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Mpeancnoeue

Llenw, ocHOBHLIE NPUHLMMBLI M 0BLKMe NpaBuna npoBedeHnsa paboT No MeXrocyqapCTBEHHOW cTaHgap-
Tusaumm yctaHosnedbl FOCT 1.0 «MexrocynapcTeeHHas cucTeMa cTaHaaptuaaumu. OCHOBHbBIE NMONOXKEHUA»
1 FOCT 1.2 «MexrocyaapcTBeHHasa cuctema ctangapTtusauuv. CTaHaapTsl MeXrocyaapcTBeHHbIe, npaBuna
M pekoMeHZaLuKn No MexrocyaapcTBeHHON cTaHdapTusauuun. Mpaeuna paspaboTku, NPpUHATUS, 0BHOBNEHWS
M OTMEHbI»

CeeneHus o cTaHgapTe

1 MOOrOTOBNEH pecnybrnukaHcKUM YHUTapHbIM NpeanpuaTnem «benopycckuin rocyaapCTBEHHbIN UH-
cTuTyT MeTponoruny (benlMM) Ha ocHoBe cOBCTBEHHOIO NepeBona Ha PYCCKUI A3bIK aHMMOSA3bIYHON BEPCUMM
OOKYMEHTa, yKasaHHOro B MyHKTE 5

2 BHECEH loccraHgaptom Pecnybnvkn Benapyck

3 NMPUHAT MexrocygapCcTBeHHbBIM COBETOM MO CTaHAapTu3auuu, MeTponorum u ceptudukalmm no
pesynetatam ronocosaHus B AMC MIC (npoTtokonom ot 20 anpensa 2016 r. Ne 87-IT)

3a NMPUHATKE NporosiocoBanu:

KpaTtkoe HaumeHoBaHWe CTpaHbl Kopg ctpaHsbl CoKpalgHHOe HauMeHOBaHWe HaLWMOHANLHOro opraHa
no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no craHgapTuaayum
ApmMeHuns AM 3A0 «HauuoHaneHbIM opraH No cTaHgapTU3auuu
v meTponoruny» Pecnybnvku ApmeHus
Benapyck BY lNoccranpapt Pecnybnuku Benapych
KasaxcraH KZ lNocctanpapt Pecnybnuku KasaxcrtaH
Kupruang KG KblpreiactaHgapt
Poccusa RU PocctaHgapT
TamKkmkmcTaH TJ TagxukcTaHgapt
Y3bekucTaH uz YactaHgapTt

4 [lMpukasom PegepanbHOro areHTCTBa MO TEXHWUYECKOMY PEryrMpoBaHuio U MeTponoruum ot 27 aeka-
Bpa 2023 r. Ne 1685-cT mexrocygapcTeeHHbld ctaHdapT MOCT ISO/TR 17276—2016 BBefdeH B AeWCTBUE B
KayecTBe HauWoHanbHoro ctaHgapta Poccurckon @enepauyun ¢ 1 ausapsa 2025 r. ¢ npaBoM JOCPOYHOIo Npu-
MeHeHKs

5 Hacroawwmin ctangapt ngeHTUYeH MexgyHapogHoMy AokymeHTy ISO/TR 17276:2014 «KocmeTuka.
AHanMTMYeCKMn Noaxoq ANA MeTO4O0B CKPUHWMHIA M KONMMYECTBEHHOIO ONpedeneHns TsKenbiX MeTansioB B
kocmetuke» (Cosmetics — Analytical approach for screening and quantification methods for heavy metals in
cosmetics, IDT).

MexayHapoaHbIM cTaHgapT paspaboraH TexHuveckum komuteTom ISO/TC 217 «KocMeTuka» MexayHa-
pOAHOM opraHu3aumu no ctaHgaptusaugum (1SO).

HaunmeHoBaHWe HacTosLWero ctaHgapTa M3MeHeHO OTHOCWUTENbHO HauMEHOBaHWUSA yKa3aHHOro MeXay-
HapogHOro AOKyMeHTa Ans npusegeHus B cooteeTcTBue ¢ TOCT 1.5—2001 (nogpazzen 3.6)

6 BBEJEH BINEPBGLIE
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HHpopmayus o esedeHuu 8 delicmeue (npekpawjeHuu delcmeus) Hacmosaweao cmaHdapma u uame-
HeHUl K HeMy Ha meppumopuu yKkasaHHbix ebiuie 2ocydapcme nybnukyemcs 8 ykasamensx HauuoHambHbIX
cmaHdapmos, uzdasaemsix 8 amux 2ocydapcmeax, a makxe 6 cemu MiHmepHem Ha calimax coomeemcmey-
OWUX HaUuUOHaIbHbIX 0p2aHoe Mo cmaHdapmu3ayuul.

B cnyyae nepecmMompa, UaMeHeHUs Umu OmMeHbl Hacmosiwea2o cmaHdapma coomeemcemaytowas UH-
gopmayus 6ydem onybnukoeaHa Ha oghuyuanbsHOM UHmepHem-calime MexeocydapcmeeHHO20 cogema o
cmaHOapmu3sayuu, Memponoauu u cepmughukayuu e kamanoee «MexezocydapcmeeHHble crmaHdapmabi»

© ISO/TR, 2014
© OdbopmneHue. ®IBY «MHcTUTYT cTaHgapTuaauuu», 2024

B Poccuiickon ®eaepalmm HAacTOALWMA CTAHAAPT HE MOXKET ObiTh MOMHOCTLIO UMK
o7 YaCcTMYHO BOCMPOM3BEAESH, TUPaXKMPOBaAH M pacnpocTpaHeH B KayecTee ouumansHoro
n3gaHua bes paspelleHua PefepanbHOro areHTCTBa N0 TEXHUYECKOMY PerynupoBaHui

W MEeTponorvm

i
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Monpaeka k [OCT ISO/TR 17276—2016 [pogykuusi napdgroMepHO-KOCMeTU4Yeckas. AHanuTu-
YeCcKMA noaxod AN MEeTOAOB CKPUHWHIA M KONMM4YeCTBEHHOro onpefeneHUs TSXenbiX MeTanioB
B KOCMeTHKe

B kakom mecTte HaneuvaraHo [omkHo BbITb

Mpeawncnosue. Tabnuua —

TypkmeHus ™ [maeroccnyxba
cornacoeaHusa «TypkMmeHcTaHgapTnapbi»
(MYC Ne 7 2024 1)
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M E X I OCVYOAUPTC CTUBTETHHUB # C TAHAOAUPT

npPoayKUuMA NAPPHOMEPHO-KOCMETUYECKAA

AHanuTHYecKuin nogxoa ONA MeTo4OB CKPUHMHIA
M KONUYeCTBEHHOro onpefeneHus TsHKenbIX MeTanmnoe B KOCMeTUKe

Perfume and cosmetic products.
Analytical approach for screening and quantification methods for heavy metals in cosmetics

Oarta BeepgeHna — 2025—01—01
C NpaBoOM AOCPOYHOro NPUMEHEeHUA

1 O6nacTb npuMeHeHUs

HacToswwui ctaHgapT ycTaHasnveaeT Haubonee pacnpocTpaHeHHble TUMOoBbIE NOAXOAb! K BbIMOMHEHWIO
CKPUHWHIA 1 KONMYECTBEHHOIO ONpeAeneHna BaxHenWnX TSKeNbIX MeTaNMnoBs Ha aTane noaroToBKU Chipbs, a
TaKKke nocne nony4yeHus rotosoi npogykumu. OH oxBaTbiBAET LUMPOKWIA KPYr METOAOB, Ha4nHas ¢ TpaguLMOoH-
HbIX, OCHOBaHHbIX Ha MCMONb30BAHMKM KONOPUMETPUYECKNX peakLii, KoTopblie MOryT BbiTh peann3oBaHbl 6e3
NMPUMEHeHWUs1 4opOorocTosLLero obopyfoBaHWs, U 3akaH4MBasn Hanbonee BbICOKOTEXHOMOMMYHBIMU, TAKUMU KaK
Macc-cneKkTpoMeTpus C MHOYKTMBHO cBA3aHHoW nna3mon (MCM-MC), nossondwowasa obHapy»xuBaTb Belle-
CTBa, YpoBeHb COAEPXaHNA KOTOPbIX Bblpa)aeTcq B MUKpOrpaMmmMax Ha Kkurnorpamm. B HacToslwemM ctaHpapte
paccMOTPEHbI MPeUMyLLecTBa U HEAOCTAaTKW KaXoro U3 3TUX aHanMTU4eckux MeTodoB, YTO NMO3BONAET Mosb-
3oBartento BbibpaTk AnA ceba Hanbonee npremnemsli NOAXoM.

HacTtoawwmn ctangapT He npegHasHa4eH Ansi Toro, 4Tobbl YCTAHOBMTL UMM PEKOMEHO0BaTh 3Ha4eHWs
npegensHO AOMYCTUMOW KOHLEHTPaLUMKW TAXEeNbIX METANMN0oB B Cbipbe UMW rOTOBOW NPoayKUMK. 3TN 3HAaYEHUs
AOMKHbI yCTaHaBNMBATbCH COOTBETCTBYHLLWMWA PETYNMPYIOLLMMI OpraHaMu.

n puMmedaHUe 1— UJVIpOKO MCHOﬂhSyeMblﬁ TEPMWH «TAXENble MeTannbl» He UMeeT edNHOro onpegeneHua.
n puMeyYyaHne 2 — 3OnemMeHThl, paccMaTpmeaeMble KaK TAXenble MeTalslbl B 3aKOHOOATENbCTBE D,D,HOI;‘I cTpa-
Hbl, MOTYT HE pacCMaTpuBaTbCA Kak TaKOBble B 3@aKOHOOATenbCTBe ,u,pyroﬁ CTpaHbl.

2 MpuHUMNBI UCCNeaoBaHUA

2.1 NMnannpoBaHue

ﬂpe)-l{,qe BCETO NpuMeHAeMble NoAxXoAbl pa3gendadT Ha CKPUHWHI M KONMM4YeCTBEeHHOE onpeneneHne 0b-
Lero coaepXaHua TaxXenbiX MetTaninoB. BeInonHeHWe aHanuaa TAXernbiX MeTannosB TDEGyET He Tonbko 06-
nNagaHnAa TeEXHUYECKUMKW 3HAHUAMU N HaBbIKaMUW, HO KU 3a4acTylo Hann4duna 4OpOoroctoAlero OSOpy,EI,OBaHMH n
CTpororo COGJ’I}O,D,QHVIH yCJ'IOBMVl noaroToBKKM ]1906, B 0CODEHHOCTM ecnn TsXenble MeTannbl noanexart Konn-
HYeCTBEeHHOMY onpenerieHnro. CKDVIHMHF nomMmoraeT NMprHATbL pelleHne 0 TOM, TDEGyIOT JI1 YPOBHW CoLepXXaHWnA
TSKENbIX MeTansoB gansHenwero onpegeneHnAa ¢ npuMeHeH1eM Bonee TOYHbIX KONWYECTBEHHbIX METOOOB.

AHanuns cogepXaHua TaxXenblx MeTannoB B KOCMETMYECKOMN npoaykumm  KOCMeTUYeCKOM Chipbe npeg-
nonaraet Bbl60p nogxogsduero Metoda noarotoBKU |'|p06 1n MeToaa OﬁHapymEHMﬂ. YcroBus aHanuTu4ecknx
UCMBITaHWIA onpenenanTcH H906XO,EI,I/IMI:IM coyeTaHnem MeToda NoAroToBKK I'Ip06 1M MeToaa OﬁHapy)KEHMFI C
COOTBETCTBYHLWMMKX JaHHbIMW Banugauun.

MapaHune ochbuumnansHoe
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K meTtogam nogrotoekm Nnpob OTHOCATCS:

- BbllLlena4ymeaHme;

- MUHepanusauus.

K metogam u cnocobam obHapykeHuss oTHOCATCA:

- KonopuMeTpudeckas peakuus; [3]—[8];

- peHTreHoBckas nyopecueHums (PP);

- aToMHo-abcopbumoHHas cnektpomeTpus (AAC);

- OMTHMKO-3MUCCMOHHAST CMEKTPOCKOMNUS C MHAYKTUBHO cBsizaHHoW nna3smoi (MCM-O3C), naeectHas kak
aTOMHO-3MWUCCUOHHAasA CNEeKTPOCKOMNUS C MHOYKTUBHO CBA3aHHONW nnasmoi (MCM-A3C);

- Macc-CneKkTpoMeTpusi C MUHOYKTUBHO cBsAzaHHoW nnaamoi (MCM-MC).

