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Pa3paboTaH KOMIUIEKC METOAUK UCCIICIOBAHNSI MUKPO3JIEMEHTHOTO COCTaBa YEPHBIX CJIAHLICB, BKIIIOUAIOIIIUIA
pas3IMYHbIE BADUAHTHI ITOATOTOBKU ITPOO K aHAIU3Y IS OIIPEEICHUS OTACIBHBIX TPYIII 3JIEMEHTOB, B TOM UKC-
Jie 7ieMeHTOB miaTuHoBou rpynmnkl (DI1I) u 3010Ta, aToMHO-crieKTpaibHBIMU MeTogaMu (ADC-UCII,
MC-UCII, 3TAAC). [1oxydeHbl aHHEIE IO COASPKAHUIO 54 3]IEMEHTOB B CTaHAAPTHHBIX 00Opa3liax cocTa-
Ba (COC) yepHocnaHueBbix mopon CJIr-1A u CHC-1A. MeTponoruiyecku oxapakTepu30BaHHbIE TaHHbIE
MO3BOJISIT UCIOJIB30BaTh 3T COC W11 AeTaIbHOIO U3yYEeHUsI COCTaBa IMMOPOJ, U Py, COAEePXKAIIUX YIIIepO-
IMCTOE BEIIECTBO, PA3IMYHBIMIA MHCTPYMEHTAIbHBIMU METOAAMU. AKTYaJIbHOCTb 3a[1aui 0OyCJIOBJIEHa OT-
CYTCTBHEM MPUPOAHBIX MHOro31eMeHTHBIX COC, B KOTOPBIX OMHOBPEMEHHO aTTECTOBAHbI MOBBIIIIEHHbBIE
U CJIeIOBBIE COIEepKaHUs 30J10Ta, cepedpa, a Takzke DIIT.

KitioueBbie cJIoBa: yriepoacoaepKaliyie IIopoabl U Pyabl, METaUIbl ITNIATUHOBOM I'PYIIIEI U 30J10TO, XUMM -
yeckas npodomnoaroroska, ADC-UCII, MC-UCII, 5TAAC
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BBEAJEHUWE

K 4yucny Hambosee IepCHEKTUBHBIX ChIPbEBBIX
WCTOYHMUKOB 0JIaTOPOAHBIX METAJLJIOB OTHOCSITCS I10-
JIUMeTaJbHble MECTOPOXACHHUSI B OCaIOYHO-MeTa-
Mop¢UYECKNX YEPHOCIAaHIIEBbIX KoMITIeKcaxX. C HI-
MU CBSI3aHBI KpPYyIHEHIIINE 30J0TOPYIHBIE MECTO-
pOXIEeHUsI MUpa, B TOM YHCJIE MECTOPOXICHUE
Cyxoii Jlor, mjiss KOTOporo, mo HEKOTOPHIM IIPEIIo-
noxeHusM (onux u ap., 2005; Auctiaep u ap., 2003;
Distler at al., 2004; Pa3Bo3xaeBa u 1p., 2002), xapak-
TEPHO U IUIATUHOMETAJIbHOE OpydeHeHrEe. DTO MOo-
TBEPXKAAeTCSI MHOTOYMCICHHBIMI TaHHBIMU 00 OOHa-
PYXEHHBIX MUKPOMUHEpPaJIax IJIaTUHOBBIX META/JIOB B
KOHIIEHTpaTaxX HepacCTBOPUMOIO OPraHMYECKOTO Bellle-
CTBa, HaHOYAaCTUII 1 HaHoMuHepayioB D11 B ucxomHom
U3MeJIbYeHHOM pyaHOM Matepuaie (BacunbeBa u ap.,
2018a), rpaBuGI0TOKOHIIEHTpaTe, CYJIb(MUIHOM KOH-
neHrpare u xBocrax duioraruu (Henaxos u np., 2021).
Bwmecte B TeM nMerolecs: JaHHbIe 00 OOIIMX coaep-
XKaHUSX 2JIEMEHTOB IUIaTMHOBOM Tpymiibl (BI1D) B
YyepHOCaHIEBbIX TTopoaax u pynax Cyxoro Jlora, no-
JIy4€HHBIE C UCTTOJIb30BaHUEM PA3IMUHBIX METOMIOB JIie-
TEKTUPOBAHUS U crioco0oB 1toarotoBku (Petrov et al.,
2004; Liet al., 1998; Mitkin et al., 2000; I'aBpuioB u 1p.,
2008) kpaitHe mpoTMBOpeYMBHI. Tak, HampuMmep, pe-
3ynbTaThl Wit oopaszna CUYC-1, nmonyyeHnnsie B 2004 T.
pY MEXKIa00paTOPHOM TECTUPOBAHUM, BAPbUPYIOT OT

0.37 mo 1660 Hr/r mis matuHbl U ot 0.57 no 1570 Hr/T
s nayutagus (ITetpos, 1999; Petrov et al., 2004). B
ceptudukare crangaptHbix oopasuoB (COC) comep-
KaHUS 3TUX DJIEMEHTOB IIPUBENEHBbI TOJBKO KakK
CIIpaBOYHbBIEC JaHHbBIE; BCE PE3YIbTAThl, IJIe COAepXkKa-
Hus Pt > 4 Hr/r, npyu3HaHb OIIMOOYHBIMU. JaHHEIE
o poguio n DIIT npnaneBoii TpyNbl MPaKTUISCKHA
OTCYTCTBYIOT. OTMEUEeHHbIE pacXOXKACHUS pe3yibTa-
TOB, JOCTUTAIOIIME HECKOJbKUX MOPSIAKOB, 00bEeK-
TUBHO 00YCJIOBJIEHBI KaK CJIO)KHOCTbIO ITOITOTOBKU yT-
JieponcoaepKaliux 00beKTOB K aHalau3y, TakK U Tpo-
GsieMaMU UHCTPYMEHTAJIBHOTO OMpeeIeHUSI CIeTOBBIX
kommuectB OIIT (I'aBpuioB m np., 2008; Ilomraeii-
kuii, YepemnaHos, 2014; Yepenanos u ap., 2015).

IMomumo coaepxxanuit DT, BaxxHOIT xapakTepu-
CTUKOI TUIAaTUHOMETAJIbHBIX IMOPOI U PYI SBJISIOTCS
colepKaHUs DJIIEMEHTOB-CITYTHUKOB, OCOOECHHO Se,
Te, As, Sb u Ag, Cd, Bi. Ix onipeaeneHue Takxke co-
MPSKEHO ¢ aHAUTUTUYECKUMM TPYAHOCTSIMU, U IS
paccmarpuBaeMbix COC 3Tu maHHBIE TPAKTUISCKH
OTCYTCTBYIOT.

OO1ee yncio pabdoT, MOCBIILIEHHBIX ONpEneie-
HUIO MUKPOBJIEMEHTHOTO COCTaBa yIjaepoacoaepxka-
mux nopoa (Bkimouas II1TN), mano. OcHOBHas aHa-
JIuThYecKast TipobjieMa Mpu onpeaeeHUun 3JEMEHT -
HOTO cOCTaBa 3TUX OOBEKTOB BO3HMKAET Ha CTaauu
MOATOTOBKM MPOO, UMEIOIIIEH 11€J1bI0 MOTHOE yIalleHre

