaneHHbin Ha aTane NoAroToBkn obpa3ua. PacnonoxeHue Ha noanoxke
Yyellyek TOMWKUHON NpUBNM3MTENBHO 3 HM 1 MEeHee CrieflyeT perncTpupoBaTth AN TOro, YTobbl UX pasmepsl MOXHO ObINo
N3MepuUTbL MeTogom cnekTpockonun KPC 1 onpegennTe YMCno crnoes rpadera ¢ 6onblen TOYHOCTRIO. Takke YACno cno-
eB rpacheHa fonyckaeTcs onpefensaTb no nonyyYeHHbIM U3006paXeHuam, NpUMeHssi OQHOBPEMEHHO ONTUYECKUA MUKPO-
CKOMM, BCTPOEHHLIN B cucTemy ACM, u cnektpockonuio KPC, To eCTb KOMBUHMpOBaHHYH cuctemy ACM-KPC. 3T0 no3BonunT
onpefenqTb TUMWYHYK HEOMNPEeOeneHHOCTb MPY M3MEPEHWM BLICOTHI (TOMWMHbBI) YELUYAKN M3-3a HanM4mMa Ha MOANOoKKe
ocTaTka pacTBOPUTENS, KOTOPYH O0MYyCKaeTca NPpUMeEHATE Npu o6paboTke pe3ynsTaToR BCEX M3MEPEHWIA.

Ecnu Bce namepeHHble Yellyiiki rpacdeHa uMetoT TonwuHy Gonee 3 HM, TO U3MEpPEHWUA METOLOM CMEeKTPOCKONUK
KPC npoeoguTb He TpebyeTcs.

B.5 MeToa cnekTpocKonun KOMOWMHaLMOHHOIo paccesiHUA cBeTa

B.5.1 O6wue nonoxeHus

Cnektpockonuio KPC NpuMEHSIIOT ANsA nonyyYeHus 6onee ToYHbIX pe3ynsTaTos OnpeneneHns Yicna CroeB YeLlynku
rpacpeHa no cpaBHeHuto ¢ metogoM ACM, KOTOpbIM M3MEPSHOT TOMLKWHY YELUYWKKX, a He YMCIOo CNoeB rpadpeHa Henocpea-
CcTBeHHO. CregyeT y4UThbIBaTh, YTO ECNN ANA U3MEPEHUIA NPUMEHAT 0bpasel, HaHoMmaTtepuana B hopme cycrneHsuu, To
B MPOLECCEe ero OCaXXOeHWs Ha NOANOXKY, Kak NpaBumno, NpoMcxoduT HanoxeHue velwyek rpadeHa gpyr Ha gpyra. No-
aTOMY U3MepeHus MeToaom crnektpockonuu KPC cnenyeT npoBOAMTE TOMBKO HAa TEX Yellyiikax rpadheHa, xapakTepucTukm
KOTOpbIX paHee onpeaeneHsl Metogom ACM, a nonydeHHble nzobpaxeHns ACM MOXHO ncnonb3oBaTth ANA NOATBEPXKAE-
HWA TOro, YTO UCCNENOBaHbl TOMIbKO YELLYMKWM, YETKO OTAeNEeHHbIe Apyr oT Apyra. Ecnu HeBO3MOXHO onpedenuTb TOYHoe
MECTOPaCTONOXKEHNE TeX XKe YellyeK Ha MoaSIoKKE W NPOBECTM COOTBETCTBYOLIME U3MEPEHWNA METOAOM CMEKTPOCKONMU
KPC, To crnegyeT Ucnonb30BaTh 3HAYeHWA TOMLLUUH Yellyek, nonyyYeHHble Metogom ACM, koTopbie MCnonsL30BaHbl ANd Bbl-
YUCIEHUA YMCNa CNoeB W YMcneHHon gonu velyek 1LG-rpadeHa n FLG-rpadheHa, kak onvucaHo B npunoxeHun D.

MamepeHna metogom cnekTpockonuym KPC cnegyeT NpoBOAWTL Ha BCEX Yelyrkax rpadeHa TONWKMHOW 3 HM M
MEHee 1 Ha YeLlyinkax, NMHelHbIE pa3Mepbl KOTOPLIX NPEBLILLAIOT pasMepkl ONTUYECKoro 3oHAa (kak npaeuno, ot 0,5 go
1 MKM), C Lenbio onpeaeneHns TUna ynakoBkW Croee rpadpeHa no OTHOLWEHMI0 MHTEHCUBHOCTKU D-nunka k G-nuky (ID/1G)
0e3 HanNMuua HeonpeaeneHHOCTH, OTHOCALLENCA K D-NMKy OT Kpaee Yellyek, N UCKaXKeHWS pe3yrsTaToB.
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B.5.2 NMopagok npoBeaeHUA U3MepPeHUN

MamepeHua metogom cnekTpockonuu KPC cnenyet npoeogute B o6paTHoM paccesHun nog yrnom 180° ans obe-
cneyeHns 3a4aHHOMo OTHOLLEHUS CUTHAM/LLIYM W C MPUMEHEHUEM MUKPOCKONa, OCHaLleHHoro obbekTnBoM, obecneynsaro-
wum yeenudeHune 50x nnn 100x (NA = 0,75). MNapameTpbl uaMmepuTeneHoro obopynoeaHns OOMKHbI ObiTh 3aperncTpupo-
BaHbl B NpoTokone. ABConTHYH kKanubpoBKY M3MEPUTENBHOW CUCTEMBI CIIeQyeT NPOBOAUTL PENYNSAPHO B COOTBETCTBUM C
WHCTPYKUMEN N3roToBuTenst obopyaoBaHnsa U ¢ NpUMEHEHWEM HEOHOBOW Namnbl (MNW APYron paspaaHOR namnbl ¢ npocne-
KMBAEMBIMW XapakTepUCTUKaMK), OTHOCUTENLHYK (aBTOMaTUYECKYH)) KanMBOpOBKY — €XeOHEBHO Nepen MCronb30BaHUeM
obopyaoBaHKA, HanpyuMep: Mo Nkam KpeMHWA NepPBOro Nopsaaka ANa KaxaoW ANWHBLI BOMHbI NTA3EPHOT0 U3NyYeHnus ¢ npu-
MeHeHMeM andpakUMOHHOW pelleTky. [onyYyeHHble AaHHble COOTBETCTBYHOLLMM 00pa3om KOppekTupyrT. Bce namepeHus
NPOBOAAT NPK KOMHAaTHOW TemMnepaTtype. [NapameTpbl okpyxatllen cpefbl (TeMnepaTypy ¥ BNaxKHOCTL) BO BpeMS NpoBe-
OEHUSA N3MEPEHWIA PErMCTPUPYIOT B NpoTokone. CneayeT y4uTeIBaTh, YTO BO BPEMSA NPOBEAEHUS N3MEPEHWI TEMNepaTypa
OKpYKatoLlen cpedbl 4OMKHa 0CTaBaThbCA NOCTOSHHONM (2 °C).

[prMeHsAT nasep, reHepUpyLWMIA 3eneHoe Uanyd4eHne AnNWMHon BonHel 532 HM (2,33 aB). Ecnv HEBO3MOXHO UC-
MornbL30BaTh Nasep C yka3aHHbIMWU NapameTpamMu, TO ONYCKAeTCA MPUMEHATL Na3ep, FTEHEPUPYHOLLMIA 3eNleHOe U3NyYeHne
AnunHoi BonHbl 514 HM. CnepyeT y4nTbiBaTh, YTO MONOXEHUA HabnoaaeMbix NMKOB ByayT HAXOAWTLCA B pPa3HbIX Crek-
TpanbHbIX MO3ULMAX B 3aBUCUMOCTH OT AMUHbLI BOMHbI NA3epHOr0 Many4eHus. [nuHy BOMHbI Na3epHOro ManyyeHus, npu-
MEHSAEeMOro Ana U3AMEpPEHUIA, PETMCTPUPYIOT B NPOTOKOMNE BMecTe co cnektpamu KPC.

UTobbI NpegoTepaTUTL NOBpeXaeHe obpa3la HaHoMaTepuana ua-3a 3 eKToB ero NoKansHoro HarpeeaHus, cne-
OYeT UCMOoMb30BaTh Ma3epHoe U3ny4yeHWe MOLIHOCTLIO He Gonee 1 MBT, npy 3TOM NasepHoe NATHO, BO3AENCTBYyKOLLEE
Ha obBpasel, OomKHO BbITh AuamMeTpom He MeHee 500 HM, Bpemsa Bo3OelcTBUS Ha obpasel And Kaxaol nosvumm name-
peHua — He bonee 30 ¢. B npouecce npoBeaeHWs M3MEPEHWIA, NpW HEOBXOOMMOCTH, MOLLHOCTbL NAa3epHOro UanyyeHus 1ua-
MEepSIOT COOTBETCTBYIOLUM NpUBOpOM, AMaMeTp Na3epHOro NATHA ONPEeAensoT, NPUMEHASNA Kpal Yellyiku/nucta rpadeHa
unu obpaseLl yrnepoHon HaHOTPYBKK.

[nanasoH CNeKTPOB f1la3epHOro Many4yeHus BblbupatoT Takmum obpasom, 4Tobbl Bbinn BKNKOYEHbl NMHKMKM KPC co-
OTBETCTBYIOWNX ANMWH BOnH [D-guanazon (npuBnusutensHo 1350 cv™'), G-guanaso (npubnusutensHo 1580 cm),
G-guanasoH (npubnuantensHo 1580 cv™1), 2D-guanazoH (npubnuantensHo 2700 cv~1)] M WKWPUHBLI, NPeAcTaBneHHbIe B
OOHOM W TOM Xe CMEeKTpe Wnu B ABYX OTAENbHbIX cnekTpax. [Ans obecnedyeHus naMepeHuin co crnekTpanbHbiM paspeLle-
Huem <3 cv~! cnegyeT NnpuMeHsTL coOoTBETCTRYOWYIO peweTky. Kak npasuno, cnektp KPC nony4aloT B AUanasoHe AnvH
BonH ot 1150 Ao 3100 em~', B yacTHOCTM NpK M3MepeHUn 0BpPasLIOR, PACNONOKEHHBIX HA KDEMHUEBON NOANOKKE, Tak Kak
3TO NO3BONSET UCKMIOYNTE U3 U3MEPEHWIA MK KPEMHWA BTOPOrO NOPAAKA NPU ANMHAX BonH npubnuautensHo 1000 cm—!,
Mpu aTom cnegyeT yuYuUThIBATL, YTO NPY U3MEPEHUSIX CMEKTPOMETPAMU C BOMbLLUOK YYBCTBUTENEHOCTLHD MOXHO MONy4YUTh
MUKK KPEMHUS TPETLEro NopsaKa Npu AnuHax BonH npubnuantensHo 1450 cM™', KoTopble He criedyeT NPUMHUMATL 3a MUKW
YIMEpPOAHLIX MaTepUanoB, ABNALIMXCA rpadeHoM.

[Mopagok NnpoBeaeHnA M3MepPeHWiA:

a) nognoxky ¢ obpasuom HaHomaTepuana 3akpennalT Takum obpasom, 4Tobbl OHa He cMeLlanack OTHOCUTENBHO
npegMeTHOro cTona npu ero NepeMeLleH BO BPEMS CKaHWpoBaHusa obpasua;

b) namepeHus nposogaT Ha ydacTkax obpasua HaHomaTepuana, Ha KOTOpbIX paHee NpoBefdeHbl M3MEPEHUS Me-
TogoMm ACM B cootBeTcTBUM € B.4. [1na n3amepeHuin HaxodAT COOTBETCTBYIOLWME y4acTok obpa3sua v Yellyiiku rpadeHa;

C) M3MEepeHUsl NPOBOASAT C MPUMEHEHWEM ONTUYECKOTO MUKpockona. 30H4 CNeKTpoMeTpa pacnonaralT Takum ob-
pazom, 4Tobbl NATHO DOKYCMPOBKW NA3EPHOI0 N3NyYeHUsa Haxo4UNoch B LEHTPE Yeluyiikn rpadpeHa v 6eino cdrokycmposa-
HO B HanpaeneHuu Z. [lanee BLINONHSIOT M3MepeHusa MeTogom cnektpockonni KPC B pasHbIX TOYKax OTHOCUTENBHO OCU
Z v onpegenaoT y4acTok obpasua ¢ Haubonee cunbHeiM curHanom KPC. [ins atoro:

1) ycTaHaBnvBalOT NOMNOXEHWE 30HAA CNEKTPOMETPa Ha ONTUMANIEHOM PacCTOSHMM OT MOAMOXKM ¢ 0bpa3uoM Ha-
HomaTepuana 1 OKYCUPYHT €ro, NPUMEHAS ONTUYECKMIA MUKPOCKOM, TakMM 0bpasom, YToObl MOBEPXHOCTL NMOAMNOKKA C
Yyellyrkamu rpacheHa Haxogunack TOYHO B dOOKyCe,

2) Ana nony4YeHust onTUManbHOM MOLLHOCTW CUrHana npu q)OKyCMPOBaHUW CNeKTpoMeTpa B HanpaeneHun Z Bbl-
MOMHAT ero HacTPOWKY Ha NpoBefdeHne namepeHuin B 11 Toukax no ocu Z, npu atom obliasa nnollaab CKaHMPOBaHUA
obpasLa AormKHa CoCTaBNATb 2 MKM2, 4TO Ha 1 MKM Hike 1 Ha 1 MKM BbILLE MONOXKeHUs doKyca onTUHecKoro MIKpockona
OTHOCWUTENBLHO NoBepxHOCTK obpasua. [ina naTHa poKyCUpPOBKM NasepHoro uaydeHua guametpom bonee 500 HM BKMAKOUK-
TenbHO MOLHOCTE NAa3epHOro nanyyeHus gomkHa beite He bonee 1 mBT. Bpems npoBegeHus namepenns — 5 c. Ecnu npu
nonydeHun G- n 2D-nukoB 3a ykazaHHoe BpeMsi He obecneynBaeTcsa 3Ha4YeHMEe OTHOLIEHMA curHan/wym He meHee 10, To
[OMycKaeTCAa YBENMYUBATL BPEMSA M3MEPEHMWIA ONA LOCTUXKEHUA HEODXOAMMOrO 3HAYEHUSA 3TOMO OTHOLLEHWS;

d) BbIMOMHAKT U3MepeHUss MeTodoM crnekTpockonuu KPC Ha yyacTke obpasua ¢ Hanbornee CUMbHbIM CUrHanom
KPC, koTOpbIil BLIABMNEH Ha 3Tane no nepedmMcneHnto c). MiamepeHus BbINONHAKT OBYMA UMMOYNbCaMM NasepHOro nanyye-
HWA ¢ aKkcno3uymert obpasua 10 ¢ Anga Nnony4YeHrWsa 3a0aHHOro 3Ha4YeHUs OTHOLLEHWS CUTHar/LLyM.

