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BeegeHue. C Lenbio CHUXKEHNA NpeaenoB 0OHapyXeHUs 30110Ta NPy aHanm3e NOPOLLKOBbLIX reosoru-
4yeCckux Npob METOAOM CLUMHTUMMALMOHHON aTOMHO-3MUCCUOHHOM CNEKTPOMETPUN ObICTPOAENCTBYOLLMIA
aHanuaatop MASC BbINoOMHEH B BUAE KOMOUHMPOBAHHON rMbpuaHon cbopkm n3 12 nuHeek oToOeTEKTOPOB
BJMM-369M1 n ogHown 6onee vyBcTBUTENbHOM NUHekn BIMNM-2000. [JaHHOe nccnegoBsaHune Hanpasne-
HO Ha M3y4YeHne aHaNUTUYECKUX BO3MOXHOCTEN CnekTpanbHoro komnnekca «fpaHa-rfotok», ocHalleH-
HOro TakMM aHanM3aTopoM, C BBEAEHNEM BeLLEeCTBa B Nnia3my Ayru no cnocoby Npocbinku-BayBaHUS.
OkcnepumeHTanbHas YacTb. MicnbiTaHna npoBeeHbl Ha ABYX MAEHTUYHBIX Komnnekcax «pana-MNotoky ¢
MUHMManbHoW 6a30B0N akcno3numen 3 mc. BeicokovyBcTBUTENLHAA NMHerka BJ1MM-2000 6bina yctaHoB-
fieHa B cniekTpanbHoM guana3oHe 258-269 HM. B xone paboTbl 6b110 n3yyeHo 16 ctaHgapTHbIX 0OpasuoB
FOPHbIX MOPOA, PbIXMbIX OTIOKEHWIA, NOYB, Py4 U NPOAYKTOB UX NepepaboTku ¢ cogepxaHmeM 30110T1a oT
0.002 go 34 r/t n cepebpa ot 0.05 go 34 r/T. Pesynbtathl 1 ux o6cyxaeHne. 3Ha4eHns OTHOCUTENBHOMO
cpegHekBaApaTUYHOro OTKIOHEHMWS NPW ONpeaerneHnmn 3o10Ta BapbnpoBanock ot 1.6 40 38 % Ans pyaHbIx
N TEXHOTEHHbIX CTaHAAPTHbIX 06pa3suoB 1 oT 13 go 170 % Ans ropHbIX NOPOA M NOYB, NPY oNpeaeneHnm
cepebpa —oT1 1 8o 55 % B onana3oHe 4-x NOpsAKOB coaepaHus. Konnuectso ctaHgapTHbIX 06pasLoBs ¢
3aBblLLIEHHbBIM UM 3aHUXKEHHBIM 3HAYEHEM BaNTIOBOr0 CoAepXXaHus 3onoTa u cepebpa npumepHo oanHa-
KOBO, YTO CBMOETENLCTBYET O BO3MOXHOCTU yny4dweHusa Tod4HocTn CASC nocne ycTaHOBNEHNSt UCTOYHU-
KOB CMCTEMATMYECKMNX NOrpeLlHocTen. AHanM3 3aBUCMMOCTM KONMYECTBA YacTuL, OT BanoBOro cogepxa-
HWS1 MOKa3arl, YTo C YBENMYEHNEM BarlOBOro COAEPXKaHMs KONMYECTBO HYacTuL, CoOAEPX)aLLMX 3010TO Unn
cepebpo, B NOPOLLKOBOM Npobe MOHOTOHHO PacTET A0 koHueHTpaumi 2 r/T n 0.3 r/T cooTBeTCTBEHHO. Ha-
YMHas C ATUX COAEPKaHWUI, BCMLILLKU aHANMTOB NepecTaroT pasaenaTbes No BpemeHu. BoiBoabl. Xopoluasi
NMOBTOPSIEMOCTb Pe3yNnbTaToB ONpeaerieHns BanoBOro cogepxaHus 3onota u cepebpa B MUHeparnbsHOM
CbIpbe yKa3blBaeT Ha BO3MOXHOCTb atTecTauumn metoaukm cornacHo OCT 41-08-205-2004.

KnroueBble cnoBa: CUMHTUNNSALNOHHAA aTOMHO-3MUCCUOHHAs CNEKTPOMETPUS], CNeKTpanbHbI
komnnekc «paHa-Motok», GbicTpoaercTBytowmii aHanusatop MA3C, 30n0T0, cepebpo, reonormyeckne
NopoLUKOBbIE MPO6bI.
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Introduction. In order to reduce the detection limits of gold in the analysis of powder geological
samples, a high-speed multichannel analyzer of emission spectra (MAES) was designed as a combined hybrid
assembly consisting of 12 arrays of BLPP-369M1 photodetectors and one more sensitive array of BLPP-
2000 photodetectors. This study aimed to examine the analytical capabilities of a “Grand-Potok” spectral
complex equipped with this analyzer and used the spill-injection method to introduce the sample material into
the plasma arc. Experimental part. Tests were carried out on the two identical “Grand-Potok” systems with
a minimum basic exposure of 3ms. The high-sensitivity BLPP-2000 array was set in the spectral range of
258-269 nm. 16 standard samples of rocks, loose sediments, soils, ores and their processing products with a
gold content of 0.002 to 34 g/t and a silver content of 0.05 to 34 g/t were tested. Results and its discussion.
For the gold determination the relative standard deviation varied from 1.6 to 38% for the ore and industrial
standard samples and from 13 to 170% for rocks and soils, and for the silver determination it varied from 1
to 55% for a content range of 4 orders of magnitude. The number of standard samples with overestimated
or underestimated total gold and silver contents was approximately the same indicating the possibility of
improving the accuracy of scintillation atomic emission spectrometry after identifying systematic error sources.
Analysis of the dependence of the amount of particles on the total content showed that with the increasing
total content the amount of particles containing gold or silver in powder samples increased monotonically
to a concentration of 2 g/m and 0.3 g/m respectively. Starting from these contents, the flashes of analytes
were no longer separated in time. Conclusions. Good reproducibility of the results of determination for the
total gold and silver contents in mineral raw materials indicated that the method could be certified according

to State Standard OST 41-08-205-2004.