982



OINNPEAEJIEHUE MUKPOSJIEMEHTHOI'O COCTABA YHEPHOCJIAHIEBBIX ITOPO/] 983

rpapuTonOmOOHOII MATPUIIBI IYyTEM €€ OKMCICHUS
KUCIOPOOOM Bo3ayxa (OOXUT) WIM MUHEPaJIbHBIMU
KHCJIOTAMHU: YIVIEPOAMCTOE BEIIECTBO OKUCIISICTCS
TOJIBKO IIPY BBICOKOM TEMIIepaType, U HaXOMSIIINECS C
HUM B cpacTaHMU Cyab¢huabl (IMMPUT), COASpKAIIe
BIII, OyayT mpu 3TOM HEMMHYEMO YTepsiHbl. DTO
OCJIOKHSIET aHajiu3 M OOYCIOBIMBAET HEOOXOMM-
MOCTb MCIOJIb30BaHUS JIMTEIbHBIX MHOTOCTYIICH-
YaThIX CXEM. YIIPOCTUTh aHaIWU3 MpU OIpeAcIcHUU
AIT" mo3BonsgeT mpobupHag IUIaBKa, HO OHA YyB-
CTBUTEJIbHA K OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIM
YCJIOBUSIM, CHJIBHO MU3MEHSIIOIIUMCS B IIPUCYTCTBUU
yriepoacoaepxamux Matpui. Tak, B pabdore (Ju-
vonen et al., 2002) mokazaHo, 4TO IIPU MTPOOUPHOI
IUIaBKEe YEPHBIX CJIAHIIEB Ha CYJIb(UI HUKEIsT o0pa-
3yeTCs HEOOHOPOMHBIN IIJIaK, M3 KOTOPOIro KaIUId
pacIuiaBa BBIUIEIAIOTCA ¢ TpynoM. [Ipensapsrommit
TUIaBKY OOKUT TpeOyeT NOOaBICHUSI OKUCIUTEIS, KO-
TOPBII B KaXKIIOM CJIydae BHIOMPAETCS SMITMPUIECKU
(Lietal., 1998; Juvonen et al., 2002). Kpome Toro, uc-
MOJIb30BaHMEe OOJILIIMX KOJMYECTB IJIaBHEHN (0OOBIU-
HO NiS) TpeOyeT X MCKIIOYUTEIbHO BBICOKOI 4M-
CTOTHI (HE Bceraa TOCTUKUMOIA).

IlepeuncienHble paKTOPHI IPUBOIIAT K HEOOXO-
JTUMOCTHU UCIIOJIb30BaTh IPU TOATOTOBKE K aHAIU3Y
TaKMX T€OJOTMYECKUX MaTepHajioB Haubojee rud-
KWIi, XOTS X TPYOIOEMKII BapuaHT, — KUCJIOTHOE pa3-
JIoxkeHue. sl MOJHOTO pacTBOPEHUSI MPUMEHSIIOT
pa3IUYHbIC BApHUAHTBI KUCJIOTHOM 00paboTKM 00pa3-
moB (Henrique-Pinto et al., 2017), B ToM 4wncie ¢
npeaBapuTeabHbIM o0xurom (Bamin, bpoHHuKoOBa,
2001; AHowmkuHa u ap., 2012; Bapuan u np., 1994).
JormomHuTeIbHyI0 MHOOPMAIIMIO O MHHEpPaIbHBIX
dopmax 30J10Ta, cepedpa U TNIATUHOWIOB B YIJIePO/ -
colepXKallixX MOopoJaxX ITO3BOJISIET IIOJIYYUTh METO
MPSIMOTO CUMHTWUISIIIMOHHOTO aTOMHO-3MHUCCHOH-
Horo aHanu3a (CADC) (BacuabeBa u ap., 2018a, 0;
BacunbeBa u np., 2012).

B kauecTBe MeTona JeTEKTUpOBaHUS, Hanbosee
MEPCIIEKTUBHOTO IS YIBTPacIeIOBOTO aHalu3a,
paccMaTpUBaeTCsI MacC-CIIEKTPOMETPUSI C MHAYK-
THUBHO cBsi3aHHOI 1a3moit (MC-UCII). Meton 06-
JIafaeT UCKIIOYUTEIbHO BBICOKOM YYBCTBUTEJIHLHO-
CTbIO, OOHAKO XapaKTepU3YeTCs OOJIbIIUM YKMCIOM
Macc-CHeKTpalbHbIX  HajlokeHuil. HaubGonbiue
Mpo0JIeMbl BOZHUKAIOT IIPU OIPEACIEHUN CIEHOBBIX
kosmmuects DIIT, n, B oTimyme ot OONBIINHCTBA BJIe-
MeHTOB, MC-UCII-onpenenenue DI HeBO3MOX-
HO 0Oe3 oTHelleHUus OT MAaTPUYHBLIX KOMIIOHEHTOB
(I'bedbneBa-bantok, Kyopakoa, 2020). ITocime kuc-
JIOTHOTO Pa3JIOXKEeHUs ISl OCEAYIOIIEro KOHIIEHTPH -
pOBaHUS 1 cOpOCca MAaTPUIHBIX KOMIIOHEHTOB MCITOJIb-
3y1oT copoumio (BacuibeBa u np., 2012; Bapiman u np.,
1994), skcrpakuuio (Bamwt, Bponaukosa, 2001; Mit-
kin et al., 2000), coocaxnenue Ha Tearype (Li et al.,
1998), nonHbIi1 oOMeH (TroTioHHUK U ap., 2020).
ITpuMmepbl KOMOMHUPOBAHHBIX METOMIOB OIpeaese-
HUS cnenoBbix comepxkanuii DI u 3o70Ta 060011IE-
HBbI, B YacTHOCTH, B pabortax (Kybpakosa u ap., 2012;
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Moxonoesa u p., 2012; Kybopakosa u ap., 2020). s
OIIpeIeIEHMSI CJIEIOB JIEMEHTOB B paMKax JAHHOTO 1C-
caenoBaHust, Hapsiny ¢ MC-UCII, ucnonb3oBaiu 31eK-
TPOTEPMUYIECKYIO aTOMHO-a0COPOIIMOHHYIO CIIEKTPO-
Mmetpuio (DTAAC) m aTOMHO-3MUCCUOHHYIO CIICK-
TPOMETPUIO C MHAYKTUBHO CBSI3aHHOM IJIa3MOM
(ADC-UCII).

Lenp paboThl — COBEPIIEHCTBOBAHME CXEM aHa-
JIN3a YepPHOCIAHIEBBIX ITOPOI U Pyd U paclIMpeHue
Kpyra oIpeaeisieMbIX 2JIEMEHTOB C IIPUMEHEHUEM
pa3pabOTaHHBIX MOAXOHAOB K OIIPEACICHUIO CJIEIO-
BBIX 1 YIIbTpacienoBbIx comgepxkanuii D11, 3010Ta 1
COITYTCTBYIOIIMX 3JE€MEHTOB. AKTyaJbHOCTh 3a1a4u
00yCJIOBJIeHA OTCYTCTBUMEM HPUPOTHBLIX MHOIO3JIe-
MeHTHBIX COC, B KOTOPHEIX OMHOBPEMEHHO aTTECTO-
BaHBI TTIOBBIIIICHHBIE U CJICIOBBIE COAECPXKAHUS 30J10-
Ta, cepebpa, a Takxke nsatu DIII. MeTpoaoruyecku
oxapakTepM30BaHHBIE JAaHHbBIE MTO3BOJIST MUCIIOIb30-
Batb COC CYC-1A u CJIr-1A nns geTaJlbHOTro MU3y-
YEeHU COCTaBa OPOI U Py, COAEPXKaIIUX YIJIEPOAU-
CTOE BEIIECTBO, JIOOBIMU aHAJIMTUICCKIMU METOHA~
mu, Bkimogasg meton CADC.

OKCITEPUMEHTAJIBHAA YACTDb
Obsexmbl aHaAu3a U ux xapaKmepucmuxa

OOBEKTOM MCCeNOBaHUS SIBUJIOCH BEIIECTBO
JIBYX TOCYIapCTBEHHBIX CTaHAAPTHBIX OOpa3loB
(I'CO), nipeacTaBISIOUINX 30JIOTOPYIHOE MECTOPOXK-
nenue Cyxoii Jlor (Mpkytckas o6i., Poccust): uep-
HBII caHen HaapyaHoi 3oHbl — CUC-1 (I'CO 8549-
2004) u yepHblil cnaHen pynHoi 30Hbl — CJIr-1
(I'CO 8550-2004) (Petrov et al., 2004; BacuibeBa,
2013). Martepuan o6pa3LoB ObLJT OTOOpPaH U3 YIJIEPO-
JUCTBIX TMUPUTU3UPOBAHHBIX CJAHIIEB XOMOJIXWUH-
CKOM CBUTHI, Cjlaraloliux 3HAYUTEJbHbIE TEPPUTO-
pun bopaiibuHckoro paiioHa (Mpkyrckass o0I1.).
Taxke B paMKax y4acTus B mpoekTe “YepHble ciaH-
uer” MUI'X CO PAH Ob110 mpoaHaJu3upoOBaHoO JI0-
MOJIHUTEILHO TOMOT€HU3UPOBAHHOE BEIIIECTBO 3TUX
I'CO: CHC-1A u ClIr-1A.