[na nonyyeHnsa 3Ha4YeHUA OTHOLLEHWUA curHan/wym, paeHoro 20, cnegyeT MCNonb30BaTh NasepHOe U3nyyeHue Ta-
KOW >Xe MOLLHOCTW, KaK M Ha aTane no nepeyncneHuto b). Ecnu oTHoweHne curHan/wym meHee 20, To gonycKaeTcs Uc-
nonb3oBaTe bonee ANUTENLHOE BPEMSA 3KCMO3NLIK;
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€) B COOTBETCTBUU C nepevncrneHrem d) npoBOAAT U3MEPEHUS KawdoW YellynkM rpadpeHa, BbiABIEHHOW Ha 3Tane
no NepeyncreHnto b), B 3agaHHbIX TOUKaxX, BeINOMHUB hOKYCMpOBKY obopyaoBaHua nepen KaxasiM M3MepeHneM B COOT-
BETCTBWM C NEPEYUCTIEHUEM C);

f) nonyyeHHble pesynbTarbl aHaNU3MPYT W ONPEAENAT YUCIO CIIOEB U TUM YNAaKOBKW CIOEB rpadeHa.

MpumeuvaHnne — 2D-nuk Takke nHorga HasbiBaloT G-NUKoMm.

B.5.3 AHanus n o6pa6oTka pe3ynsraToB

YyacTku obpasua HaHomatepuana, Ans KoTopblx nonydeHsl D- u G-nukun (npy gnuHax BonH nuHuin KPC npubnun-
auTensHo 1350 cm~! u npuBnuantensHo 1580 cm~! cooTBeTCTBEHHO) M 2D-NUK (NPU ANWMHAX BOMNH MUHMIA KPC npubnu-
auTensHo 2700 cm™ "), aHanMaupytoT oTaensHo. ONpedensiioT U BLIMUTAKOT 5a30BYI0 NUHUIO AMS KaXOO0To CrekTpa, 3aTeM
COMOCTaBNAT NWKK NopeHueBckor dopmel ¢ D-, G- u 2D-nukamu, rae ans G-nuka Tpebyetca Hannuve TOMNbKO 0QHOro
nMKa nopeHueBckon opmel, kak 1 ana D-nuka, ecnv oH nonydyeH. Cnenoyer yuMThIBaTE BOZMOXHOCTE Hanuumsa D'-nuka
(Npw onuHax BonH NuHMin KPC npubnusntensHo 1620 cv™!), KOTOpbIN CBMAETENBCTBYET O COAEPXaHUN AeeKTHOro rpa-
deHa B obpasue HaHomaTepuana. [1pu BeicokoM ypoBHe Becnopsaaka cnoes rpadera D'-nuk cnneaetca ¢ G-nNUKOM, 1 X
HEBO3MOXHO PasnunyunTb.

OCHOBHbIE NapaMeTpbl, KOTOpLIE CeQyeT paccyMTaTh 1A KaXK40ro cnekrpa:

- OTHOLWeHWe WHTeHCUBHOCTEN 2D- u G-nuKoB (l,H/l5);

- OTHOLWeHWe UHTeHcuBHOCTel D- n G-nukos (Ip/ig);

- MMHVMMAarnbLHOE YMCIO NMKOB NOpEeHLEBCKoW hopmMbl, HeoBxoarmMoe AnA conocTaBneHus Ha cooTeeTcTere 2D-nwky.

3naveHue I/l cnefyet MCNonb3oBaTh B KAYECTBE Mepbl ANA ONpeeneHns TUna yNnakoBKk1 CNoes rpaeHa Tomnbko
B TOM CMy4ae, ecnv NMHelHbIe pa3Mepsbl ero Yellyek NpeBbILLaoT pasmMep 30H4a cnekTpoMeTpa (Kak npaeuno, ot 500 Hm
4o 1 MKm).

Ecnu nonyyeHHoe 3HaueHWe oTHoLLeHWsA I/l Gonee 0,2, To pekoMeHaYyeTca AONONHATENBHO ONPeneniuTs XuMnde-
CKWE XapaKTepWUCTUKM HAHOMaTepuana ¢ Lenbko nonyyeHnsa 6onee nonHon MHQopMaLmn 1 y4eta BO3MOXHOCTU Hanu4ins
B HEM (OYHKLMOHATBbHBIX PYNMn. 3TO MOXET CBMAETENbCTBOBATL 00 3NMeKTPOXMMWYECKOM paccrianBaHuv rpadieHa unm
OpYyrom npouecce, Ans NpoTekaHusa KoToporo TpebyeTca BeedeHve hyHKUMOHANBHbIX rpynn. Takum obpasom, 3a pesynb-
TaTbl ONpeaeneHns TOMLWMHLI Yellyek rpadpeHa criegyeT NpUHUMaTh AaHHble, NonyYeHHsle Metogom ACM, Tak kak gns
noaTBEPXKAEHNA OCTOBEPHOCTM JaHHbIX O YUCNe CroeB rpadheHa, Nony4yeHHbIX MeTogom cnektpockonumn KPC, TpebyeTca
BbINONHUTL AOMNOMHUTENBHBIE U3MEPEHUS.

[na oToensHbIX Yelyek rpadeHa (BoisBneHHbIX metogom ACM), kotopble npeacTaBnaoT coboi Yelwyinku rpade-
Ha C ynakoBKow bepHans, a He Yeluyiiku, HanoXeHHbIe ApYr Ha Apyra Npy OCaXAEHUW U3 CYCMEH3WKW, ANA onpeferneHns
4ucna croes Yellyek NPUMEHST 3Ha4eHWe OTHOLWEHWA lon/lq ¥ YMCno NMKOB MopeHUeBcKoi opMbl, HeoBXoaUMbIX
ANA conocTaBneHus Ha cooteetcTBue 2D-nvky. Ecnu snavenune otHowenus I/l meHee 0,2 (I,5/l > 2), kak nokasaHo
Ha pucyHke B.9, To ana onucaHua 2D-nuka 1LG-rpadeHa gonyckaeTca UCNoNb30BaTk OAWH MUK NOpPEeHLEeBCKO (hopMbl.
Kak npaswno, sHaueHne oTHowWeHNs I/l meHee 1,0 n acummeTpuyHbiid 2D-nuk nonyyator ana rpadeHa Gonee yem ¢
OLHWM CIOEM, Kak nokaszaHo Ha pucyHke B.9" ans 2LG-rpacdera n FLG-rpadena. Moatomy npu o6paboTke pesynsTaTos
namepenuin 2LG-rpadeHa n FLG-rpadeHa 3a pesynsraTthl OnpegeneHns TOMWWHbEI Yewyek rpadyeHa cnegyet NpUHUMaTh
OaHHble, nony4eHHbie metogomM ACM, 1 CBSI3aHHbIE C HUMW HEOMPEAENEHHOCTH.

[Mpw obpaboTke pesynsTaToR CNenyeT CONoCTaBUTL AaHHbIE O YACNE CnoeB rpadpeHa, NonyyYeHHble METOAOM Crek-
Tpockonuun KPC, ¢ gaHHeIMU O TOMLWMHE Yellyek rpadera, nonydeHHele metogom ACM, npw ycrnoBuu, 4TO U3MepeHus
0BouMK METOLAMM BLINOMHEHBI HA OOHUX U TEX KE YellyKax.

MpumedaHune — [dononHutensHas uHgopmauus ob acummeTpuyHom 2D-nuke npueegeHa B [8].

" Wcnpasnera olwmnbka opuryHana.
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D 2D-nuK

FLG-rpacpeH

2L G-rpacheH

]\ 1LG-rpadcheH

T
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 X

X — cogur KPC, cm™!; Y — HOpMann3oBaHHas WHTEHCWBHOCTb, YCMOBHbIE eANHNLIbI

MpumevaHne — 3HadeHne oTHOWeEHUA [n/l; ABNAeTCH MakcuManbHbiM Ana 1LG-rpadeHa v ymeHbLIaeTCS
no Mepe yBenuyeHusa dvicna cnoes rpadgera. [Ana 1LG-rpacdeHa nonyyaoT ogmvH 2D-nvK nopeHuUeBcKkon dopmMbl, Ans
2LG-rpadeHa u FLG-rpadheHa nonyyatoT Heckoneko 2D-N1KoB nopeHueBckon popMbl. D-MuK, nony4aemMeli, Kak npaBurio,
npyv UamepeHuu Kkpas vYewyimkn FLG-rpadeHa, npuBegeH Ha pUcyHKe B KayecTBe npumepa.

PucyHok B.9 — Cnextpel KPC onsa vyewyek 1LG-rpadeHa, 2LG-rpadera n FLG-rpacdeHa ¢ ynakoskon BepHang,
Nony4eHHble ¢ NPUMEHEHWEM fa3epHOro U3ny4YeHusi, ¢ ANMHON BOMHbl 532 HM
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MpunoxeHune C
(cnpaBo4Hoe)

OnpepgeneHue CTPYKTYPHLIX XapakTepUCTUK rpadpeHa
METOAOM MPOCBeYMBalOLLEeN 3NEeKTPOHHON MUKPOCKONUK

C.1 O6wmMe nonoxeHunA

B HacToslweM NpunoxeHnW NpyvBedeHbl pekomeHgaummn no npumeHeHuno Mmetoda N3M gns onpegeneHus nuHen-
HbIX pa3MepoR, YMCna CNOEB W TUMOB YNAKOBKWA CMOEB Yellyek rpadieHa.

WHdopmauma no npumeHeruio metoga MN3M ans onpepeneHns pasmepoB U pacnpeneneHns no paMepam HaHo-
yacTuy npyvBeadeHa B [4], B TOM 4ucne pekomeHaauun no Hactpoike MN3OM.

MpumeyaHune — EcnunuHelHble pasMmepsbl Yellyek rpadpeHa Bonee 3 MKM, TO U3-332 OrpaHUYEeHHOro Nons 3pe-
HWUs 1 paspewenns N3M npu 6onblwoM none 3peHus U3MepeHue nuHenHblx pasamepoB 200 penpe3eHTaTMBHbBIX YeLlyek
MOXET OKa3aTbCs TPYAOEMKUM MNKW HEBO3MOXHbIM. B aToM cnydae meton M3OM npuMeHsoT Toneko AnNg onpegeneHvs
yKcna Croes W TUMOB YNakoBKW CNOEB Yellyek rpadeHa.

