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YnbTpacnegoBon aHanna MeTansion
B CTAHAAPTHbIX CEPTUDNLNPOBAHHbBIX
MuHepanax metogom VICI-MC

OnpeﬂeneHlAe SJIEMEHTOB B CJ/1eO0BbIX 1 BbICOKNX
KOHLEHTPaUNAX B reosIorn4eCKmnx rlpo6ax rnocrie
PaCTBOPEHNA B MNHEPAJIbHbIX KUCNOTAaX

BBepeHue

leonornyeckas pasBejka 1 ropHof06bIBatoLLas MPOMbILLIEHHOCTb NPeAbABAAOT
K XMMUYECKOMY aHann3y MHOXeCTBO TpeboBaHWIM, Taknx Kak 6omblLioe

4YMCNo NPoB, 6ONBLLIOE YMCO ONPeAeNsEMbIX 9/1IEMEHTOB, OrpaHNYeHNs Mo
BPEMEHW 1 CTOMMOCTM aHanmsa v C/IoXKHble MaTpuLbl. B 3aB1CHMMOCTH OT
onpefensiemMblX 31IEMEHTOB 1 UX KOHLEHTPaLMiA HeKoTopble 06pa3sLibl MPUXOAMTCS
aHaM3npoBaTb ABaXAbl, ONpedensds OCHOBHbIe 3/1EMEHTbI C MoMoLLbto MCIM-03C
(ONTUKO-BMUCCUOHHAS CNEKTPOCKOMNUS MHAYKTUBHO CBA3AHHOM M1a3mbl),

a cnepoBble — ¢ nomoLlbro NCIM-MC. nsa Taknx 06pa3LioB 0AMH aHannM3 nos3Bonns
6bl YBENMNYNTD MPOU3BOANTENBHOCTb Y YMEHbBLUIUTE CTOMMOCTb aHann3a OAHOro
obpasLua. HecmoTpsa Ha To, 4To NICM-MC — 3T0 e AMHCTBEHHbIM METO aHanmnaa,
NMO3BONAOLLMI ONPEAENATh BCE HY>KHble 3/1IeMEHTbI B C/1eA0BbIX KOHLIEHTPaUKAX,
LIMPOKMI AnanasoH KOHLEHTPaLUNA ONpeaensemMblx 3/IEMEHTOB, a TakXXe BbICOKME
KOHLIEHTPaLMN KMCIIOT 1 PACTBOPEHHbIX BELLECTB B paCTBOPax MUHEPANoB CTaBAT
nepen Het MHOXECTBO NPENATCTBUN.



NCM-MC Agilent 7900 noaaep>KMBaeT TP OCHOBHbIE
TEXHOOMNW, KOTOPbIE MO3BOAAOT NOBLICUTb 3MMEKTUBHOCTD
1 CKOPOCTb aHasm3a ClI0XHbIX MPo6 C BbICOKMM
coAepyKaHueM MaTpuLbl. ITU TEXHONOMMM BKIKOYAIOT B CebS:

1. AVCKPETHbIV BBOA C NMOMOLLBbHEO BCTPOEHHOW CUCTEMbI
BBoAa nNpob Agilent (ISIS-DS). AnCKpeTHbI BBOA
CHIKaET BO3AeNCTBME Npobbl Ha Nprbop 6arogaps
TOMYy, 4TO Npoba NofaeTCs TObKO HEMOCPEACTBEHHO
BO BpeMsi BbIMOIHEHWA n3MepeHust. Bce ocTanbHoe
BpeMs aHanmMsa cucTema BBoAa Npob NPOMbIBAETCS.
[VCKpeTHbI BBOA MOMOraeT TakXKe YBENNYUTL CKOPOCTb
aHanmnsa, Tak Kak coop JaHHbIX YaCTUYHO NepeKpbIBAETCS
C OT60POM MPOBbI U MPOMbBIBKOW, BO BPEMSI KOTOPbIX
CKOPOCTb MOTOKA He OrpaHNYMBAETCA BO3MOXHOCTAMM
pacnblIMTENsa UM KOMNOHEHTOB MHTepdeica NCIT-MC.

2. A3po3onbHoe pa3baBieHre C MOMOLLBH CUCTEMbI
BBO/1a MPO6 CO CBEPXBbICOKNM COAEP>KAHVEM MaTpULbI
(UHMI). UHMI 6naropapst onTmMmM3aLmn napaMeTpoB
nna3mbl, ry6uHe oT60pa NPOBhl 1 a3PO30bHOMY
pa36aBeHNIO MO3BOMAET CHU3NUTb BINSIHWE MaTpULbl
1 NOBbICUTb AONFOBPEMEHHYIO CTAOUNBHOCTb NPt
paboTe ¢ Npo6aMK C BbICOKMM CcoaepyKaHeM MaTpuLbl.
Cuctema UHMI yBenuymBaeT gnanasoH aspo30/1bHOro
pa3baBneHnst 1O CTOKPaTHOro, YTO MNO3BOSIET BBOAUTD
NpobbI C cofepXKaHneM [0 25% pacTBOPEHHbIX BELLECTB
(B 10 pas3 Bblle cucteMbl HMI npeablayLLero NnokoneHus),
470 B 100 pa3 npeBbIlaeT NpelefibHoe Coaep>kaHne
MaTpULbl AN 06bl4HbIX cucTeM UCTT-MC [1].