Peacenmur u mamepuanst

st pasiioxeHusT 00pa3lioB HCIIOIb30BAIN KHUC-
gotel: HF (o. c. 4., MocpeaktuB, Poccus), HCI,
HNO; (x. 4., Xummen, Poccus). s nonnabieHus
ocanka — Na,O, (Panreac, Ucnanusi).

JI1s1 CHYDKEHUS TIpeIeioB OOHAPY:KEHUS JIEMEH -
TOB BCE KHUCJOTHI JOTOJHUTEIbHO OYMINAIN Mepe-
TOHKOI 0e3 KuneHus B TedioHoBoM amrapate ECO
IR (I'epmaHust); MCIIOIB30BAIU OUMAUCTULINPOBAH-
Hylo Boay ¢ R = 18.2 MOwm/cM. Bcro ucromnbzyemyto
MOCYAY KUIISATUIN B CBEXXEIIPUTOTOBIEHHON “LIapCKOIA
BOIKE”, TIPOMBIBIM B OOJIBIIIOM KOJIMYECTBE JTEUOHM-
3UPOBAHHOM BOIBI, a 3aTeM OMIUCTWLIATOM. Kom-
IUIEKT CTEKJISIHHOM MOCYIbl MCITOJIb30Bal TOJIBKO
IJIsl OIpeNesICeHUs] COAepKAHWIA OTHOTO IOpsIKa.
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TIOTIOHHUK wu ap.

Taomuna 1. Ycnosust DTAAC ornpenesieHUs 2JIeMEHTOB

Cy1ika, Tepmoobpabotka 1, [ TepmooOpadoTKa 2,

o o o AtoMu3zauus, .
DneMeHT (IInHa C/ Harpes, C/Harpes, C/nHarpes, o Ouuictka,| MaTpUuHbIit

o o o (:/P’I)eMH 0,

BOJIHBI, HM) C/c/BpeMst C/c/Bpemst C/c/Bpemst C MoaupUKaTop
BBIACPXKKH, C

BBIAEPXKKH, C BBIIEPXKKH, C BBIIEPXKKH, C
Ag (328.1) 110/10/45 — 750/50/30 2000/2 2300 1.25% CzHgOg4
Au*(242.8) 115/20/30 700/15/20 1050/150/20 2300/2 2600 —
Cd (228,8) 110/20/25 — 500/150/20 2100/2 2300 —
Pd* (247,6) 115/15/25 700/30/25 1200/200/10 2500/2 2600 —
Pt*(265,9) 115/20/30 700/30/25 1200/200/10 2500/3 2600 —
Sb (217,6) 110/10/35 — 1200/50/20 2200/3 2500 1% Ni(NO;),
Se (196,0) 110/10/20 — 1100/50/20 2400/2 2500 1% Ni(NO3),
Te (214,3) 110/10/30 — 1000/50/20 2300/3 2500 1% Ni(NO3),

*DJIeMEHThI OPeACIISIIN ITOC)Ie KOHLIEeHTpUupoBaHus Ha copoeHte [TOJIMOPI'C IV.

Ncnonb3oBajin TOJBKO HOBBIE IIJIACTUKOBBIE npo-
GUPKU, KOTOPbIE ITPOMBIBAJIA PACTBOPOM ITeperHaH-
Hoii 6e3 kureHuss 6 M HCIl, 3areM OMaUCTUIINPO-
BaHHOI BOJOM 1 BricylInBaiu. CoBMECTHO C Tpoda-
MU TIPOBOJIVIIN KOHTPOJIbHbLII OITBIT.

J11s1 copOLIM M OTIEJICHUSI MAaTPUIHBIX KOMITOHEH-
TOB UCIIOJIb30BaJIM IMTOPOIIKOOOPAa3HbI KOMILIEKCO00-
pasytomuii copoent ITOJIMOPI'C-1V (TEOXU, PD),
KaTMOHHOOOMeHHylo cmoiny AGS0W x 8 (BRL,
CIIA), xomriuiekcoobpasytolnyto cmony LN-Resin
(TrisKem International, ®panuwst). st rpamyrupoOBKU
prOOPOB UCIOIB30BaIM: omHoaneMeHTHbIe ['CO co-
craa Pb (I'CO 7012-93), Se (I'CO 7779-2000),
Ag (9727-2010), Sb (8402-2003), Cd (7874-2000),

SO?[ (6693-93) (DxomnaH, Poccust) ¢ KOHIIEHTpamyei
1 wmr/ma, As (7976-2001) ¢ XoHIeHTpamuei
0.1 mr/mn, Te (Inorganic Ventures) ¢ KOHIIEHTpalI1-
et 10 Mr/n, omHO3JIEeMEeHTHBIe pacTBOpHI Au, Pt, Pd,
Ru, Rh, Ir, Re (Sigma-Aldrich, CIIIA) ¢ KoH1IeHTpa-
myueir 1 Mr/miji, MHOTO3J€MEHTHBII CTaHAAPTHBIA
pactBop ICP-MS-68B-100 solution A u B (HIGH-
PURITY Standards, CIIIA). ITpaBMIbHOCTE OIIpeae-
JICHUSI 3JIEMEHTOB KOHTPOJIMPOBAJIU C MCIIOJIb30Ba-
HueMm obpasua cianua SBC-1 (Round 28), nmpencras-
JIEHHOTO B paMKaxX MexXayHapoaHoii [1IporpaMMebl Te-
CTUPOBAaHUSI  T€OAHAJUTUYECKUX  JlabopaTopuii
GeoPT, u crangpapTHoro o6pasua quadaza TDB-1.

Obopydosanue

— OTAAC cniektpomeTp “SOLAAR MQZ” c 3ee-
MaHOBCKOU Koppekiueidi (hOHOBOrO ITOMIOLIEHUS
(Thermo Electron Corp., CIIIA). U3mepeHue cura-
JoB Au, Ag, Pt, Pd, Te, Se, Sb, Cd BbIIogHsIIM Ha
JUIMHAX BOJIH, MPUBEASCHHBIX B Ta0a. 1. I'pamyupo-
BOYHbIE€ PACTBOPHI TOTOBUJIM IMTyTEM IOCEI0BaTEb-
HOro pa30aBjieHUsI COOTBETCTBYIOIIMX OMHOJJIE-
MEHTHBIX CTaHIaPTHBIX PACTBOPOB HEMOCPEICTBEH-
HO nepea U3MEPEHUEM.

— ADC-UCII cnektpoMetrp ¢ CID—aeTekTopoM
Iris Intrepid II XDL duo (Thermo Electron Corp.,
CHIA). ChekrpalbHblii guamazoH 165—1050 HM.
DneMeHThl OIpeAessid Ha [IJUHAX BOJH (HM):
As(189.0), Ba(455.4), Be(234.8), Co(230.7), Cr(357.8),
Cu(324.7), Ga(294.3), Mn(257.6), Mo(202.0),
Ni(231.6), P(214.9), Pb(220.3), Rb(780.0), S(182.0),
Sc(361.3), Sr(407.7), V(292.4), Y(324.2), Zn(206.2),
Z1(339.1). I'panyupoBOYHBIE PACTBOPHI C KOHIICH-
tpauusamu 10, 5, 1, 0.5, 0.05 MKr/MJI, TOTOBWIN pa3-
OaBjIeHMEM MHOTO3JIEMEHTHOIO CTaHHAPTHOTO pac-
tBopa ICP-MS-68B-100 BECOBBIM METOIOM M3 Ya-
creii A u B, u oTnenbHO [UIST OINpeaesieHUsI Cephbl C
koHIeHTpauusamu 10, 5, 1, 0.1 Mxr/mi.