C.2 NogrotoBka o6pa3uoB

Mopsgok nogrotoBkn obpasiua HaHomaTepuana:

a) npumMmeHaT ceTky MN3OM gnamerpom 3 MM, MMERLYH MHOXECTBO OTBEPCTUA AMaMETPOM MPUBIM3UTENBHO
1 MKM ¥ NOKpBITYH) amopdiHOW yrnepoaHoW NIeHKoW B Ka4ecTBe NoAdepKMBaloLLEn nognoxku ang obpasua HaHomare-
puana. Cetky MN3M ounialoT nyTeM ee NpoMbIBAHUS B CBEXEM WU30MPOMaHONe WnM aHanorMyHoM pacTBOpPUTENE W Bbl-
OEpPXMUBaIOT B Bakyyme npu Temnepatype 200 °C B Te4eHMe HECKOMbKUX YacoB;

b) vewynkn rpacpeHa paszmeLLaroT Ha ceTke [13M nyTem HaHeceHus Ha Hee Kanenb CYCNeH3un HaHoMaTepuana.
[ns aToro cycneHsuio TLATENbHO NEpPeMeLLUBalOT BCTPAXMBAHWEM, 3aTeM He3ameanuTensHO MUNETKOW W3BMNEeKaT OT
100 go 200 mkn 1 HaHocAT Ha ceTky MN3M, cobniogas cnedyrolmne pekomeHaauniu:

1) Aons npeqoTBpalleHns cnvnaHus Yellyek rpadeHa, Kak npaBvno, npu NpUMEHEHUM pacTBOPUTENS, AR KOTO-
poro TpebyeTcs ANUTENLHLIA Nepuon BpEMEHW ANs UCMapeHusi, CYCMNeH3no crneayeT HAHOCUTE C HUBKHE CTOPOHbI CETKU
[M3M HezameaonuMTeENbHO NOCMNE € NepeMeLLVMBaHMA WUnu HarpesaHua ceTku [M3M,

2) cycrneHsuo HaHoMaTepwana crnegyet HaHoCUTh Ha ceTky N3M Takum obpasom, YToBbI B KaxKOOM ee OTBEPCTUM
ObINI0 AOCTATOYHO Yellyek AnS U3MEePEHUS, HO NMPY 3TOM YeLUYWKU He JOIMKHbI MepekpbiBaTe Apyr Apyra. [Ansa oueHky npu-
rogHocTu obpasua HaHoMaTepuana Ans U3MepPeHUIA MPUMEHSIHOT ONTUYECKMIA MUKpockon. MNpy HeoBXxoaAMMOCTU NOBTOPHO
NpoBOOSAT NOAroToBKy 0bpas3ua, perynupysi KOHUEHTPaUuUo /unm Konu4yecTBO CYCNeH3umn, HaHocumon Ha ceTky MOM, go
Tex rnop, noka He ByoeT nonyyYyeHo 3agaHHOe pasMeleHne obpasua Ha ceTke MN3OM, npuBegeHHoe Ha pucyHke C.1;

c) nepepn yctaHoekon ceTku [MOM B NMOM obpaseu cnegyet TwWarenbHO BbICYLWWTL ONA TOro, YTobbl YMEHbLNUTL
BEPOATHOCTL MOMaAaHWA 3arpA3HeHWin B MUKPOCKOM M CO34aHUS MoMeX Npy nonyYeHnn naobpaxenui. [Ing atoro Heno-
CpeAcTBeHHO Nepeq YCTaHOBKOW B MUKpockon ceTky M3M ¢ HaHeceHHbIM Ha Hee 0DOpa3uoM HarpeeBalT B Bakyyme [0
TemnepaTtypbl NpubnuanTenesHo 150 °C B TedeHue 8 u.

a) MzobpaxeHne cetkn [N3M npyu MUHUMANEHOM 3HAYEHUW YBEMUYEHMS
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b) N3obpaxeHne Yyewyek rpadeHa, pacnonoXeHHbix Ha ceTke N3OM Gnuako gpyr K gpyry
(To ecTb 06paseL, HaHOMaTepKrana He NPUroA4eH Ansi U3MepPEeHUIA)

c) NaobpaxeHune vellyek rpadeHa, NnpaBunbHO pacnonoXeHHelX Ha ceTke NoM
(To ecTb 0Bpasey HaHoOMaTepuana NPUroAeH Ans U3MepeHui)

MpumevaHns
1 CMHMMKM OBanamw BbiAeneHbl y4acTk o6pasua ¢ Yewyiikamu rpadera, Gnnsko pacnonoXeHHbIMW OPYr K ApyTy.

2 Ha pucynkax C.1 b) u C.1 c) npvBeaeHbl u3obpaxeHusa yYellyek rpadeHa, pacnonoKeHHbIX B OTBEPCTUAX CETOK
M3M, B MUKPOMETPOBOM Anana3soHe.

Pucyrok C.1 — WU3obpaxeHus yellyek rpadeHa, HaHeceHHbIX Ha ceTky [MOM

C.3 Nopsapok npoBegeHUs N3MepeHUn

[Mopsagok npoBefeHUst U3MepeHuia:

a) N3M HacTpauBaloT B COOTBETCTBUN C MHCTPYKUMAMMK narotoBuTens. PaspeweHue NM3M gomkHo ObiTe He MeHee
0,2 HM;

b) npumenstoT gepkatenu obpasyoB ¢ oOMHAPHBIM UMW ABOWHLIM HAKMOHOM. [N NpoBEAeHWA M3MEPEHWUIA, HE Ha-
KnoHAs obpaseu, HaxogAT Yellynky rpadpeHa, pacnonoXeHHble poBHO Ha ceTke [MOM;

C) MCMonb3yloT yckopsowee HanpsxeHve 80 kB unu meHee ana Toro, 4Tobbl YMEHbLUKWTE BEPOATHOCTL NMOBPEX-
AeHua obpasya HaHoMaTtepuana. [pu aToM yxydwaeTcs KadyecTBO nonyyvaeMblx naobpaxeHuin MNM3AIM, Tak kak gna dop-
MuUpoBaHua nzobpaxenni N3M ¢ BbicokMM paspelleHvem Tpebyetca yckopawlwee HanpsxeHue bonee 80 kB. Cneayer
YYUTBIBATE, YTO!

1) npumeHeHne yckopstowero HanpstkeHna 80 kB obecneunsaeT oTcyTCTBUE NOBpexaeHWA obpasua rpadeHa,
HO Kpas Yeluyek ByoyT nogBepXeHbl MOBPEXAEHWIO NPY TAKOM 3HaYEHUW YCKOPSIOLLErO HanpsKeHus,

2) oT kadvecTBa Bakyyma B [1OM 3aBMCUT BOCMPUMMYMBOCTE YeLLYeK rpadheHa K noBpexaeHusamM (npy npuMeHe-
HuK M3M ¢ cucTeMol CBEPXBLICOKOrO BakyyMa CTeneHb MoBpexaeHus vellyek rpadpeHa ymeHbLIaeTcs);

d) ckaHupoBaHKe obpasLa BbIMOMHAT NPU CPeOHMX 3Ha4YEHWAX yBeNnuUYeHWs B cBeTnononeHoM pexume MNAM go
nony4yeHus nsobpaxeHuin Yewyek rpadena. NMonoxeHns 06LEKTOB, N306paXeHNs KOTOPBIX NOMNYYEHbl, OTCMEXKWUBAIOT, MPU-
MeHsad crneuuansHoe nporpaMmmHoe obecnedenne N3M, v BeigBnsAwT B o6pasyue HaHoMaTepuana JYelyinkun rpadeHa. Ana
BbIABMeHMs Bonee KpynHbIX Yellyek TpebyeTca oTHOCKMTeNbHO HebonbLuoe yeenudeHune N3M. CnegyeT y4nuTbiBaTb, YTO:

1) ecnu TonwmMHa Yelyinkv rpadpeHa cocTaBngaeT oT OQHOMo 40 TpexX aTOMHbIX CNOeB, TO UX, Kak NpaBuno, Bbl-
ABUTL CMOXKHO,

2) ons ynyylweHwa KoHTpacTa u3obpaxeHnin o6beKToB, nonyyaemblx Npu pabote N3M B cBETNONONEHOM pexu-
Me, OTHOCWTENBLHO NOAAEPXKUBAIOLLE NOANOXKKK, MPeacTaBnaoLwen coboi yrnepodHyto NneHky, HeobxoaAUMOo YMEHbLUNTE
anepTypy 06bEeKTMBHONM NUH3bI;
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e) 3anucbiBakT U30bpaXkeHne BCeW Yellynki rpadoeHa, NonyyYeHHoe ¢ Taknum yBenudeHunem, Ytodbl BonbLuyo YyacTb
n30BpaxeHns 3aHUMana Yellyika U MoXHO Bbino onpeaenuTs ee NMHEeNHLIN pasvep;

f) B pexwvme copmuposaHusa uscbpaxeHuin NM3M HaxogaT nnockyk obnacTe Yellyrku rpadeHa. YcTaHaBnueatoT
HavMeHbLUYIO anepTypy 0ObEeKTUBHOM NH3bI ANA CKaHUPOBaHWSA BbIBpaHHOMO y4acTka Yellynku 1 nepekniovyatot N3M B
pexumM gudpakumn. YaansaT aneptypy 06beKTUBHOW NMH3bI U PErMCTPUPYIOT NOMYyYeHHY0 3MeKTPOHHO-AMMPaKLMOHHYIO0
KapTuHy BbliBpaHHOro y4actka Jewymnkn. Cnegyer y4uTbiBaThb, YTO:

1) Ana nony4YeHUs aNeKTPOHHO-GUMPaKLMOHHOW KapTUHBI 3KCMO3MLMI0 YeLUYIKM crieqyeT ocyLuecTBNATE 3a 6o-
nee AnuTensHoe BpeMs 13-3a cnaboi MHTEHCMBHOCTU ANdPaKUMOHHBIX MUKOB, XapakTepHbIX ANs TOHKWUX YeLluyek,

2) pna npepoTtBpaleHusa nospexaeHnn MN3C-kamepbl ApkuM LeHTpanbHbiM nydom [M3M cnegyet npumeHuTh
orpaHW4uTENkE NyYa Uny NonyYrTe ANEKTPOHHO-ANMPAKLUMOHHYIO KapTUHY YELUYKKM, BbINOMHWB HECKONBKO 3KCNO3ULMA K
yCpeaHMB WX pesynsTaThl nocneayroLlein obpaboTKon;

g) 3atem nonyyatoT 10 unu 6onee anekTPoOHHO-OUMPaKLMOHHBLIX KapTKUH PasrMYHbIX YH4aCTKOB Yellynkn. [pu aTom
crnefyeT y4uTblBaTh, YTO!

1) naTtHa paamepom 0,34 Hm (002) Ha aneKTpoHHO-AUMPAKUMOHHLIX KapTUHax BBNU3W LeHTpansHoro nyya ceu-
JeTenbCTBYET O HAaNMYMK CKNadoK B Yellyiikax, NO3TOMY Ha 3TUX y4acTKax Yellyek He NPOBOAAT U3MePeHUs TOMLMHBI,

2) ANA KaXOoW aneKTPOoHHO-ANPaKLMOHHON KapTUHBI HeOBX0AMMO 3anucaTh COOTBETCTBYIOLEE CBETMNOMNOMb-
Hoe n3obpaxenne MNOM. M3obparxeHnsa OTOENbHbIX YY4aCTKOB YellyWKKY, NonyYeHHbIe C NpUMeHEeHWeM anepTypbl 00bek-
TUBHOW NWH3bI 3a4aHHOr0 pasmepa, CredyeT MCNoNb30BaTk AN UHTepnpeTaumuy AaHHbIX,

3) ecnu Yeluyinka COAepXMT YYacTKW, n3obpaeHns KOTOpbIX MOMy4YeHbl C PasHbIM KOHTPacToM, TO Heobxogumo
NONy4YnTb 3NEKTPOHHO-AU(PAKUMOHHBIE KAPTUHBI BCEX TUX YYaCTKOB, MCNONb3ys anepTypy 06beKTUBHON NUH3bI 3a0aH-
HOro pasmepa,

4) u3aMepeHusi 4aHHbIM METOLOM FMMHENHBIX PasMepoB BbIGpaHHbIX YHaCcTKOB YeLlyRKU orpaHuyeHsl npubnuan-
TensHo 100 HM (BcrneacTBMe HanMyus cdepuyeckon abeppauun, KoTopas BHOCUT HE3HaAYMUTENbHYH NOrpelHoCcTb Npu
onpefeneHn MecTononoKeHus BeibpaHHOro y4acTka Yellyiku 1 Npy NomyYeHU ero aneKTpoHHO-AUdpPaKLMOHHOM Kap-
TUHBI). [o3TOMY ANS naMepeHuit Yellyek rpadeHa, UMEeLMX 3Ha4UTENbHO ManeHbKue pa3Mmepel, cnegyeT UCNonL30BaTh
HeBonbLYyo anepTypy KOoHAeHcopa, obecneymBas TakuMm obpasom chopMupoBaHue NaTHa HebomnebLWoro AnameTpa;

h) ybupatT aneptypy 0BBEKTMBHOM NUH3LI U M3MeHsHOT yBenuyeHne NMN3M gns Toro, 4tobel nony4nTe M30bpaxe-
HWE pPEeLUETKN YeLlykn rpadeHa ¢ BbICOKMM paspelueHnem. [pu aTom cnedyeT y4uTblBaTh, YTO:

1) npumeHss HekoTopble NM3M, HEBO3MOXHO NOMY4YUTL M30BpaKeHWe Nonoc peLlleTkn Yellyikn rpadgeHa. MNpe-
pen paspelueHus MN3M xyxe npu Bonee HU3KNX 3HAYEHUSX YCKOPSIOLLEro HaNPsKeHUs, NoaToMy nepes ero npuMeHeHueM
HeobX0AMMO N3YHNThL MHCTPYKLMIO NO 3KcnyaTaummn Ana obecneveHns BO3MOXHOCTH NPOBEAeHNA U3MEPEHUIA C COOTBET-
CTBYHOLMM paspeLIeHnem,

2) npu nony4eHun nsobpaxeHunin 2LG-rpacera u FLG-rpadeHa pacctoaHne mexay nonocamu peLleTku, paB-
Hoe 0,34 Hm (002), 6ynet HabnogaTbCA B COMHYTLIX y4acTKax Yellyrkn, Ha KOTOPbIX 3TW NIIOCKOCTK NapannensHsl naja-
loLEeMyY 3MeKTPOHHOMY ny4ky. MNoaTomy Ans onpefeneHns TOMHOW TOMLWMHBI Yellyiky HeobxoaMmMo MonyyYnTe M3obpa-
KEeHUe 3TUX Yy4acTKOB. HekoTopble YeLlyikin MOryT UMETh YYacTKM PasHOW TOMLWMHEI, NO3TOMY CNeayeT PerucTpupoBaTh
MHPOPMAaLMIO O COOTHOLUEHWI AaHHbIX, NOMYYEHHBLIX MO pesynbTataMm aHanuaa M300paKeHU C BbICOKUM paspeLleHrem,
C MarnbIM yBEMUYEHWEM W 3MNEKTPOHHO-ANPPAKLMOHHBIX KAPTWUH 3TUX Y4aCTKOB,

3) ecnu ocyWecTBAAIT NoBopoT obpasua Ans ynyqweHns yBeNnYeHns ero n3obpaxkeHnns, To AaHHylo nHdop-
mMaumio Talke HeobxoaMmMo PerncTpupoBaTh B MPOTOKONE;

i) nocrne namepeHUss OOHOW Yeluyiky rpadpeHa rnony4alT M3obpaueHus cregylollen Yellyinku, HaxodsLwencs B
3TOM Xe oTeepcTuu ceTkn MIM. Mpu atom:

1) B kaxgom obpasue HaHoMaTepuana uaMepalT He MeHee 200 yeluyek,

2) nony4atoT uzobpaxeHue Kaxaow YeLlyiiku rpadeHa, Haxoaswencs B ogHoM oTBepcTum cetku NM3OM, npexae
YeM NepernTH K M3MEPEHUAM YeLllyeK, HaxoasaLWMXCA B CreayoLwemM ee OTBepPCTUN,

3) ecnu oTcyTCTBYET HeobXx0aMMOCTL MCCNeaoBaTh Kaxaoe oTBepcTue ceTku MN3OM ona nonyyeHusa naobpaxke-
HWIA Yelllyek rpacpeHa 3a4aHHoro Y1cna no nepedncneHuio i), 1), To BelbupatoT Te oTBepcTua ceTkun MN3M, B KOTOpbIX Ye-
LYK PacnonoXeHsb! Ha Kak MOXHO OoMbLUEM paccTOsHWUM ApYyr OT Apyra (TO eCTb He TOMbKO OTBEPCTUSA, PacrnonoXKeHHble
B LieHTpanesHoW Yactu ceTku MN3M),

4) ona Kaxgorw naeHTUUUMPOBaHHOM YellyiKM NOBTOPAIOT Npoueaypy NonyyYyeHns naobpaeHu ¢ 3agaHHbIM
YBENUYEHNEM MO NepevncneHnam d) v e), 3aTem nony4aroT ANeKTPOHHO-ANMPaKLUMOHHbIE KapTWHbI No nepevucneHnam f)
u g), janee — 1U30bpaxeHUs pelleTku Yellyrky rpadpeHa ¢ BbICOKMM paspelleHreM no nepevvcneHuto h).

C.4 AHanu3 ¥ 06paboTKa pe3ynsLTaToB

Ha anekTpoHHO-AMdpaKkUMOHHON KapTMHe, Nony4eHHoW npu npocMoTpe obpasua B HanpaeneHun (001) (cm. pu-
cyHok C.2), HaxogAT xapakTepHyt And rpadeHa rekcaroHanbHyl pelueTky. 3TO MOATBEPXAAET TO, YTO HaHOMaTepu-
an cogepxuT 1LG-rpadgeH/2LG-rpadeH/FLG-rpadeH/rpacouT. MNepuon peweTkn rpaceHa B nnockoctu (100) coctaBna-
et 0,213 HM, nepuoa peletkn rpadeHa B nnockoctn (110) — 0,123 Hm. Ona toro 4Tobbl oTnuunTe 1LG-rpadeH ot
2LG-rpacheHa n FLG-rpacheHa Ha naobpaxenuax MN3M v anekTpoHHO-ANMPaKUMOHHBIX KapTMHAaX, CPaBHUBAKT UHTEH-
CMBHOCTM ANMPaKUMOHHBIX MATEH BHELUHUX W BHYTPEHHWX LUECTMYTONbHUKOB. VIHTEHCMBHOCTL OMPaKUMOHHBIX NATEH
BHELUHero wectuyronsHuka 1LG-rpaceHa paBHa WMNM MEeHbLUE, YEM Y BHYTPEHHEr0 LWeCTUyronbHuKa. VMHTeHCUMBHOCTL
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ANPaKUMOHHBIX NATEH BHELWHero wecTtuyronebHuka 2LG-rpadgeHa 6onblue, Yem BHYTPEHHErO LWeCcTUyronbHKKa. Ha pu-
cyHkax C.2 a) n C.2 b) npuBeaeHbl anekTpoOHHO-ANpaKUMoHHbIE KapTuHbl Yelwlyek 1LG-rpaderna n 2LG-rpadeHa coot-
BETCTBEHHO € NMPOMNeM WHTEHCMBHOCTY AWPAKUMOHHBIX MATEH, PACMONOXEHHBIX MEXAy CTpenkamu OfHoro LBeTa.
MHTEeHCUBHOCTE AMMpaKkUMOHHLIX NATEH BHelWHero wecTuyronsHuka FLG-rpadpeHa yBenuuueaeTcd elle Bonblle, 4em
BHYTPEHHETO LIECTUYTONBHUKA.

10 1/HM

b) N3o6paxeHue MN3M 1 anekTpoHHO-AUdPaKUMOHHasS KapTuHa Yeluyek 2L G-rpacheHa

Mpumevyanne — [padukm npodunen MHTEHCUBHOCTY ANMPaKUMOHHBIX NATEH, PACMONOKEeHHbIX MEXOy CTpen-
Kamu, NPUBELEHbLI NOS NEKTPOHHO-ANMPAKLMOHHBIMK KapTUHAMM.,

PucyHok C.2 — MN3obpaxeHus N3OM 1 anekTpoHHO-AMdpaKkLMOHHLIE KApTUHbI Yellyek
1LG-rpadcheHa u 2LG-rpadeHa c oTMeYEeHHbIMU UcCreqyeMbiMuy ydacTkamu obpasua

[Mpw aHanuae anekTpoOHHO-AMMPAKLMOHHbBIX KBPTUH MOXHO naeHTuduumposate 1LG-rpadeH, 2LG-rpadeH un FLG-
rpadeH, Npu 3TOM HEBO3MOXHO ONPENEnTL TOMHOE YUCO CNoEB Y rpadheHa GonbLluen TonwmHbl. TOYHOE YUCIO CroeB
rpacpeHa MOXHO OnpeneniTb No M3obpaxeHnaMm pelleTky rpaceHa, nonyvyeHHbIM ¢ npumeHeHuemM MN3AM/TP3M npu pas-
peweHun 0,34 HM, aHanu3Mpysa Kpasa yellyek. YMcno cnoee onpenensioT NoACHETOM NIMHMIA Ha Kpak YeLlynKu, Kak no-
KasaHo Ha pucyHke C.3. [Npu ckanvpoBaHum NM3M B CBETNONONBHOM PEXUME MOXET NMPOUCXOOUTE U3MEHEHWE KOHTpAacTa
nony4yaemMeix N30bpakeHui, To eCTb NNOCKME NUCTLI rpadieHa TOMWKWHOM B OOMH aTOM Ha HUX MOTYT BeIMMAAETL KaK ApKue
ronockl Ha TEMHOM (POHE UK Kak TEMHbIE Nonockl Ha Bonee Apkom hoHe, B 3aBUCHMMOCTM OT dhokyca n3obpaxkeHusa 1 no-
KanbHOW KPUBU3HLI MOBEPXHOCTU. CneayeT yuuThiBaTh, YTO NPU TaKMX U3MEHEHUAX KOHTPacTa U3obpaxeHuin UamepeHuns
TONLUMHBI rpadheHa ByayT BLINOMHEHb! C NOrPELLHOCTLIO NpubnvanTensHo +1 cnoit. Ha naobpaxeHusx yellyek HebonbLLow
TOMLUMHBI, NONYYeHHbIX ¢ NpumeHeHnemM MNM3OM npr HeckoppeKTrpoBaHHOW pacdokycuporke Lepuepa, crnou rpadpeHa
ByoyT BLIMAJETH Kak TEMHbIE MOMNockl HAa Oonee ApKoM dOHEe, U YMCIo croeB rpadyeHa onpefensT NoaCcHETOM 3TUX
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TeMHbIX nonoc (cm. pucyHok C.3). Ecnn Bo Bpems dokycuposku MNM3M BO3HUKAIOT TPYOHOCTM, TO CrnedyeT nonyynts go-
KaneHyto cepuio n3obpaxenuin N3OM gna nogTeepKaeHUA npaBunbHOCTU dokycupoBky. C uenbio nonydeHus Havbonee
TOYHBIX KOMTMYECTBEHHBIX AaHHBIX MPY cKaHUpoBaHuu obpasua MN3AM B ycnoBuax ha3oBoro KOHTpacTa X UHTEpNpeTaLuio
crnefyeT BeINONHATE C MPUMEHEHUEM KOMMNBIOTEPHOrO ModenupoBaHua n3obpaxeHuin. TonwmHa Yyelwyek rpacpera, nony-
YeHHbIX METOAOM paccrnavBaHus, Kak npasuno, 6onblue, Yem TomnLMHa NUCTOB rpadeHa, BoipalleHHbix metogom XOIB,
NoaToOMY Ha n30bpaXeHnAX Yelyek, Nomy4YeHHbIX METOAOM paccriaMBaHus, Ha NX Kpasx BUOHO 3Ha4YMTeNbHO BonbLue no-
noc (cMm. pucyHok C.3). OnpenensoT YUCro croes He MeHee Yyem y 20 Yellyek.

v

0 20 40 60 80 100 X

X — NWHEWHbIN pasmep Yellyek, HM; Y — WHTEHCUBHOCTb AMMPaKLMOHHBIX NATEH, YCNOBHbIE EAUHULIbI;
A — paccToaHune Mexay crnoamu rpadena, pasHoe 0,34 Hm

MpunmevyaHue — [pu BonbluoMm 3Ha4YeHUKM yeenuyeHus MNOM MoXHO onpegenUTe YACNO CNOeB Henocpead-
CTBEHHO MO NPOMMIII0 MHTEHCUBHOCTKM AUdPaKUMOHHEIX NATeH. B aToM cnyyae NoacyWTLIBAOT TEMHbIE NMOMOCk! HA U30-
GpaxeHnn NM3M. Tak kak paccokycuposka Lepluepa He CKOppeKTUpOBaHa, TONWKWHA Yellyikn rpadeHa cocTaBnAeT CeMb
Crnoes.

PucyHok C.3 — M3obpaxenue MN3M kpana yewynkm rpadeHa

Kak npaBuno, y oTaensHbIx Yellyek rpacheHa MoryT BbITb Y4acTK pa3HoW TONWMUHLL. B Takux cny4asx TonwuHy Yye-
LUYIAKA OMPEedensanT Kak cpegHee 3Ha4YeHWe BCeX TOMLWMH, U3MEPEHHbIX Ha n3obpaxeHunsax N3M ¢ BbICOKMM paspeLleHrem
W Ha 3NEKTPOHHO-AUMPAKLMOHHBIX KapTUHAX.