3. OkTynonbHas peakUMOoHHasa CucTema YeTBEpTOoro
nokoneHust (ORS*) B pexxnMe coynapeHnii
C MUCMosb3oBaHveM renust (pexxnm He) nossonsiet
CHM3UTb YPOBEHb MOMEX M PaCLUMPUTb AMHAMUYECKHNIA
AnanasoH. MuHepanornyeckme nabopatopmm
TPaAVLMOHHO He MOMb3YIOTCH PeakLMOHHO-
CTONKHOBUTENbHOW A4elikoit (CRC) anst 6opbobl
C MoOMexamu, nonarascb Ha MaTeMaTuyeckmne
NOMNpaBKM Ha BANSIHWE MHTepdepeHUmn. OcHOBHas
NpWYMHA 3TOr0 — NPOU3BOAUTENBHOCTL. PeXKnMbl
paboTbl CRC ¢ MCNonb30BaHMEM peaKLMOHHbIX ra30B
HeahdEKTVBHbI NPY OAHOBPEMEHHOM U3MEPEHNM
60MbLUOMO YNCNA SNIEMEHTOB B CTIOXHbIX MaTpu1Lax
C MCMoMb30BaHVeM OAHOIo Habopa NapaMeTPOB AYENKMY,
a VICNOMb30BaHWE HECKOSbKIMX PasHbIX PEXXUMOB
C pasHbIMMN NapaMeTPaMm MOXET 3HAUNTENBHO YBENNYNUTD
NPOACIHKNTENBHOCTL aHanmaa. C Apyrolt CTOPOHDI,
PEXXNM C NMPUMEHEHWEM FreNns UMeeT NPeMMYLLIECTBO
MO CPaBHEHMIO C PeaKLIMOHHbIM pexkMMoM 6naroaapst
TOMY, YTO OH OAMHAKOBO 3P HEKTUBHO GopeTcs
CO BCEMM MONMATOMHbBIMU MHTEPMEPEHLIMSMN. [TO3TOMY
MCMONb30BaHMeE AYEKM TOMbKO B PEXXMME C HamyCKOM
renvst NPaKTUYECKN He YBENMMUMBAET MPOAOMKUTENBHOCTb
aHanmsa rno CpaBHEHWIO C aHAIM30M 6e3 UCMONb30BaHWsA
AYeiKK, HO MPY STOM 3HAYUTENBbHO CHUXKAET Npefesbl
0BHapPY>XeHVS 1 HAAEXXHOCTb aHanm3a Ans aneMeHTOB,
NOABEP)KEHHbBIX BO3AENCTBUIO NMOoMeX. Kpome Toro,

PEXMM C HaryCKOM refins AOMOMHUTENBHO CHUXaET
WMHTEHCMBHOCTb CUIHanNa Nerknx pacrnpocTpaHeHHbIX
3/1eMEHTOB, Takmx kak Na, K, Ca, Mg 1 T. A1, Ha NopaaoK

1 601bLLE, TEM CaMbIM (DaKTUYECKN YBENNUMBAA BEPXHUIA
npenen NMHENHOro AvanasoHa A1s 3TUX 3/1eMEHTOB

[0 TbICAY MUMNIMOHHBIX onel. Takum 0bpasoMm,
3/1EMEHTbI, KOTOPbIE 06bIYHO MPUXOAMNIOCH ONPeaensThb

¢ nomolLpto NCIM-03C, MoryT 6bITb OnpeaeneHbl

1 ¢ ncnonb3oBaHnem NCI-MC, 3Ha4nTENBHO CHMYKast
CTOMMOCTb aHanmsa ofHoro obpastia. HecMoTps Ha To,
YTO MCMOSIb30BATb PEXMM C HaMyCKOM resinsg MOXHO
NPaKTUYECKM /15 BCEX SIEMEHTOB MEPUOANYECKONA
TabAuLibl, 3TO YBENNUMIO Obl MPOAO/MKNTENBHOCTb
aHanm3a, Tak Kak BPeMs MHTErPUPOBaHNSA B 3TOM peXMMe
6onbLue. NNo3ToMy B pEXXMME C HamyCKOM renis, B TOM
4KCne BbICOKOIHEPTETUHECKOM, aHaIN3NPYHOTCA TOMbKO
Te 91EMEHTbI, KOTOPbIE B TUMUYHbIX MUHEPATOrNYECKNX
o6pasLiax NoAgBepPXKeHbl MOMATOMHbIM MHTEPhEPEHLIMSIM.