Keywords: Scintillation atomic emission spectrometry, Grand-Potok spectral system, high-speed
multichannel analyzer of emission spectra (MAES), gold, silver, powder geological samples.

BBEAEHUE

CUMHTUNNSUMOHHAA aTOMHO-3MUCCUOHHAs
cnektpomeTpusa (CASC) obecneumBaeT BO3MOX-
HOCTb MPSAMOro onpeaeneHns KNapkoBbIX cogepxa-
HWIA BnaropoaHbIX METaNSIOB B NMOPOLLKOBLIX Npobax, B
TOM YmMcrie TPYOHOBCKPbIBAEMbIX FOPHbIX MOPOA U py4
CnoxHoro coctaBa. [pn aTom He TpebyeTcs nepeBeaeHe
npo6 B pacTBOp U OTAENEHNE aHaNUTOB OT MaTpuLibl. B
HacTosLee BpeMsi npeaernbl 06HapyXeHUs BanoBoro
cogepxaHua metogom CA3C coctasnstoT [1]: Au —
0.004; Ag — 0.05; Pd — 0.0013; Pt — 0.03 r/T, ogHako
pe3ynbTaThl aHanM3a 00bI4YHO ABMASTCA NOYKOMNU-
YecTBEHHbIMU. MpU UCNOMNBL30BaHNM CNEKTPArIbHOro
KomMnnekca, choOpMUPOBaAHHOIo M3 cnekTporpada
CT3-1, ananusatopa MA3C ¢ BbICOKUM BpEMEHHbBIM

paspeleHnemM Ha OCHOBE NIMHeek hoToaMoa0B
BJIMM-369M4 n yctaHoBku «[loTok» Ans BBeAeHUS
MOPOLLKOBLIX MPOG B 3NEKTPUYECKYIO AYTy MO CNocoby
NpoCkINKW-BAYyBaHUS, B paboTtax [1, 2] 6binm nokasaHbl
npemmywecta CASC, KOTOpble 3aKTH4aTCA B POCTOTE
N 9KCMPECCHOCTM BbINOMHEHNst aHanum3a. Micnonb3oBa-
HMe MeToza 9KOHOMMYECKM ONpaBAaHO NPY MONCKOBBIX
reonioropasBefoyHbixX paboTtax n pasdpakoBke npob
nepeg, BbiINOMTHEHNEM JOPOrOCTOSLLMX aHANUTUYECKNX
nccrnegoBaHui. [1oaTomy ANs LUMPOKOTO NPUMEHEHNS
3KCMPECCHOr0 M BbICOKOYYBCTBUTENBHOINO MeToaa
CAQJC komnaHus «BMK-OnToanekTpoHukay» Ha 6ase
CEpUMHO BbIMyCKaeMoro oo6opyaoBaHus Anst aTOMHO-
3MUCCMOHHOrO aHanm3a paspabotana komnnekc «lpaHa-
MoTOK», KOTOPbIN BKIOYAET CBETOCUIbHBIN CNIEKTPOMETP
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«pana» [3] n 6eicTpogencTBytoLwmin aHanmaaTop MASC,
npeAcTaBneHHbIN KOMOMHUPOBAHHOW rMBPUAHON COOPKOM
13 12 nuHeek cpotoaetekTopos BIIMM-369M1 n ogHon
Gonee YyBCTBUTENbHOW NIMHEWNKM (DOTOAETEKTOPOB
BJIMM-2000 [4].

Llenbto gaHHOM paboTbl ABUNOCH U3yyeHune
aHanMTUYEeCKMX BO3MOXHOCTEW CNEKTPabHOIro KOM-
nnekca «MpaHa-MNoTok» Npu CUMHTUANSALNOHHOM
aTOMHO-3MWCCUOHHOM OMpeaeneHMm BanoBoro co-
AepXaHus 3onoTta n cepebpa, nameHsoLwerocst ot
KIapKoBOro Ao pygHoro, B 16 ctaHgapTHbIX obpas-
uax (CO) pasnnyHoro cocTasa.

OKCMNEPUMEHTAJIbHAA YACTb

B Tabn. 1 nepeymcneHbl UCNONbL30BaHHbLIE B UC-
cnegoBaHun 16 CO ropHbIX NOPOA, PhIXSbIX OTNOXe-
HWIA, NOYB, PYA M NPOAYKTOB UX NepepaboTkm ¢ coaep-
*aHnem 3onota ot 0.002 go 34 r/T n cepebpa ot 0.05

0o 34 r/1. Obpasubl, N0 KOTOPLIM NPOBOAMMACH rpa-
ayunposka (obyyatoLas Beibopka), BblAeneHbl XKUPHbIM
LWpUTOM, ANS KOHTPOSA NPaBUNBHOCTU (TecToBas
BblGOpKa) — 6e3 Bbigenenus. ns noboro obpasuya
13 obyvatoLien nnm TecToBon BelGOpKK Oblny nony-
YeHbl YeTbIpe CMeKTPa, KaXabl U3 KOTOPbIX XapakTe-
pusoBan nHamesnayansHyto Hasecky 150 mr. B aTom
crny4ae cpefHee BanoBOe COAepXaHNe ONUCbIBANo
600 mr BelLecTBa.