Mpwv nogrotoBke o6pasLoB HaHOMaTepuana HeBO3MOXHO M3BexKaTe HANOXEHUs HEKOTOPbLIX Yellyek rpadheHa apyr
Ha Apyra (nepeynakoBka), KOTOPOe NPOUCXOAUT BO BPEMS NPOoLecca ocakaeHna. Takue ynoxeHHbIe OpYr Ha Apyra YeLlyii-
KW (HasblBaeMble ckpydeHHbIM FLG-rpadeHoM), Kak npaBumno, crnydyaHslM o6pa3oM opUeHTUPOBaHbl OTHOCUTENBHO Apyr
apyra, noaTtoMy MX MOXHO BbIABUTL MO MOPGONOrMyeckM ceBoricTeaMm obpasua HaHoMmaTepuana v Hanuyui Gonblioro
yucna gudpakunoHHbIX NATeH. B aTom cny4yae Ha 3neKkTpoHHO-AUMPaKLUMOHHbBIX KapTMHAX B KaXKOOM KOMbLE MOXHO Ha-
Gnogate 12 (Mnn 18, nnn 24) oudpakuMoHHbIX NATEH, a He 6, xapakTepHbIx Ansa 1LG-rpadeHa unu rpadeHa ¢ ynakoBKoW
BepHans. Hanuune B obpasue yellyek, HanoXeHHbIX OPYr Ha OpYra, U OTAENbHbIX CIIOXEHHbIX YeLlyeK MOXHO noaTeep-
OWUTb Pe3ynsTataMu aHanmsa anekTpoHHO-ANMPaKLMOHHBIX KAPTUH, Ha KOTOpLIX HAbnoaawT «MyapoBbIe Y30pbl», TO €CTh
NepPUOAWYECKYIO PELUETKY, Nepuof KOTOPOW B HECKONBbKO pas Bonblle nepuoaa atomapHOi S4enku rpadpeHa v Kotopas
nopobHa peleTke TypbocTpaTHoro rpaduTa (cM. pucyHok C.4).

OnpenensatoT NMHErHLIe pa3mepsl Yellyek rpadeHa HenocpegCcTBEHHO N0 CBETNONONbHbIM M3obparkeHuam MN3M. Y
Kaxgon HabngaeMon Yellyinkn M3mMepsatoT ANUHY 1 LUMPUHY (pasmep, NepneHanKynapHbIA ANWMHE) U BEIYUCASKT cpegHee
apudmMeTuyeckoe ABYX 3HadeHun (cM. pucyHok C.5). lluHelHble pasvepel onpegenstoT He meHee Yem y 200 yewyek B
kaxaom obpaaue.

Mocne onpegeneHns NMHERHbLIX pasmepos y 200 unu Gonee Yellyek U YACna CroeB He MeHee YeM y 20 yellyek, no
pesynsratam n3mMepeHuii Metogom MN3M, BbINONHEHHBIX B COOTBETCTBUM C HACTOALLMUM NPUNOXEHNEM, CTPOAT rTMCTOrpam-
MY pacnpefeneHus JYellyek rpacpeHa no NMHelHLIM pa3mepam 1 rpadyk 3aBUCUMOCTH TOMLLMHBI YELIYEK OT UX NIMHEHBbIX
pasmepoB. B npoTokone npyvBoOAT CBEAEHUSA O TOM, YTO pe3ynkTaThl NonyyeHsl meTogom MoOM.
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a) NaobparkeHue NM3M, Ha KOTOPOM OpaHKXEBLIM b) SnekTpoHHO-AUdPaKLUMOHHaA KapTuHa obnacTu,
kBagpaTom obo3sHaveHa 0bnacTe, UCNONb30BaHHARA obo3HavyeHHON opaHXXeBbIM KBAAPaTOM Ha pUCYHKE a),
ONs 3NeKTPOHHO-ANgpaKLUMOHHOW KapTUHBI, Ha KOTOpOW NpeacTaeneHsbl 12 AgMdpakuNOHHbIX NATEH
npeacTaBneHHon Ha pUCYHKe b) (©=257°)

c) N3obpaxkeHue NIAM crnoxeHHon d) NaobpameHune N3M velwyiikm rpadeHa,
yellynku rpadpeHa CKpy4YeHHOn B dropme TpybBKu,
W XapaKTepHOro « MyapoBOro y3opa» 1 XapaKTepHOro «MyapoBOro y3opay

PucyHok C.4 — MaobpaxeHne NM3M ckpyyveHHoro FLG-rpadeHa

PucyHok C.5 — CeeTnononbHble n3obpaxkeHusi NM3AM TUNWYHbIX Yellyek rpadeHa,
Nony4eHHbIX METOAOM paccnavBaHua B XKWAKON dase, ¢ yKkasaHWeM U3MEPEHHbIX JTMHERHbIX pasMepoB
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MpunoxeHune D
(cnpaBo4Hoe)

OnpepgeneHue cpefHero NMMHEMHOro pasmMepa M YACNEHHOW JONK Yewyek rpadeHa

D.1 O6wme nonoxeHnsa

B HacTosLeM NpunoxeHWW NpuBedeHsl peKoMeHaauun No onpedeneHuo cpegHero NMHENHOro pasmepa, pacnpe-
OEeNeHns No NMHENRHbLIM pasMepam W YucneHHon gonu Yewyek 1LG-rpacdena n FLG-rpadeHa, cogepxawuxca B obpasue
HaHoMaTepuana.

D.2 OnpegeneHue cpegHero NMHeNHoOro pasmepa Yewyek rpacgeHa

CpeaHuiA NMHERHBIA pa3Mep YeLlyek rpadheHa onpegensitoT No pesynsratam namepeHnin metogamu POM, M3M unu
ACM npwu ycnoBuK, 4TO M3MEPEHbI YeLlynkn HeobxoamMmoro Yncna. MamepeHys npoBogaT He MeHee Yem Ha 200 Yewyi-
kax. Kak npaBwno, Anst aTux Lenen npumeHsitoT metog POM.

CTpoAT ructorpamMy pacnpegeneHvsa Yellyek rpadpeHa no MHERHBIM pasmMepaM, NpumMep KOTOPOW MpUBEOEH Ha
pucyHke D.1. Mony4eHHble JaHHbIE OOMKHLI COOTBETCTBOBATL (DYHKLIMKM NOrapuMUYECK HOPMarbHOTO pacnpeaeneHuns.
Mo BbIBpaHHbIM OaHHBIM ONpegensiT MmeguaHHoe 3HadeHve u CO. CpegHUM NUHENHBIM Pa3MEPOM YELIYEK, KOTOPbINA
PErMCTPVpYHOT B MPOTOKOINE, SBMASTCA MEAMAHHOE 3HAaYeHWe, AManasoHoM Ux pacnpeaeneHus no paamepam — CO.

Ecnu nony4yeHHble AaHHble HE COOTBETCTBYHT (DYHKLMKM NOrapudMUYeCcK HOPManbHOro pacripefeneHus, To uc-
nonb3yrT Bonee noaxoasaLlyto pyHKUMIO pacnpeneneHus.
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X — NUHENHbIA pasmMep Yewwynkn, HM; Y — YUCNo Yeluyek;
A — muHyc CO oT meguaHHoro 3HadeHuns; B — meananHoe 3HadveHne; C — nmoc CO oT MeamnaHHoro 3aHa4eHus

PucyHok D.1 — lNpuMep ructorpammel pacnpeneneHns Yyellyek rpacdeHa no NMHerHbIM pasMmepam,
COOTBETCTBYIOLLErD norapuMUYECKM HOPMarbHOMY pacrnpeneneHuio,
B KOTOPOM MeamnaHHoe 3HadeHue (B) n CO ot meamaHHoro 3HaveHus (A u C)
npvBeaeHbl BEpPTUKANBHEIMU MYHKTUPHBIMK NUHMAMN (68 % 3HadeHun pacnonoxeHsl mexay A u C)

D.3 OnpegeneHue YACNeHHOW OONKU YelwyeK rpaceHa

D.3.1 O0wwme nonoxeHunA

[ns onpenenenns B obpasLe HaHoMaTtepuana YMcneHHon gonu vyewyek 1LG-rpadera n FLG-rpadeHa npumeHsaiT
TPU MeToda M3MEepeHuii. Y Kaxgoro Metofda ecTb MPeuMyLLEecTBa W HegocTaTki. PekoMeHayeTcs Ucnonb3oBaTe METOS,
KOTOpbIli oBecneyvnBaeT nony4YeHne Havbonee TOYHbIX Pe3ynkTaToB, a TakKe B 3aBMCMMOCTU OT TUMNa HaHoMartepuana v
TpebyemMoro BpemMeHu uamepeHuii. YucneHHy aon Yeluyek rpadeHa cnenyeT onpefensaTs CpaBHEHUEM AaHHLIX, MOMny-
YEHHbIX pasHeiMWU MeTogamu. MpuMepsaloT cnegywwme Tpyu MeToaa U3MepeHuin (MeToabl NepeYrcrneHbl He B NOpPsAOKe
npeanoYvTeHus):
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a) meton ACM (cm. D.3.2);

b) metog ACM, c NnOMOLLEID KOTOPOrO NMonyYeHsl AaHHbIe O TONWWHe rpadeHa, B codeTaHuu ¢ metogom POM wnu
M3M, faHHBIE KOTOPLIX NPUMEHSAIOT ANA Koppensauuu ¢ AaHHbiMK meTtoga ACM (cm. D.3.3);

c) cnektpockonutio KPC, gaHHble KOTOPOW MCNONe3yT AN CPaBHEHWS C AaHHBIMK, MOMyYeHHbIMW B pesyneraTe
M3MepeHuid TonwmHel rpadgeHa metogoMm ACM 1 ckoppenvpoBaHHbIMKW ¢ AaHHbiMKU meTogos POM vnmn M3M (cm. D.3.4).

D.3.2 MeToa aTOMHO-CUINOBOW MUKPOCKOMNMWMK

Metogom ACM unamepsoT He meHee 200 vewyek. [Npegnonaraemas uamepeHHasa TonwuvHa 1LG-rpacpeHa paBHa
TeopeTuyeckomy 3HaueHuto (0,34 HM).

CtpoaT rpacdmk 3aBMCUMOCTW CPEOHEN TONWMWHBI Yellyek rpadieHa oT Ux NMUHeRHbIX pasmepos. OnpedensioT YUcno
yellyek rpadpeHa, TonwuHa KoTopeix paBHa unv MeHee 0,34 HM. YucnerHyio gonto yewyek 1LG-rpadeHa onpenensoT
AeneHnem aToro 4ucna Ha obluee YMCNo 3MEPEHHbIX HYeLlyek.

AHanorvyHelM 0Bbpazom onpedenstoT YMCNeHHYo donio Yewyek FLG-rpadheHa, pazaenue YMCNo Yeluyek, TonwuHa
KOTOPbIX paBHa Unu MeHee 3,4 HM, Ha 0bLLee YACMO YeLuyek.

MpumeyvaHunn

1 Ons nonyyeHus uzobpaxeHuit 200 Yeluyek rpadeHa metogom ACM TpebyeTcs 3aTpaTuTb 3HAYUTENBLHOE BpeEMS,
NO3TOMY AaHHLIA METOA AONYCKAETCA He MPUMEHSATL ANA PYTUHHBLIX M3MEPEHUii (CM. Takke NpuMeyaHue 2).

2 B pencTBMTENBHOCTU 3HAaYeHUa TonwmHbl Yewyek 1LG-rpadeHa n FLG-rpadeHa penko coBnagakT ¢ TeOpeTU-
yeckuMmu 3HadeHuamn (cM. D.3.4), noatomy uncneHHas gonsd, onpegeneHHaa metogom ACM, npencrtaBnset cobon, kak
npasuno, MMHUManbeHBIM 3Ha4YeHne.

D.3.3 MeToa aTOMHO-CMNOBOM MUKPOCKONUK B COMETAHUM C METOAOM PacTPOBOW 3NEeKTPOHHOW MUKPOCKONUK
WK NPOCBEYMBalOLLEN INEeKTPOHHON MMKPOCKONWUN

Yucnennyto gonto yewyek 1LG-rpadera n FLG-rpadeHa onpegensaoT no pesyneratam namepeHmn metogom ACM
(cm. B.4) B covetaHun ¢ metogom POM (cm. B.3) unu M3AM (cm. npunoxeHue C) U NPOBOAAT NUHENHYIO KOPPENSALMOHHYIO
3aBUCMMOCTb MeXy NMHENHBIMW pa3Mepamu Yellyek v ux TonwmuHamu. MNpu npuMeHeHny AaHHOro MeToda Takke npea-
rnonaraoT, YTo U3MepeHHbIe TonwmHbl Yewyek 1LG-rpacdena n FLG-rpadeHa coBnagatoT ¢ TEOPETUHECKMMW 3HAYEHWUSIMMU.

Mo pesynsratam namepeHuin metogom ACM cTposaT rpaduk 3aBUCMMOCTM TOMLWWH Yellyek rpadpeHa oT ux NUHen-
HbIX pasMepoB, @ TOYKW COEQUHSAIOT NPAMON NMUHWMEW, Kak nokaszaHo Ha pucyHke D.2. Kak npasuno, ans dewyek rpa-
dheHa, M3roToBNEHHbLIX METOAOM KWAKOA3HOro paccrnavBaHusa ¢ NPUMEeHeHMeM TEXHOMOrMKM «CBepXy BHWU3», NMOny4atoT
MONOXUTENBHYIO MUHENHYK KOPPEnAUMOHHYD 3aBUCMMOCTb MeXAy TOMLMHaMKW Yellyek W UX NIMHEWHBIMW pa3mepamMu
(cMm. pucyHok D.2).