3KcnepmmeHTaanaﬂ 4yaCcTb

CtaHpapTbl M Npo6bl

CTaHOapTbl FOTOBUMCH 13 6a30BbIX PACTBOPOB B cMeck 3%
HClI v 2% HNO, pas6aBneHemM CBEpXYMCTON BOLOW. SNEeMEHTb,
Cofep>KaBLUMECS B CTaHAAPTE, NepeYncneHbl B Tabn. 3. Bce
KanMopOBOYHble CTaHAAPTbl BCEX YPOBHEN comepyanm

NOJSHbI HABOP 3N1EMEHTOB B CNeyHOLLMX KOHLEHTPaLMAX:

Hg n Au (0;0,1; 1; 5; 10 mnpa 4.), Ca, Ti v Fe (0; 10; 100; 500;
1000; 5000 Mnpg 4.), ocTanbHble anemenTbl (0; 1; 10; 50; 100;
500 mnpa Aa,).

B kauecTBe 06pasLiOB MCMONb30BaNOCh LIECTb N3MENBbYEHHbBIX
reonorMyYecKmx CepTUMULIMPOBAHHbBIX STANIOHHbIX CTaHAAPTOB,
nepeuncneHHbIX B Tabn. 2. [ns nx pacTBopeHns cHadana Kk 2 r
Kaykaoro obpasLa Bo (hTOpONIacToBOM 6yThInKe 406aBAANI0OCH
20 M1 75% LlapcKon BOAKM (HCI:HNOS:HQO =09:3:4). Mocne
15-30 MVH Npr KOMHATHON TemnepaType 6yTbINKm
nomeLLiaIMeh Ha NIKTKY K Harpesanuce npy 160—210 °C

B TedeHue 60—90 MuH. [1ocne oxnaxaeHus B TeHeHVEe NPUMEPHO
15 MWH Npo6bI NepeMeLLMBanmCh, NepeHoCUICh

B NONMMNPONIeHOBbIE NPOBUPKIM AR aBTocamMnnepa 06 beMoM
50 mn, goBoamnmck A0 50 1 o6LLero Beca AEMOHN3MPOBAHHOM
BOJIOM 1 OTCTamMBan1Cb. HemocpeaCTBEHHO 13 MPOGKPKM
aHanM3upoBasCs YCTbI PaCTBOP HaJ 0CaAkoM 6e3
JOMONHUTENBHON GUAbTpaLmK. VI3 kaxkaoro obpasiia
FOTOBUNCD YeTbIPe NapannenbHble Npobbl. [ns Kaxaom cepum
Npo6 rOTOBUNCH ABE XONOCTble MPO6bl MPOGOMOArOTOBKM.

Bo Bce cTaHAapTbl, MPo6bI M XONOCTble Mpobbl Ao6aBnsAncs 1%
6yTaHosa B paCTBOPE BHYTPEHHErO CTaHAAPTa, COAEPXKALLEro
100 mKr/n Rh u Ir. PaHee 6b1n10 nokasaHo, 4To 4o6aBka
OpraHM4ecKoro yrnepoaa NoHWKaeT Npeaenbl OOHapyXXeHNs
HEKOTOPbIX BaXHbIX 3M1EMEHTOB, TakMX Kak As, Se 1 Te.

Kpome Toro, 6yTaHon BBOAWT B MPOBY BHYTPEHHMIA CTaHAapT
Marol aTOMHOI Macchbl (Yrnepoa), KOTOPbI 06bIYHO B TaKMX
aHanmMsax He NPYMEHAETCS, Tak Kak CaMblil PaCpPOCTPaHEHHDI
BHYTPEHHWIA CTaHAAPT Masion aTOMHOM Maccehbl, bLi, MOXeT
npWCyTCTBOBAaTb B 06pasLiaXx M1MHepasoB.



Ta6nuua 1. LLlecTb ©CNONb30BaBLUMXCA MUHEPasbHbIX STaNOHHbIX
cTaHfapToB. CepTnduLmMpoBaHHbIe aTanoHHble cTaHgapTbl OREAS 6binu
npuobpeTeHbl B Komnanuu Ore Research and Exploration, Bayswater North,
Victoria, ABCTpanusi. MHOroanemMeHTHble CepTUHOULMPOBaHHbIE STanoHHbIE
CTaHfapTbl CPeHEeN 1 TUMMYHOM AN Py4 KOHLEHTpauuy npefocTaBmuna
komMnaHus ALS Minerals, Vancouver, BC, KaHaga.