VcnbiTaHMs NpoBeAeHbl Ha ABYX KOMMJEKcax
«paHa-MoTok» ¢ MMHUManbHOM 6Ga30BON 3KCMO3ULIN-
en 3 mc. AHanusatopbl MASC nmenu ynyJlieHHbIe Xa-
PaKTEPUCTUKM OTHOLLEHMS CUTHan/lWyM 3a CHET pac-
nonoxeHusa nuHeriku otogetektopos BJIMM-2000 B
avnanasoHe AJMH BOSH 258-269 HM [4]. Pexxum paboTbl
YCTaHOBKM «[TOTOK» COOTBETCTBOBAI NPEASIOKEHHBIM
B paborte [1]: gyra nepeMeHHOro HenpepbIBHOrO ToKa
+22 A c yactoton 100 I'l; obxur anektpogos — 30 A
B TeYeHMe 2 C; CKOPOCTb Noayn BeLLecTBa B nnasmy

Tabnuua 1

CtaHpapTHble 06pa3subl 3 obyyatoLleli n TeCTOBOW BbIBOPOK (XKMPHbIM WpUdTOM BbiaeneHsl CO, yyacTByto-

Lme B rpaaympoBke)

Table 1
Standard specimens from the training and test samples (the standard specimens involved in the calibration are
in bold)
Homep no ATTecToBaHHOE Unu
Nupekc CO peecTpy CTpaHbI- Tun CO pekoMeHAoBaHHOE coaepxaHue, r/T
npoussoanTens Au Ag
0CO 63-86
OCO 63-86 ’ Mousa 0.023 + 0.003 -
KasaxcTaH
KZ.03/01.00208-2010,
0OCO 64-86 Mousa 0.0076 £ 0.0008 -
KasaxcTaH
KZ.03/01.00209-2010,
0OCO 65-86 Mousa 0.0067 £ 0.0011 -
KasaxcTaH
CIrXm-4 [[CO 3486-86, PO AnNIOMOCUNMKATHBIE PbIXIble OTNOXEeHNS 0.11 34
crag-2A CO 8670-2005, P® ab6bpo-accekcnuToBOE 0.004 0.09
CT-2A [CO 8671-2005, P9 Tpann 0.0026 0.05
CYCA1 [CO 8549-2004, P® CnaHeL YepHbIn 0.1+£0.02 0.1+£0.02
c -
Chr [CO 8550-2004, P Tanel Heprbin 25+0.3 0.47 £ 0.08
(pymna Cyxoro Ilora)
PCI1-1 0OCO 202-90, P® Pyna cynbdugHo-nonMmetannmyeckas 1.44 £ 0.05 29%0.5
P3-6 OCO 283-96, PO Pyna sonotocyneuaHas 4101 0.73+0.08
Pyna kBapueBa
PK3-7 0CO 494-11, Pd yha Kkeaplesas 0.076 * 0.006 -
3onoTocoaepxallas
C3P-3 [CO 8815-2006, P® 3onoTtocoaepxalias pyaa 4.25+0.11 0.715 £ 0.009
C3P-4 [CO 8816-2006, P® 3onoTocoaepxawas pyaa 213+0.05 0.36 £0.003
XBOCTbI (hnoTaumm
C3X-3 [CO 2740-83, PO N 09%041 0.31+£0.02
3onoTocofepxallei pyasl
OBH Au USZ 21.98, XBOCTbI (hrioTaumm 3010ToCoAEpKaLLEN 3.7 +0.58 0.68
MoHronus pyabl
C3K-3 [CO2739-83, pp | TVOTOKOHUSHTPAT 3onOTOCOAGPXALISH 341 57%0.3
pyabl
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Puc. 1. OkHa HaCTpoekKaHanmaa: a — 3anncn CUMHTUNNALNOHHBIX CNEKTPOB, 0 — BbIYMCNEHNS aHANINTUNYECKUX napamMmeTpoB

KaXXA0W BCMbILKW HA IMHAM 30/10Ta

Fig. 1. Analysis setting windows: a) scintillation spectrum records; b) calculations of analytical parameters of each flash

on the gold line

ayroeoro paspsga — 13 mm/c. Peructpaumsa n obpa-
60oTKka CNeKTPOB BbINOSIHEHEI B NporpaMmmHom obecre-
yeHnn Atom 3.3. 3annch CUMHTUNNALMOHHBIX CUrHa-
nos B cnekTpax CO npoussoaunu B TedeHue 16.5 c:
nuHuno Au | 267.595 HM perncTpmpoBanu ¢ NOMOLLbHO

P Hacrpodkn aaropuima oSpabori =l &l
XapaxkTepHbiil yposeHs Wyma (0,001 oTH. an): 15,015
[¥] Micnons208aTk NOKaNLHLIE MAHKMYME!
PaHNLIA MHTEHCHBHOCTH NOKANBHBIX MuHUMymoR (0,001 o, en): 800,01
OK ] l Otmena

Puc. 2. OkHO HacTpoek anroputMma «PaclumMpeHHbIi» ons
06paboTkuM cUrHanos 30510Ta

Fig. 2. Setting window of the “Extended” algorithm for gold
signal processing

nuHenkn potogetekTopor BIIMM-2000, a nuHuio Ag
| 328.068 HM — nuHenkn BIMTM-369M1.