3Tn MeTodbl, Kak NpaBuUMo, He YYWUTHIBAKOT Pasnuuus Mexay OpraHUYeckvMW U HEOPraHWYeCcKMMK coedu-
HEHWSAMM, A TaloKe COeAUHEHNAMW TOro WM MHOIO UCCReayemoro aneMeHTa. Hanpumep, oHun He anddepeHLm-
PYIOT METanMYeckyto pTyTe U EHWNPTYTHblE coeanHeHWs. KpoMe Toro, oHW ocTaBnsinT 6e3 BHUMaHusi BO3-
MO>HbIE HEOAWMHAKOBbIE BaSIEHTHBIE COCTOSIHWS 3reMeHTa, Kak B criydae ¢ xpomom (II1) u xpomom (VI). Ecnm
CBeAeHWs TaKoro pofa NpefcTaBnaoT ocobbii MHTepec, ANA UX YTOYHEHWS criedyeT BOCMONb30BaTLCS COOTBET-
CTBYWLWMMK CpeacTBamMu, Hanpumep npuberHyTb k nomoLum MCI-MC B coveTaHum ¢ xpomatorpadpuen.

TuUNoBOW NOAXOM, K BbIMOMTHEHWIO CKPUHWHIA W KONMMYECTBEHHOTO onpedeneHns TSXKenbiX MeTansos B Cbi-
pbe ¥ roTOBOW NPOAYKUMM NpeacTaBneH B npunoxeHuax A, B n C. MNogxoabl, OTNMYHbIE OT ONMCAHHOIO B yKa-
3aHHbIX NPUMOXKEHMWAX, TAKKe MOryT 0kasaTbcs ahPEKTUBHBLIMMN.

2.2 Bbibop nccrnegyemMoro BellecTBa

CKPWUHWHT 1 KONUYECTBEHHOE ONpefeneHre TSKeNbiX MeTanmnos MoryT BbINOMHATLCS Kak B Cbipbe, Tak
B rOTOBOM NMPOAYKLUUH.

MockonbKy TspKemnble MeTannbl cBoBOAHO BCTpeYakTCs B NPUPOAe, HEKOTOPbLIE BUAbI Chipbsi, B YHACTHOCTU
HEeKOTOpbIe HeopraHu4eckue mMaTepuarnsl, MOryT cofepXaTk MPUMECH TSHXEeNbIX MeTannos ecTecTBeHHOro npo-
NCXOXOEeHUA. 3HaHNE NCTOYHMKA 1 XapaKTepPUCTUK ChipbeBbIX MaTtepuanos obecrne4ymBaeT 4eNCTBEHHbIN NOAX0L,
K YCTAHOBMNEHWUIO KOHTPOMNSA Haf YPOBHSAMM COAEPXKaHUs TAXENbIX MeTanmnoB B roToBoin npoaykuuu. Ocyliect-
EMEeHNe MOHUTOPWHIa Ha 3Tane Chipbs NO3BONseT UabexaTb UCMOMNb30BaHWUS CUMbHO 3arpsZHEHHOTO ChIPbs W
aBnseTca 3 EKTUBHLIM CPEACTBOM KOHTPOMSA COAEPXaHUS TSKENbIX METANNOB B rOTOBOW NPOAYKLIMM.

2.3 MoproToBKa Npobbl

2.3.1 O6wme nonoxeHus

MHorne meTogbl 3MeMEHTHOMO aHanu3a npegycMaTtpuMBalT nepeeo npobbl B xugkyo copmy. Mopsgok
NPUroTOBMNEeHWsi Npobbl 3aBUCUT OT MaTpPHLIbl KOCMETWUECKOTO Chipbs UMK Npoaykuuun. MeToasl NpuroToBneHns
npob obbIYHO Nogpa3nensaTcsa Ha ABa BMAA: BhlllenadymnBaHe U MUHepanmaaums.

2.3.2 BollwenaymBaHue

BbiulenaynBaHne — 3TO MEeTon NOAFOTOBKW Npo6, npeaHasHadeHHbIA Ons onpeneneHus KonuyecTsa
THXKEMbIX MEeTanrnoB, aKCTparupyembix M3 npobbl B YCNOBUAX KUCIOW cpedbl. [TpUHUAN BbilenadnBaHus 3a-
KMYaeTcs B MMUTaLMKM BO3OEACTBUA NULLEBAPUTENbHBIX XXUOKOCTER UMK NOTa, HanpaBneHHbIX Ha BbICBODOX-
OEHUe TAXKenbIX METANMOB, BO3MOXHO NPUCYTCTBYOLLMX B UCCNEAYEeMOM NPOayKUUK. 3TO NO3BONSAET OLUEHUTh
KOMUYEeCcTBO TAXENbIX MeTannoe, KoTopoe akTMYecky nonagaeT B OpraHMam YernoBeka.

2.3.3 MeTtog MuHepanusauum

MeToa MuHepanuaaunum — 37O MEeTOA NOArOTOBKW Npob, npeaHasHayvyeHHbIn Ana onpeaeneHns obuiero
KOnM4ecTBa TSKenbix METannos, coaepxawmxca B npobe. MNonHaa MMHepanuaaunsa No3BonseT OUEHUTb KO-
NMYECTBO TSKENbIX MeTannos, BO3AENCTBYOWMX HA OpraHn3M YenoBeka B HauxydlweM BO3MOXHOM crnyvae.
Kpome Toro, BbINOMHEHWE NOMHOW MUHEepanu3ayuMmM MaTpuLbl coKpallaeT NoMexu npu obHapy>eHuu, ocobeH-
HO B criyyae ucnones3oBaHua NCM-MC.

B HekoTopbix cniyyasx npobbl NPOCTO HarpeBatoT A0 NoNnyyYeHUs 3o0rbl (cyxoe o3omneHune), 4Tobbl u3ba-
BUTBCA OT OpraHn4yeckux BelecTs. Cyxoe 030MeHNe MOXET BbINOMNHATLCA C MPUMEHEHWEM HATPaTa MarHus B
kadecTBe osonsiowen gobasku [9], [10]. MoryT ncnonb3oBaThCs W ApyrMe BUAbI 030NsA0WMX 406aBOK, Hanpu-
Mep CMecbk cynbgaTta Mardusa u cepHoi Kucnotel [8]. BBuay cnoxHoCcTH maTpuLbl KOCMETUYECKOW NMPOaYKLUK
nocre 030IeHWa HEPeKO OCTaKTCs HeEpPAcTBOPUMbIE BeLLecTBa U TpebyeTcs npoBefeHWe OOMOMHUTENbHBIX
3TanoB MUHeEpanuaauuu.

MwuHepanusauns npob ocyLecTBNsSIETCA NyTeM HarpeBaHus, obbl4HO ¢ JobaBrneHMeM KUCIoTbl OOHOM0
BUAA, WHOrga ¢ nobaBneHveM HEecKOMbKWUX KUCIOT (BMadkHas MWHepanusauws), OMeHb pedko € UCMOMb30-

2

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 7/21
CrpanHuua nokymeHTa - https://GostExpert.ru/gost/gost-17276-2016



https://gostexpert.ru?utm_source=pdf&utm_medium=62058
https://gostexpert.ru/gost/gost-17276-2016?utm_source=pdf&utm_medium=62058&utm_term=page

FOCT ISO/TR 17276—2016

BaHMEM Lueno4vel (CnnaBneHne) B OTKPbITHIX UMW 3aKPbIThIX €MKOCTAX TakuMm obpasoM, 4Tobbl 4O0OUTbCH KX
NOMHOro WKW NMOYTWM MOMHOr0 pacTBOpPeHMs. 3To 3a4acTyo TpebyeT cTpororo cobniofeHns YCTaHOBMEHHbIX
TpeboBaHUM U Mep NPEJOCTOPOXHOCTU C YYETOM BEPOSATHOW BO3rOHKWU OTAEMNbHLIX METanmnoB (Takux, Kak Kafa-
MUI, MbILIBSIK UMW PTYTL), YTOBLI 0BecneYnTs Haanexallyw cteneHbs n3enedenus [8], [11].

B cootBeTcTBMM C nocnegHUMKM TEHOEHUMAMU MPUMEHSETCH MUHepanu3auus B 3aKpbITbiX eMKOCTSIX C
npUMEeHeHNeM MUKPOBOMHOBOMO W3My4YeHUs, YTO NO3BOMAET COKPaTUTL NOTEepU NETYYUX INEeMEHTOB, a TakKe
NOBLICUTb 3(PEKTUBHOCTL PEryNsAPHO BbIMOMHAEMbIX aHann3oB. [paBunbHbIR Noabop WCNoMb3yeMbIX KUC-
NoT — 3TO CYLWECTBEHHbIWN PakTop, KOTOPbIA CrnegyeT y4uTbiBaTh NPW BbINOMHEHWX MNOMHOW MUHEepanu3auum
npobbl. CunTaeTcs, YTO NMPU UCCNEQOBAHUAX KOCMETMYECKON NpoayKuun AN MUHepanu3auuum coefuHeHuA
KpeMHKUS Ype3BblYarHO pe3ynsTaTUBHO UCMONb30BaHWe NnaBukoBoi kucnoTsl (HF). MpumeHeHue nnaeukoBoii
KMcnoTel TpebyeT nocnegytollen o6paboTku npobbl BopHOWM KUCMOTOW Ana MackupoBaHua octaTtkoB HF. MNo-
MWUMO 3TOrO, ANs MUHEepanu3auuu npob MoryT NPUMEHsITLCA a30THas, COoMsiHas, cepHasi U ApyrMe KACNOThbI.
Kaxpgas uz kucnort, skntoyvas HF, umeet ceou npenmyLlecTea, NOaTOMy 3a4acTy OHW MCMOMb3YHOTCA COBMECT-
HO AnA OOCTWXKEHMst Hanbonee nonHol MuHepanusauvu. CyuwecTtsyeT Gonblloe Konudectso nybrukaumin,
NOCBSALLEHHbIX aHanuay TSKenbliX MeTarnmnoB, BKM4Yas OUeHKY COOTBETCTBYHOLMX MEeTOA0B MUHEepanu3aunu.
Tak, u3BeCcTeH MeTo MUHepanuaayuuu, Ang KOTOporo B HeJaBHEM BpeMeHu Bbiny onybrnuMkoBaHbl pesynsrathl
MeXNabopaTopHbIX CIMYUTENBHLIX UCMBITAHWA ANS CBMHUA, KagMWs U pTYTWU B pas3nNUYHbIX BUOAX FOTOBOW
npoaykuun, cogepxallen HeopraHu4yeckne matepuarnbl. YNOMAHYTbIM METOA OMMChiBAaeT npouecc MuHepa-
nu3auMn ¢ UCMonbL30BaHMeM as3oTHOW KUCIOTbl B CMECWM C COMAHOW KWCMOTOW B 3aKpbiTOM cocyde npu no-
BblLWEHHOM AaBfeHun U ¢ HarpeBaHuem npubnuantensHo go 200 °C. OH nogpobHo onpepensieT ycrnosus
npoBegeHusa aHanuaa, cobrnogeHre KOTopbiX HEOOXOOUMO NS MOMy4YeHWs BOCMPOU3BOAMMBIX pe3ynbTaToB
[12]. B ppyroMm wccnegoBaHuu, NpeanpuHATOM oduLManeHbLIM OpraHoM, ObINo NPOBEAEHO CPpaBHEHUE CXO[-
HbIX aHanUTUYeCcKUX pesynbTaToB, NMONyYeHHbIX C UCMOMNb30BaHUEeM a30THOWM KUCMOThl MU a30THOW KUCIOTHI B
cmecu ¢ HF. Ha HekoTopbIX Bruaax KOCMeTUYeCcKOW Npoaykunmn MUMHepanu3aunsa ¢ NOMOLLBI a30THOM KUCTOThbI
nokasana bonee HM3KWe pe3ynbTaTthl, YeM C MOMOLLLK CMecK as3oTHomr kucnoTel U HF [13]. HecmoTps Ha aTo,
peKoMeHOyeTCcs No BO3MOXKHOCTM M3beratb NPMMEHEHUs NMNaBMKOBON KACMOTbI Kak U3 TMrMeHuYeckux coob-
pa)KeHWin, Tak U 13 coobpaxeHnin 6e3onacHoCTH.