— MC-UCII cnexTpoMeTp BBICOKOTO paspelie-
HUs ¢ nBoitHOM (pokycupoBkoii Element XR (Fin-
nigan MAT, I'epmanus). st namepeHus 30J10Ta U
BIT ucnonpioBanu nsoronsl Y7Au, 10°Pd, 194Pt, 195Pt,
Bl 18R, Ru, '®3Re u pexxuMbl “HU3K0E” U “cpel-
Hee” paspemeHne. Comep:kaHNe IPYTrUX 3IEMEHTOB
onpenesuid B “HU3KOM” U “cpemHeM” pa3pellieHUUN
c ucrosnb3oBaHueM uzotonos: 2?Bi, 14Ce, Co, 2Cr,
63Cu, lf’lDy, 166EI‘,151 Eu, 69Ga, 157Gd, 165HO, HSIH,
19, SLu, %Mo, Nb, “3Nd, “Ni, $5Rb, *Sc,
147§ m, 88Sr, 81Ta, 199Tb, 82Th, 205T1, 169Tm, 238U, 2V,
184W, 89Y, 32Yb, 66211.

I'panmyrpoBoOYHbIE paCTBOPHI ¢ KOHILEHTPALIUSIMU
2,1, 0.1, 0.01, 0.001 Hr/mMa roToBUIM pa3baBieHUEM
cMmecHu JacTeit A u B MHOroajieMeHTHOTO cTaHaapT-
Horo pactBopa ICP-MS-68B-100. s ruiaTUHOBBIX
METAJUIOB U PEHUs TpagyHMpOBOYHBIE PACTBOPHI C
koHHeHTpauusamu 1, 0.1, 0.05, 0.01 0.005 Hr/mi roro-
BUJIM U3 CMECHU OMHORJIEMEHTHBIX CTaHIAPTHBIX pac-
tBopoB BIII, 3010Ta U peHusi. Bce pacTBopbl roTo-
BIWJIM HEIIOCPEICTBEHHO IIepen M3MEPEHHEM BECO-
BBIM METOJIOM.

— MuKpoBoiaHoBas cucrema (MB) MarsXpress
(CEM Corp., CIIIA) (yactora 2.45 I'Ti1, MakcuMamib-
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Hasi MOIITHOCTh MarHeTpoHa 1600 Br). /1yist moarotos-
KU P00 MCITOJIb30BAJIM TEPMETUYHO 3aKphbIBaIOIIME-
cd cocydbl U3 (TOPIIOJNMMEPHBIX MaTepualioB
XP1500 (100 Mz, 240°C, 100 at™m., 12 wt.) Temnepa-
TYPYy KOHTPOJIMPOBAJIU IOIPYKHBIM OIITOBOJIOKOH-
HbIM 30HH0M RTP 300 Plus, maBieHue B KOHTPOJIb-
HOM cocyne n3Mepsan gataukoM ESP300 Plus.

Ilodeomosia npob6 k anaiuzy

OO6pasupl coctaBa 4epHbIX ciaaHieB CUC-1A,
CJIr-1A  OblIM  BBICYHIEHBI TIpU  TeMIlepaType
105 £ 2°C 10 MOCTOSTHHOTO Beca B Te€4eHHWE OTHOTO
paboyero gHs.

Jlns u3Bieyenus B pacteop S, As, Te, Se, Sb, Pb u
Cd ucroib30Bajii METOAUKY IOATOTOBKM, OMMUCAH-
Hyio B pabore (CamaroB u np., 2022). K o6pasmy
maccoit 0.25 r moGaBnsgau 7 Ma “Liapckoil Bogku”
(HCI: HNOj; (3 : 1)), cMech HarpeBajiu B 3aKPBIThIX
cocymax MB cucrembl 1o 180°C M BBIACPKUBAIU
20 muH. Tlocne oxnaxaeHUsS pacTBOp pa30aBiIsSIIN
IUCTWUIMPOBAHHOM BOAOM A0 25 M1, OTOUIBTPOBBI-
BaJii 4epe3 OyMakHbIii (UIBTp “CUHSS JIeHTa” B
MpeaBapuTEIbHO B3BEIIEHHYIO IMOJIUIIPOITMICHOBYIO
MPOOUPKY, 0CaI0K Ha (pUJIbTPE MPOMBIBATIN AUCTUI-
JIMPOBAaHHOM BOMION, TOBOAS OOIIUI 0O0BEM pacTBOpa
B npobupke 10 40 M1, 1 oropaceiBanu. [Ipodbupky c
pacTBOPOM €l11l€ pa3 B3BELINBAIU.

PactBOpHI 1711 BBeOeHUSI JOOABOK TOTOBUJIU U3
OIHO3JIEMEHTHBIX CTaHAAPTHEIX pacTBopoB As, Cd,
Pb, Se, Sb, Te. [Inst onpeneaeHUs CBUHIA U MbBIIIIbSI-
ka MetonoM ADC-UCII B3semusBanu no 4.0000
£ 0.0005 r moJrydeHHBIX pacTBOPOB M HOOABISIN K
HUM 110 10 MKJI pacTBOPOB COOTBETCTBYIOIIMX 3JIC-
MeHTOB ¢ KoHuieHTpauuei 100 mxr/mir. st onpene-
nenus Se, Te, Sb u Cd metomom DTAAC B3BemunBa-
Jim 110 2.0000 + 0.0005 r pacTBopa o6pa3siia 1 1006aB-
JIsi K HeMy 10 MKJT pacTBOpa, IPUTOTOBIIEHHOTO U3
PacTBOPOB COOTBETCTBYIOILINX DJIEMEHTOB C KOHIICH-
Tpamueii 1 mxr/mi (Se, Te, Sb) u 0.1 mxr/ma (Cd). Io-
JIy4EHHBIIA PaCTBOP MCITOIL30BAIM JIJIST OTIPEACIICHUS S,
As, Pb metronom ADC-UCII, a Te, Se, Sb, Cd — meTo-
oM DTAAC. CurHaia u3MepsuId 110 BBICOTE UM ILIO-
maay mMKa. g pacyeTa KOHIIEHTpaIuM “MeTOoOM
onHOM po6aBku” wucnonb3oBaiu dopmyny: C, =
= Cy/((A, + A/A)) — 1), toe C, — KOHIIeHTpalUsl dJe-
MeHTa B pacTBope MpoObl; C, — KOHIIEHTPAIIHS T0-
6aBKHU 3JIeMEHTa B pacTBOpe MpoOHI (B ITepecyeTe Ha
BeCh 00beM); A, ; , — AHAJTUTUYECKUI CUTHAT DJie-
MEHTa JJIs1 pacTBOpa NpoObI € 100aBKO; A, — aHAIM-
TUYECKUI CUTHAIT BJIEMEHTA IS pacTBOpPa IIPOOLI.

Jnsa onpenenenust DIII' U apyrux 3j1eMeHTOB Ha-
BECKy oOpa3slia Maccoif 1 r momeniaam B CTeKJIorpa-
¢uroByro yanky. I1poOy oOpabaTeiBaay mpu Harpe-
BaHWU Ha BJIEKTPOIIUTE CMECHIO KOHLIEHTPUPOBAH-
Heix kuciaor HF (30 mu) u HNO; (10 mu) u
BBINTApUBAIU [0 BJaXHbIX coseid. IlomyyeHHbI
ocTaTokK obpadareiBaim cMecbio 10 ma HF u 10 ma
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CBEXEMPUTOTOBJIEHHOM “IIapCcKOil BOAKK”, a 3aTeM
eme pa3s 10 ma “mapckoit Boaku”. IlomydeHHBI
OCTaTOK oOpabaTeIBaiay TPYKIBI 10 MJT KOHIIEHTPH-
poBaHHoii HCI mis mepeBona cojieif B XJIOPUIHYIO
¢dopMy, KaxXIbIii pa3 yrmapuBasi paCTBOpP A0 BIIAXKHBIX
coJieii. B wamky no6asmnsiau 40 M IMCTUIIMPOBaH-
HOM Bombl M 4 mu kKoHUeHTpupoBanHoit HCI, mpo-
rpeBaJIM MO KPBIIIKOM B TeueHUe 1 4, OXJIaKIalIu U
¢unpTpoBamm B KojiOy oobemoMm 100 mi gepe3 Oy-
MaXKHbI1 0€330JIbHbIM  GUIABTp “CUHSS JieHTa”.
DunsTp ¢ 0cagKOM MNEePeHOCUIU B KOPYHAOBBII TH-
rejib, 030Js1 B MydenbHoii rieun nipu 500°C, a 3a-
TE€M CIUIABJISUIM B TEYCHUE Yaca ¢ 2 KpaTHBIM U30BIT-
koM Na,O, N0 OTHONIEHHUIO K OCTaBLIEMYCSl OCANKY
npu 600°C. TUIUUHLIA BeC OCTAIOIIErOCsI OCamgKa
it yepHbIx caaHieB Cyxoro Jlora 50—70 mr. ITocae
OXJIAXJEeHUSI pacIliaB BblllleJauyMBaJiu BOJAOM, Heii-
tpasm3oBasim HCI, ymapuBanm 10 BIaXXHBIX COJICH,
00pabaThIBaIM “LIapCKOIi BOOKOI” Y TPYKABI 2—3 MII
koHUeHTpupoBanHoii HCI o mepeBoma coneil B
xJopuaHyto popmy. PactBop (~5 MJ1) 0ObenUHSLIN C
duisTpaToM M goBomuind go oobema 100 ma 1 M
HCI, nmocne yero, pazaeauB Ha TPU YaCTU, UCTIOIB30-
BaJIM JJISI ONIpeNIeICHUS TPeX I'PYIIIT JIEMEHTOB.