[lnsa kaxxaon BCNbILKW (CLUMHTUANALMUM) HA TUHUSX
3010Ta 1 cepebpa B cnekTpax, 3anncaHHbIX B peXume
«CumHTUNNAuMsy (puc. 1a), B Tabn. 2 npeacTaBneHbl
CMocobbl BbIYMCMEHUSA aHANMMTUYECKNX NapamMeTpoB
(puc. 16) n HacTpoKKkK anropuTMoB 06paboTku crnabbix
CUrHanoB.

Ona nuHun 3onoTta n cepebpa ncnonb3oBaH
anroputm 06paboTkn curHanos «PacLumpeHHbIn» [5],
B KOTOPOM «XapaKTepHbIi ypOBEHb LLyMay (puc. 2) —
3T0 cpegHekBagpaTtumyeckoe otknoHeHue (CKO) 3a-
PErMCTPMPOBAHHOIO CNEKTPa Npu aHanuae «nycTomny
NpoObl (6€3 CLUMHTUNNALNOHHBIX BCMLILLEK HA FINHWK
aHanuTta). CornacHo aToMy napameTpy TO4Yku poHa
B OKPECTHOCTW aHanMTMYEeCKOM NMMHWM BbIAENSOTCA
no 30-KpUTEpUIO C NOCNeayLUM BblYUTaHMEM an-
NPOKCUMMNPOBAHHOIO hoHa U3 TeKyLero cnektpa. B
KayecTBe «MycTon» NpoObl cnegyeT MCMomnb3oBaTh
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Tabnuua 2

YcnoBus HaCTponKu anroputma 06pa6OTKl/I CUrHaNioB Ha JIMHNAX 30110Ta U Cepe6pa 1 BblHUCNEHUA aHaANNTN-

HYeCknx napamMeTpoB B peXnMe «CUUHTUNNAUNGA»

Table 2

Conditions of setting the signal processing algorithm on the gold and silver lines and calculations of analytical

parameters in the scintillation mode

YcnoBusi HACTPOWKK U AHanutnyeckast nMHUA
XapakTepucTuku
BbIYNCIIEHNSA Au 267.595 Hm' Ag 328.068 Hm?
MUWHMMYM B 30HE MOMUCKa, MuWHMMYM B 30HE Moucka,
[Mounck rpaHuL, NUHUK MakcMMmanbHas WwupuHa = 15 MakcumarnbHas lWupuHa + 15
anoaos anonos
MonyasToMaTtnyeckuit nouck B | MNonyaBroMaTuyecknin nonck
Muka [Monck ueHTpa NnHUM
30He 0.1 gnopna B 30He 0.1 guopga
KonunyecTtBo aAnoaos ans
BbIYMCNEHUS UHTEHCUBHOCTM 1 1
NNHUK
[Mopor NHTEHCMBHOCTH 0.077 0.025
AnropuTtm 06paboTku curHana PaclumpeHHbIn PaclumpeHHbIn
Anroputma XapakTepHbIi ypOBeEHb LyMa 15-10-% oTH. ep. 5-10- oTH. epn.
lpaHMua MHTEHCUBHOCTHU
800-10-° oTH. eq. -
noKanbHbIX MUHAMYMOB

MpumeyaHns: perncTpupyeTcs ¢ NOMOoLBIo NnHenkn potogeTekTopos: 1 — BJIMM-2000, 2 - BJIMNMN-369M1.

obpasupbl C cogepaHMeM aHanuTa HUXe ero knap-
KOBbIX 3Ha4YeHun: cepebpa — 2:10® % mac., 3onoTa
Ha nopsgok Huxe — 4107 % mac. [6]. CKO 3aperu-
CTPMPOBAHHOIO CMEKTPa yKka3aHo B OKHe C rpadu-
KOM 3aBMCUMOCTU UHTEHCUBHOCTW aHanNmnTU4eCKon
nHWKM oT BpeMeHu (puc. 3). Mpu noctpoeHun rpadm-
ka none «lMopor UHTEHCUBHOCTMY» JOJIKHO ObITh Ny-
cTbiM (puc. 1a, BbigeneHo KpacHoM pamkon), «3oHa
rovcka LeHTpa JIMHUU» — MUHUManbHon u «Bblunc-
neHne NHTEHCUMBHOCTU JIMHUN» — UHTErpan no ogHo-
My aunogy (puc. 16, BbiaeNeHo KpacHon pamkon). B
cnyyasix npucyTcTeus BONM3M aHanuTU4eckomn nu-
HUM MHTEHCUBHBLIX MeLllalLwWmnx NMHnn 6onee Kop-
peKkTHas annpokcumaumsa oHa gocturaeTcs ¢ no-

Yo

=
2 —
[ wn

=
o
L

HHTeHCHBHOCTE, %

Bpems, ¢

Puc. 3. CunHTUANAUMN YacTUL,-HOCUTENEN 30/10Ta Ha
nvHum Au 267.595 HM B cnekTpe o6pasLia noysbl
0CO 65-86