2.4 MeToabl U cnocobbl 06HapyXeHUn

2.4.1 KonopumeTtpn4yeckana peakums

CooTBeTCTBYOWAas MeToguKka paccMaTpmMBaeT KONOPUMETPUYECKWIA aHann3 Kak ncnbiTaHusa Ha obHapy-
KEHME THXenblX MeTannos, obpasyLlwnx HepacTBOpMMbIE CyNbMWAbl C OKPACKOW OT KEeNTON 40 TeMHO-KO-
pudHeBoW B cpede ¢ nokasatenem pH ot 3,0 go 3,5. O6bI4HO OOBLEKTOM TaKUX UCMbITAHUIA ABNSAETCA Chipbe.
K anemeHTam, nogaatowuMmcsa oGHapYXeHUK Mo 3TOMY MeToAy, OTHOCSITCS HanpuMep CBUHEL, BUCMYT, Melb,
Kaomui, cypema, onoeo u ptyTh [8]. HepacTBopuMble cynbduabl, Nonyvyaemele B npouecce peakunn B pas-
©aBneHHbIX pacTBopax, 4aloT TEMHYI OKpacky B CMMy MX KOMMOWLHOW Aucnepcuu. B kadyecTBe MCTOYHWMKA
cynbUOHbIX MOHOB, Kak npaBuno, BoicTynaeT nubo cynbdwua HaTpus, nubo Tnoauetamui. HacblleHHOCTb
OKpacku BO3pacTaeT NponopLMOoHanbHO KOHLEHTPALMM TSKeNbiX MeTannoe. KonuyecTeo TAXenbiX MeTanmnos
BblpaXaeTCsa KaK KOHLEeHTpaLuMsa CBUHLA B CPAaBHEHWM C KOHLUEHTpALUWeh B cTaHOZApTHOM pacTBOpe CBUHLA.
MpenmylyecTBo NOoO0OHOM METOAMKU 3AKMOYAETCH B TOM, YTO OHa MOXET BbITb peanuioeaHa be3 npumeHe-
Hus goporocTosilero obopynoeaHus. KonopMmeTpuyeckue UCNbITaHUA MPUMEHUMBI TONBKO K HEOKPaLLEHHBLIM
pacTBopam npob, He cofep)allimM HepacTBOPUMbIX BKto4YeHUH. OLeHKa KONMYecTBa U3BMEeYeHHbIX 3feMeH-
TOB AOSMKHA OCYLLEeCTBMAATLCS TOYHbIMM, COOTBETCTBYIOWMMK cnocobamu, B 0COBGEHHOCTM ecnu AnsA nony-
YEHUA COOTBETCTBYIOLMX PACTBOPOB NPUMEHSAINOCH Cyxoe 030omneHue. Vicnonb3oBaHne OaHHON METOLUKW He
no3eonseTt obHapyXMBaTL NPUCYTCTBKE ceneHa 1 xpoma. Kpome Toro, B NPUCYTCTBUM LIMHKA MOXEeT 0Dpa3oBbI-
BaTbCA OenbI 0CafoK, TakKe 3aTPYQHAILNA NonyyYyeHue NpaBunbHbIX pe3ynsTatoB. 1o 3TOW NpUYMHe BaXHO
NOATBEPAUTL HAaJEXKHOCTL Pe3ynsTaToB MCMNBITAHUI NPKU NMOMOLLKM COOTBETCTBYHOLLEN NpoLedypbl BanMaauunu.

Ecnun mexgy pactBopom npobbl W cTaHAAPTHBEIM pacTBOpPOM HabnogaeTcs CyWecTBEHHOE pacxoxie-
HWe B Nony4yaeMblX OTTEHKax LBETOB, TO B 3TOM clnydae uenecoobpasHo mcnpoboBaTh MHble MeTofbl 0bHa-
PY>KEHUS.

MpumeyaHue — Cnocobbl NpoBefeHVs KOMOPUMETPUYECKUX UCTMBITAHUIA OMMCaHbl B PSAe HOPMaTMBHbIX
cBbopHUKOB NO KOCMeTuKe U cpapmMaueBTuke [3]—[7], Takmx kak ANoHCKWEe cTaHJapTel NO NekapcTBeHHO-NoAobHbBIM Belle-
cteam (JSQI) [3] n EBponerickas dapmakones [4]. KpoMe Toro, HEKOTOPYIO MOME3HYIO MPAaKTUYECKY MHopMauunio 1 B
0CODEHHOCTM TY, YTO KacaeTCcs ONUCaHWUiA Ha aHTNIMACKOM A3bIKE, MOXKHO HaWTW B AMOHCKMX CTaHZapTax Nno KOCMEeTUYeCKUM
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MHrpeaueHTam [5] u ANOHCKOM KoOeKce Mo KOCMEeTUYEeCKUM MHrpedueHTam [6], HecMOoTps Ha TO, YTO (DOpManbHO OHK YiKe
yTpatunu cuny u 6onblias 4acte Ux nonoxeHu 6eina obobuieHa B pamkax JSQI.

2.4.2 PenTtreHoBckan dnyopecueHUUnA

2.4.2.1 O6wMe nonoxeHuUs

Mpw obny4eHnn Nnpobbl pEHTTEHOBCKUM U3NyYeHUeM C 3HEepruen, NnpesbillalLeld onpegeneHHbld npe-
en, BHYTPEHHWE 3M1eKTPOHbl B aToMax NpuxodsT B Bo3DyxAeHWe W NOKMAalT CBOM MecTa, YTOo NpuBoguT
K nosiBrieHWo Oblpok. COOTBETCTBREHHO, B 0Opa3oBaBLUMecs AbIpKM 3aTeM nonagawT nepudepuiHbie anek-
TPOHbI, @ N3bbITOYHas 3Heprus, COOTBETCTBYIOLWAS Pa3HOCTM IHEPreTUYecKnX ypoBHeN, BbICBODOXOaeTcs B
BMOE 3MNEeKTPOMarHUTHbIX BONMH PEHTrEHOBCKOro AvanasoHa, obo3HavyaeMblX Kak «peHTreHoBckas thrnyopec-
ueHunsay. NMocKonbky pasHOCTb SHEPreTMYeckMx YpPOBHEW ANA KaXOOoro aneMeHTa yHukanbHa, Habniopae-
MY PEHTTEHOBCKYIO (hryopecLeHUMIO eLle Ha3blBaloT «XapakTepucTUHEeCKUM PEHTIEHOBCKUM W3MyYeHUEeM».
WoeHTudrkaums snemeHTa CTaHOBUTCS BO3MOXHOW MCXOOS M3 €ro PeHTreHOBCKOrO CMeKkTpa, a ero KoHLUeH-
Tpauusa B uccnegyemown npobe mMoxeT ObiTb onpedeneHa Ha OCHOBE WHTEHCWMBHOCTM PEHTIEHOBCKOrO Many-
yeHus. [NperMylLlecTBOM AaHHOro cnocoba sIBASeTCs ero Hepaspyluawlwui xapaktep. MiamepeHusa B aToM
crnyyae MOryT BbIMOMHATbLCS Ha npobax, npefcTaBneHHbIX B caMol pasHoobpasHow dhopMe: Kak TBepable
Tena, Kak XXWAKOCTb MIW Kak NOpOoLLOK. TakMe namepeHusa oTnv4aeT NerkocTb U BbICTpoTa BbiNOMHeHUs, bes
CNOXHOro npouecca NnoAroToBkM Npob. Co cnoXHOCTAMKU NPUXOAUTCHA CTOMKHYTHCH Ha aTane KoNM4ecTBEHHO-
ro UAW MONyKONMYEeCTBEHHOrO aHanu3a, NOCKOMNbKY AaHHbIW MEeTOL CUITbHO MOABEpXKeH BIWAHWIO MaTpuusbl,
a, cnefoBaTensHO, ANA NONy4YeHWUs AOCTOBEPHLIX Pe3ynLTaToB TpebyeTca Banvaauusa MeToga Unn BHeceHue
B pe3ynkTaThl COOTBETCTBYIOLLUX NONPaBoK. [INg HEKOTOPLIX 3NeMeHTOB 06ecnevynTs A0CTaTO4YHYH YYBCTBU-
TENbHOCTL PEHTreHOMNyopecLeHTHOrO MeToAa He NpeacTaBNAeTCA BO3MOXHbLIM, OCODEHHO ecriv UCnonb3ay-
eTcsa noptatMBHoe obopynosaHue.

2.4.2.2 Tunbl o6opygoBaHus

MprvmeHsemoe obopynoBaHue MOXHO rpybo pasgenuTs Ha ABa TMNa B COOTBETCTBUM C PeanmM30BaHHbI-
MW B HUX NMPUHLUNAMU JETEKTUPOBAHUA: C IMCNEPCUER MO S3HEPTUUN U C AUCMepcueid No ANuHaM BonH. Kaxabii
M3 TUMOB UMEET CBOM 0COBEeHHOCTW, a, crefoBaTenksHo, Npu BbIBope TOro UMM UHOTo TUMa HeobxoouMo y4u-
ThiBaTb UX MPEMMYLLECTBA M HEAOCTATKMW.

2.4.2.2.1 SHeprogUCNepcUoHHbLIA TUN

MpencTasnseT cobol NonynpoBOAHUKOBLIN AeTekTop. [Nockonbky aeTekTop cam no cebe obnagaet He-
KUM 3HEepreTUYecKum paspelleHueM, KoHdurypauns obopyaoBaHMa MOXeT BbiTh YNPOLLEHA MO CPABHEHUIO C
BOMHOOMCNEPCUOHHLIM TUMOM. Kak crneacTeue, aHeprogucnepcrMoHHoe obopydoBaHue npencrasneHo bonee
KOMMaKTHBIMW NpubopamMmu, YeM aHanorMyHoe BOMHOAWMCMNEPCUMOHHOE. HegocTtaTtkamu Mo CPpaBHEHWUKD C HUM
ABMNATCHA Manas YyBCTBUTENbHOCTL M HU3Kas paspeluarowas cnocobHoCTb. 3nemeHThl, nogaatumecs ob-
HapyeHuto, 0BbIYHO BapbMpyTCA OT HAaTPUA [0 ypaHa, C TeHAEeHUMEN NOBLILLEHWS YYBCTBUTENbHOCTH AN
Bonee nerkux anemMeHToB.

2.4.2.2.2 BonHOQUCNEPCUOHHLIA TUN

MpeumMyLlecTBamMu NogobHoOro 0bopyaoBaHUA ABNSAKTCA BbICOKWE YYBCTBUTENBHOCTE W 3HEPreTUYeckoe
paspelleHne, HeJOCTAaTKOM — 3HauyuTenbHble rabaputbl. OCHOBHBIE 3NEMeHThI, noggatlwunecs obHapyxe-
HWIO, BapbupytoTcH OT Bepunnua oo ypaHa. $rnyopecueHTHOe peHTreHOBCKOe M3ryYyeHne, ucnyckaemMoe npo-
Bol, NpoxoanT CKBO3b LWeneByo avadparmy Ans (hopMUpoBaHWS napannenbHoro CBeToBOro notoka. 3atem
OHO NoMNagaeT Ha aHaNUTUYECKYHO KpUCTanmnmnyecky NpuaMy ana andpakumm, 4ytobsl obecneynTsb nocTynne-
HWe Ha AeTeKTop onpefeneHHON ANWHbI BOINHbI.

CyllecTByeT HECKOIBKO TUMORB aHanMTU4Yeckux npuam. Kpuctannuyeckas npuama ¢ COOTBETCTBYHOLLUMMU
WHTEpBaNamu Mexay rpaHamu BelOMpaeTca B 3aBUCUMOCTM OT aHanua3upyemMoro AuMana3oHa ANUHBI BOMHbI.
YTo KacaeTcs peHTreHOBCKOro AeTeKTopa, TO, Kak npasuno, Ans bonee nerkux anemeHToB (0T Bepunnusa o
CKaHAWA) MCNonb3yeTca NPonopunoHanbHas cuetHas TpyOka, a ona obHapykeHust prnyopecLeHTHOro peHT-
FEHOBCKOIO U3Ny4YeHUs 3NeMeHTOB C ANMHORM BonHel B gnanasoHe ot 0,2 go 0,3 HM unv MeHee (OT TUTaHa go
ypaHa) Cry>uT CLUMHTUNNALNOHHLIA CYETUNK.

2.4.3 ATomMHO-abcopbumroHHana cnekTpomeTpua (AAC) [15]

2.4.3.1 O6WKMe nonoxeHUs

OneKTpOHbLI aTOMOB B aTOMMW3aTope MOryT ObiTh NpUBeaeHbl B BO30YXAEHHOE COCTOSIHWE 3a BPEMS, He
NpeBblllaKwLLee HECKOINbKUX HAHOCEKYH[, 3@ CYET MOrMoLEeHNs U3BECTHOIO KOMUYECTBa SHEpPrum UanyyeHuns
C 3agaHHON AnMHOW BorHbl. KonvdecTBo aHepruum, Tpebyemoe 4N KOHKPEeTHOro 3MeKTPOHHOro nepexoaa, y
BCEX 3MEMeHTOB pa3nuyaeTca. Kak npaBuno, Kaxaoe 3HavyeHue AMMHbl BONTHbI COOTBETCTBYET TOMNBKO OOHOMY
anemeHTy. CurHan B oTcyTCTBME NPobbl U ¢ Npobol B aTOMU3aTOpe M3MepsAeTcsa AETEKTOPOM, U OTHOLUEHUE
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Mexay AByMs 3HadeHuaMu (abcopbuma) npeobpasyeTca B 3HAYEHWE KOHLEHTpauuu aHaniTa cornacHo 3a-
koHy byrepa — JlambBepta — bepa.