Marepuan OnucaHue

OREAS 24b X0nocTon NUTOreoXMMMUYECKMii obpaseL, rpaHogMopuTa

OREAS 501 JTanoHHas pyaa Au-Cu-Mo-S

OREAS 502 OTanoHHas pyaa Au-Cu-Mo-S

OREAS 902 OTanoHHas pyaa Cu

0GGeo08 MHOroan1eMeHTHbI CepTUPULMPOBAHHbIN 3TaNOHHbIN
CTaHAApPT C TUMUYHOM ANs PyA KOHLeHTpaumnen

MRGeo08 MHOro3n1eMeHTHbIN CepTUPULMPOBAHHbIN 3TaNOHHbIN
CTaHAapT CO CpPeAHeit KOHLeHTpaLvei

O6opypoBaHue

Bce nameperust BbinonHsnnce Ha MCIM-MC Agilent 7900

CO CTaHAAPTHBIMU HUKENEBBIMU KOHYCAMM, CTEKIISIHHBIM
KOHLEHTpUYeCKnM pacnbinntenem MicroMist n cuctemoin
UHMI. Agilent 7900 6b1n1 060pya0BaH BCTPOEHHOM

cucTemol Beoaa npob Agilent (ISIS) B koHbUrypaumn ans
anckpetHoro Beoaa (DS). Cuctema UHMI paboTana B pexkume
MaKcuManbHow ycTonymeocTun. Cuctema ORS* paboTtana

B PeXXMMe C HamycKoM renuns Anst 6opbobl C NOAMATOMHBbIMM
nHTEphEPEHLIMSMM, YTO MO3BONMIO CHU3UTb Npeaesbl
06Hapy>XeHWs AN HECKOMbKUX 3N1EMEHTOB M MOHOCTbIO
136aBUTbCS OT MaTeMaTUYeCKMX MONPaBOK Ha BAVAHME
nHTepdepeHLniA. OHa Takxe NO3BOMNAAG YBENNUYNTL

BEPXHWI Npefen NMMHeRHOro AMHaMUYecKoro AManasoHa
[151 IerkrX 971IeMEHTOB, Takux kak Ca u Fe, 6narogaps

TOMY, 4TO MOHHOE paccesiHme B CTONIKHOBUTESTbHOW Si4einKe
CHW3WMO MHTEHCUBHOCTb WX CUrHanNoB. [apameTpbl npubopa
npvBeaeHbl B Tabn. 2a 1 2b.

Tabnuua 2a. [apameTpbl Npr6opa, OAMHAKOBbIE /1A BCEX aHaNN30B.

MapameTp YCTaHOB/IEHHOE 3HAaYeHue
ncn-mc
MouwHocTb PY-reHepatopa (BT) 1600
Iny6uHa 3a6opa npo6bl (MM) 10
MoTok rasa-HocuTtens (J1/M1H) 0,80
MoTok rasa-pas6aButens (11/MuH) 0,25
CKopOoCTb BpaLleHNUs nepmucTanbTM4ecKoro 0,5
Hacoca (06/MuH)
Temnepatypa pacnbliutenbHoi kamepbl (°C) 2
HanpsikeHne Ha aKCTpakLMoHHOM NnH3e 1 (B) -2
ISIS
Bpems 3arpy3ku (c) 5
CKkopocTb 3arpysku (%) 40
Bpems cTabunuaaumm (c) 8
Bpems npombIBK# (C) 10
CKopocTb NpoMbIBKHM (%) 60

C60p AaHHbIX

Toyek Ha nnK 1

Yuncno NOBTOPHbIX UBMepPeHUin 3
CkaHMpoBaHMin Ha NOBTOP 10
MonHoe Bpemsi c6opa AaHHbIX (C) 49

Ta6nuua 2b. MapameTpbl NpUG0pPa, KOTOPbIE PasNNYanch B 3aBUCUMOCTH
OT pexxkMma paboTbl COyAapUTENBHOR AYERKM.

MapameTp Pexum 6e3 rasa PexxuMm c Hanyckom He
ucn-mc
CKopoCTb nofauu renus 0 4,3/10
(Mn/MUH)
Mopor aHeprum (B) 5 5/7

P63yanaTbI n nx 06CY)KJJ,eHVIe

B Tabn. 3 nepeuncreHbl aHanMTUYecKme XapaKTepUCTUKK,

B TOM YMCNE IMHENHOCTb KanMBpOBKM B 3asiBNIEHHOM
NHTEPBase, a TakxKe Npeaesibl 06HaPY>KEHNA MeToa

(80, necaTb NOBTOPEHWI aHaNM3a CTaHAaPTa C KOHLEHTPALIMEN,
BMBKOM K OLIeHKe Npefesnia O6HapyKeHns) [151 BBOAMMOrO