Fig. 3. Scintillations of gold carrier particles on the Au
267.595 nm line in the spectrum of the OSO 65-86
soil sample

MOLLIbIO BbIAENEHUS NOKaNbHbIX MMHUMYMOB, HE
yaoBrieTBopsawwWwmx 3o-kputeputo. NogpobHo pabo-
Ta anropuTma onmcaHa B ctatbe [5]. B pesynbrate
paboTbl anroputma oTUIETPOBLIBAIOTCS BCMbILLKA
Ha NMUHWW aHanMTa, UHTEHCMBHOCTb KOTOPbIX NPEBbI-
LIaeT yCTaHOBIEHHbIN «[lopor MHTeHCUBHOCTUY [7].
[danee BblaeneHHble CUMHTUANSALUMM 3a BPEMS MOr-
HOW perncTpaumm cnektpa obpasua Mcnonb3yTcs
ans opmMMpoBaHUSA CyMMapHOro aHanuMTu4eckoro
cuUrHana, KoTophbI ABMNSETCS MHTErpasniom no Bpeme-
HW MHTEHCUBHOCTM BCMbILLIEK HA aHaNUTUYECKOW NK-
HUN. CyMMapHbIA aHaNMTUYECKUIA CUTHaN UCNosb-
3yeTcsa ANs rpagyvpoBKM U HAXOXOEHWST BarnOBOro
cofepXaHus aHanuTa.

3annch BCMbIWEK YacTUL-HOCUTENEN 30510Ta B
150 mr o6pasua nousbl OCO 65-86 3a BpeMs nonHom
akcnosunumm obpaboTaHa u rpacpmyeckn npeacraBneHa
Ha puc. 3. B cnekTpe BblgeneHo 26 CUMHTUNNALNA
(3MNCCMOHHBIX BCMbILLIEK OT YacTUL-HOCUTENen 30M0-
Ta), CYyMMeE MHTEHCUBHOCTEN KOTOPbIX NPUMNUCAHO CO-
aepxanue 3onota 0.0067 r/t (tabn. 1).

Mony4yeHHble 1 0OpaboTaHHbIE B OMUCAHHbIX
YCIOBMSAX CNEKTPbl CTaHAAPTHLIX 06pa3yoB 13 00y-
Yarowler BbIGOPKK (BblgeNEHbI XXUPHbBIM LUPUATOM B
Tabn. 1) ucnonb3oBaHbl A58 NOCTPOEHUST NIMHENHBIX
rpagyvpoBOK B bunorapudmmnyeckmx koopgmHatax
(puc. 4). Yron HaknoHa rpagympoBOYHbIX rpadukos
6nm30k K 45° 4TO CBUAETENLCTBYET 06 ONTUMANbHOCTM
BbIOpaHHbLIX YCNOBUIA MOMNyYeHUsl, perncTpaunm un
00paboTKn aHaNUTUYECKUX CUTHaNoOB B LUMPOKOM
OvanasoHe cogepxaHus 305oTa 1 cepebpa.
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Fig. 4. Calibration curves of the spectral line intensity / (%) of gold (a) and silver (b) versus their concentration C (g/t) in

the standard specimen

PE3YJIbTATbI U UX OBCYXXAEHUE
Banosble cogep)xaHusa 3onota u cepedbpa e CO

B TeueHne HecKomnbkux MecsiLeB Ang onpegene-
Hug 3onoTa n cepebpa B CO 6binum nonyyeHsl, 3aperu-
CTpupoBaHbl M 06paboTaHbl cnekTpsl CO BOCbMY 06Y-
YarLLMx BbIOOPOK M MOCTPOEHbI BOCEMb HE3ABUCUMBbIX
NIVHEVHbIX rPagyMpPOBOK, KOTOpble Obiv LOMNOMHEHbI
TecToBbIMU Bbibopkamu. CnekTpbl CO 13 TectoBon
BbIOOPKM HE y4acTBOBaNM B rpagynpoBKax, MO3TOMY,
4YTOGbLI MCMONb30BaTh CTAaHAAPTHLIN 0bpasey u3 oby-
YatoLen BeIDOPKM AN TECTMPOBaHUS, permcTpupoBa-
nn ero HoBble cnekTpbl. [1py pacyeTax ncnonbL3oBa-
11 BCe NOMyYeHHble AaHHble 6e3 NCKMoYeHNs rpyobIx
npomaxos. 1o BceM gaHHbIM 6bIny paccymTaHbl cTa-
TUCTUYECKME XapaKTEPUCTMKN pe3ynbTaToB onpee-
neHns BanoBbIX coaepxaHun Au u Ag aAnga Kkaxaoro
CO: usmepeHHble cpegHue BanoBble COAepXKaHus, OT-
HocuTenbHas cucteMmatuydeckas norpetuHocTs (OCHT,
%), OTHOCMTENBHOE CpeaHeKBaApPaTUYHOE OTKIIOHE-

Hne (OCKO) pesynbTaTtoB OT CpeaHero u AnanasoHsbl
ux Bapuauum (tabn. 3).