MeTop, TpebyeT HanuuMa pacTBOPOB CTaHOAPTHLIX 06pa3UOoB C M3BECTHLIM COLEPXKaHWEM aHanuTa Ans
onpeneneHns OTHOLLEHWUS] MeXay n3MepeHHo abcopbumnen U KOHLEHTpaLWeln aHanuTa, 4YTo CBs3bIBAET ero ¢
3aKkoHom byrepa — Ilambepta — Bepa.

O6opypoBanune gna AAC BknwYaeT B cebs MCTOYHMK U3MYYEHWS, aTOMU3aLMOHHYIO Kamepy, MOHOXpPO-
MaTop, OETEeKTOP M CHUTLIBatOLLEee YCTPOWUCTBO. [Ins aHanvsa atoMapHbIX COCTaBNALWMX NPoObl OHa HyKaa-
eTcqa B atoMu3aunn. K Hanbonee pacnpocTpaHeHHbIM BUAamM aToMU3aTOPOB Ha CEroAHSALWHUA AeHb OTHOCATCS
nnamMeHHbIe aToOMKU3aTopbl M aTOMW3aTOpPLI C rPadUTOBOM KIOBETON.

AAC gaBnseTcs Ype3BblYaliHO LUMPOKO UCMONb3yeMbIM METOAO0M, 0BecneyMBaLLIMM XOPOLUYH YyBCTBU-
TEeNbHOCTL U BbICOKYHO cneundgunyHocTs. OnpeneneHne HEKOTOPLIX 3MTEMEHTOR B NPUCYTCTBUM a30THOM KNCIO-
Thl NMPW BbICOKOM COAEPXKaHWUK Keresa, arntoMUHUA U KDEMHUA MOXET 3aTpyaHATLCA nomexamu. K OCHOBHbIM
Hegoctatkam AAC oTHOCSTCSt HEODXOQMMOCTL NOMHOMO PacTBOpeHMs Npobbl, 06ycrnoBNeHHan MOHO3MNEMEHT-
HbIM XapaKkTepoM AaHHOro MeTtoda (MCcKniYeHue cocTtasnsieT ocobblin crnyydan npvMeHeHus AAC ¢ ucnonb-
30BaHWeM rpaduToBOW nevr v BeBog4oM Npob B TBepaor dase), a Takke OTHOCUTENBHO BbICOKAA CTOMMOCTb
nccrnenoBaHus.

2.4.3.2 NnameHHana AAC

Mpwu ncnons3oeanun NnnameHHol AAC pacteop nNpobbl BBOAUTCA B MNams aueTuneHa y rasa-okMcnute-
ns, B KAYECTBE KOTOPOro MOTyT BbICTYNAaTh BO34YX UMW OKCUA a30Ta, 4YTO NO3BOMAET atTOMU3NPOBaTh Uccreay-
eMble aremeHTbl. [MnamenHas AAC obecnevmBaeT BbICOKYI YYBCTBUMTEMNbHOCTL NMPW OOHaPYKEHUK LLEMNOYHbIX
W LWEeNoYHO3eMerbHbIX MeTanmnos.

2.4.3.3 AAC c reHepauuen rugpupos (I'T-AAC)

[aHHbIn MeTop achdekTUBEH ANs UcCneoBaHUs ANIEMEHTOB, KOTOpble MOMyT BbiTb BOCCTAHOBMNEHL! [0
neTy4Ynx ruapuacs npy nomolm tetparnapobopata Hatpus (NaBH4). KonuuecTBo Takux anemMeHToB orpaHu-
YEHO: K HUM OTHOCATCA MbILWbSAK, BACMYT, CypbMa U ceneH. JleTyuve rugpuabl OTAENSATCA OT MaTpuL nyTem
BBEAEHMWA B aTOMU3aUMOHHYKW Kamepy. Kak cnegcteue, MM-AAC 0eMOHCTPUPYET BbICOKYH YYBCTBUTENBHOCTD
K MepeYmCcrieHHbIM 3NeMEHTaM.

2.4.3.4 AAC c ucnonb3zoBaHueM rpacputoroi neuun (FM-AAC)

Mpwu ncnonb3oraHm AAC ¢ rpachuTOBOM NeYbl XUAKasa unu Teepaasa npoba BeoguTcA B rpadpuToOBYHO
TpyOKy, rae BbiMapvMBaeTcs 3a CHET 3MNeKTPUYecKOro Moporpesa, a ocTatku osonstotcs. [Ons obecneveHus
Hagnexallen noBTOPAEMOCTU, TOYHOCTU U BLICOKOW YYBCTBUTENbHOCTU PEKOMEeHOYeTca MCnonb3oBaTh rpa-
chutoByto Tpybky ¢ nnatcopmoi. Ecnv ueneBbie anemeHTbl 06nafatoT NOBLILEHHON NeTy4ecTbio, TO ANS
YMEHbLUEeHUS NOTEPb 3TUX 3MIEMEHTOB MNpPU HarpeBaHUM NPUMEHSIOTCA MoguduKkaTopbl MaTpuuel. [Npy gans-
Helwem HarpeBaHuM 00 OYeHb BLICOKMX 3HAYEHW TeMnepaTtyp, aneMeHThbl, NPUCYTCTBYILWME B OcTaTKax
nofBeprawTcsa atoMmuaauuu. Ha stom atane MOXeT BbiTb M3MEpPEHO ocnabneHue N3nyvyeHns namnel B Y3KOM
obbeme rpacutoBoi KioBeThl. [T1-AAC 0bbi4HO obecneymBaeT Donee BbICOKYIO YYBCTBMTENBHOCTL MO CPaBHe-
HMIO ¢ NnameHHor AAC No OTHOLWEHWID K BOMbLIOMY YACIY 3NIEMEHTOB, 4YTO TpebyeT BHECEHWS NOoMpaBkn Ha
¢oH BBMAY UCMNONbL30BaHWUA BbICOKMX TeMnepaTyp. B kadyecTBe Takon POHOBOW KOPPEKLMUKM HACTO NPUMEHHAET-
CS 3eeMaHOBCKas WNu AerNTepueBasl KOppeKkLuuns.

2.4.3.5 AAC no metoay «xonogHoro napa» (XM-AAC)

AHanus pTyTy BBUAY ee cneuudrnyecknx usnko-xMmMmu4ecknx CBOMCTB MOXET npeanonaratb UCNonb3o-
BaHWe cneunansHo paspaboTaHHbIX MeTOAuK NoaroToBkKM nNpob u TpebyeT ocoboro nopsgka NpuMroToBneHus
npodbl NMMbo npuMmeHeHuss 0cobbliX METOAOB MccnedoBaHus. Mockonbky ANs atoMysauun pTyTu He cregyer
nogaepuBarth BbICOKME 3HA4YeHUs Temneparyp, 370 ee KayecTBO HepeaKo UCMONb3yeTcsa Npu BbINOMHEHUN
uccrefoBaHuin ¢ NPUMEHEHWEM Tak Ha3blBAeMOro MeTofa «Xono4Horo napa». AToMusaumsa pTyTuU NPOUCXo-
auT Nnbo nyTemM ee BOCCTAHOBIEHWUSA COOTBETCTBYHOLLUMW BOCCTAHABNUBAKLWMMA areHTamu, TaKUMKU Kak OUX-
nopwupg onoea, Nubo nyTem HarpeBaHusa. Bcnen 3a HarpeBaHueM pTyTU MHOTAA BLIMOMHAETCH amansramalums
€10 30M0Ta, Y4TO NO3BONSAET M3bupaTenbHO BBOAUTE PTYTh B SYEWKY aTOMU3aLMK C Lefiblo NMOBbILEHUA YyB-
CTBMTENbHOCTW. Ha pbiHKe NpegcTaBneH Lenblid pag npubopoB ANs aHanuaa pTyTy, MCNOMb3YIOLWMX On1McaH-
HOe CBOWCTBO 3Toro anemenTa [10], [16], [17].

2.4.4 UHpykTMBHO cBA3aHHaA nna3ma (UCI)

2.4.4.1 O6LMe nonoxeHns

WCI npepoctaenaeT NpeBOCXOAHbLIE BO3MOXHOCTWU BO3BYXOEHUS UMW MOHWM3ALMW 3NEMEHTOB B CUMY
BbICOKWMX 3HA4YEHNIA TeMmnepaTyp, AocTuraeMeix nnasmoin [18]—[20]. Mpwu skntoveHun ropenku NCI cosgaetcs
MHTEHCUBHOE 3MeKTpoMarHMTHoe none. B ropenke BOCNNamMeHAETCHA HarHeTaeMbld razoobpasHblil aproH U
obpasyeTcsa nnasma. [oTOK aproHa, HeobxoaMMbIA 4Ns NoggepXaHust NasmMbl, MMeeT BbICOKME 3Ha4YeHus
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pacxoga (~20 n/muH), a 3Ha4deHns Temnepartypbl gocturatoT 7000 K unun 6onee. B 6onblunHCTBE cny4aes pac-
TBOP Npo6bl NpY NOMOLLKW NEPUCTANBTUMHECKOrD HAacoca BBOAUTCS B pacnbiNUTENb AN NMOnyYeHus aspo3ons.
A3po30nb NocTynaeT HeMocpeACTBEHHO B Mra3My aproHOBOW rOpernku, cpasy Xe CTanKMBasCh C 3MeKTpoHa-
MW 1 33aps)KEHHBIMW MOHaMKW MNasMbl Tak, YTO 3MEMeHThl, coepxalliMecs B npobe, NpeBpallatTcs B MOHbI.
Monekynbl npobbl pacnagarTcs Ha COOTBETCTRYIOLLME aTOMbl, KOTOPbIe TEPAKT SMEKTPOHLI, YTO Bbi3biBAET
CBETOBOE M3Ny4EHWNE C XapaKTepUCTUHECKUMMW AMMHAMMW BOMHbI MPUCYTCTBYHLWMKX B npobe anemeHToB. Mc-
nonbayemble getektopsl 6biBatoT TMnoe MC nnu O3C. detektopbl MC obHapyXMBaloT MOHM3NMPOBaHHbIE aT0-
Mbl Ha OCHOBE OTHOLWIEHWA Macca/3apsg; getektopel O3C pearnpytoT Ha CBET, U3any4aeMblil BO3DYKOEHHLIMM
atomamu [21].

2.4.4.2 ICN-03C

Ecnu yctaHoeka ¢ CI o6opygosaHa ontudeckum cnektpoMeTpom (MCM-O3C), To KoHUeHTpauus ane-
MeHTa B uccrnegyemon npobe onpenensieTca no WHTeHCMBHOCTU Takoro uanydenus. Metog WCM-03C or-
JIN4AETCs BLICOKOW YYBCTBUTENBbHOCTLIO, OAHAKO MPW ero UCMofb30BaHUM HeoBXo0gMMO YYUTLIBATL SIBMEHWE
cnekTpanbHOW HTepdepeHLMn (HanuimMe HeCKONMbKMX MMHWIA MCNYCKaHWA, Kak B cny4vae ¢ kenesom). Mpume-
HEHWEe HEeCKOMbKUX MOMPaBoYHbIX YPaBHEHWUIA NO3BONSAET 0cnabuTe BNUSHWUE OAHHOIO SIBMEHWS.

2443 ACN-MC

Ecnu yctaHoeka ¢ VCI obopynoeaHa macc-getektopom (UCIM-MC), To KOHUEeHTpauusa anemeHTa B Npo-
Be onpegensieTca Mo pacnpocTPaHeHHOCTW COOTBETCTBYHLWMX WMOHOB (M3oTonos). Ans WCM-MC nnasma
LOMKHa MMeTb Bonee BbICOKYH Temnepatypy, 4Tobbl cTUMynupoBaTe obpa3oBaHue MOHOB. [MoMexu npu macc-
LETEeKTMPOBaHWK MOTYT BbITb NONMMATOMHBIMKU UMM M3OTOMHBLIMKU (M30DapHbIMKU). B 3TOM cnyyae moryT npu-
MEHSATLCA MOMPaBOYHbLIE YPaBHEHMS, a B Bornee coBpeMeHHOM 0Bopya0oBaHUMU ANS CHUXEHUSA OCTPOTHI MK
NMOMHOro YyCTpaHeHUsa AaHHON NpobnemMsl MCMNOoMNb3YTCA KONMU3NOHHBIE AYEKN UMW aHANM3aTopbl C BLICOKOM
paspellarwLler cnocobHOCTLIO.

3HauyuTenbHbiM Npeumywectsom MCM-03C n MCM-MC aBnsitoTcs MHOrOaneMeHTHbIA xapakTep haH-
HbIX METOAOB W X NMUHEAHbLIA AMHaMU4ecknid auanasod. OCHOBHOWM HeQOCTaTOK — CTOMMOCTL MCCMNeaoBaHus,
a Takke TOT hakT, YTo Npobkl, Kak NpaBuno, NPUXoOUTCA BBOAWTL B BUAE pacTBopa.
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MpunoxeHune A
(cnpaBo4Hoe)

KonopumeTtpuyeckasn peakuusn [3], [8]

A.1 O6wmre nonoxeHunA

K anemeHTam, noggalolMMcs TakoMy oOHapy»KeHWH, OTHOCATCH, Hanpumep, CBWMHEL,, BUCMYT, Medb, KagMuiA,
cypbMa, OrnoBO U PTYTb.