Jasg OTAAC omnpenencausg Au, Pt m Pd oroupamm
80 M pactBOpa (Wist ornpeneseHuss Au B obpasiie
CJIr-1A oTtObupanu OTOEIBHO €Ile 5 M), JOBOIMIN
1o 100 ma 1M HCI u koHueHtpupoaiu DIII u 30-
snoro Ha 100 MT TToporkooo6pa3Horo copoenTa I10-
JJUOPI'C-1V npu KunsgyeHun B TedeHUe 60 MUH.
CopbeHT oTHesii (QUIBTPOBAHUEM dYepe3 MEM-
opanHbIii punbTp 0.45 MkMm (Whatmann, ['epmanust),
MpOMBbIBaJIM, ItepeBoawin B oobeM 2 miu 1% HCI
(mac.) 1 aHanu3upoBanu, BBoast 10—20 MK cycrnieH-
3uu B rpaduToByIO neub cnekrpoMmerpa (Kybpakosa
u ap., 2020), B COOTBETCTBUM C YCIIOBUSIMU, TIPUBE-
JIEHHBIMU B Ta0d. 1.

st onpenenenus Au, Pt, Pd, Ir, Rh, Ruu Re me-
TonoM MC-UCII 10 M pacTBopa nmocie pa3ioxKeHUs
1 r obOpasua ymapuBaiau, oOpadareiBaan 1 M “map-
CKOM BOOKM”, ellle pa3 yIlapuMBaJIM J0 BJIAXKHBIX CO-
neii u iepeBoaiv B S mut 0.25M HCI. 3aTem mpoBo-
nunu otaeneHue DIIT, Re 1 Au oT MaTpUYHBIX KOM-
IIOHEHTOB II0 METOAUKE, MOAPOOHO OITMCAaHHOM B
pa6ote (ToTIoHHUK U 1p., 2020): pacTBOp ITpOITyCcKa-
JIN 4epe3 CTEKIISTHHYIO KOJIOHKY ¢ 6 MJI KAaTUOHHOO00-
MeHHOI cMmoiibl AGS50W X 8 m mpombiBanu 25 M
0.25 M HCI co ckopoctbio 1 Mii/MuH. [TonydeHHBI
smtoar yrapubanu 1o 4 mi. IlonoBuHy pactBopa, 1o-
JIYYEHHOTO M3 3J110aTa, B3BEIINBAIM 1 MCIIOIb30BaIA
st onipenesieHnst Au u Re. OcTaBIIyiocst 9acTh yriapu-
BaJIM IO BJIAXKHBIX coeit, mepeBomuan B 2 it 1 M HCI,
MIpONyCKajJu 4Yepe3 IOJUIPOIMICHOBYIO KOJIOHKY,
3aITOJIHEHHYIO 1 MJI KOMIUIEKCOOOpa3yIolIeil CMOJIBI
LN-Resin gmsg ymanmennsa Zr w Hf, mpombiBanm
2 M 1 M HCl u ucnonb3oBanu ajist onpeneyieHust Pt,
Pd, Ir, Rh, Ru.
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Taomuna 2. IIpenenst onpenenenus (ITO)*

DnemMeHT IO, mxr/r Meron DnemMeHT I1O, mxr/T Meron
Ag 0.01 BOTAAC Pt 0.0025 BDTAAC
As 0.8 ABDC-UCII 0.0005 MC-UCII
Au 0.001 OTAAC Pd 0.001 OTAAC
0.0002 MC-UCIIT 0.0002 MC-UCII
Ba 0.5 ADC-UCIIT Pr 0.02 MC-UCII
Be 0.5 ADC-UCII Rb 5.0 ADC-UCII
Bi 0.006 MC-UCII 0.06 MC-UCII
Cd 0.002 BOTAAC Re 0.00001 MC-UCIT
Ce 0.03 MC-UCII Rh 0.0001 MC-UCII
Co 1.0 ADC-UCII Ru 0.0001 MC-UCII
1.0 MC-UCIT S 1.6 ADC-UCII
Cr 1.0 ADC-UCIIT Sb 0.02 BTAAC
1.0 MC-UCII Sc 0.5 ADC-UCIIT
Cu 0.5 ADC-HCII 0.03 MC-UCII
1.0 MC-UCII Se 0.16 OTAAC
Dy 0.03 MC-UCIIT Sm 0.003 MC-UCII
Er 0.04 MC-UCII Sr 0.25 ADC-UCIIT
Eu 0.04 MC-UCIIT 0.3 MC-UCTIT
Ga 2.5 ADC-UCII Ta 0.01 MC-UCII
0.1 MC-UCIT Tb 0.07 MC-UCII
Gd 0.01 MC-UCIIT Te 0.08 BTAAC
Ho 0.02 MC-UCIIT Th 0.006 MC-UCIIT
In 0.06 MC-UCIIT Tl 0.02 MC-UCII
Ir 0.00001 MC-UCIIT Tm 0.03 MC-UCII
La 0.07 MC-UCIIT U 0.02 MC-UCII
Lu 0.02 MC-UCIIT v 0.5 ADC-UCIIT
Mn 0.5 ADC-UCII 0.02 MC-UCII
Mo 1.0 ADC-UCII W 0.02 MC-UCII
0.18 MC-UCIIT Y 0.5 ADC-UCIIT
Nb 0.01 MC-UCIIT 0.01 MC-UCIIT
Nd 0.01 MC-HCII Yb 0.02 MC-UCII
Ni 1.0 ADC-UCIT Zn 0.5 ADC-UCII
P 5.0 ADC-UCIT 0.1 MC-UCII
Pb 0.8 ADC-UCIIT Zr 1.0 ADC-UCII

* 3HaueHUSI TIPEIEJIOB ONpPeeIeHUST pACCUMTAHBI IO 3G-KPUTEPUIO TI0 pe3yJIbTaTaM MapauleIbHbIX U3MEPEHUIT pACTBOPOB peaIbHbIX “X0-
JIOCTBIX” IPOG C y4eTOM HEOOXOIMMBIX paz0aBlieHUI WU KoHLeHTprpoBaHust MeTonamu DTAAC n ADC-UCITI (n = 3), MC-UCII (n =9).

st onpenenenust Ag metonoM O TAAC, Mukpo-
M peIKO3eMeNbHBIX 271eMeHTOB MeTogamu ADC-HWUCIT
u MC-UCII ncrionp30Baim TpeThIO YaCTh pacTBoOpa
(10 m).

INpenensl onpeneacHUS 3JIEMEHTOB, MTOJTyYeHHEIE
B JaHHOM paboTe, IIpUBEICHEI B TA0I. 2.