B Np1Gop pacTBopa W A8 UCXOAHOro o6pasLia MuHepana.
HekoTopble aneMeHTbI USMEPAUCE B pexknme 6e3 rasa,

T. €. ra3 B CTONKHOBUTENBHYO UKy He nofaBasncs. Pexxknm
C HaMyCcKOM refns 1Cronb3oBasncs 419 onpeaeneHms
OCHOBHbIX 3n1eMeHToB (Ca 1 Fe), a TakxKe A5 TeX aNeMeHTOB,
[151 KOTOPbIX 06bIYHO MPUMEHSIETCA MaTeMaTnyeckas
nonpaeka Ass ydeta nonMaToMHbIX MHTephepeHLnia

(Ti, V. Cr, Ni, Cu, As n Se).



Ta6nuua 3. OnpefensiemMble aneMeHTbl ¥ U30TOMbI, BHYTPEHHWE CTaHAaPTbI, PEXXUM siueliky, BpeMSA UHTErpUPOBaHWs 1 npesenbl o6HapyskeHus metoga (MDL).

OnemMeHT WU3oTon BHyTpeHHUI PeXum aueinku Bpems MDL (mkr/n) ans npuéopa' = MDL (MKr/kr) ans o6pasua?
cTaHpapT MHTerpupoBaHus (c)
Li 7 3C Bes rasa 0,1 0,072 1,8
Be 9 3C Bes rasa 0,3 0,039 1,0
B 11 3C Bes rasa 0,1 0,796 20
Ca 44 3C He 0,1 83,6 2089
Sc 45 103Rh He 03 0,221 6
Ti 47 105Rh He 0,1 2,0 51
\% 51 105Rh He 0,1 0,421 11
Cr 52 105Rh He 0,1 0,481 12
Mn 55 105Rh He 0,1 0,171 4
Fe 56 103Rh He 0,1 1,0 26
Co 59 105Rh He 0,1 0,054 13
Ni 60 105Rh He 0,1 0,7 18
Cu 65 105Rh He 0,1 0,484 12
Zn 66 105Rh He 0,1 0,569 14
Ga 71 19%Rh Besrasa 0,1 0,159 4
Ge 74 105Rh bes rasa 03 0,211 5
As 75 105Rh He 0,3 0,073 2
Se 80 105Rh He 1,0 0,264 7
Rb 85 105Rh He 0,1 0,218 5
Sr 88 19%Rh He 01 0,076 1,9
Y 89 105Rh He 0,2 0,018 0,5
Zr 90 105Rh He 0,2 0,122 3,0
Nb 93 105Rh He 0,3 0,006 0,1
Mo 95 105Rh He 0,3 0,059 1
Ag 107 103Rh He 03 0,033 08
Cd 111 105Rh He 0,5 0,017 04
In 115 105Rh He 0,3 0,012 0,3
Sn 118 105Rh He 0,3 0,110 3
Sb 121 103Rh He 03 0,106 3
Te 126 103Rh He 0,5 0,093 23
Cs 133 105Rh He 0,3 0,013 0,3
Ba 137 105Rh He 0,1 0,085 2,1
La 139 105Rh He 0,1 0,027 0,7
Ce 140 103Rh He 0.1 0,018 04
Hf 178 105Rh He 03 0,011 03
Ta 181 193)r He 1,0 0,001 0,04
W 182 193]y He 0,3 0,021 0,5
Re 185 193]y He 0,5 0,003 0,1
Au 197 193 He 0,5 0,024 0,6
Hg 201 93| He 0,5 0,050 13
T 205 193¢ Bes rasa 0,1 0,010 0
Pb 208 193¢ Bes rasa 0,1 0,063 1,6
Bi 209 193¢ Bes rasa 0,1 0,038 0,9
Th 232 193¢ bes rasa 0,1 0,007 0,2
u 238 193Ir Besrasa 0,1 0,010 03
1. Mpeaesnbl 06HapyKeHus «A/s Mpru6opa» COOTBETCTBYIOT NpeaenaM 06HapyKeHUs 2. Mpesesnbl 06HapyKeHUs «471s1 06pa3La» y9uTbIBatOT MAaccy UCXOAHOMO 06pasLia U KOHEYHbIN

B aHaNM3MpyeMoM pacTeope. 06bEM MPO6bI 1 MOKA3bIBAOT (PaKTUHECKYIO KOHLIEHTPALMIO B HEPACTBOPEHHOM 06pa3Lie MUHepana.