MpyvMeHaeTcs cnefywmi NOPsSaoK UCMNbITAHWUA.

1) MpuroTtaenveatoT UcnbITyeMblid pacTeop (MP) nyTem pacTteopeHus npobbl B BoAe, B KOTOPYIO AobaBreHa yKcyc-
Has KMcnoTa Ansd nonyveHusa sHaveHusa pH B wHTepsane ot 3,0 go 3,5. B cnydyae HeOoBX0OMMOCTM UCMOMNb3YKT CEPHYH
KMUCMOTY, a30THYH KUCMOTY WU MHBIE KUCINOTLI, MOAXOAALLME ONA Pa3NoKeHUs 1 yaaneHusa u3 npobbl opraHuyYeckux npu-
mecein. Taxensle MeTannel B UCMLITYEMOM pacTBOPE pearupyloT ¢ AobaBnaemMbiM B HEro cyneguoom HaTpus, cbpasys
OKpaLUeHHble HepacTBOpPUMBbIE Cynbuabl.

2) AHanornyHble onepawyn BbIMOMHAKT Ha CTaHA4apTHOM PacTBOPE CBMHLA.

3) McnbiTyembld pacTBOp M CTaH4apTHLIA pacTBOP CBMHUA MO OTAeNbHOCTM nepeHocaT B npobupkn Heccnepa, a
3aTeM CpaBHWMBAIOT OKPACKy pacTBOPOB NyTemM HabnwaeHus Npobupok ceepxy 1 cboky Ha Benom goHe.

Mcnonb3oBaHWe TUTPOBAHHOIO pacTBopa Cynbguaa HaTpWsa B Ka4ecTBe KOMOPUMETPUYECKOTrO peakTUBa OnvcaHo
B AMNOHCKWUX CTaHZapTax no nekapcreeHHonogobHeiM BewecTteam [3]. Cynbdma HaTpusi B pacTBope MOXET BbiTb 3aMeHeH
TMoaueTaMMaoM, B cOOTBETCTBMM ¢ TpeboBaHuamu Eeponeiickon cdapmakoneun 7.0, [4], [8], [7] v opyrvumu chapmaueBTu-
YECKUMUW HOpMaMM.

A.2 PacTBOpbI M CTaHAAPTHbIE PAcTBOPbI

A.2.1 O6Lwwme nonoxeHusn

B HacTofAwem cTaHgapTe npeacTaBneHbl TONbko Hawboree BaHble BWAbl pacTBOpPoOB. Bce ucnonbayembie
peaKkTUBbI AOMKHbLI MMETb CTENEHb YNCTOThI «4UCTLIN NS aHanua3a.

A.2.2 CtanpgapTHeIv pacTeop ceuHua (10 mr/n).

A.3 O6opynoBaHue

A.3.1 NMpobupka Heccnepa, 6becuseTHas uunuHoprdeckas npobrpka u3 TYronnaBKoro CTekrna ¢ TOMNWWHOW CTEHOK
ot 1,0 go 1,5 Mm v nputepToit npobkoi. OTKNOHEHWE BLICOTHI OT AHA NPOBUPKK 00 rpagyvMpOBOYHOM PUCKKU, COOTBETCTRY-
towein 50 Mn, y pasHbix NpobrpoK He OOMKHO NpeBbIllaTh 2 MM.

A.4 MNpwuroTtoeneHue pacTBopa Npobkl U KOHTPONLHOrO pacTeopa

A.4.1 PacyeT konuyecTtBa NpobkbI ANA UCNbITaHUKA

VMcnonbkayemoe konu4yecTBo Npobbl B rpaMmax paccymThiBatoT no popmyrne, npyBeneHHon Huke. KonnyecTBo cTaH-
OapTHOTO pacTeopa CcBMHLUA 0bbivHO cocTaBnsaeT 2,0 M, oaHaKo MOXKET ObiTb UBMEHEHO C LIEMNBI0 AOCTVIKEHWUS KENAEMOTo
npegena v onTMMU3aumMy YCIOBUIA UCMbITAHUIA AN NOBLILLEHUS HAAEXHOCTM METOA.

w=10x VIL, (A1)

roe w — macca npobel, T,
V — ofbem cTaHOapTHOro pacTBopa CBUHLA, MIT;
L — npenencHOe codepXaHue TAKEnbIX MeTanmnos, MK,

A.4.2 BbiGop meTona noaAroToBKU npob

MeTtog 1 MOXET NMPUMEHATLCA NPW NCCNEAO0BaHNAX ChIPLEBLIX MaTepUanos, pacTBOPSOWMXCH B BOAEe U He obpasy-
WM ocagka npy gobaBneHun pa3BeneHHON YKCYCGHOW KUCOThI ANS perynupoeaHus 3HaveHus pH pacteopa B MHTepea-
ne ot 3,0 go 3,5. Ecnw gaHHble TpeboBaHWA HE BbINOMHAKOTCA UMM YPOBEHb N3BMNEYEHWs HeJOCTaTOueH, N3y4aloT BO3MOX-
HOCTb NMPUMEHEHMSA MeTodoB co 2 no 4. Ecnu HM ognH M3 yKa3aHHbIX CrocoboB He ABNAETCA NPUEMNEMbIM, MCMONb3YIOT
MHbIE METOABI, HE ONWCaHHbLIE 30eCh.

MeTtog 2 0BbI4HO NPUMEHSAETCA NPY UCCREA0BaHWAX OpraHNYecKnx matepuanos. B To e Bpemsi OH HENpyUMeHUM
ONs aHanu3a CblpbEeBbIX MATEPUanoR, KOTOPLIE COAePKaT BOCCTaHaBMNMBAIOWME METanNMbI, TAKME Kak Medb, U HEPACTRO-
pYMble OKCWALI MeTannoB, 06pa3oBaHHble B PE3YyNETaTe 030MEHWS, MOCKONbLKY CONAHAas KMCMNoTa, NPUMEHAeMas B 4aHHOM
meTofe, He cnocobHa MOMHOCTbIO PACTBOPUTE NOA0OHbBIE MaTepuansl.

MeTtog 3 yacTto GbiBaeT apdeKTUBEH NpU UCCNedoBaHWAX CbiPbEBLIX MaTepuanos, NonHoe 030f1eHMe KOTOpbIX B
COOTBETCTBMM C METOAOM 2 He NpeacTaBnaeTcs Bo3MoxXHbeIM. OH NpeaycMaTpyvBaeT pacTBOPEHNE UMEIOLLMXCH OCTaTKOB
MpY MOMOLLM LapckoW Bogku. [Mpu nogrotoBke npobbl B COOTBETCTBMW C A@HHBIM METOAOM HE CredyeT WUCMonb30BaTh
nNaTuHOBLIE TUMMN.
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MeToa 4 MOXKET NPUMEHATLCS, ECMN YPOBEHb W3BMEYeHsl, JOCTUrHYTLIA B COOTBETCTBMM C METOOOM 2, ABMNAETCA
HepocTatoyHbIM. CXUraHvWe ¢ aTaHONOM B MPUCYTCTBMU MarHus HUTpata Ao obpazoBaHns 3056l NO3RONAET NpeaoTepa-
TUTb UCNApPEeHe MeTannoB B NPOLEcce ropeHus.

MeTogel co 2 no 4 NpeaycMaTpUBAOT NPOKanuMBaHUE UMM KUCMOTHYK MWUHEPanu3auuilo B OTKPLIThIX eMKOCTSX.
PTyTb U MbILLBSK MOTYT UCNAPATLCH B 3TOM npouecce. COOTBETCTBEHHO MPU UCCNeaoBaHWM 3TUX 3NEMEHTOB MOXET Mo-
TpeboBaTtbca ocobbi noaxoa.

A.4.3 Metog 1

Heobxogumoe pacyeTHoe konuyectso nNpobel nomelarT B npobupky Heccnepa v pa3sofaaT B 4OCTATOYHOM KOMu-
YyecTeBe BoAbl Ao nonyyeHus obvema 40 mn. JobaenawT 2 mn pazbaBneHHOW YKCYCHOW KMCNOThI U BOAY, A0BOAS 0bbem
pacteopa Ao 50 mn. MNony4eHHsIA pacTBop MCNOMNb3yT ANA UchbiTaHuid. COOTBETCTBYIOLLEE KONUYECTBO CTAHAAPTHOMO
pacTBopa CBUHLA NoMeLlatT B Apyryto npobupky Heccnepa, 3atem gobaensioT 2 mn pa3baBneHHoW YKCYCHOM KMCNOThI 1
BOAy, AoBoAs 06bem pacTteopa Ao 50 mn. Mony4YeHHbIM pacTBOP UCMOMbL3YIT B KAYECTBE KOHTPOMBHOIO.

A.4.4 MeTop 2

[MomeluatoT HeobxooumMoe pacyeTHoe KONMMYecTBO Npobbl B KBApUEBbIN N hapdopoBLIA TUrenb, HEMMNOTHO 3a-
KpbIBAKOT KPbILWKOW W obyrnuBaloT npu HebornblwoM Harpee. NMocne oxnaxaeHus 4o6aBnaioT 2 MM a3oTHOW KUCNOTEl U
NATL Kanenb CEpHOW KMCMNOTLI, OCTOPOXKHO HArpeBaroT A0 MCHE3HOBEHWA Denoli NeHbl, a 3aTem NpokanveaT npu TeMne-
patype ot 450 °C go 600 °C go o3onenun. Nocne oxnaxaeHna gobasnaoT 2 M CONAHOM KMCNOThI, BeiNapyuBaloT gocyxa
Ha BogaHoOW HGaHe, YBNa)XHAT OCTaTKX TPEMSA Kannamu conaHon KuenoTsl, fobasnsaoT 10 mn ropaveld BoAbl U Nnporpesa-
10T B TeyeHue 2 MuH. [1o6aBnsaoT ogHy Kanmo TMTPOBAHHOIO pacTBopa heHondTaneuHa, a 3atem no kanne gobasnsawT
TUTPOBaHHLINA pacTBOp aMMKUaka BNIoTb A0 NosABNeHWs breqHo-po30BOro okpallmBaHus. MNpu gobaBneHnn n3dbITOHHOTO
KOMWYeCcTBa pacTBOpa aMMMaKa MCMbITYEeMbI pacTBOP MOXET MOKpacHeTb, a nocnenytwouwlee aobaeneHve 2 mn pasbae-
NEeHHOW YKCYCHOW KMCNOoThl MOXET He obecneunTs nonydyeHve 3HadeHua pH, npubnusntensHo paeHoro 3,5, n Takum o6-
pazoM ToYHas OLEHKA COOEepKaHus aNeMeHTOB CTaHeT 3aTpyaHuTensHon. Ecnm konuyecTBo pacTBopa aMmmuaka Bce Ke
0Ka3anochk M3bbITOYHLIM, B UCMLITYEMbIA pacTBOp 400aBNsA0T pa3baBneHHY COMAHYI0 KUCNOTY ANS ero HelTpanusauum
[0 TeX Mop, Noka pacTBOp CHOBa He cTaHeT BnegHo-po30BLIM.

LoGaenstoT 2 mn pa3baBneHHOW YKCYCHOW KUCMNOThI, NpM HEoBX0OAUMOCTU (PUNETPYIOT, NpoMelBatoT 10 Mn BoAkl,
nepeHocAT punsTpaT U NPoMBIBHYH BoAy B npobupky Heccnepa, gobaenstoT sBogy Ao nonydeHns obbema 50 mn u me-
MoMnb3yoT NOMyYEeHHbLIN PacTBOP ANS UCMbITaHWA.

[MpurotaBNMBalOT KOHTPOMbBHLIA pacTBOp cnedyowmm obpasom: BepyT 2 Mn a3oTHOW KUCNOTEl, 5 Kanens cepHon
KWCMNOTbI U 2 MIT COMNSIHOW KUCNOThI, BEINAPUBAIOT BHaYane Ha BoasHoi baHe, a 3atem gocyxa Ha necdaHoin 6aHe 1 ysnax-
HAKOT OCTaTOK TPEMSA KarnaMU COMNAHOW KUCMOThl. BINOMHAT Te e onepauun, Y4To U NpU NPUIrOTOBMNEHUA UCMbITYEMOTO
pacTBopa, 1 0o0aBnAT HeobXoaMmMoe pacyeTHOE KONMMYECTBO CTaHOAPTHOrO pacTBoOpa CBUHLA W BOAbI A0 MOMyYEHUS
obbema 50 mn.