Ecnv nonoxutensHas NuHeHas KoppenauMoHHas 3aBUCMMOCTE MeXOy TOMLWMHaMKM Yellyek rpadpeHa v ux nuHen-
HBIMW pa3mMepamu He MonyYeHa, TO cneayeT NpPoBEecTW OoNonHUTENbHbIE nameperns metogom ACM (cm. B.4) ona Toro,
410BbI ONPegennTbL BO3MOXKHOCTb AOCTMIKEHWUS NN HEOOCTUKEHWA Takon Koppenauun ans obpasua HaHomaTtepuana. [ins
aToro Heobxognmo uamepuTb Bornee 200 Yewyek. Ecnv nocne namepeHuin TonwmnH tonee 200 Yellyek nonoxurensHas
NVHelHasn KoppensunoHHas 3aBUCUMMOCTE He Mony4YeHa, TO B MPOTOKOMNe perMcTpupytoT OTCYTCTBUE KOoppensaumn. 3atem
Aana obpasua HaHomaTepmana no pesynesratam namepeHuii metogqom ACM Bonee 200 Yellyek BbIMUCAAKT X YUCTIEHHYIO
aonto B cooTBeTcTBUM ¢ D.3.2.

Ecrnv npeanonoxuTe BO3MOXHOCTE NOMYyYEHUS NONOXUTENBEHOW NUHERHOW KOPPEnsUWOHHOW 3aBUCUMOCTK, TO MO
peayneTataMm uamepeHuii metogoMm ACM MOXHO onpeaennTb cpeaHuid NMHerHbld pasMep velwyek 1LG-rpadeHa, KoTophbiii
COOTBETCTBYET TEOpPETMYECKoW TOoNWKWHe ogHoro cnos rpadera (0,34 Hm). o pesynstatam umamepenun metogom ACM
aHanoruyHeIM obpasom onpedenstoT cpefHWn NUHEerHbIW pasmep vellyek FLG-rpacdeHa, cOOTBETCTBYIOLUMIA TOMWMHE
AecaTu cnoes rpadeHa (3,4 HM), KOTOPLIX, Kak NoKaszaHo B NpuMepe Ha pucyHke D.2, MOXeT cocTaBNAaTb NPUBNU3nTENBLHO
495 HMm.
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Pucyrok D.2 — padumk 3aBMCMMOCTM TOMNLIWH YeLlyeK OT UX NMHEeNHbIX pasMepoB,
NMOCTPOEHHBIN MO pe3ynsTataMm uamepeHnin metogoM ACM, KoTopbI cnegyeTt UCNonb3oBaThb
Ona onpedeneHus cpegHuX NMHenHbIX pasmepoB Yelwyek 1LG-rpadera n FLG-rpadeHa,
COOTBETCTBYIOLLMX TOMLUMHAM OQHOrO CMOosA U AECATW CNoeB rpadeHa

Mocne nonyyeHWs ABYyX CpegHWX 3Ha4YeHWA NMHEeNHbIX pasMmepoB Yewwyek 1LG-radera n FLG-rpadheHa cooTeeT-
CTBEHHO UX CredyeT CPaBHUTL C pacnpederneHvem no NUHEeNHBIM pazMepam Yellyek, nonyyYeHHsIM metogamu MN3AM unm
P3M, koTopbiMK BbINO U3MepeHo BonbLuee YUCNo Yellyek. Takum oBpa3om, YNCHOo YellyeK, U3MepeHHbIX MeTodamu anek-
TPOHHOW MUKpockonuu, Byget He meHee 200.

3HadeHve nuHerHoro pasmepa Jewyek 1LG-rpacdena unu FLG-rpadena, nonydeHHoe metogom ACM, ncroneayior
05 OMpeaeneHns YUCNEeHHOM oMW YeLLyek No peaynstatam namepeHuii metogom POM, koTopoe paBHO UN MEHEE 3TOro
3HAYEeHUA. 3HAYEHME HAKNaObIBAKT HA TMCTOrPaMMy NUHENHBLIX PA3MEPOR YELUyeK, NMOoMyYeHHyYH Nno pesynsratam name-
PEHWIA METOAAMMW 3NEKTPOHHOW MWUKPOCKOMUU, B BUAE BEPTUKamNbHBLIX NMMHWA, Kak NokasaHo Ha pucyHke D.3. Ecnu metog
ACM He npumeHsaT ansa namepennin yewyek 1LG-rpaceHa unm FLG-rpadeHa, To Mx YMCNEeHHYK 00N PErMCTPUPYIOT B
npoTokone kak 0 %.

Mo pesynsrataMm uamepeHuii MetogoM P3M yncneHHyo OO0 Yellyek B MPOLeHTax BLIMUCNAKT AENeHUeM Jyncna
YyellyeKk TONWWHOW MeHee 3a4aHHOro 3Ha4yeHua (paccHnMTaHHoro Kak OTHOLUEHWE TOMLWMHBI YeLUyeK, NonyYeHHON METOO0M
ACM, k wupuHe Yewwyek, nonyyeHHon metogom POM) Ha obuwee 4ncno vewyek. Hanpumep, Ha pucyHke D.3 npegcTtaene-
Ha ructorpamma c 20 6uHamum, nony4yeHHas no pesynsratam namepeHnin metogom P3M 200 veluyek, NMHENHbIE pasMepbl
KOTopbIX HaxogsaTces B gManasode ot 0 go 2000 HM. CpegHee 3HaYeHMe NMHEHbIX pa3amepoB Yewyek FLG-rpadpeHa, nony-
YEHHOoE NpKU N3MepEeHN TOMLLMHBI Yelyek meTtogom ACM, coctaendaeT 495 HM. [Mpu 3TOM BbISBIEHO, YTO NMMHEMHbIE pas-
mepbl 127 yewyek n3 200 coctaenaT 495 HM 1 MeHee, To ecTb 63,5 % oT 0BLiero ynucna Yelyek COCTaBMNAT YELUY KK
FLG-rpacbeHa, 4To ABNAETCA CPEaHUM 3HaYEHUEM YNCIEHHOW OOMKU.
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PucyHok D.3 — Mpumep onpeneneHns yucneHHon gonu Yewyek 1LG-rpacdeHa
n FLG-rpacheHa no ructorpamMmme NUHEWHbIX pa3MepoB Yellyek, onpeaeneHHeix metogqom POM

Mpumevyanune — CneagyeT yunuTbiBaTh, YTO, KAK NpaBUNo, 3Ha4eHUsa TonwmHel Yewyek 1LG-rpacdeHa n FLG-
rpadpeHa pegKo COOTBETCTBYHOT TEOPETUYECKMM 3Ha4YeHnaM (cm. D.3.4), noaToMy YMcrneHHas 4ons JYeluyek rpadpeHa, pac-
cYMTaHHAsA B COOTBETCTBUM C HACTOALLMM NPUMOXKEHMEM, ABMAETCA, MO KpaHern Mepe, MUHMMarbHbIM 3HaYEHUEM.

D.3.4 MeTog cneKkTpocKkonuu KOMGMHALMOHHOIO paccesHusi CBeTa B COYeTaHUU C MeTo4aMu aTOMHO-CUTOBO
MWKPOCKONUW U PacTPOBOIA 3NeKTPOHHOW MUKPOCKOMWUKU UMK NPOCBeYMBaloLEer 3NeKTPOHHOW MUKPOCKOMUU

MeTog cnektpockonun KPC (cMm. B.5) pekoMeHayeTca NpUMEHATL ANSA NOLTBEKOEHUA TOMHOCTKW pe3yneTaToB pac-
yeTa YMCMEHHO O0NK NYTEM M3MEPEHUIA BbICOTHI Yellyek 1LG-rpadeHa. MamepeHmnsa metogom cnektpockonun KPC cne-
OyeT NpoBO4MTL HA Yellyiikax, KoTopele Obinv ucnonb3oBaHel B metoge ACM, To ecTb Ha Yellyikax, YeTKO OTOENEHHbIX
apyr ot gpyra ans obecneveHus nonyveHua curHana KPC Tonbko oT ogHon Yewyiiku. Metogom cnektpockonuu KPC
voeHTuduumpytot vewynkn 1LG-rpacdeHa, a metogom ACM umamepsaioT TonwuHel aTux Yewyek. OnpegensioT Tonwum-
Hbl Yewyek metogoMm ACM, pasMepbl KOTOPbIX COOTBETCTBYIOT TonwnHamM dewyek 1LG-rpadena, namepeHHbIX METOAOM
cnektpockonuu KPC. Kak npaBuno, nony4YeHHoe 3HavyeHune TONWKHBLI YellyiKK MOXKET OKkasaTbesi Donee TeOpeTUyecKoro
3HayeHus (0,34 HM). Takke gonyckaeTcs onpedenaTe TonwuHbl Yewyek 1LG-rpadeHa nyTem cpaBHeHWS pesynsTaTos,
rnony4eHHbIX MeTogamu cnektpockonuu KPC n ACM.

[MonyyeHHoe HoBOE 3Ha4YeHWe TonwuHbl (oTnudHoe oT 0,34 HM) MCNOMB3YIOT B BbIMMCNEHWUW YMCINEHHOW 0NN Ye-
wyek rpacena no D.3.3. Hanpumep, ecnu metogom ACM ycTaHoBneHo, 4To Yewyiky tonwuHon 1,0 HM npeacraBnsawoT
cobonr vewyikn 1LG-rpacheHa, a MeTogom crekTpockonum KPC onpegeneHa BbicOTa COOTBETCTBYIOLENA CTYMNEHW, CO-
crtaenstowen 0,34 HM, ANA onpefeneHus TOMLWMH Nocnegyowmx croee (1. e. TonwmHa Yewyek 2LG-rpadeHa — npubnu-
3uTensHo 1,34 HM, a TonwmHa Yewyek 3LG-rpadeHa — npnbnuantensHo 1,68 HM), TO MOXKHO paccyMTaTb YUCO CroeB
yewyek rpaceHa N. Takum obpasom, TonwwmHa 10-cnoiHoi Yelwwyiikn rpadeHa byaet coctaBnaTte 4,06 Hm. Mo D.3.3 n
pucyHky D.2 BbUMCNAIOT cpegHee 3Ha4eHne nnHelHoro pasmepa Jewyek 1LG-rpacdeHa, kotopoe bynet paBHo 150 HM, a
cpegHee 3HadeHue nuHernHoro pasmepa 10-cnorHon Yellyiiky rpadeHa — 633 HM, Kak nokasaHo Ha pucyHke D.4.

I pumeyaHmne — PasHunua MeXxgy SKcnepumeHTtanbHbIM WM TEOPETUYECKMM 3HaYeHUAMK TONMLWHbI qemyﬁm
1LG-rpaq33Ha MOXET BbITb 06ycnaneHa Hann4nmem OCTaTKOB pacCTBOPUTENA WKW NOBEPXHOCTHO-aKTMBHOIMO BeLWEeCTBa
nog w/unu cBepxy l-lELLIyI?IKI/I. Cnown octatka pacTeBopuTEnA UINKM NOBEPXHOCTHO-aKTWMBHOIO BeLlecTBa B He moxeT BbITb
D,E[MHGKOBOI;"I TONWKWHbI Ha Ka)K,EIOﬁ '-'Iei.l.lyl;ll{e, YTO BHOCUT HeonpeaeneHHOCTb B U3MepeHUA TONLWKWH BCeX YellyeK U B onpe-
AerneHne 4Yucna crnoes vYewyek rpacbeHa.
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MpumevyaHue — [daHHble, npuBedeHHbIe Ha pyucyHke D.2, nepecuntaHbl ANA NONYYEHUs HOBBIX CPEeOHMWX 3Ha-
YeHWU NMHENHbIX pasMepoB Yellyek 1LG-rpacena u FLG-rpadenHa (10-cnoiHeix Yelyek).

PucyHok D.4 — pachrk 3aBUCMMOCTM TOMNLUWMH YeLlyeK OT UX NIMHEAHbIX pasMepoB,
MOCTPOEHHLIN MO pe3ynsTataM uaMepeHuin metogamu ACM u cnektpockonuu KPC,
KOTOpbIV CnegyeT UCnonb30BaTh ANS ONpeaeneHnsl CpegHux NMHerHbIX pasmepoB JYewyek 1LG-rpacdeHa
n FLG-rpacheHa, cooTBETCTBYHOLUMX TOMWMWHAM OOHOro CNos U OecATH cnoes rpadeHa

3areM BbI4UCHAOT CpefHue 3Ha4YeHUs YucneHHon gonu Yewwyek 1LG-rpadeHa u FLG-rpacbeHa (10-croiHbIx Yelly-

€K), KaK nokasaHo Ha pucyHke D.5. Takum obpazoM, cpeHee 3Ha4yeHWe YucneHHon gonv Yewyek 1LG-rpadeHa cocTas-
nset 8,4 %, a FLG-rpacbeHa — 76,3 %.
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Pucyrok D.5 — Onpenenenne yncneHHon gonu yewyek 1LG-rpacgeHa
n FLG-rpacdeHa no ructorpamme ¢ U3MeHEHHBIMW NMMHENHBIMW pasmMmepamm
OTHOCUTENBHO NIMHEMHBIX pa3MepoB, NPUBELEHHbIX Ha pucyHke D.4

[ns BelMMCNEHWs HeonpedeneHHOCTH MpU pacyeTe YUMCNEHHON AOMW AonycKaeTcs NMPUMEHsTb cTaH4apTHoe OT-
KINOHEHWe, pacCyYWTaHHOe Ha OCHOBE MIMHENHOM 3aBMCHMOCTW TOMWMH Yelwyek rpadeHa OT UX NUHEWHbIX pasmMepoB
(cm. pucyHok D.2 vnu D.4). Mo gaHHeiM pucyHka D.4, CO coctaenset (0,0070 £ 0,0003), T. e. 4,3 %. Mo gaHHbIM pu-
cyHka D.5, uucnenHyw ponto yewyek FLG-rpadeHa paccyvThiBalOT UCXOOA U3 WX CpedHero fWHerWHoro pasMepa
(633 £ 27)HMT. e. 606 1 660 HM) C y4EeTOM COOTBETCTBYIOLLEN HeonpeaeneHHoCcTH. B aToM cnyvae YncrneHHas 4ons Yeluyek
FLG-rpacbena byaet coctaBnate 74,4 % v 78,2 % cooTBeTCTBEHHO, @ cpeAHee 3HaveHne — (76 = 2) %. [Npu BblducneHumn
Takol HeonpeaeneHHOCTH MOXKHO YYECTb TONBKO Cry4aiHylo, a8 He CUCTEMATUYECKYIO NMOrPeLLHOCTb.