CTeneHun o6Hapy)XeHUsi BHyTPEHHUX CTaHAApTOB

B KauecTBe BHYTPEHHMX CTaHapTOB 13 3/1eMEHTOB,

06bIYHO HE MPUCYTCTBYHOLLIMX B FEOSIONMYECKMX 06pasLiaX,

6b11 BbIGPaHbI TPU 3NIEMEHTA, U3 KOTOPbIX /19 KaXKA0r0
ornpeaensieMoro aneMeHTa Bblbnpancs oamnH Hanbonee
GAN3KMIA K HEMY MO aTOMHOW Macce. 9TUMM 3n1eMeHTaMM, Kak
yKasaHo B Tabn. 3, 6b1m '°C, '9Rh 1 '3Ir. CTeneHn o6Hapy>eHns
BHYTPEHHMX CTaHAAPTOB OTHOCUTENbHO MCXOAHO XONOCTOM
Npo6bl Ha BCEM NMPOTSAXEHWM LIECTUHACOBON Cepum aHanmn3oB
PacTBOPEHHbIX MUHEPANOB NpUBeAeHbI Ha puc. 1. MoBeaeHVe
BHYTPEHHVMX CTaHapTOB Ha BCEM Avanas3oHe Mace ObI10 O4eHb
CTabWbHBIM 1 C 3aMacoM YKNaAblBanoch B TUMMYHbIE As
3TOM 0611acTV aHanMsa TpeboBaHMS.

PucyHok 1. CTenexn 06Hapy>KeHnsa BHYTPEHHNX CTAHAAPTOB Ha MPOTHXEHUM
LLIECTMYACOBOM cepui 240 aHaNN308 PACTBOPEHHbIX MUHEPASOB.

CTteneHu o6Hapy»XeHus 1 pa3bpoc GyHKuUUn
nepuoauyYecKoi NpoBepKuU NPUrogHOCTH KannbpoBKu
CTabunnbHOCTb KanMOPOBKM NPOBEPSAIAch Yepes Kaxible
20 06bI4YHbIX MPOG C MOMOLLbIO aHanmusa cTaHaapTa
Nepu1oanNYECKO NMPOBEPKN MOAHOCTH Kannoposku (CCV)

1 xonocTol Npo6bl (CCB). CTaHaapT CCV cogepykan B cebe
Cllefi0oBble 3/1eMeHTbI B KOHUeHTpauun 100 Mnpa 4., a Takxe
Hg 1 Au B koHUeHTpauun 10 mapg a. CTeneHn o6Hapy>eHust
psifla a1eMeHTOB B cTaHAapTe CCV aAna Bcero AvanasoHa
Macc, KOTOpble 3MEPSNNCH NEPUOANYECKM Ha MPOTHXKEHNN
aHanm3a Bcel NocnefoBaTeNlbHOCTY, OT/IOXKEHbI Ha rpaduke
Ha puc. 2. CTeneHn o6Hapy>XeHUs BCEX 91EMEHTOB

B cTaHgapTe CCV 6611 B AnanasoHe +20% NpuroToBAeHHON
KOHLEHTpaumm.

Y

PucyHok 2. CTeneHu o6Hapy>KeH1st 1 pa3bpoc 15 CTaHAapTa NPOBEPKM
npurogHocTy kKanuéposku (OCO, n = 13) Ans cnefoBbIX 3/1eMEHTOB
(Bce 100 mnpa A. v Hg v Au 10 Mnpa A.).

CTeneHn o6Hapy)XeHUs1 3/IEMEHTOB B 3TaJIOHHbIX
cTaHpapTax

Kpome cnexxeHuns 3a Ao/rOBPEMEHHOIN CTabUbHOCTbHO
KOJIMYECTBEHHOMO aHanmaa, Ha NPOTAXKEHUN
nocnefoBaTeNlbHOCTU OTCAEXMBANAch CTENeHb OBHAPYXKEHNSA
onpeaenseMbix a1EMEHTOB B CEPTUDNLIMPOBAHHbBIX
9TaNoHHbIX cTaHaapTax 0GGeo08 n MRGeo(8.
O6Hapy»KeHHble KOHLIeHTpaLmn 60/bLUMHCTBA 9/1EMEHTOB
6b1M 6AN3KM K CEPTUDUUMPOBAHHBIM 3HAYEHMAM, YTO
[OEMOHCTPUPYET BbICOKYIO TOYHOCTb W OT/IMYHOE NOAAaBEHNE
nomex (Tabn. 4). Pazbpoc anst 37 NOBTOPHbIX aHaNM308B
OOHOW NPO6bI Ha NPOTSXKEHNM BCEW LLIECTUYACOBON
nocneaoBaTeNbHOCTY ANs 60MbLUIMHCTBA S/TEMEHTOB TOXE
6blS1 [OCTAaTOUHO HeBeNMK (Tabn. 4). Bbicokast TO4HOCTb

N HU3KNIA pa3bpoc Obln MPOAEMOHCTPMPOBaHbI /151 BCErO
AvanasoHa KOHLEHTpaLumii — OT eAnHNL MUMapAHbIX JONen
[0 COTEH W TbICAY MUIIMOHHBIX JONEN.