A.4.5 Metop 3

[MomeLuatoT HeobxoAMMOe pacyeTHOe KonuyecTBO Mpobbl B KBapueBbld wnu capdopoBbli TUrenb. HavyuHatoT ¢
MeAJIeHHOro HarpeBaHus, 3aTeM NpoKanvearT 4o pasnoxeHus. MNMocne oxnaxageHnsa nobaenaoT 1 MN LapcKoW BOOKW, Bbl-
napuealoT 4oCyxa Ha BoAsHOW BaHe, yBNaKHAIOT OCTaTKM TpeMs Kannamu conaHow kucnoTel, AobasnawTt 10 mn ropaven
BOObI 1 MporpeBakoT B TedeHne 2 muH. JobaBnsioT ogHy Kanmo TUTpoBaHHOrO pacTBopa deHondtanerHa, a saateMm no
Kanne 0o6aBnAwT TUTPOBaHHLIK PacTBOP aMMMaka BhfoTh A0 NosABneHusa 6neqHo-po3oBoro okpawmveaHud. [lobaensawT
2 mn pazbaBneHHON YKCYCHOW KMCNOThI, MpU HeobxoaumocT UneTpyHoT, NpomMbiBatoT 10 Mn BoAbl, NepeHocAT ounsTpar
1 cMbIBKY B Npobupky Heccnepa, aobaenatoT Boay Ao nonydeHua obbema 50 M 1 UCNONb3YIOT NoNyYeHHLIN pacTeop Ana
UCMbITaHWA.

[MpuroTaBNMBaOT KOHTPOMBHBIA pacTBOp cneaylowmm obpa3om: BeinapuBatoT Aocyxa 1 MI LapcKoW BOOKW Ha BO-
AaHow BaHe, BbINOMHAOT Te Xe onepaumuy, 4YTO U NPy NPUroTOBIIEHWMW NCMBITYEMOrO pacTeopa, a 3atem nobaensaT Heob-
XOAVMMOE pac4eTHOE KONMUYECTBO CTaHAApPTHOrO pacTeopa CBUHLA W BoAbl A0 nonyyeHus obbema 50 M.

A.4.6 MeTton 4

[MomewwatoT HeobxogMMoe pacyeTHoe Konu4ecTBO Npobbl B MNaTUHOBLIA Unu dapgopoBbld TUrenb, AobaensawT
10 mn pacTBOpa MarHua HWTpara rekcarmgparta B ataHone (1:10) u TwaTtensHo nepemeluvBaloT. [omKuratoT aTaHon M 06-
yrnvBatoT npu Hebonbwom HarpeeaHuu. Mocne oxnaxaenna 0obaenaoT 1 MN CEPHOM KMCNOTbI, OCTOPOXKHO HarpesatoT K
npokanueatoT npu Temnepatype ot 500 °C go 600 °C go pasnoxeHus. Ecnn yacTe 0ByrmeHHOro BellecTBa coxXpaHsieTcs
npy UCMNOMb30BaHUM JAHHOTO METOAA, OCTATKM YBMNaXKHAKT HeOOoNbLUMM KONMMYECTBOM CEPHONM KMCMOTBHI U CHOBA Npoka-
nueatoT Ao pasnoxeHun. MNocne oxnaxaeHua 0o6aBnalT K octatky 3 MM CONSAHOM KUCMOThl U BbINApMBAKT JOcyxa Ha
BoOsHON GaHe. YBNaXHAKT OCTATOK TPEMSA KannaMu conaHon kucnotel, gobasnawT 10 Mn ropsyen Bodbl U HAarpeBakT
[o pacteopeHus. [JobaBnaT ogHy Kanm TUTPOBaHHOrO pacTteopa deHondTaneunHa, a 3atemM no Kanne gobaenawT Tu-
TPOBaHHLIA pacTBOp aMmMMaka BroTb A0 NosieneHus BnegHo-kpacHoro okpawumeaHus. JobaenawoT 2 mn paszbasneHHon
YKCYCHOW KUCNOTHI, Npy HeobxogumocTn dunstpytoT, npomeiBatoT 10 Mn BoAbl M NepeHocAT (QUNLTPaT U CMbIBKY B NMPOo-
bupky Heccnepa. Jo6aenstoT soay, AoBoas o6bem pacTeopa 0o 50 Mn, U UCMoNb3yoT NONYyYeHHbIM pacTBop B Ka4ecTBe
UCMbITYEMOro pacTeopa.
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MpuroTaBNMBaKT KOHTPONbBHBIA pacTeop cnegylowum obpasom: bepyT 10 Mn pacTBopa MarHusi HUTpaTa rekcaru-
gpata B ataHone (1:10) n BocnnameHsAwoT ataHon. [Nocne oxnaxaeHua 0obaensaloT 1 M CEPHON KUCMOThI, OCTOPOXHO Ha-
rpesaioT W npokanueatoT npu Temnepatype ot 500 °C go 600 °C. MNocne oxnaxaeHus nobasnaoT 3 MN CONAHON KUCNOThI,
BLIMNOMHAT T e onepauun, YTo 1 Npy NPUroTOBNEHWW UCNLITYEMOro pacTeopa, 1 AobaBndaloT Heobxogumoe pacyeTHoe
KONWYeCTBO CTaHAapTHOro pacTBoOpa CBUHLA W BOAbI A0 nonyyeHus obbema 50 mn.

A.5 OnpegeneHue

No6aBnsaoT K MCNbITYEMOMY pacTBOPY WU KOHTPOMBHOMY pacTBOpY MO OAHOM Kanne TUTPOBaHHOro pacTBopa Cynb-
duraa HaTpusa, TWaTenbHO NepeMeLllnBaloT U AT OTCTOATLCA B TedeHre 5 MUH. BaxHo, 4Tobbl pacTBop cynbduaa Ha-
Tpusa gobaenancs K UCNbITYEMOMY U KOHTPOMNbHOMY PacTBOPY OAHOBPEMEHHO, NOCKOMbKY NOMHOTa OKpallMBaHWsA 3aBUCKT
OT ANUTENbHOCTKU Bblaep:kkn. PaccmaTpuBatoT pacTBopbl Ha 6enom oHe B ropr3oHTanNbHOW MMM BEPTUKANBHON NNOCKO-
CTU U CPaBHMBAIOT UX okpacky. Okpacka UCMbITYeMOro pacTeopa He JoMmkHa ObiTek MHTEHCUBHEE OKPaCKW KOHTPOMLHOMO
pacTteopa.

Mp» cpaBHEHWMM OKpackK pacTeBopoB ocoboe BHUMaHWe cnenyeT obpatuTe Ha NPaBUNBbHOCTL YCTAHOBKM MCTOYHMKA
cBeTa, 4Tob6bl M3bexaTb ownbo4yHoro 3aknodeHns. HabnogeHve BoIMONHAT NPy AOCTATOMHOW APKOCTM OCBELWeHUs. [pur
3TOM OCBELLEHHOCTb UCMBITYEMOTO M CTAHAApPTHOrO PAcTBOPOB AOMKHa ObITh oguHakosoi. OnTuMansHoe B3aMMHOE pac-
nonoxeHue npobupkn Heccriepa n 6enoro coHa, B Ka4ecTBe KOTOPOro BbICTyNaeT Bymara unn KapToH, Npu BU3yarnbHOM
KOHTpone nokasaHo Ha pucyHke 1. lNepen HabniogeHnem w3 npobupku Heccnepa yganawT npobky. Ecnu pasnnyve B
OKpacKe pacTBOPOB C YBEPEHHOCTLID OLUEHUTE HE YAAETCH, MEHSIOT MOMOXKEHVE UCMLITYEMOrO U CTAHAAPTHOTO PacTBOPOB
W NOBTOPAOT HabnogeHwe. JTOT Wwar noMoraeT u3bexaTb HEBEPHOro 3aKMYEeHNs NpU BU3yansHOM KOHTPOMeE.

L1l 1. 1. 23
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PucyHok A.1 — Cxema BU3yarnbHOMr0 KOHTPOMs
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MpunoxeHune B
(cnpaBo4Hoe)

PeHTreHoBcKana donyopecueHUUA

B.1 Obwme nonoxeHusa
OneMeHTbl, onpegensieMble ¢ UCNoNb3oBaHWeM JaHHOro MeToaa, onucaHel B 2.4.3.1 1 2.4.3.2.

B.2 OGopynoBaHue

B.2.1 PeHTreHothnyopecueHTHbIA CMeKTPOMETD C COOTBETCTRYIOWMM AETEKTOPOM.
B.2.2 O6opynoBaHue ona noarotoBku npob npu HeobXoaMMOCTH, Hanpumep npecc-opma anga 1abneTtok, KBeThl
Ans 06pa3uoe 1 TOHKas NneHka.

B.3 NMoaroTtoBka Nnpobbl

Mpw BbINOMHEHUWM aHanW3a NopoLLkoobpa3sHeix Npo6 B cnydyae HEOBXOQMMOCTU K HUM MOXET 406aBnATLCH CBA3Y-
lollee BelecTBo, YTobbl obnerynTe hopMMpoBaHue TabneTok npeccoeaHnem. [Ing aHanusa xuakux npob ux 3anedarbl-
BalOT B COOTBETCTBYIOLME EMKOCTM C TOHKOWM nneHkoi. Ecnn npo6a npeacTtaBneHa XMAKOCTbIO M KOHUEHTpaUusa Uameps-
€MOro 3NemMeHTa B Hell HeBenuka, hakTuyeckas KOHLEeHTpaumst MoXeT BbiTh NOBbILLEHA C MPUMEHEHHEM Pa3HOOBPasHbIX
METOAOB KOHLEHTPUPOBaHUS.

myBuHa aHanuaa npobbl NpM PeHTrEHOBCKOM UCCMEeNOBaHUM 3a4acTyio MOXET AOCTUraTe HeCKOMNbKMX MUKpOMe-
TpoB (1078 M) B 3aBMcumMOCTK OT cocTasa nNpobbl U anemMeHTa, nognexallero namepenunio. Ocoboe BHUMaHue cnenyet
YAENATb TOMNWWHE W COCTOSHUIO MOBEPXHOCTM Npobbl.

B.4 OetekTupoBaHue

Ecnu OeTekTop HyKOaeTca B OXNaKOEeHWW, ero 3abnaroBpeMeHHO OXNaXKOaT KUAKAM a30TOM Neped Hadanom
aHanuaa. YcTaHaBnMBakT HanpsKeHWe PeHTreHOBCKOW TpyBKW, TOK PEHTTEHOBCKOW TpyBKW, BPEMSA M3MEpPEHWs 1 Apyrue
HeobxoaMMble NapaMeTphl, NpedycMOTPeHHbIe NocTaBlwKkoM obopyaoBaHus. BelbMpaloT UCKOMBIE 3MeMeHTbl U MPUCTY-
nawT K aHanuay.

OTpenkHble Npubopbl MoryT obecnednsaTbk paboTy No MeTody yHAAMEHTanbHLIX NapameTpoB. B cooTBETCTBUK
C 3TUM METOAOM KOMUYECTBO 3MeMeHTOB B npobe onpenenseTca 6e3 NoCTPoeHWUsA KPMBOW KanuBpoBKK NyTeM OLIEHKW Ha
OCHOBE TEOPETMYECKUX PAcYETOB C WCMONb30BaHWeM WMHGOPMALMKM O KONWYECTBE KaXaoro areMeHTa, CoAepKallerocs
B npobe, ANA KOPPEKTUPOBKM BNUAHUA MaTpulbl. Kpome Toro, Hekotopoe obopynoBaHve npeanonaraet ucnons3oBaHue
Koa(pPULMEHTOB NpeobpasoBaHMs, OCHOBAHHBIX HA TOM e CaMOM TEOPETUYECKOM YPaBHEHUW, YTO U MeToad (oyHOamMeH-
TanbHbIX NApaMeTpoB. ITU KOAMULMEHTHI MOTYT UCMONB30BATLCA TONBKO ANS YNPOLLEHHOTO KONMYeCTBEHHOMo onpeae-
neHus.

KonunyectBeHHoe onpegeneHvne 0BbIYHO BBINOMHAETCHA HA OCHOBE KPUBOKM KanvbpoBKW, KOTOpas CTPOWUTCH MCXOOS
W3 UHTEHCUBHOCTM (hryOpPEeCLUEHTHOTO PEeHTIeHOBCKOMO M3Ny4yeHUs LEeneBoro anemeHTa. MHTEHCUBHOCTL pEeHTIeHOBCKOM
hnyopecLeHUMN 3aBUCUT NUBO OT XapaKTepUCTUK COCTABMAOWMX 3NEMEHTOB, B NepBYH oYepefb OCHOBHLIX, NGO oT
pa3Mepa 4YacTul. 3Ty 3aBUCUMOCTL OMMUCLIBAIOT Kak BNMsiHWE MaTpuubl. COOTBETCTBEHHO ANA NOMYyYEHNs NUHERHON Kpu-
BOW KanMBpoBKM CTaHAApTHelE 06pa3slbl MO CBOEMY XMMWYECKOMY COCTaBYy W COCTOSIHMIO MOBEPXHOCTU OOMKHbI BbiTh
aHanorW4YHbl Uccnegyembim npobam.