OCKO pesynbratoB napannenbHbIX U3MepPEHUI
mexay cobon ans kaxxgoro CO xapaktepusyeT ogHo-
POAHOCTb pacnpefeneHns 4acTul, aHanuTa B npoaHa-
nmanposanHow (600 mr) macce CO v 3aBUCUT OT Yncna
BbIMOSTHEHHbIX M3MepeHuit. Mpu onpeaeneHnn Au Haw-
MeHbLUne 3HadYeHus pasmaxa OCKO (1.6 + 38 %) nony-
YeHbl 4N pyaHbIX M TexHoreHHbIx CO no cpaBHEHMIO
C ropHbiMu nopogamu 1 noysamu (13 + 170 %). 3Hauve-
Husa OCKO npwu onpeaeneHun cepebpa BapbUpyTCS
oT 1 oo 55 % B grManasoHe 4 NOPSAKOB coaepKaHus.
Bapwnauuu B guanasoHax OCKO gna 3onota u cepe-
Bpa cBA3aHbl C OTNIMYMEM NX KNapKOBbIX COAEPKaHNN
Honee yem Ha NOPSIAOK M COOTBETCTBYHOT TeopeTuye-
ckow mogenu o NyaccoHoBckoM pacnpegeneHnn Au-
n Ag-yactuy [8]. [ns HU3KMX cogep>KaHun aHanMToB
B o6pasuyax CI'O-2A n CT-2A HabntogatoTcst Makcu-
mManbHble 3HaveHns OCKO (170 n 160 %) npu makcu-
ManbHbIx 3HaveHusax OCIT (-93 n 258 %). OgHako Ans
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Puc. 5. ConocTaBneHne aTTeCTOBaHHbIX U M3MEPEHHbIX BasloBbIX coaepxaHuii anemeHToB B CO: a — 30510Ta; 6 — cepebpa
Fig. 5. Comparison of the certified and measured total contents of gold (a) and silver (b) in standard specimens

3TMXx 06pa3uos B pabotax [1, 2] npm 6GnM3KUX 3HaYEHU-
ax OCKO cuctematmyeckue norpeLHocTy bbinm cta-
TUCTUYECKN HE3HAYMMBI, HECMOTPS Ha HENpPeACcTaBu-
TENbHOCTb UCMOMNb30BaHHbIX aHANUTUYECKNX HABECOK.
Takoe pacxoxJeHne MOXHO OOBbSCHUTL HEMCNOSBL30-
BaHMeM oTOpakoBKM rpyObIX MpomMaxoB npu o6paboT-
Ke pe3ynbTaToB aHanusa B aton pabore.

OTHOCUTENBbHasA cUcTeMaTUYeCKas NOrpeLLHOCTb
(OCIN) aBnsaeTCcA MHTEPBANbHOMN OLLEHKOW N XapakTepu-
3yeT Kak 11151 TECTOBOW, TaK U aAnsi obyyvatoLLen BbIGOpKN
NpaBUNbHOCTb NOMYYEHHbIX pe3ynbTaTtoB. PocT Benu-
4unHbl OCI, B3ATOM NO MOAYMIO, YKa3biBaeT Ha yBenu-
YeHune CTeneHu BNUSHNA Ha pe3ynbTaT aHanmsa pas-
Hbix CO Takux hakTopOoB Kak OTNNYUS NO MaTPUHHOMY
W rpaHynomMeTpuM4yeckomMy coctaBam, NPUCYTCTBUIO Me-
LUAKOLLMX SNIEMEHTOB (Hanuyme cnekTparnbHbIX MOMEeX).
[MonyyeHHbIe B 3KCNepMMeHTe AnanasoHbl MHTepBa-
nos OCIT gnsa obyyatoLyen 1 TeCToBON BbIGOPOK 6rn3-
Kn mexgy cobon ans kaxxgoro CO, HO CyLLEeCTBEHHO
OTNMYalTCA AN pasHbIX COCTABOB NPo0.

Tak, Henpuemnemas senumdmnHa OCI gns CIMXM-
4 oTpaxaeT HeYUYTEHHOE BNUSIHNE CNEKTPArbHOro Ha-
NOXEHUst NINHUK BoNbd)pama Ha fIMHMI0 30510Ta U Heob-
XOAMMOCTb YNyYLLIEHNsi CMEeKTParbHOro pa3peLleHuns
B 9TOM Auana3oHe AnvH BonH. [nga obpasua CIaO-2A
HabnogaeTcs CyLWecTBEHHOE 3aHMXKXEHNE pe3ynbTa-
TOB onpeaeneHns Au n Ag No CpaBHEHUIO C PEKOMEH-
OOBaHHbIMW 3HAYEHUSIMUW, MOMYYEHHBIMU U3 HaBECOK
2 - 10 r aHanUTU4YeCcKUMN MeToauKaMu ¢ npeaBapu-
TeNbHbIM KOHLIEHTPMPOBaAHNEM aHaNUTOB U UX OTAe-
neHvem ot Matpuubl. Cnctematmyeckoe 3aHmxeHe
pe3ynbTaToB OnpeaeneHnst BanoBoro coaepxaHus
Au HabntogaeTcs Ans NpMpoaHbIX 06pasLoB YepHbIX
cnaHueB CHC-1 u CJIr-1. 3aBhblILEeHbI BanoBble coaep-
XaHus aHanuToB B o6pasuax C3P-3 n C3P-4, npuro-
TOBMEHHbIX MPY CMELUMBaHUN pac4ETHbLIX Macc 0bpas-
ua C3K-3 ¢ «nycton» nopogon. OgHako copgepxaHue
3onoTa B obpasue C3K-3 (6e3 pasbaBneHus) kak B 00-
y4alLmx, Tak U B TECTOBbIX BbibOpax okasbiBaeTcs
CTabunbHO 3aHWKEeHHbIM. [py onpegeneHnn BanoBoro

coaepxaHus cepebpa pesynbratbl aHanusa obpasuyos
C3X-3, C3P-3 n C3P-4 okasanuck 3aBbiweHbl. Cpea-
HWe HandeHHble 3HaYeHNs BanoBbIX COAEPXXaHuK, 3a
uckniodeHnem CO CIA-2A, oTnnyatotcs oT aTTecTo-
BaHHbIX He bonee yem B 2-3 pasa Ans 30510T1a, Kpome
CJlr-1, n meHee aByx pa3 ans cepebpa.