PE3VIIBTATHI 1 X OBCYXIEHUNE

JeTanbHOE MCCIIemOBaHUE BJIEMEHTHOTO COCTaBa
CJIOXKHBIX TTIPUPOIHBIX 00BEKTOB B pAMKaX OJHOTO Me-
TOAWYECKOTO MOAXO/Aa, BCIEACTBUME OTPOMHOTO pas-
HOO0Opa3ust MUHEPAIbHBIX (DOPM 3JIEMEHTOB U UX XU-
MHWYECKUX CBOMCTB, HeBO3MOKHO. HeobxommM BEIOOD

FTEOXMUMHUA Ttom 68 Ne 9 2023
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Taomuna 3. Pesynbrarsl onpenenenus S, As, Te, Se, Sb,Pb u Cd (Mkr/T)

CllIr-1 CUC-1 SBC-1

aTTeCTOBAH- aTTeCTOBAH- aTTECTOBAH-
One-| yoe 3Ha- (Henrique- | Hoe 3Ha- (Henrique- | Hoe 3Ha- (Henrique-
MEHT|  yeype arapabora | Pintoetal., yeHne |3Tapabora| Pintoetal., YyeHue 2T 1 pinto et al.,

(Petrovetal., 2017)  |(Petrovetal, 2017) | (Webbetal, P2%°™ 2017

2004) 2004) 2011)

S 10200 £ 500 ({10100 = 400 — 6200 % 300 |5440 = 80 - 6200%* 6120 -
As 46 £ 8 446* 1.6 | 50.3+2.26 40+ 7 421 %+28| 50104 |257%£126| 25.1| 29.4%+1.8
Se - 0.49 £ 0.14| 0.59 +£0.04 — 0.82+0.1 | 1.07£0.03 1.4* 1.45| 1.69 £ 0.06
Sb 1* 0.25£0.04| 0.90+0.03 — 0.06 £0.01{0.072£0.001| 1.01 £ 0.08 1.11{ 1.22+£0.26
Te — 0.24 = 0.03| 0.171 £0.008 - 0.13£+0.01 - 0.17** 0.18/ 0.184 +0.038
Pb 149+£28 | 18624 — 82+14 |124+14 — 35+ 1.64| 357 —
Cd 0.4* 0.42 £0.13| 0.32£0.02 0.27* 0.29+0.05/0.223 £0.005| 0.40 = 0.04| 043 0.38 £0.02

*B pesyjabrarax TCCTUPOBaHUA NPUBEACHBI OPUCHTUPOBOYHLIC 3HAYCHUS.
HoE CpeﬂHee 3HAYCHUEC U3 JaHHBIX, ITOJIYYCHHbIX YYaCTHUKAaMU TCCTUPOBAaHUA.

— Het naHHBIX.

OINITUMAJIBbHBIX yCJ]OBI/Iﬁ IMOATOTOBKM IJIs OIIpEACIC-
HUS TPYIII 3JIEMEHTOB, OJIM3KUX 11O CBOMCTBAM U CO-
JIep>KaHUsIM, a TAaKKe BIOOp Hanbojiee MpUueMIIeMOro
criocoba onpeaeieHUsI aHAJIMTOB.

IIpu onpeneneHUN MUKPOKOJIUYECTB 3JIEMEHTOB
BO3MOXHOCTH COBPEMEHHBLIX WHCTPYMEHTAJILHBIX
METOJOB Haubosiee MOJIHO PEAIM3YIOTCS MHPU MC-
IOJIb30BaHMU PACTBOPOB C HEBLICOKMM COJIEBBIM (pO-
HOM; B CBSI3U1 C 3TUM JaxXKe YaCTUYHOE yJaJleHue MaT-
PUYHBIX KOMIIOHEHTOB ObIBaeT Ioyie3HbIM. [1pu aHa-
JIM3€ YepHbIX CJaHLEeB 0a30BBIMU KOMITOHEHTaMMU,
OKa3bIBAIOIINMN 3HAYWTEIbHOE BIIMSIHME Ha XOI
aHaIM3a, SIBJISIOTCId CUJIMKAThl U IpadUTU3UPOBAH-
HoOe yriiepoaucToe BeniecTBo. OHU MOTYT OBITh OT/IE-
JIEHBI OT aHAJM3UPYeMOil MpoObl B BUAE HEPacTBO-
PMBILIETOCSI OCTaTKa UJIM YIAJIEHBI B IIpoliecce oopa-
OOTKU KUCJIOTaMU U CIUIaBJIeHUs. MexXaieMeHTHBIE
BJIMSIHUSI KOMIIOHEHTOB, OCTAIOIIMXCSI B PacTBOpE,
YCTpaHSIOTCS ITyTeEM MpeaBapUTEIbHOTO COPOIIMOH-
HOTIO OTJeJICHUSI aHAJUTOB OT MaTPHUILIBI.

Onpedenenue S, As, Te, Se, Sb, Pb u Cd
nocne obpabomku npod “uapckoii 600koi”

YraepoaucToe BeIeCTBO YePHbIX CJIaHIIEB COAeP-
XKUT pa3jIiMdHbIe COCNMHEHMs cephl (BKIIIOYasl CY/Ib-
¢dunel) u apyrue anemeHThl: As, Pb, Te, Se, Sb, Cd;
WX coAepXKaHUsSI 4YacTO He MPEeBBbIIAIOT MKT/T. DTU
3JIEMEHTHI MOXHO IIEPEeBECTH B pACTBOPEHHOE COCTO-
STHUE CMECHIO KMCJIOT, OTACINB CUIMKATHYIO YaCTh U
opraHumyeckoe BeliecTBo. Bo nzdexaHue roreps npu
pas3IoXEHUM Mbl MCII0Jb30BaJIM 00pabOTKy Ipobd B
3aKpBITHIX cocynax mpu temiieparype 180°C B ycio-
BUSIX MUKPOBOJIHOBOTO HarpeBa. MI3aMepeHue coaep-
KaHWI BJIEMEHTOB B OJIy4eHHBIX PaCTBOpaX IIPOBO-
nunu metonoM DTAAC ¢ ucrosib30BaHMEM METOona
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onHOI cTaHgapTHOM nob6aBku (CamaroB u ap., 2022),
00eCreYrBaOIIEro y4eT MaTPWYHBIX BIWSHUMA IIpU
OIpee/IeHNM CJIEIO0B 3JIEMEHTOB B pACTBOPAX CJIOKHO-
r'o COCTaBa, MOJIy4aeMbIX, B YACTHOCTHU, TIPU Pa3JioxKe-
HUM TEOJOTMYECKUX MaTepuajioB. IIpaBoMepHOCTH
MPUMEHEHUS TOrO II0AXO0Ia B aHaIM3e 00pa3lioB, UC-
clemyeMbIX B HacTosileil paboTe, MOATBEPXKIAeTCs
COBNaJicHWEM JaHHBIX, TTOJTyYeHHBIX 1)1 ctaHma SBC-1
HaMM U B paMKax MEXIYHAapOIHOIO TECTHUPOBAHUSI
(GeoPT, paynn 28). PesynabTarhl aHaiu3a oopa3lioB
CUC-1A, ClIr-1Au SBC-1, conocTaBlIeCHHbIC C UME-
IOLIMMUCS aTTECTOBAHHBIMMU 3HAYCHUSIMH U JINTEpa-
TypHbIMU TaHHBIMU (Henrique-Pinto et al., 2017), npu-
BeneHbI B TaO1. 3. CiiemyeT OTMETUTD, YTO OIIpeaeJICHIE
YKa3aHHBIX 2JIEMEHTOB Ha YPOBHE MKT,/T 1 HYDKE IIPEII-
CTaBJIIeT COOOM JOCTATOYHO HEIPOCTYIO aHAJIUTHYE-
ckyio 3agaay. Tak, mig COC CUC-1A u CJIr-1A k Ha-
CTOSIIIEMY BPEMEHM aTTeCTOBaHHBIE 3HAYEHUS €CTh
TOJIBKO IJI51 MBILIbsIKA; 13 90 reoaHATUTUYSCKUX J1a00-
paTtopuii, y4acTBOBABIIIMX B aHajM3e oOpaslia cliaHLia
SBC-1 n mpumensaBimx B ocHoBHOM Metoq MC-UCII,
naHHbIe 110 Se 1 Te mpeacraBuiv He 60Jiee necsiTKa.