B OononHeHve K BbILEONWCAHHOMY BO3MOXHO MPYMEHEHWE Tak HaablBaeMoro MeToda BHYTPEHHEro ctaHdapTa,
B COOTBETCTBMM C KOTOPLIM K Npobe 0oBaBnsalT aneMeHT ¢ NMoCTOAHHBLIM 3HAYEHWEeM KOHLEHTPALMM, BLICTYNAIOLWMA KaK
BHYTPEHHMIA CTaHdapT. 3HaYyeHue KOHUEHTpauuW OnpedensioT Ha OCHOBE OTHOLUEHWA WHTEHCMBHOCTEW ONA 2N1eMEeHTa,
ABNAKLEr0Cs BHYTPEHHUM CTaHAapToOM, U LeneBoro anemMeHTa.
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MpunoxeHune C
(cnpaBo4Hoe)

Konu4yecTBeHHOe onpeaeneHue 3NeMeHTOB B npoﬁax

C.1 Konn4yecTBeHHOe onpegeneHue ¢ ucnonb3oBaHuem AAC [9], [22]

C.1.1 O6wme nonoxeHns

Ansi MyHepanuzaumn nNpob MoXeT MCMonb30BaTbCA MUKPOBOMHOBasA neds. OnpeneneHne KONMYecTBa MblllbsiKa,
Kagmusa 1 CBMHLA Ha ocHoBe T1-AAC no MeToay BHELUHeR KanubpoBKW BeINOMNHAETCS C NPUMEHEHUEM COOTBETCTBYHLLMX
pacTtBopoB. Mockonbky oBnactb nprMeHeHUa AAC He OrpaHuyeHa yKasaHHbIMK anemMeHTamm, nofobHble ccrnenoBaHms
MOTYT NPOBOAMTLCA W ANA APYTMX SNEMEHTOB Npu cobniodeHWn Haanexalmx YCnoBmii NoAroToBkK Npo6b.

C.1.2 PeakTuBbI M pacTBOpPbI

C.1.2.1 Obwme nonoxeHun

Bce peakTvBbl 4OMKHEI UMETL CTEMEHL YUCTOTHI «YUCTBIA ANS aHanu3ay. [pyu Hanu4Mu BO3MOKHOCTM NPEANnoYTU-
TeNnbHEE VCMONb30BaTh PeakTMBbl YUCTLIE AMA ANEMEHTHOrO aHanvaa.

C.1.2.2 MogudcukaTop AnA MbilbsAKa, pacTBop nannaava koHueHTpauwen 1000 mkr/mn B pacTBope ¢ 06beMHON
ponen 0,5 % a3oTHOW KMCNOThI.

C.1.2.3 MogudumkaTop AnA cBMHLA U KagMua, cMecb 1:1 pacTBopoB KoHUeHTpauren 2,0 r/n MarHua HuTpaTa B
pacTeope ¢ obbemHon gonei 0,5 % a30THOW KUCNOThbI W KOHUeHTpaumen 2,0 r/n ammoHus doccdarta 0QHOOCHOBHOMO B
pacTeope ¢ obvemHon gonen 0,5 % a3o0THOM KMCNOThI.

C.1.2.4 CtaHgapTHbIe pacTBOpPLI, MbILWbAKA, KaAMWUA U CBUHUA koHueHTpauven 1000 mkr/mn ana kaxgoro sne-
MeHTa.

C.1.2.5 'pagyMpoBO4HbIe PAcTBOPbI, CTaHAapTHbIe pacTeopsl (C.1.2.4) pasbaensT pacTBOpOM ¢ 00bEMHON A0-
neii a3oTHo knucnotel 0,5 % Ana nonyyeHns rpagyyMpoBOYHBIX PACTBOPOB C Pa3nuyHbIMK 3HAYEHUAMU KOHUEeHTpauun. Ee
OManasoH JOIMKEH OXBaThIRATh BEPXHUE U HKHWE 3Ha4YeHUs KOHLIEHTpaLMW LIENeBoro anemMeHTa.

C.1.3 O6opynosaHue

C.1.3.1 ®dunsTpoBanbHaa Gymara ¢ paaMepoM rnop, obecnevynBarLLMM yaepuBaHue YyacTul, paamepomM 11 MkM.
C.1.3.2 CuctemMa MUKPOBOINHOBOW MUHEpanuzauuu ¢ perynvpyemsiMi 3Ha4eHUSMIU OaBNEHVA U TEMMNepaTypbl.
C.1.3.3 EMkocTu 13 kBapua unu tetpadgptopmetara (TOM) BmecTumocTio 50 M.

C.1.4 MeToguka ucnbiTaHUi

C.1.4.1 NopgrotoBKa npobbli

TwaTtensHO B3BELUWBAIOT ABE OAMHAaKOBbie HaBecku npobel maccon ot 0,15 go 0,20 r v nomelLanT B CTOWKUA K
BLICOKOMY JaBMEHUID COCYA W3 KBapLa unu tetpadtopMeTaHa BmecTumocTteio 50 mn. Ecnun npoba conepxuT netyuve
KOMMOHEHTLI, 3TV KOMMOHEHTEI CNeayeT yaanuTs Nepen MUKPOBOMNHOBOW MUHepanuaauuei. [1o6aenawT 3 M KOHLEHTPU-
pPOBaHHOW a30THOW KMCNoThl (He meHee 65 %) n 1 mn pacTBopa nepekucu Bogopoaa ¢ obbemHon gonen 30 % ¢ ucnone-
30BaHWEM rpagyvpoBaHHOn nuneTkn. Ecnv npoba cogepxnT TanbK UM NUrMeHTbl, 4o6aBnsoT 1 M KOHLEHTPUPOBaHHOW
CONAAHONM KMCNOThIl. Y0exaaTces, YTo npoba NonMHOCTLIO YBMaXHUNach. 3aKpbiBakoT KPbILLKY eMKOCTW. [akoT OTCTOATLCS B
TeyeHve He meHee 15 MWH B 3aBMCMMOCTW OT TUNa MaTpuvLbl ONSA 3aBeplueHus peakuun. MNpucTynatwT k obpaboTke npo-
Obl B CUCTEME MWKPOBOMHOBOW MUHEpanuaauun. 3agatT HACTPOMKKM MUKPOBOIMHOBOW MUHEpPanM3auuy U 3anyckatoT Bbl-
nonHeHwe nporpammel. Ona 4OCTUMKEHUS NPUEMITEMONO YPOBHS U3BMNEYEHUS YCMOBWUA MUKPOBOMHOBOW MUHEpanuaaumm
OOIMKHbI ObITh ONTUMMU3UPOBaHBI ANA KOHKPETHLIX BUAOB npob. Mpy HeobxoaMmocTu obpallakoTca 3a KOHCYNbTauuein K
W3roTOBUTENKD CUCTEMbI MUKPOBOMHOBOM MUHEPaNU3aLum:

- MakcumaneHasa TemnepaTypa — 200 °C;

- MakcumMmanbHoe gasneHue — 7,5 Mla;

- NpOOOMKUTENBHOCTE MUHepanuaaumm — ot 40 oo 50 MUH B 3aBUCUMOCTU OT NpoBhbl.

Ecnu npeun3noHHOCTb NOMyYEHHbIX PE3yNBTAaTOB, CTENEHb U3BNEYeHUs nny oba aTux NokasaTens NpeacTaBnsAloTCca
HEYO0BNETBOPUTENBHBIMWA, PEKOMEHAYETCA M3MEHWTb Nubo konw4ecTso npobbl, MMBO KONMMYECTBO NPUMEHAEMbIX AN
MUHEpanNM3auumM KMCnoT, NMbo BHECTN M3MEHEHUS B MPOrpaMmMy MUKPOBOJTHOBOW MUHepanu3aumn.

Mocne MuHepanusauuy Npoby oxnaxaarT Npu KOMHaTHOW Temnepatype, godasnawT 20 mn JenoHU3MpoBaHHON
BOAb! K MUHEPANW30BAHHOMY PacTBOPY, ONOMNackUBaKT HAPYKHbIE CTEHKW EMKOCTM W NIMOTHO 3aKPbIBaOT KPbILLKOW. Punb-
TPYIOT Yepes uneTpoBansHyo Bymary, NnoMeLLaT B MepHyto konby BmectumocTeio 50 mn 1 pasbasnaoT go Heobxoau-
moro obbema AenoHU3MPOBAHHOW BOOOWN.

MpuroTaBNMBaKT XONOCTOM PacTBOP ONA NPOBEPKM MeToda Takum e 0bpa3om, Kak M npenbiayLinii pacTBop, HO
6e3 pobaeneHus npobebl.

C.1.4.2 MNpoba c npobaBkamu AnA onpegeneHUs NPoUeHTHOW AOMNU U3BNeYeHUA

TwaTtensHO B3BELUMBAIOT € TOYHOCTLIO Ao 0,1 Mr ABe oAuHakoBble HaBecku nNpobel Maccou ot 0,15 go 0,20 r u no-
MELLIAT B CTOMKMA K BbICOKOMY OaBMNEHWH COCyd W3 KBapua unu TetpadtopmetaHa BMmecTumocTelo 50 mn. [Mvunetkon
nomMeLlatoT B eMkocTb no 300 MKN cTaHOapTHOTrO pacTBopa CBMHLA C KOHUEHTpauuend 5 Mkr/mn, cTaHgapTHOro pacteopa
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MblILWbSAKA C KOHLEHTpaunehn 5 MKr/Mn 1 cTaHOapTHOro pacTBopa KagMus ¢ KoHueHTpauwein 0,5 mkr/mn. MuHepanuayroT
AN nony4YeHus pacteopa npobsbl, kak onucaHo B C.1.4.1.

C.1.4.3 deTtekTMpOBaHUe

B tabnuue 1 npusedeH npumMmep ycrnosuid, obecnednsaembix Ang [M-AAC. 3agaloT COOTBETCTBYIOWME NapamMeTphl
nporpammel aHanuaa. [pw 3anycke nocnegoBaTensHOCTY onepauvin cneqytotT TpeboBaHuam pyKOBOACTBA MO JKcnnyara-

Unn, npegoctaBneHHoro nocTaBLLMKOM Dﬁopy,qosaﬂm.

Tatnuua C.1— Ycnoensa npumeHeHna IM-AAC

3nemeHT [nuHa BOMHbI, HM Muponus, °C aTT;T:ae;fx??c Oﬁ&?’;‘pﬂ?ﬁ;ﬁ”' BBO‘””M;:&OGBEM‘
Meblubak 193,7 1250 2100 5 20
Kagmwuia 228,8 650 1650 5 20
CeuHey 283,3 550 1550 5 20

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru

C.1.5 Pacuetbl
JIuHelHas 3aBUCMMOCTE MEXY BO3pPACTAlOLLEN KOHUEHTpaUMEN paccMaTpyBaeMoro aNeMeHTa B rpafyMpoOBOYHbIX

pacTBOpax M COOTBETCTBYIOLLEN NNOWaabo Nvka npeactasnena dgopmynon (C.1):

y=ax+b, (C.1)

rde a — HaKOH MUHWW perpeccuu;
b — otpesok no ocu Y.
Mcnonb3yloT 3HaYeHWs HaKnoHa W pa3mepa OTpeska, NonyyYeHHble AnA rpagympoBOYHbBIX pacTBOPOB, U NoKasaHus
0bopydoBaHWA ANns WCMbLITYeMOro pacTeopa, YTobbl paccyuTaTe KOHLUEHTPaLUWo aemMeHTa B UCMbITYeMOM pacTeBope B
MUKporpaMmmMax Ha rpamm. KonmyecTBo MCKOMOIO anemeHTa B Npobe BbIMUCASIOT Mo cnegylowmnm dopmynam:

p=(A-b)a, (C.2)

w=px Vim, (C.3)

roe p — KOHUEHTpauWa UCKOMOro anemMeHTa B pacTBope Npobbl, MKM/MM;
A — nokasaHua obopyaoBaHWa NpyY aHanuWae pacteopa npobkl, MHTEHCUBHOCTL;
b — oTpesok no ocuY;
— HaKmoH KpPUBOWN KannbpoBKu;
— Macca uccnegyemon npobel, T;
cocTaenset 50 mn;
— KOMWYECTBO MCKOMOrO anemeHTa B npobe, MKriT.

s <3 o
I

C.2 KonnuyecTBeHHOe onpegeneHue ¢ ucnonb3sosaHnem UCIH

C.2.1 Obwme nonoxeHnsn

JaHHbIl MeTod onuckIBaeT NOPAAOK KONMUMYECTBEHHOMO onpeaeneHns CBUHLUA, KaagMua, MellbaKa, HUKend, koGanb-
Ta, XpoMa B pa3HooOpasHbix MaTpuuax. lNockoneKy obnacte npumMeHeHus VCI He orpaHWyeHa ykasaHHBIMW anemMeHTamu,
nogoBHble nccnegoBaHna MOryT NPOBOAMTBECA M ONA APYIMX 3NeMEeHTOB NPy COBNgeHn Haanexallumx YCnoBui nogro-
ToBKM Npob. MNpu ucnonezosanum UCIT mMoryT ncnonb3oBaThCH pasnuyHble pexnmMbl OeTeKTUpoBaHugd, Takme kak O3C nnu
MC. [lanee B ka4yecTBe npumepa paccmaTtpueaetca npumeHeHune MCIr-McC.