Tabnuua 4. CpefiHvie HalieHHble KOHLEHTPaLIMK, CTeNeHn obHapy»eHus 1 pasbpoc peadynbtaTtos (OCO, n = 37) ans Bcex cepTUdOULMPOBAHHbBIX B 9TaNOHHbBIX
CTaHAapTax aN1eMeHTOB.

0GGeo 08 MRGeo 08
M3oTon CpepaH. 0CO (%) Ceptuduuu- HaitneHHoe CpegH. 0CO (%) CepTuduuu- HaitgeHHoe
(mKr/n) poBaHHble copepXaHue, (mkr/n) pOBaHHble copepXaHue,
3HaYeHus % OT cepTudu- 3HauYeHus % OT cepTudu-
(mkr/n) LIMPOBaHHOro (mKr/n) LiMPOBaHHOro
Li 989,1 38 1328 74,5 1110,2 74 1348 82,4
°Be 28,7 3,7 30 95,8 32,2 4,0 32 100,6
“Ca 3842138 4,1 367 700 104,5 467 2419 35 448 000 104,3
4Sc 212,9 2,5 272 78,3 261,2 22 320 81,6
Ti 1103149 2,2 129 440 85,2 143 301,0 2,0 157 960 90,7
sV 28729 24 3308 86,8 38039 1,9 4160 91,4
52Cr 26155 2,5 3360 77,8 3038,0 2,8 3760 80,8
55Mn 12 869,7 2,7 16 640 77,3 14 500,1 2,5 17 920 80,9
%Fe 1705 500,1 23 2143 960 79,5 12652826 23 1504 680 84,1
%Co 33234 3,0 4000 83,1 681,2 18 780 87,3
ONi 303 528,9 2,1 338 560 89,7 25968,6 2,1 27 480 94,5
%5Cu 295759,1 2,1 342200 86,4 237708 1,9 25920 91,7
%Zn 227 420,3 2,3 284120 80,0 26 826,8 2,1 31240 85,9
"1Ga 2948 2,8 360 81,9 3458 2,1 404 85,6
74Ge 9,9 32 132 75,2 8,5 3,6 8,4 101,5
75As 40877 2,3 4840 84,5 1191,0 1,9 1288 92,5
80Se 372,8 2,5 440 84,7 35,8 2,8 48 74,5
85Rb 4278,5 2,3 5240 81,7 53250 1,8 5880 90,6
Sy 26438 34 2752 96,1 3350,1 2,6 3360 99,7
8y 608,2 29 708 85,9 753,7 2,1 844 89,3
0Zr 881,0 2,5 940 93,7 900,4 1,7 904 99,6
%Mo 34 602,2 22 37 400 92,5 572,6 1,6 584 98,0
7Ag 7059 21 808,0 87,4 165,0 18 174,0 94,8
mcd 703,8 22 776,0 90,7 82,0 1,8 90,0 91,1
3n 54,4 22 59,6 91,3 6,5 2,1 6,5 99,4
118Sn 477,5 24 552 86,5 128,6 2,0 140 91,9
21Sb 996,5 34 720,0 1384 1639 2,7 120,0 136,6
26Te 6,3 9,0 58 107,9 1,0 159 08 130,0
¥3Cs 361,0 53 388 93,0 4343 49 440 98,7
57Ba 22733 4,7 3240 70,2 17 644,9 4,0 17 320 101,9
%La 11551 4,2 1192 96,9 14528 4,0 1428 101,7
140Ce 17071 3,5 2520 67,7 2107,0 32 3000 70,2
178Hf 36,1 4,4 32,8 110,1 34,8 4,3 30,8 1131
82w 117,7 2,7 123,6 95,3 114,2 2,0 108,0 105,7
185Re 53,6 33 57,600 93,1 04 6,2 0,360 98,6
197Au 24 2,0 - - 0,1 8,1 - -
201Hg 17,3 2,3 19,29 89,6 24 51 - -
205T| 49,1 2,0 - - 29,3 24 - -
208ph 2614319 19 278 920 93,7 39637,1 2,3 41 600 95,3
209Bj 366,0 2,2 440 83,2 25,6 24 29 88,3
232Th 609,3 2,6 704 86,6 830,6 2,6 868 95,7
28 1757 2,6 200 87,8 207,3 2,8 220 94,2



OonTumMmusauus NMPOTOKOJ1a NPOMbIBKU

[Nt HECKONMbKMX TUMNYHbBIX ONpeaensieMblx COeANHEHNI,
TaKMX KaK 30/10TO, JaxKe caMble CNeoBble KOHLEHTPaLMN
MMeOT 60JIbLLIOE 3HAYEHNE, NMPU 3TOM 3TU 3NIEMEHTbI
OYeHb MJIOXO BbIMbIBatOTCS U3 Npubopa. na 60pbbbl