Takum obpazoM, cpefHee 3Ha4YeHWe YucneHHon gonu Yelyek FLG-rpadeHa namenunock ¢ 63 % 0o 76 %. 37o cy-
LLleCTBEHHO MNpeBbIlaeT CTaHAapTHOe OTKMOHEHWe, paccyMTaHHOE Ha OCHOBE 3aBMCHMOCTM YMCna CroeB Yellyek rpade-
Ha OT MX TOMLWMH MO AAHHLIM, NONYyYeHHbIM MeTogoM cnektpockonun KPC. MNo3ToMy 3aBUCMMOCTE YKMCHa CMNOEB Yellyek
rpadpeHa oT UX TOMLWMH, n3mMmepeHHblx MetodoMm ACM, ABNAETCA KNioYeBLIM NOKasaTenem npy onpeaeneHuy YicneHHomn
Aonu v pacyeTe HeonpegeneHHocTu. HeszaBucumo ot Toro, Beina nv ncnonesoeaHa cnektpockonua KPC ansa nogreepxae-
HWA TOYHOCTW Pe3yneTaTtoB, MHGopMaunio 06 3ToM HeobX0AMMO BKIIOHaTL B MPOTOKOM M3MEPeHWA (Hanpumep, ykasbiBas
«P3M/ACM» nnu «POM/ACM/cnexktpockonua KPC»).
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MpunoxeHue E
(cnpaBo4Hoe)

OnpegeneHue yaenbHOW NNowaaM NoBepxHOCTM HaHOMaTepuana,
copfepxallero rpaceH, metogom BpyHayapa — AMmeTa — Tennepa

E.1 Obwue nonoxeHus

B HacTodwem npunoxeHun npueeneH metoq BT ana onpefeneHwsa yoenbHOW Nnoliagn noBepXHOCTM HaHoMa-
Tepwana. Metog B3T npuMeHsoT TonbKO Ans Matepuanos B (hopMe MOpOLLKOB, ONpeaenss niowank NoBepxXHOCTU Ha
eauMHuuy maccel obpasua. Ecnv B matepuane npovsoluna arnomepauus unu arperauus 4actul, To AaHHbIM MeTogoM
OydeT nony4yeHa yaeneHaa nnowage NOBEPXHOCTH arnoMepaTta Unu arperaTa YacTul, 8 He NepPBUYHBIX YacTuL.

Bo Bpems npoBegeHws aHanusa gerasvpoBaHHbIA obpasel, NMoMelleHHbIM B BaKyyMHYH NpoGuUpKy, oxnasaaroT
0o kpuoreHHon Temnepatypbl (77 K unu 87 K) u nogeepratoT BO34enCcTBUIO raza-agcopbTvea (a3oTa MnM aproHa) npwu
KOHTpONupyemMoM uaMeHeHun gaeneHus. C KaxabIM yBenM4eHWeM AaBneHus YCno MOoneKkyn rasa, aacopbrvpoBaHHbIX Ha
noeepxHocTu obpasua, ysenuunsaeTcs. PaBHoBecHoe JaBneHne P cpaBHUBAIOT C AaBlNeHUeM HackileHua Py 1 aHaveHne
OTHOCUTENBHOTO AaBneHns F/P, perncTpypytoT B NPOTOKONE BMECTE C KONMYECTBOM rasa, ancopbuposaHHoro obpasLuom
NPV KaXxgom pasHOBECHOM AasneHun. KonnyecTso rasa, agcopbuposaHHoro obpasuom, Kak npasunmo, BbipaxaloT Kak ero
o6bemM Npu cTaHAapTHLIX TemnepaType U aasneHun (0 °C, 760 Topp). Ans oBpasuyos ¢ HebonbLUIOW yaenbLHOW Nnowaaso
noBepxHOCTH (Hanpumep, <1 M2/r) YyBCTBMTENLEHOCTL NpUBOPa, Kak NpaBuno, HeQOCTaTouHa, M B aTUX Criydanx cneayeT
MPOBOAMTL aHanu3 ¢ NPUMEHEHWEM KpUNTOHa B kayecTBe raza-agcopbTvea npu Temnepartype XUaKoro asota.

PexomeHgauum no npoBegeHuto aHanusa metogom BE3T u ot6opy 06pa3uos npuseneHsl B [9].

MpumeyaHus

1 HacTosduee npunoxeHue pacnpocTpaHsaeTca Tonbko Ha 1LG-rpadheH, 2LG-rpadpeH, FLG-rpadeH v rpacut 1 He
pacnpocTpaHsaeTtca Ha Ol n okcva rpadumTa.

2 Metog B3T npumeHsOT ANs onpedeneHns yoenbHOW NnoLwaan NoBepxHOCTW HaHoMaTepuana B popme nopoLu-
ka. Mpwu atom meTogoM BAT HEBO3MOXKHO NMOMYYUTE AaHHLIE O YACHE CMOEB Yellyek rpadeHa, coaepkKallmxcs B HaHoMa-
Tepuane B hopMe MopoLLKa.

3 Onpenenue yaenbHyK Nnowanb NOBEpXHOCTM U CPaBHMB 3TO 3HAYEHWE CO 3HAYEHWUAMU MUHENHBIX pPasMepoB
Yellyek 1 pacnpefeneHunsi Yellyek no TOMNLwmMHe, Nony4YeHHbIMY ApYruMy METOAAMK, NPUBEAEHHBIMW HA PUCYHKE 1, MOXHO
Mony4ynTb AaHHble 06 YpOBHE arnoMepauuy Yellyek rpadeHa.

E.2 Nerazaumnna o6pa3ua

[nsa yoaneHus ¢ noBepxHocTel obpasua aAcopbuvpoBaHHbIX 3arpsa3HeHViA nepeq NnpoBedeHnem aHanvmsa MeTogoMm
B3T BeinonHawT gerazaumio obpasua ogHUM M3 AByx cnocoboB:

i) B BaKyyMe NpW NOBbILUEHHBIX TEMMNEPaTYpaXx;

ii) NoTOKe WHepTHOro rasa (HanpyuMep, a3oTa) Npu NOBLILEHHLIX TEMNepaTypax.

Onsa yoaneHus agcopbupoBaHHbIX 3arpsa3HeHnii TpebyeTca Bakyym Mnu NOTOK raza.

MycTyio NpobupKy, MpegHasHayeHHyo Ans aHanuaa obpasua, cHavyana B3BeLUMBAKT U ee Maccy perucTpupyroT B
npoTtokone. 3atem obpasel nomeLaoT B NpoBupKy, B3BELUMBAIOT M Maccy pPerMcTpupyloT B npotokone. M3-3a cBoncTs
rpadouTa, KOTOpPLIA MMEET HU3KYIO NIOTHOCTbL, Kak Npaeuno, Ans Aerazaumy obpasua HeobxoanmMo NpUMeHsATE Npobupky
nnu konby Gonbluero pasmepa. KonvdecTeo uamepsiemoro obpasua 3aBvcuT OT NoLWaan NoBepxHOCTH HaHoMaTepuana,
KoTopas cocTaBrseT He MeHee 5—10 M2 obLuei Nnowaan NoBepXHOGTH MpK NPOBEAEHUN U3MEPEHUI G MPUMEHEHNEM
asoTa WnW aproHa, a ¢ NpMMEHEHWEM KPWUNTOHA — MeHbLUee 3HaveHwe obLlein nnowann NoBepxHOCTU. Takke crnedy-
€T y4uThbIBaTk, YTO KONMMYecTBO 0bpasua A0MKHO BbiTe AOCTAaTOYHBEIM AN obecrnedeHns TOYHOro M3MepeHns ero Macchl
(He meHee 0,11).

OnpenensioT TeMnepaTtypy 1 Bpems Aerasauun. TemnepaTypa gerazaumy gomkHa BbiTe kak MoxHO Gonee BeICOKOW
W HE OOMKHA BbI3bIBaTb KAKUX-NMOGO CTPYKTYPHBIX UMW XUMUYECKMX M3MEHeHW obpasua. TemnepaTypy MOXHO onpege-
NWTe MeTo4amy TEPMOrpaBUMETPUYECKOrO aHanvaa, CrekTPoCcKonuu (T. €. MeTO4OM PeHTIeHOBCKOW (POTO3MNEKTPOHHOM
CNEeKTPOCKONMK, BbINOMHWB M3MepeHnsa obpasua 4o W nocne BO3AelCTBUA Ha Hero TemnepaTtypbl) W/unu no pesynsratam
UCMBITAHUIA NPY pasnuyHbIX TemnepaTtypax. Jerasaumio HaHomatepuana, cofepxallero HedyHKUMOHaNM3npoBaHHbINA
rpadowvT, kak npasuno, NnpoBogaaT npu temnepatype 300 °C.

Bpewms gerasaumm 3aBUCWT OT CBOWCTB HAHOMAartepuana, U ero AonyckaeTcs onpedensTe 3KCrepuMeHTaneHo nyTeM
M3MEHEHUA BpPeMeHWn derasauuy 1 HabnwgeHns 3a ero BNMAHMEM Ha yAenbHYo Mnrolagb NOBepXHOCTWM HaHomarepua-
na. Kak npaeuno, geraszaunio HaHomatepuana ¢ 6onbLloi nnoLwaabio NoBEPXHOCTN PEKOMEHOYETCA NPOBOAWTL B Teve-
Hue 8 u.

[Herasauuio NpoBOAAT B Te4eHWe 3a4aHHOro BpeMeHu npy 3agaHHol TemnepaTtype. MNpw gerasauuv obpasua Ha-
HOMaTtepuana oTkadky W nofjavy rasa crefgyeT NpoBoAWTE C HEGOMbLUOW CKOPOCTLID, Tak Kak npy GonbLIOW CKOPOCTU MO-
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XKET NPOW30iTK ero pacnbineHue. MNocne 3aBeplueHUs ferasauuu obpasel, OXNaxaakoT nod BO3OeUcTBMEM BakyyMa Unu
WHEPTHOTO rasa [0 TEMMNEePAaTyphl OKpYXatoLe cpeasl v B3BELLIMBAIOT.

[na Toro 4ToBLI NPOBEPWTL, 3aBEpLUIEHa NW Aerasalus obpa3ua, npobupky ¢ 0bpasLioM cnefyeT NoMecTUTs B U30-
TIMPOBaHHYIO KaMepy, NoAaTh B Hee BakKyyM W KOHTpONWpoBaTk AaBneHue. CTabunsHoe AaBrneHue B TedeHue npubnuau-
TenbHo oT 15 go 30 MUH CBUMAETENbCTBYET O 3aBepLUeHUn fera3aumn o6pasua. Ecnv npomcxoauT noBblleHWe JaBneHns
[0 cTabunbHOro, TO 9TO CBUAETENLCTBYET O HEMOMHOW Aerazaumn obpasua. Ecnv npoucxoguT NOCTOSHHOE MOBbILEHWE
[aBMNeHWUs, TO 3TO MOXET CBUAETENbCTBOBATL O HAaNW4uM Te4U B 060PYOOBaHWUU.