Mpw cpaBHEHWU N3MEPEHHBIX U aTTECTOBaHHbIX
pe3ynbTaToB ONpeAeneHmns BanoBbIX COAepXKaHui 30-
nota u cepebpa nony4veHbl yA0BNETBOPUTENBHbLIE KO-
acdhuumneHTbl Koppensauum, kotopble pasHbl 0.96 n
0.95 cooTBeTCcTBEHHO (pUC. 5). Konuuectso CO c 3a-
BbILLUEHHbLIMW UMW 3aHWXKEHHbIMU pe3ynbTaTamu npu-
MEPHO OQUHAKOBO, YTO CBMAETENBLCTBYET O BO3MOXHO-
cTn yny4dweHus TouHocTn CADC nocne ycTaHOBNEHMS
WCTOYHMKOB CUCTEMATMYECKUX MOrpeLIHOCTEN U pas-
paboTku cnocoboB ux y4éTa. ATO NO3BONUT NPOBECTU
aTTecTtaumio metoankm CA3C B AnanasoHax onpege-
nsiemMbIX codepXXaHui 3o0roTa u cepebpa U yTOYHUTL
KaTeropmo TOMHOCTM pe3ynbTaToB B COOTBETCTBUM C
OCT 41-08205-2004 [9].

KonuyecTBo YacTuu, cogepxaiimx 3051070 U
cepebpo, B CO pasHoro coctaBa

MNony4yeHHble Ha komnnekce «paHa-MNoTok» cnek-
Tpbl NoATBEPANNN HabnogeHe n3 paboTol [2], 4TO
C yBENMYEHNEM BaroBOro cogepkaHns KonmyecTso
4yacTuy, cogepallmx 30510TO, B MOPOLUKOBON nNpobe
006bI4HO pacTéT. Ha puc. 6 nokasaHbl 3aBUCUMOCTH MO-
HOTOHHOTO pOCTa 3aperMcTpPMpPOBAHHOIO KONIMYECTBA
BCMbILLEK OT BANIOBOro COAEPXXaHNs 40 KOHLEHTpaumm
2 r/T ansa 3onota (pwc. 6a) 1 0.3 r/T ons cepebpa (puc.
66). HaunHas ¢ aTux copgepxaHuii, nocnegosaTenb-
HOCTM CUMHTUNNAUNOHHBIX crnekTpoB CO B Kaxabln
MOMEHT BPEMEHU COAEPXKAT BCMbILLKN aHanuTa, KoTo-
pble HEBO3MOXHO pa3fenuTb BO BPEMEHM, T.e. Hapy-
watotcsa ycnosusa mogenu CASC [8]. MNpu 3TOM KOMnK-
4YeCTBO BCMbILLEK CTPEMUTCS K YUCITY NEPEKITIOYEHNN
MoOnsAPHOCTU Ma3Mbl, BO BpEMS KOTOPbIX HabnoaatoT-
CSsl <MepPTBbIE 30HbI» B MHTEHCUBHOCTW. 3a BpeMs 13-
MepeHus nponcxoamt 1650 Taknx NepekntoyeHnin, 4To
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Fig. 6. Curves of the recorded number of flashes versus total content of gold (a) and silver (b)

[JaeT COOTBETCTBYIOLLIEE KONNYECTBO BCMbIwek. CHike-
Hue BpemMeHM 6a30BON IKCMO3NLIMN MOXKET YBENNYNTD
AvanasoH, B KOTOPOM KONMYEeCTBO BCnbilek byaeT pa-
CTU NIMHEWHO B 3aBNCUMOCTM OT COAEPXKAHMWS, HO 3TO
TpebyeT JONONHUTENbHBIX 9KCNEPUMEHTOB C PYAHbI-
MK ob6pasuamu, pa3baBneHHbIMK «MyCTOMY NOPOJOW.