Onpedenerue MUKPOKOMNOHEHMO8
nocne noAH020 pacmeopenUsi 00pasy06

ITonHoe mepeBeneHne KOMIIOHEHTOB OOpa3lia B
pacTBOp BKJIIOYAET KHUCJIOTHYIO 00OpaboTKy (B TOM
qycie yaalleHrue KpeMHUSI IIpU 06paboTKe CUIIUKA-
TOB (PTOPUCTOBOIOPOIHON KHWCJIOTOM), yaaJleHue
rpaUTU3NPOBAHHOIO OCTAaTKa BBICOKOTEMIIEpaTyp-
HBIM OKUWCIIUTEIBHBIM CIUIABJICHUEM C IIEPOKCHIOM
HaTpUs U 06ecTrieunBacT BO3MOXKXHOCTh ONPEACICHUS
OOJIBIIMHCTBA MaKpoO- M MUKPO3JIEMEHTOB. B maH-
HOI paboTe MUKPO- U PeAKO3eMEJIbHbIE DJIEMEHTHI
onpeneneHbl MetomamMun ADC-MCIT u MC-UCIT
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Tabomuna 4. CpaBHUTENIBHBIE JAHHBIE O MUKPO3JIEeMEHTHOM cocTaBe oopasua CJIr-1 (Mkr/T)

TIOTIOHHUK wu ap.

DJIeMeHT ATTecTOBaHHOE 3HAYCHIE Ora paborta (ABomkuHa u 1p., 2012)| (Henrique-Pinto et al., 2017)
Ag 0.47 £0.08 0.24 +0.04 - 0.39 £ 0.08
As 46 £ 8 44.6 + 1.6 - 50.3 £2.26
Au 2.5%0.3 2.09 £ 0.47 - -
Ba 376 + 46 389 + 37 374 -
Be 2.4% 23103 2.2 -
Bi - 0.28 +0.04 - 0.118 = 0.004
Cd 0.4* 0.42+0.13 - 0.32 £ 0.02
Ce 538 629 + 1.8 55 -
Co 203 18.9 £ 0.7 21 21.6 £ 4.16
Cr 116 £8 175 120 105+ 2.0
Cu 39+7 40.3 £ 1.5 44 42.9+0.8
Dy 4.4* 4.7+0.22 34 -
Er 2.4% 2.73£0.2 1.9 -
Eu 1.2+0.2 1.23 £ 0.07 1.2 -
Ga 18+3 18.8 £ 1.5 20 -
Gd 45108 4.93+0.20 4.5 -
Ho 0.92* 0.92 +0.04 0.7 -
Hf 47+0.7 - 47+ 1.5 -
In - 0.076 £ 0.005 - -
La 285 27.8+0.7 29 -
Lu 0.40 = 0.07 0.42 +0.02 0.33 -
MnO 1100 = 80 1090 + 20 - —
Mo 0.95* 1.08 £ 0.2 - 0.90 = 0.08
Nb 12+2 11.2£0.8 - -
Nd 25+4 27.8+ 1.0 26 -
Ni 50+7 49+24 55 574 +2.5
P,0O4 1150 = 70 1180 + 40 - -
Pb 14.9 £ 2.8 18.6 2.4 16 -
Pt 0.0022* 0.0025 £ 0.0007 - -
Pd 0.0023* 0.0022 £ 0.0003 - -
Pr 6.20 £ 0.12 7.27 £0.17 7.2 -
Rb 112 + 11 112+ 3.9 114 -
Rh 0.001* 0.0015 = 0.0008 - -
Ru - 0.0024 £ 0.0007 - —
So6m 10200 + 500 10100 £ 400 - -
Sb 1* 0.25 +0.04 - 0.90 = 0.03
Sc 20t 3 19.4+0.5 20 -
Se - 0.49 £ 0.14 - 0.59 £ 0.04
Sm 5.4+0.8 5.49 +0.24 5 -
Sr 142 £ 15 133+ 4 141 -
Ta 0.7* 0.51 £0.25 0.7£0.2 -
Tb 0.74* 0.79 £ 0.05 0.6 -
Te - 0.24 +0.03 - 0.171 £ 0.008
Th 71+ 1.1 7.6 £0.1 7.5 -
Tl - 0.59 +0.04 - -
Tm 0.33* 0.44 +0.02 0.3 -
8] 1.65+0.23 1.66 £0.22 1.7 -
\% 122 £ 15 113+2 125 114 £ 2.8
W 3.3% 3.41 £0.20 - -
Y 26+ 4 271t 1.2 18 -
Yb 27104 2.71 £0.06 2.1 -
Zn 97 £ 13 959+ 1.9 96 -
Zr 176 £ 16 187 £ 20 172 -
* OpMEHTUPOBOYHOE 3HAYCHHUE.
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Tab6muna 5. Pe3ynbrarhl onpenesieHus IIaTUHOBBIX METAJIIOB, 30710Ta U peHus B oopasiax CUC1-A u CJIr-1A (Hr/T)

DneMeHT
ITapamerp
Au Pt Pd Ir Rh Ru Re
Merton OTAAC MC-UCII OTAAC MC-UCII MC-UCII MC-UCII MC-UCII

CUHC-1A 52.9 4.5 2.7 0.2 0.2 1.9 0.5
56.8 4.8 2.0 0.2 0.3 2.5 0.7
14.6 6.1 2.8 0.1 0.9 2.6 0.7
30.5 2.2 2.2 0.2 0.9 1.9 1.6
39.7 3.7 2.2 0.3 2.1 1.5 0.7
93.1 2.8 2.3 0.4 1.3 34 1.0
87.1 2.9 3.0 0.3 0.9 3.6 0.8
20.6 1.4 1.8 0.2 1.1 3.6 1.0
21.0 1.6 1.9 0.2 0.6 3.9 0.9

CpenHee 46.3 + 18.8 3.3+1.0 23+0.3 0.2+0.1 09+t04 2.8+0.6 09=+0.2

RSD,% 62 47 18 37 61 32 36

ClIr-1A 3800 1.8 1.4 0.4 0.7 2.1 0.4
2000 2.0 2.1 0.4 1.2 2.3 0.4
2400 1.7 2.4 0.4 1.0 2.7 0.3
1800 4.7 2.1 0.3 0.4 1.8 0.5
1500 3.5 3.1 0.2 0.5 1.5 0.6
1800 1.6 2.2 0.2 1.3 1.5 0.4
1800 2.4 2.1 0.2 1.5 1.5 0.4
2300 2.6 2.3 0.3 3.0 4.0 0.5
1400 2.5 2.1 0.2 4.0 39 0.4

CpenHee 2090 % 470 25107 2.2+0.3 0.3x0.1 1.5+0.8 2.4x0.7 0.4£0.1

RSD, % 34 39 19 32 80 42 20

(Tabm. 2, 4), cepedbpo — MerogoMm DTAAC (tabm. 1, 2, 4).
ITosryyeHHBIE pe3yabTaThl COITOCTABJIEHBI C JAHHBIMU
arrectarmn COC, a Takke HEMHOTOYHUCIEHHBIMH
onyOJIMKOBAaHHBIMU JaHHBIMU. T10 psimy 3j1eMeHTOB
(In, Ir, Re, Ru, Se, Te, Tl), mpencrasisoinmnx Han-
OOJIBIIYIO CIOXHOCTD IS aHaJIn3a, aTTeCTOBAaHHEIC
3HAYEHUS U JIMTepaTypHBIe JAaHHBbIE MPAKTUYCCKU
OTCYTCTBYIOT, W IIOJIydeHHBIE pPe3yJabTaThl MOLYT
OBITH ITOJIE3HBI B KAYECTBE OPUEHTHPA B JaJIbHEMIIINX
HUCCIEeIOBAHUSIX.

Omnpenenenne DIIT u 30/10Ta MOCI€ KOHIEHTPHPO-
BaHMsA M OTIejJeHus MaTpuubl. Hanbosee cioXXHBIM
9TAIlOM aHan3a SIBIISIETCS OITpeleeHNe TUIaTHHO-
BBIX METAJIJIOB, BKJIIOUAIOIIEE OTACICHIE MAaTPUIHBIX
KOMITOHEHTOB. Pe3ymbraThl aHaimM3a NpUBEICHBI B
tabauue 5. [lonydeHHbBIe OTHOCUTEIbHBIE CTAHAAPT-
Hbele oTkimoHeHus (RSD) minst Au, Pt, Rh, Ru, Re
ONpPEIENSTIOTCS KAa4eCTBOM IOATOTOBKM MCXOMTHBIX
00pa3loB, TOMOITEHHOCTBIO pacIipeleeHNsT aHaJIU-
TOB M TIPEACTABUTEIILHOCTHIO MTPOOEI, a TAKXKE YCII0-
BUSIMA MHOTOONEPallMOHHONM paboOThI C yJIbTpaHU3-
KMMM KOHIICHTPALIMSIMHM BJIEMEHTOB. AHAJIM3 3THUX
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JaHHBIX Ba2KCH KaK JJI1 COBEPIICHCTBOBAHMA aHAJIMTU -
YECKHUX METOHOB, TaK 1 IJIA TCOXNMUYCCKUX BHIBOIOB.