E.3 NpoBepneHue aHanuaa

Mocne gerasaumy onpeaenalT Maccy obpasua. 3atem npobupKy ¢ 06pasyoM NOACOEAMHAT K MOPTY aHannaaTo-
pa rasoeon copbuun, No BO3MOXHOCTM MCKMOYasa BO3OEWCTBME OKPYXKatoLero Bo3gyxa Ha obpaseu. Janee npobupky ¢
06pa3uomM NOMELLaT B KPUOTEHHYIO BaHHY Ha Bpems aHanuaa. [pu NpoBeeHUU aHanuM3a KOHTPONUpYT TeMnepartypy
BaHHbI U 3HadeHne Fy. MNMonyyarT U3oTepMy asoTa/aproHa/kpuntoHa He MeHee YeM C YeTbipbMs TOUKaMu U3MEepeHUin B
Ananas3oHe OTHOCWTENLHOTO AABMNEHWUs, B KOTOPOM npuMeHuma Teopus B3T (kak npasuno, ot 0,05 no 0.3 P/P,, ona Ha-
Homatepuanos, cogepxawux rpacut, — ot 0,01 P/Py no 0,25 P/P,). Huctota rasa gomkHa GbiTb He MeHee 00beMHol
aonu 99,99 %.

Buibop rasza ons npoeefeHns aHanuaa metogoM 3T gomkeH 6biTe 06ocHoBaH. CrnegyeT y4uThiBaTb, YTO NPU Npu-
MeHeHWKn a3oTa B Metoae B3T MoxHO nony4nTs Gonee BbICOKOE 3Ha4YeHUE yAEenbLHON NNoLwanmn NnoBepxHOCTU BCNeACTBUE
cneundUYecKoro B3auMoAencTBMUA MOMEKYN a3oTa C MOBEPXHOCTHBIMU TMAPOKCUMBHBIMK rpyrnnamMuy (KBagpynonbHble
MomMeHThI). MoaTtomy ans nonyyeHust Bonee ToYHbIX pe3ynsTaTos B MeToge B3T pekomeHayeTcs NpUMEHATL BMECTO a3oTa
aproH.

Obbem ceobogHoro npoctpaHcTea (06bem, He 3aHATLIM 0Bpa3uoM) cnedyeT paccyMThiBaTh No agcopbumm renmsa
(0o unu nocne aHanuaa ¢ NPUMEHEHWEM a30Ta) UMK MO NNOTHOCTM aHanMaupyemMoro HaHomatepuana (agcopbenTa). MNpu
3TOM CnenyeT YYUThIBaTh, YTO Fenuii MoTeHUWansHo MOXeT afcopbupoBaTecs BHYTPU MENKMX NOp HaHOMaTepuana.

E.4 O6paboTka pe3ynbTaroB

TUNUYHBIA OUanasoH OTHOCUTENBHOMO AAaBMEHUA, UCNONb3yeMbli ONA onpeaeneHns yaensHoW nrowaan noBepx-
HocTu metogom B3T, coctasnsiet ot 0,05 go 0,3 P/Py, HO Ans HaHoMarepuanos, codepXallux rpauT, 3ToT AManasoH
moskeT cocTaensTte ot 0,01 go 0,25 PR,

YaoeneHy nnowanb NoOBEPXHOCTM HaHOMaTtepuana BblYMCNAT, npumeHsa metog B3T k naotepmam agcopbumn,
no chopmyne

(E.1)

1 i G (P)
= + . ;
V[(i”” v,C V,.C \P,
P

roe V — obvewm rasa, agcopbuposaHHoro o6pasLUom npy OTHOCUTENBLHOM AaBneHun P/P, (nony4yeHHoe 13 N30TepMbl);
Py — HaeneHue HacbllleHWa raza-aacopbTuea (Nony4eHHoe M3 3oTepmbl);
P — paBHOBeCHOe faBneHue raza-agcopbTvea (nonyyYeHHoe M3 N30TepMbl);
vV, — obvem moHocnos afgcopbara;
C — koHcTaHTa B3T.

1 Py

p——— )

]
P

[aHHbIA rpaduk gomkeH npeacTaBnaTe cobor NONOKUTENBHYD NMMHENHYIO KOPPENAUMIO (B AnanasoHe OTHOCUTENBHOro

[aBreHus, B KOTOPOM NpuMeHuma Teopus B3T) ¢ koapuumeHToM koppensumm He MmeHee 0,9999, NonoXMTenbHbIM 3Ha-
YyeHnem C ¥ ¢ rpagMeHToOM S U TOYKOW NepeceyeHus i, paBHbIMU:

Pesynkrathl, nonydeHHsle no cdopmyne (E.1), npeactaenawT B BUAe rpaduka 3aBUCUMOCTH

Mpumep Takoro rpadvka npusedeH Ha pucyHke E.1. [lanee Buiuncnaot obbem MoHocnon agcopbara V,, cmd, no
dhopmyne

) €2)
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Mnowags NOBEPXHOCTU HaHOMaTepuana Sy, M2, BbIMUCTIFIOT Mo hopmyne

8. N
g = —mens A 4p-18, (E.3)

tot ~ VM

rae S,,c — MMoLank NonepeyHoro ceveHns Monekyn rasa-aAcop6Tuea, HMZ;
N, — noctosiHHas Asoragpo (6,022 - 1023 monb);

V)y — MonsipHbIi 06beM raza-afcopbTvBa Npy CTaHAAPTHBIX TeMnepaType U AasneHut
(22 414 cv3/mons~1 ona asota).

YAenbHylo NMoLLaas NOBEPXHOCTU HaHoMaTepuana S, M2/r, BLIMMCISIoT no hopmyre

Stot

w

5 (E.4)

rge w — Macca oﬁpasua HaHoMmaTtepuana, r.

B npoTtokone namepeHnin peKoMeHAYeTCA YKa3biBaTh CriedyioLne daHHble: YCNOBUS Aerasauumn, TeMmneparypy aHa-
nnM3a v NpUMEHEHHbIN ras-aacopbTue, AManas3oH NuHenHocTn rpaduka b3 T, 3HaveHua nnowagn NonepedHoro ceveHns
MOneKyn rasa-aacopbTuea, maccy obpasua.

Mpumep mM3oTepmbl agcopbumn asoTa npu Temnepatype 77 K ona HaHomatepuana, cogepxaiiero rpadut, npu-
BegeH Ha pucyHke E.1 a). 3atem mzotepma agcopbuuv asota vcnonb3oBaHa AnA pacdeta faHHblx rpadwmka BIT
[cm. pucyHok E.1 b)] c nuHeAHol annpokcumauuein. [na npumepa Ha pucyHke E.1 vcnonb3oBaHbl cneayowme AaHHbIE:
S=671M2r, C=254u V., =154 cM3/r Npu cTaKaapTHLIX TeMnepaType U daeneHnu. Bee pacyeTbl NpoBefeHs! Npy nno-
Laau NonepeYHoro ceYeHns MoneKyn asota, paeHoit 0,162 HMZ.

MpumeyaHns

1 TunuyHble 3HaveHus S, .t Ansa asota — S, .= 0,162 HM?; aproHa — Sapc=0.142 HMZ; KpUNTOHa — Sgnc=0.210 HMZ,
2 CnpaBo4yHble 3Ha4eHuUs npueseneHsl B [9] v [10].
Y1 Y2
800 ] 0,0014
207 J 0,0012- -
700 # T rJ
' g 0,00101
600 + - v K
] » -
5001 5; 0,0008 1 -
400 - ‘g 1 -.."
coes®’ it L
200 Lod 0,0004 - &
100 0,0002{ &
0 T +*r1 T~ T " T T " 1T ' " T 1T ° 7T "1 T T T T T T T
0 0102030405086 070808 10X 0,03 006 009 012 015 018 0,21 X
a) Msotepma agcopbumm asota agna HaHoMaTepuana, b) Npadwmk BE3T ¢ nuHeRHORM annpokcumaunen

cofepxalero rpadut, ¢ 0ONbLLUOK NNOLWaAbo
MOBEPXHOCTM (OTKPLITLIE CUMBOMLI 0603HaYaT
aecopbumio)

X — oTHocuTEnNbHOE AaBnexve, PIP;
Y1 — konn4ecTBo afcopGUMPOBaHHOrO a3oTa Npu CTaHAAPTHLIX TeMMepaType U AaBneHnn, cm3/r;

Ze)

PucyHok E.1 — lNpumepbl n3oTepmbl agcopbunmn azota AnNA HaHOMaTepWanos, CoaepXKaLlux rpaduT,
¢ 6onbLIOK NNoLWaasLK NOBEPXHOCTK (OTKPbITEIE CMMBOMLI 0603HaYaT gecopbumto)
1 rpachmka BAT ¢ NUMHENHOA annpokcMMauMen
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MpunoxeHue F
(cnpaBo4Hoe)

PekomeHgaumm no nogroToBKe U OYMCTKE NOANOXKKA ONA oGpasua HaHOMaTepwWana

[MogroToBKy 1 O4MCTKY Nognoxku Ans obpasua HaHomaTepuana BbINONHAIT B CNeAyoLWemM Nopsgke:

a) M3 KpeMHWEBOW NNacTUHbI CO CroeM okcuaa kpemuusa TonwmHon 90 unmn 300 HM anMasHbeIM pe3LOoM BbipesarT
HeBonbLLIOoI hparMeHT (NoAnoXKY) HeoBxoaumoro pasmepa, Hanpumep 1 x 1 cm2.

Cneayet ncnone3oBaTk NOAMOXKY CO CNOEM OKCKAa KPEMHUS YKa3aHHON TOMLWWHBI C Lenbio obecneyenus Tpebye-
MbIX YCNOBWUIA U3MepeHUiA, TO ecTb Ans obecnevyeHns HeobxoaMMON BU3yanuaaunn Yellyek rpadeHa;

b) nognoxky o6pabaTthiBaloT yNETPA3ByKOM B aUETOHE B TEYEHWE 5 MWH, 3aTeM ynesTPasBykoM B OEWOHW3MPOBAH-
HOW BOAE B TedeHue 5 MUH 1 ganee ynsTpasBykoM B n3onponunosom cnupte no [OCT 9805 B TeveHue 5 muH. [Npu atom
BbICYLLMBaHWE NOAMOXKN Mexay npoueccamu obpaboTku B pasHbiX pacTBOPUTENSAX He OCYLLECTBAAIOT (CM. pucyHok F.1);

OewoHuanposaHHan Waonponunossii

AueToH
BOAA cnmpT

N /Ar

PucyHok F.1 — MNopsgok npoBedeHUst O4UCTKM KpEMHWUEBOW MNacTUHbI,
nNpMMEHAEMON B Ka4ecTBe Noanoxku ans obpasua HaHoMmaTepuana,
[OnNA BbINOMNHEHWSA n3aMepeHUin metogamu POM/ACM

C) nognoXKy BbICYLUMBAKOT C NpUMEeHEeHMeM MCTOYHKMKa a30Ta Unn aproHa nog aaBneHuem;

d) noanoXKy ocMaTtpuearoT ¢ NpUMMeHeHWMeM ONTUYEeCKOro MMKpoCcKona aAna Toro, 4TObbI onpenennuTb Hanu4une/oT-
CyTCTBUE Kakux-nmbo yactuy, pasmepom B6onee 500 HM MNK oCcTaTKOB paCTBOpMTEJ'IBFI, KOTOpbI€ BbIOENAKTCA NO LBETY,
OTNMMYHOMY OT LiBETA NOANOXKN.

Ecnu BbISIBNAKT Hanu4me SEFDHBHGHMIH, TO npouecc O4YUCTKK NOBTOPAKT HAa4MHaA C atana no nepeyvyricneHunro b)
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MpunoxeHne OA
(cnpaBo4Hoe)

CBE,D,EHMH O COOTBETCTBMU CCbINOYHLIX MeXrocyoapCcTBeHHbIX CTaHAAPTOB
MeXOYyHapoaAHbIM JOKYMEeHTaM, MCNOoNb30BaHHbLIM B Ka4eCTBe CCbINMOYHbIX
B NPUMEHEHHOM MeXOYyHAapOoOHOM OOKYMEeHTe

Tabnwuua OA.1

OTBETCTBMA CTaHOAPTOB!

- IDT — naeHTU4HbIE CTaHOapTLI.

OB6o3Ha4YeHWe CChiNoYHoro CreneHb O6o3Ha4YeHWe U HAUMEHOBaHWE CChINOYHOro
MEXIOCYAapCTBeHHOro CTaHgapra COOTBETCTBUA MeXayHapoaHOro AOKyMeHTa
[OCT ISO/TS 80004-1—2017 IDT ISO/TS 80004-1:2015") «HaHoTexHomormu. Crioapk. YacTs 1.
OCHOBHBIE TEPMUHBI»
[OCT ISO/TS 80004-2—2017 IDT ISO/TS 80004-2:2015 HaHoTexHonoruw. Cnoeapb. YacTe 2.
HaHoo6bekTbin2)
[OCT ISO/TS 80004-6—2016 IDT ISO/TS 80004-6:2013 «HanoTtexHonoruu. Cnoeapb. Yactb 6.
OnpeneneHue xapakTepucTik HaHOO6beKToBYS)
MpumeyvyaHnune — B HacToswen Tabnuue MCNOMb30BaHO criegylollee ycrnoBHoe 0bo3HayYeHne CTeneHn co-

1) 3amenen. fdeiicTeyeT ISO/TS 80004-1:2023.
2) 3ameneH Ha ISO/TS 80004-1:2023.
3) 3ameneH. OeiicteyeT ISO/TS 80004-6:2021.
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