Teopus metoga CASC [8] ocHoBaHa Ha namepe-
HUW MHTEHCUBHOCTU UHAMBMAYANbHbIX BCMbILWEK Ha
NVHWAX aHanuTa, BO3HUKAIOLWMX NPU MPOXOXKAEHUN
UX YacTUL-HOCUTENEN Yepes nnasmy, 1 CBA3M CyMMbI
3TUX MHTEHCUBHOCTEN C coaepXXaHuem aHanura. [Ans
cyeTa KonmMyecTBa YacTul, CoaepaLlmMx aHanuT, 1 on-
TMMarnbHOM paboTbl anroputMma «PaclumpeHHbIny 0bs-
3aTenbHbIM YCIOBUEM SIBMNSIETCS pa3peLleHne BCbl-
LUEeK BO BpeMeHU. [1ns BbINOSTHEHUS 3TOr0 YCrnoBus,
B CIlyyae BbICOKUX COAEPXaHWUN U/Mnn NpUcyTCTBUSA
GonbLUIOro YMcna Menkux Yactuy, B npobe, Heobxoam-
MO, YTOObI BENNYMHA 6A30BOIN 3KCMO3MLIMN PETUCTPU-
pytoLlero ycTpoicTaa 6bina corracoBaHa co Bpeme-
HEeM HaxoXAeHWs YacTul, B NnasmMe gyrosoro paspsaa,
a TakXXe YMCIo YacTML-HOCUTENER, HAanpMMep, 30110Ta,
NPOXOAALLMNX Yepes Nnasmy B TeYEHME NOSTHON KCNo-
3ULUM JOIMKHO ObITb OrpaHMYeHHbIM. YCTaHOBIIEHO, YTO
MaKCMMarnbHOE YNCINO PErMCTPUPYEMbBIX CLUHTUMNA-
LMK, MONyYEeHHbIX B AYrOBOM paspsige 3a Bpems non-
HOW 3KCMo3ULMK, ¢ NoMoLLblo DY OOMKHO ObITb He
6onee 400 [10], onsa 6eicTpogencTaytowen MASC ¢
doToamoaHbiMy nuHenkamu BITMM-369M1 — 600 [2],
YTO COOTBETCTBYET BEPXHEN rpaHuLLe onpeaensemblx
cogepxanun 3onota 5 1 10 r/T 4na CNeKTpPOMETPOB C
3TMMU geTekTopamu. Takoe orpaHnyeHne obycnoene-
HO TeM, YTO MUHepanbHbIN U FPaHyroOMeTPUYECKNI CO-
CTaBbl aHaNM3nPyeMbIX NMOPOLLKOB Henpeackasyemo
BNUSAIOT HA UHTEHCUBHOCTb BCMbILLEK OT YacTUL-HO-
cutenewn 3onoTta. Mcxogsa us atoro, HeobxoanMbI 0-
NONHUTENbHbIE UCCNEOBaHNS ANSA YCTAHOBMNEHMWS
BEPXHEW rpaHuLibl orpefensemblx cogepxaHui ¢ no-
mMoLbto nnHenkn BIMM-2000.

14

B pabote [8] noka3aHo, 4To Ansa ob6pasuoB ¢
OOMHaKOBbIM BanoBbIM COAEpPXXaHMeM, HO C npeobna-
OaHNEM MENKUX YaCTUL, CLUUHTUIISILMOHHbBIA CUrHan
3HaAYUTENbHO YMEHbLLAETCSH, NPUBOAS K CYLLECTBEH-
HOMY 3aHWXEHUIO pe3ynbTaToB aHanusa. Konuyectso
3aperncTpupoBaHHbIX BCMbiwek Au-4yactuy gns ob-
pasuoB CHC-1 un CJIr-1 meHbLue, YeM npegnonaraet
3aBMCMMOCTb Ha puc. 6a, Tak Kak CTeneHb U3Merbye-
Hust obpasuoe CHC-1 1 CIlr-1 Bbilwe NO CpaBHEHMIO C
60onbLWNHCTBOM NpoaHanuanposaHHbix CO [11]. Takum
06pa3oM, CUMHTUMMALUMOHHOE OnpeaeneHmne 3o0/10Ta B
YepHbIX CMaHuax Ha nccnegoBaHHoOM obopygoBaHmm
B yKa3aHHbIX pexxumax nosy4yeHuns n obpaboTku crnek-
TPOB HE peKOMEHOYETCs BbINONHATL 6e3 yyeTa Bnus-
HWS rPaHYNOMETPUYECKOro cocTara npob.

BbIBOAbI

CnekTpanbHbI komnnekc «fpaHg-NoTok» ¢ kom-
GUHMPOBaHHON rMBpuaHON coopkol M3 12 NMHeek do-
TopetekTopos BJIMM-369M1 n ogHom nuHekon BITMTM-
2000 obecneymn 0gHOBPEMEHHYO CLUHTUNMALMOHHYHO
N MHTerpanbHy permcTpauuio CnekTpoB Npu BBeLe-
HUW BellecTBa B nnasmy Ayrm no cnocoby npockin-
Kn-BOyBaHUsl. AHanNUTUYECKNE BO3MOXKHOCTU Takoro
060pynoBaHUS OLEeHEHbI MpU onpeaeneHMn BanoBo-
ro cogepxaHus 3onota u cepebpa B 16 cTaHaapTHbIX
obpasuax pasnmnyHoro cocraga.

Xopoluasi TOBTOPSAEMOCTb MOMYYEHHbIX pe3yrbTa-
TOB CLIMHTUINNSALUOHHOIO aTOMHO-3MUCCUOHHOIO onpe-
OEerneHns BarnoBoro cogepkaHusi sonota u cepebpa B
MUHepanbHOM Cbipbe YKa3blBaeT Ha BO3MOXHOCTb aT-
TecTauun metoamkm cornacHo OCT 41-08-205-2004.
OJHaKo C Lienbo CHMKEHWS CUCTEMATUYECKMX NOrpeLL-
HOCTeW, BbisiBNieHa HEOOXO4MMOCTb AOMOMHUTENBHBLIX
NccrnefoBaHUM NO YBENIMYEHUIO CMEKTPAIbHOMO pas-
pelleHns B AnanasoHe A4SfivH BoSH 258-269 HM 1 no-
ncka cnocoboB y4éta BNUSAHUA MaTPUYHOIO W rpaHy-
rfloMeTpuryeckoro coctasa npoo.
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