C 9TUM B NPOTOYHbIN MPOMbIBHOWM NOPT aBTOoCaMNIepa
noaaBasCcsa NPOMbIBOYHbIN pacTBOp, coaepxkatumin 3% HC,
2% HNO, 1 20 MMONb/N TMIOMOYEBMHBI. ITOT XKE PAacTBOP
MCMNOMb30BaCa B KA4YeCTBE HOCMTENS A5 AMCKPETHOrO
BBOAa. Ha puc. 3 nokasaHa cBogHast nHdopmaums

06 addexTe NaMaTN 4719 BCEX 9IEMEHTOB Ha MPOTAXKEHUM
[EeCcsATM XONOCTbIX aHaAM30B MOc/e BBOAA KaAMOPOBOYHOIO
CTaHOapTa BbICOKOW KOHLIEHTPALMN. XON0CTON MPo6oi 2
«MnKme» anemeHTbl, Sb, W, Au, Hg, Pb 1 Bi, BbIMbIBanunco
00 0,1%.
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PuUcyHOK 3. 3G dheKT NamaTh Ans «IMNKKx» 3N1eEMEHTOB B NEPBOI XONOCTO
npobe nocne KannbépoBOYHOMO CTaHAapTa BbICOKOW KOHLIEHTPALIMN.

BbiBoAabl

B aTom ncecnegoBanHnm ¢ nomotlbro NCIM-MC
onpeaenanock 48 anemMeHToB (3 BHYTPEHHUX CTaHaapTa
n 45 onpefenaemMblx 971EMEHTOB). AHaNM3 Kaxkoi Npobbl
3aHsAn 90 c. Cnuctema nokasana BbICOKYH CTabUIbHOCTb
Ha MPOTsXKeHUN 6onee 6 Y.

Cuctembl UHMI 1 ISIS-DS nossonunnm obecneynTs
HeMnpeB30MAEHHYH YCTOMUYNMBOCTb K MaTpuLe

N MUHMManbHbIM Apend Ha NPOTAXKEHUW aHanmn3a AVHHOM
Cepun pacTBOPEHHbIX MUHEPAOB C BbICOKMM COAEPXKaHNEM
PacTBOPEHHbIX BELLIECTB.

CTONKHOBUTENbHAs AYeitka B peXXMME C Hamyckom

resivsi NoO3BOMMIIA YBENMYNTL HAEXKHOCTb aHanvsa

1 CHU3UTb Npeaesbl OBHAPYXKEHWS, MPU STOM MPaKTUYECKH
He yBeM4MBas NPOAO/MHKUTENIbHOCTb aHannsa. Kpome
TOr0, PEXMM C HaMyCKOM Fenna NO3BONNI YBENNYUTb
AMHAaMUYECKMIA amManasoH Ans Nerkux pacnpocTpaHeHHbIX
371eMEHTOB 10 ThICAY MUIMOHHbIX [10Mel, YTO NO3BONSET
aHanM3npoBaTh 9T1 NPOBbI 38 OANH aHaNN3.

AHanmna 6bIN1 NPOCTbIM N HAAEXHbIM W MPOAEMOHCTPUPOBas
npefenbl 06Hapy>XeHWs Ha YPOBHE eAnHUL, MUANMapAHbIX
fone ana o6pasLoB MCXOAHOM pyabl. Beicovaiiiian
TOYHOCTb Oblfla MPOAEMOHCTPUPOBAHa NyTeM aHanmsa psaa
CepTUPULIMPOBaHHbIX 3TaNlOHHbIX MUHEPaNOoB.

970 nccnenoBaHne nokasano, 4to NCr-MC Agilent 7900
¢ cuctemammn UHMI m ISIS-DS cnocobeH aHann3npoBaTh
pPacTBOPEHHbIE B KMCNOTax reofiormyeckmne obpasibl,

YTO pPaHblLe CHUTANIOCh CITOXHOWN 3aaden ans aToro
MeToaa aHanmsa. [Nprnbop NPoaAeMOHCTPUPOBA
CMOCOBHOCTb OMPeaenaTb B re0IOrMYecknx obpasuax Kak
cnefoBble KOMMYECTBA OJHMX 91EMEHTOB, TaK 1 BbICOKNE
KOHLEHTpaumMm ApYrnx sNEMEHTOB, YTO AeNaeT HEHYXXHbIM
OTAENbHbI aHanu3 ¢ MOMOLLbIO APYroro metoda. 370
NO3BONAET YBENYUTL NPON3BOAUTENBHOCTb M CHU3NTb
CTOMMOCTb aHanm3a ofHoro obpasua.
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MHbopmaLms B 3TOM AOKYMEHTE MOXET 6bITb U3MeHeHa
6e3 npeaynpexxaeHus.
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