OmnyOomMKoBaHHEBIC B JIMTEpaType eAMHUYHBIE pe-
3yJabpTaThl aHanu3a oopasuoB CUC-1 u CJIr-1 ¢ uc-
MOJIb30BAaHMEM Pa3]IMYHBIX CITIOCOOOB MOATOTOBKU U
OIpeeCHUS COIOCTaBlIeHBl B Tabi. 6. HambGonee
TMOJIHBIE TaHHBIE MMOJy4YeHbI B padoTe (Li et al., 1998)
IIPU UCIOJIb30BaHUM IPoOKI Maccoit 20 T, 94To obec-
MEeYUJIO JYYIIYI0 BOCHPOU3BOAUMOCTD PE3yIbTATOB.
ABTOpBI 3TOM paboOTHI MOCie OO0XHWUTa MpPOOHLI TpH
650°C mpoBoaWIH TUTaBKY Ha CYIbOUI HUKEIS, KO-
TOpHIi oTaesiv, pactBopsii B 12M HCI u Beines-
mu BIIT 1 3010TO coocaxkIeHWEM Ha TeJUType; Ha
9TOi cTagnu, BO3MOXHO, BOSHUKJIU TTOTEPU PYTECHUS
u upugmsi, a Takke pomus. [locie pacTBopeHUS
ocanka B HNO; onpenensinu DI1T 1 3010T0 METOTOM
MC-UCII. B pa6ote (Bamn, bponHukosa, 2001) uc-
MOB30BaIY TMIPEIBAPUTENLHBII OOXUT 2 T IIPOOKI C
MOCIEAYIOIIUM KHUCIOTHBIM PacTBOPEHUEM U IO-
IUIABJICHUEM HEpacTBOPUBIIETOCS OCTAaTKa CO CMe-
cbio Na,CO; + Na,0, (1 : 4). braroponHble MeTaJLIbI
SKCTParupoBalii B TOJIYOJILHLII PacTBOP THAPOXIIO-
puna ankKuJIaHWIMHA U OU-H-OyTUICYIbduaa, 3aTeM
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OINNPEAEJIEHUE MUKPOSJIEMEHTHOI'O COCTABA YHEPHOCJIAHIEBBIX ITOPO/] 991

aHaM3upoBan 3KCTpakT MeTtomoM DTAAC; kpyr
oTpeesieMbIX 2JIEMEHTOB ObLI OTpaHUYE€H BO3MOXK-
HOCTSIMM MeToIa AeTeKTupoBaHus. [IpruBeaecHBI TaK-
XK€ IaHHbIe IIPSIMOTO aHalIM3a O0pa3loB METOOOM
CADC c nyrosbiM paspsnom (HaBecka 0.15 1) (Bacu-
JibeBa 1 Ap., 2018a). Obpaiiaer Ha ceOs1 BHUMaHUeE,
YTO MPSIMOI aHAJIM3 ITOPOIIKOBBIX MPo0 (03 XumMu-
YeCKOIi TTOArOTOBKM), HECMOTPSI Ha HEOOJIBIIIYIO Ha-
BECKy, OOECIeuMBacT XOPOIIYI0 BOCIPOU3BOAM-
MOCTb pe3yabTaToB. PaccMoTpeHHbIE COOCTBEHHBIE 1
JIMTepaTypHble TaHHbIE MO3BOJISIOT MPEAOI0XKUTD,
YTO IIOJIYyYEHHBII pa30poc HAaHHBIX OOYCJIOBJIICH B
3HAYUTEIbHON CTENEHU CJIOXHOCTHIO XMMHUYECKOM
MMOITOTOBKM 00Pa3110B ¢ HU3KUMU COJIEPKAHUSIMU U
OTYaCTHU - IPUPOSHON nUCIIEepCUEii.

B kauectBe momosiHeHUs B Tabi. 6 IpUBEIEHBI
JIaHHbIe Oy oopasia SBC-1, rmonyyeHHbIE B paMKax
MEXIYHApPOIHOTO TECTUPOBAHMSI, U HAllIU pe3yJibTa-
ThI JJ151 3TOrO 00pa3lia, a TakKe pe3yJbTaThl Ollpelie-
JIeHUs OJIaTOPOIHBIX METAIOB U cepebpa B oOpa3siie
TDB-1 (agua6a3), KOTOpHIiI ObUI MCHOIb30BaH IJIS
KOHTPOJISI IPaBWJIbHOCTU aHaIu3a.

BbIBObI

IlpemwtoxxeHa cxeMa oOIpeaeieHUsT MUKpO3Jie-
MEHTHOTO COCTaBa YEPHEIX CJIAHIIEB, BKIIIOUAIOIIAS
pa3auyHble BapMaHThl XWUMMWYECKOM ITOATOTOBKU
npo0® K aHaJM3y U KOMIUIEKC WHCTPYMEHTAJILHBIX
METOIOB OmpeneicHUsI clemoB a1eMeHTOB. Cxema
arpoOMpoBaHa Ha IMpUMepe aHAIM3a CTAaHIAPTHBIX 00-
pa3uoB cocTaBa yepHbIX ciaHueB CHUC-1A u ClIr-1A.

IMonydyeHHBIE pe3yabTaThl AEMOHCTPHUPYIOT 3(-
(eKTUBHOCTbD TIpeajiaraéMoro KoMrjiekca onpeaese-
HUSA 54 MUKpPOBJIEMEHTOB, B ToM umcie 1situ DIIT,
Au u Ag. Onpenenenue psaga “TpyaHbix” 2J€MEHTOB
(Rh, Ru, Ir, Re, Se, Te, Sb) noaTrBepzknaeTcst coria-
COBAaHHBIMM IOAaHHBIMM, ITIOJIYYCHHBIMH HE3aBUCH-
MBIMU aHAJIMTUYECKUMHU METOIAMU IIPU MCIIOIb30-
BaHMWU pa3HbIX CIOCOOOB XUMUYECKON TTPOOOMOAT0-
TOBKM.

IIpuBeneHHbIC JTaHHBIE OXapaKTePU30BaHbI MET-
POJIOTUYECKHU, YIOBJIETBOPUTEIILHO COIIACYIOTCS C
ONyOJIMKOBAaHHBIMHM NAHHBIMM M CYIIECTBEHHO MX
nonoyiHsawT. IlpencraBieHHas neTajbHass UHGOP-
MalMsi O COCTaBE CTaHIAPTHBIX O00pa3loB YEPHBIX
CJIaHIIEB HeoOXOoanMa, B YaCTHOCTH, IJIST peaan3a-
LMY BO3MOXHOCTEMN NPSAMbIX AaHAJIUTUYECKUX METO-
JIOB: CKAaHUPYIOLIEH 3JIEKTPOHHOM MUKPOCKOINUU U
PEHTIeHOCIIEKTPaJbHOIO MUKpOAHaau3a, CLUH-
TUUISHMOHHOM AYyroBOM aTOMHO-3MUCCUOHHOM
cnekrpomerpuun (COM-PCMA, CADC), a Takxe
AHAJIMTUYECKOIO KOHTPOJISI pe3yJbTaTOB, IoJydae-
MBbIX MHCTPYMEHTAJbHBIMM METONAMU aHaJIM3a, MC-
MOJIL3YIOIINX XUMHUYECKYIO IIPOOOIIoaroToBky (AAC,
ADC-UCII, MC-UCII u op.).

Asmopbl  6bipadicarom UCKPEHHIONW NPU3HAMeNb-
Hocmb Hayunomy pedaxmopy B.I1. Konromoay u peuyen-
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3enmy 0. m. H. . E. Bacuaveesoil 3a o6cyscoenue cmamoi
U none3Hble PeKOMEHOayUlU o ee N0020moeKe.
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