C.2.2 PeaKkTuUBLI U pacTBOpLI
[Ons ananunza NCIM-MC vcnonb3yoT peakTuBbl 3NeMEHTOB COOTBETCTBYIOLLEN CTENEHM YUCTOTLI.

C.2.3 CtaHpapTHbIE pacTBOpbI

C.2.3.1 MHoroaneMeHTHbIW CTaHAAPTHbLIWM pacTBOP, COAEPKALLMN CBUHEL,, KAOMWUW, MbILLBAK, HUKEMNb, KOBansT 1
XPOM B KOHLeHTpauuM 10 MKr/Mn, Unu cTaHAapTHLIE PAaCcTROPLI ANEMEHTOB CBMHLA, KaaAMWUS, MbILLIbSAKA, HUKens, kobaneta
1 XpoMa c KoHueHTpauwei 10 mMkr/mn.

C.2.3.2 Ungun gna NCN-MC (pacteop), 1000 mkr/mn (BHyTpeHHWIA cTaHgapT 1, no Beibopy).

C.2.3.3 Poguin gna NCI-MC (pactBop), 1000 MmKkr/mn (BHYTpeHHWIA cTaHdapT 2, no eelbopy).
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C.2.4 O6opynoBaHue

C.2.4.1 Cuctema MMKPOBONHOBOW MWHepanusauum, npucnocobneHHasa Ana noaroToBku npod npu ucnonb3osa-
Huu UCTT.

C.2.4.2 Macc-cnekTpoMeTp ¢ MHOAYKTUBHO CBA3aHHOW MNasMOW C KOMNMU3MOHHOW (He) 1 peakumoHHoi (Hy)
sYenkamu.

C.2.4.3 AHanuTUYecKMe Becbl C TOYHOCTLIO namepenua go 0,1 mr.

C.2.4.4 MepHas nonunponuneHosas konda BMecTUMOCTbio 50 mn.

C.2.4.5 WinpuueBsble punbTpbl, 25 MM, ¢ AnameTpom nop 0,45 MKM ¢ rugpounbHbIM NONU3UPCYNbGOHOM UK
aHanorv4Hble.

C.2.4.6 OgHopa3oBbie Wnpulbl C U3MepseMbiM 06beMoM Ao 5 mn.

C.2.5 NpuroTtoBneHue cTtaHgapTHbIX PpacTBOPOB

C.2.5.1 Pasbaenswowuii pacTeop: B NnonunponuneHoson konte eMectumocteto 500 mn cmewwmpatot 250 Mn o4u-
LeHHoW Boabl, 50 MN KOHUEHTPMPOBAHHOW a30THOW KMCNOTel (He MeHee 65 %) u 10 mn pacTBopa nepekucy Bogopoga ¢
obvemHol gonen 30 %. JonusaoT o4unwleHHyto Body, 4Tobel gosecTn obbem pacTteopa Ao 500 mn. 3akpbisatoT kondy m
nepemeluneatloT. PacTeop npurotaBnMeaoT Nepes KaxabliM aHanmaom.

C.2.5.2 CtaHgapTHbIA pacTBOp: NOMELLAKT B NOMUAPONUIEHOBYHD MEpPHY Konby BmectuMmocTbio 100 mn 1,0 Mn
MHoroanemeHTHoro pacteopa (10 mkr/mn). Joeogar obbem pacteopa 4o 100 mn pasbaensarLlmMM pacTBOPOM M XOPOLUO
nepemMeLuMBatoT. 3Ty Npouenypy NOBTOPSIOT HE peXe OAHOro pasa B MecsL, B 3aBUCMMOCTUW OT PEryNApPHOCTHA NPOBEAEHWA
aHanuzos. KoHeuyHoe 3HaYeHue KOHLEHTPpaLUWKW KaxXaoro aneMeHTa gomkHo coctaenate 100 Hr/mn.

C.2.5.3 PacTBopbl 418 NOCTPOEHWS KPMBOW KannbpoBKW: pacTBOPLI ANS NOCTPOEHUSA KPUBOIA KanMbpoBKX NpUroTas-
NWBAIOT C NMPUMEHEHWEM CTaHAAPTHOro pacTeopa ¢ KoHueHTpauuein 100 Hr/mn. CTaHgapTHas Kpueas CTpoWTCs B guana-
30He KoHueHTpauwm ot 0,1 go 100 Hr/mn. Ee Avana3oH OoMmKeH 0XBaTblBaTb BEPXHWE W HUBKHUE 3HAYEHWS KOHUEHTpaumMm
Leneeoro anemeHTta. KoHTponk Ka4ecTBa BbIMOMHAETCH CO 3Ha4eHWeM KoHueHTpaumn 10 Hr/mn.

C.2.5.4 PacTBop BHYTpEHHErO CTanAapTa: B nonunponuneHoByto konby BmectumocTeto 1000 mn nomewarot 500 mn
ouneHHon Boakl, 100 MN KOHUEHTPMPOBAHHOW a30THOM KucroTel M 20 Mn pacTBopa nepekvcu Bogopoaa ¢ 06beMHon
ponen 30 %. fJobaenstot 1 mn pacteopa uHama (C.2.3.2) n 1 mn pacteopa pogua (C.2.3.3). [Jlonueaa o4nLleHHy0 BOAY,
poeoaat o6bem pacteopa go 1000 mn. 3akpbiBaloT Konby M nepeMeLlrBatoT. Ty Npoueaypy NoOBTOPSKT HE pexe 04HOro
pasa B MecsL, B 3aBUCMMOCTU OT PerynspHOCTU NpoBefeHus aHannaos. KoHe4Hoe 3Ha4eHWe KOHLUEHTPaLKW Kawaoro ane-
MeHTa QOMKHO cocTaBnaTe 1 MKr/mn.

C.2.6 NopgroToBka Nnpo6kl

B npouecce npuroToBneHusa npob And Ux MUHepanusauuu nepen MamMepeHMeM C NoMoLlbio obopyaoBaHMa Ang
NCI-MC moryT npumeHaTbes 06paboTka CMEeCkHo KOHLEHTPMPOBAHHOW a30THOW KMCMOTLl U pacTBopa Nepekmc BOAOPOo-
Aa c obeemHol gonen 30 %, a Takke MyukposonHosas obpaboTka. MNpobel MoryT npurotTaenueatbcsa U Be3 MUKPOBOMHOBOW
06paboTkM — B 3TOM Cry4yae MMHEpanM3auunio HeobxoaAnMO BINONMHATE B 3aKpbITOW eMKOCTU. C OCHOBHOWM MHhopMaunei
0 Nopsiake MUHepanuaaumm nNpob B 3aKpPbITbiX COCYAAX MOXHO 03HAKOMWTLCA B [23].

TwartensHo B3BelwnBatoT He MeHee 0,2 r npobbl 1 NOMELLAIT ee B COOTBETCTBYHLLYI EMKOCTb AN MUKPOBOITHOBOW
MuUHepanuaauuu. JobaenaT 5 Mn KOHUEHTPMPOBAHHOW a30THOW KUCNOTel, 1,5 Mn ovuwleHHoW Bodbl U 1 MN pacTBopa
nepekncy Bogopoaa ¢ KoHueHTpauvein 30 % obbemHbix gonei. Takum e obpaszom NpUroTaBnyMBardT pacTBOP XONOCTON
npoObl.

3apaloT HACTPOMKKM MMKPOBOMHOBOW MWHEpPanM3auuMyM U 3anyckalT BbINOMHEHWE nporpammbl. [INs OOCTMKEHWSA
NMPUEMINEMOrO YPOBHS M3BMNEYEHWUS YCNOBUS MUKPOBOMHOBOW MUHEPANU3aLUKU AOMKHbI BbITh ONTUMW3NPOBAaHbLI AMNs KOH-
KpeTHbIX BUAOB npo0. MNocne MuHepanusauuMm pacTBopbl NPod oxnaxaatoT 40 KOMHATHOW TeMnepaTypel. lNepeHocAT pac-
TBOp Npobbl N3 EMKOCTU, B KOTOPOW BLIMOMHANACL MUHEpPANU3aLuWs, B NOMUMNPONUIEHOBYH MEPHYH KOMOY BMECTUMOCTLIO
50 mMn. OnonackMBaloT eMKOCTb TPWKAbLI BOAON YNbTPaBbLICOKOM YMCTOTBI 11 NEPEHOCAT NPOMBIBHYIO BOAY B Ty e Konby.
PasbaBnaioT BoOoW yNbTPaBbICOKOW OYUCTKM A0 NonyYeHus okoHyatensHoro obbema 50 mn. TwartensHo nepeMeLumnBatoT
nony4eHHbIn pacTeop. HemeaneHHo oTWNLTPOBLIBAKDT 5 MN rMaponv3ara ¢ UCNonb3oBaHWeM chunsTpa ¢ pasmepom nop
0,45 mkm 1 nomewatoT B Brany ana UCI-McC.

C.2.7 BeinonHeHue aHanu3a metogom UCM-MC

KaxObll pa3 nepeq NpoBeAEeHWEM HOBOMO MCCMEAOBAHUA BbIMOMHAKT HACTPOWKY M NpoBepky obopynoBaHust Ans
NCM-MC (nonsa oByx3apsgHbIX MOHOB, OKCWAOB, 3Ch(eKTMBHOCTb KOMNMU3MOHHOW AYelKM, a Takke YyBCTBMTENbHOCTD).
B Tabnuue 2 nokazaHbl OTHOLLUEHWE Macca/3apas U PexXMM aHanuaa 4ns kaxaoro arnemeHTa. OnpenensaT Heobxogumele
ycnoeus ana UCI-MC B COOTBETCTBUMUM C PYKOBOACTBOM MO 3KCMNyaTauuy, NpeaocTaBneHHbIM NocTaBLmMkoM obopyao-
BaHuS.

" Ha Tepputopun Pecnybnukmn benapyck BMeCTo BOAb! YNBTPaBbICOKOW YMCTOTEI A0OMYCKaeTca NPUMEHATL BOAY Nep-
BOW cTteneHu ynctotkl no MOCT ISO 3696—2013.
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Tadtnuua C.2— Macca Kaxaoro afiemeHTa U COOTBETCTBYIOLLWIA PEXAM

OnemMeHT OTHoLLEeHWe Macchl K 3apaay, Maccal3apsagi Pexum
Xpom 52/53 He
Kobanbt 59 He
Hukenb 60/62 He
MblIWwbaAK 75 He
Kagmnia 111/114 He/Bes raza
CauHel, 206/207/208 bes rasza

C.2.8 AHanus npob
OnpepensioT NocnefoBaTensHOCTL ONepauUWid B COOTBETCTBMW C PYKOBOACTBOM MO 3KCMMyaTauuu U NpUCTynarwT K
aHanu3ay npobbl.

C.2.9 PacueTbl
INuHenHas 3aBUCMMOCTL MeXy BO3pacTalolWwed KOHUEHTpaUMen paccMaTpuBaeMoro anemMeHTa B rpaayupoBOYHBIX
pacTBOpax M COOTBETCTBYIOLLEN NNoLwWaaso nvka npeacrtasneHa dopmynon (C.4):

y=ax+b, (C.4)

rde @ — HaKoH MUHWW perpecuu;
b — otpesok no ocun Y.
Mcnonb3yloT 3HaYeHWs HaKnoHa W pasmepa OTpeska, NonyyYeHHble AnA rpagympoBOYHBIX PacTBOPOB, U NOKasaHus

obopypoBaHMa ONs UCNLITYEMOro pactBopa, YTobbl paccyMTaTh KOHUEHTPaUWUKo 3rieMeHTa B MCMbITyeMOM pacTBOpe B
MUKpOrpamMmmax Ha rpamMmm. KonuyecTBo MCKOMOro aneMeHTa B I'Ip06E.‘ BbIMUCIMAKT Mo creaynLwmnm cbopmynaM:

p=(A-b)a, (C.5)

w=pxVim, (C.6)

roe p — KOHUEHTpauus UCKOMOro anemeHTa B pacTBope Npobbl, MKM/MM;
A — nokasaHua obopyaoBaHWA Npu aHanvWae pacTeopa Npobbl, MHTEHCUBHOCTE;
b — otpesok no ocn Y;
a — HaKNoH KpUBOW KanubpoBsKu;
m — Macca uccnegyemMon npobel, r;
V — coctasnset 50 mn;
W — KONWYECTBO MCKOMOFQ 3nemeHTa B npobe, MKr/T.
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