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PaccMoTpeHa MeToAMKa y4yeTa BAUAHUA "TpeTbMx" 3/1eMEHTOB MpU aHaause anoMu-
HWEBbIX CMIABOB N BbICOKOMIErMPOBAHHbIX CTasIe C MCMOb30BAHNEM IMUCCUOHHbBIX CNeK-
TPOMETPOB HM3KOr0 ONTUYECKOro pa3pelleHns C UCKPOBbIM BO3BYXXAEHMEM CMeKTPOB.
MpurBedeHbl pe3ybTaTbl PACHETOB aAANTUBHLIX U MYJLTUMIMKATUBHBIX KOIPDULMEHTOB
BAVSHWIA ON18 aHANIM3NPYEMbIX 3/IEMEHTOB. MOKa3aHo, YTO NMPUMEHEHNe PerpecCUOHHbIX
MeToA0B 06paboTKM pe3ynbTAaTOB aHann3a Mo3BOJiSeT CYLeCTBEHHO CHU3WUTb Morpell-
HOCTb OMNpeAeneHns 3/1IeMEHTOB B pACCMOTPEHHbIX Fpynnax Crn/iaBos.

B coBpemeHHbIX 3aBOACKMX nabopaTopusix AN KOHTPO-
Nia coctaBa MeTa/l/IN4eCckuUx CnaaBoB WMPOKO WCMOJb3y-
€TCS aTOMHbIA 3MUCCUOHHBIN CNeKTpabHbIA aHanus [1, 2],
passBuTne 060pyao0BaHNS A1 KOTOPOro naeT B OCHOBHOM
no ABYM HanpasneHnsam. C O4HOW CTOPOHbLI, pa3pabaTbiBa-
I0TCS CMeKTPOMETPbI C BbICOKOMW YyBCTBUTEJIbHOCTBLIO K pe-
FMCTPUPYEMOMY N3YYEHWNIO, KOTOPbIe NpeHAa3HAYeHbl 418
TOYHOro aHa/sin3a cocrtasa CrJiaBoB, BKJIlOYaa Masble npu-
Mecn XMMWYeCKUX 31eMeHTOoB. B nepsyto ovepefb, 3TO A0~
CTUraeTcs co3faHuem CTabUNbHLIX U UHTEHCUBHbLIX UC-
TOYHUKOB M3My4eHUs. TakxKe MCNONb3yTCS ONTUYeckne
6/10KM CO CpaBHUTENbHO BblcOKOW amcnepcuen (1 HM/MM
M BbIlE), NO3BONAOLLIEN MAKCMMANbHO Pa3HOCKTL B Mpo-
CTpaHCTBe 6/IM3KO nexkalme cnekTpasibHble ANHUK, YTOObI
CHUXATb BJINSIHNE Pa3HbIX XMMUYECKUX 3/IEMEHTOB Ha pe-
3yNbTAThl U3MEPEHUS KOHLEeHTpaumn. Mpmn 3TOM yMeHbLua-
eTCs YpOBEeHb PacCesHHOro cseTa, HO O4HOBPEMEHHO yBe-
NM4mMBatOTCS rabapmTbl U CTOMMOCTbL NPUOOPOB.

BTopoe HanpasJ/ieHMe pa3BUTUS PbIHKA IMUCCUOHHbIX
CNeKTpOMeTPOB CBA3aHO C CO34aHMeM ManorabapuTHbIX
N HeJopormx NpnbopoB CO CPaBHUTENbHO HEBbLICOKOW
ancnepcuen n 6osee NpoCTbIMU UCTOYHMKAMMK BO3BYX-
AeHunsa cnekTpa. Takoe obopynoBaHuWe Nonb3yetcs cTa-
6UNbHLIM CNPOCOM y NOoTpebuTenen, oAHAKO MMeeT paj
HeLOCTAaTKOB. Ha pe3ysibTaTax M3MepeHmI CKa3biBaOTCS
cnepywuwme GakTopbl: BAMSAHUE "TpeTbUx" 3/1IeMEHTOB
M3-32 HANIOXEHNA CNeKTpasibHbIX IMUCCUOHHbBIX TIMHUN
ApYr Ha Apyra, HepaBHOMEpHOe MOCTYyNn/ieHne cocTaBs-
NAWNX KOMNOHEHTOB B 06aacTb paspsiga, peabcopb-
LM aHAUTUYECKUX CNEeKTPanbHbIX INHUIA U T. 4. [3].
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Mpwn M3MepeHnsx KOHLEeHTpaunm Hanbonbmne ncka-
XKEeHMS BHOCST, Kak MPaBMI0, BXOASLMe B COCTAB CnJjaBa
Tak Ha3blBaeMble TpeTbW 3/IeMeHTbl. N8 y4yeTa UX BAUS-
HUA B 3MUCCUMOHHbIX CMeKTpoMeTpax AAaBHO W yCMewHo
NPUMEHSIOT MaTeMaTuyeckme perpecCMOHHbIE MeToZbl
[4], peann3oBaHHble B NporpaMmHoM o6ecnederunm (MO)
npnbopos. Hanpumep, cepuna cnekTtpomeTpoB MATMYACG4
(amcnepcusa 1,5 HM/MM) cHabxeHa MO, B KOTOPOM NMpuUMe-
HAeTCa MaTeMaTUYeCKM CNoCo6 KOppeKkLmMm NCKaXXEHNN
CNeKTpoB Npu 06paboTke pe3ynbTaTOB aHaAM3a aatoMu-
HueBbIX [5], MeaHbIx [6], HMKeneBbIX cnnaeos [7], a Takxe
BbICOKO/MIErMPOBaHHbLIX CTasen [8]. DkcnayaTauma cnek-
TPOMETPOB B pea/ibHbIX MPOW3BOACTBEHHbLIX YCIOBUAX
nokasasna 3pPeKTUBHOCTL MPUMEHEHNS TAKNUX METO/,0B.

OpHako B cneKTpomeTpax C HU3KOW Aucnepcuen 13-3a
60see CUIbHOTO HANOXEHUS! CMEeKTPasbHbLIX JVHUIA MOTYT
BO3HUKHYTb OrpaHMyeHus. Llenbto HacTosauen paboTbl CTano
N3y4yeHre BO3MOXHOCTU MPUMEHEHUS PEerpeccMoHHbIX Me-
TOLAOB y4eTa BAUAHUS "TpeTbuX" 31eMeHTOB B CeKTpoMeTpe
CO CPaBHUTE/NBHO HU3KOM Ancnepcunen (4—5 Hm/Mm).

[Ans BbINOMHEHWS MOCTAaBAEHHOM 3a4ayn 6bi1 pas-
paboTaH M cobpaH MakeT cnekTpoMeTpa Ha 6a3e BOrHy-
TOM ANPPAKLMOHHOM peLeTKN C permcTpaumen cnektpa
npu nomowm N3C-nuHenkun [9]. Ansa BO3BYXKAEHNA Cnek-
TPOB MCMO/b30BAJICSA BbICOKOBOLTHbLIM MUCKPOBOW pa3pas
B BO34YLWHON cpeae (Tabn.l).

NccnepoBaHue NpoBOAMAN AN METAIMYECKUX Cna-
BOB Ha OCHOBE a/IlOMUHMA U Xxenesa. [as antoMUHUEBLIX
CNNAaBOB MCMNONb30BaAM 06pasLbl YeTbipex KOMMIEeKTOB
CcTaHAapTHbIX 06pa3oB.: 18 (Mapka AMT), 23 (mapka AK12),
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Tabauua 1. OcHOB8Hble Xapakmepucmuku cnekmpomempa

Paboumm cnekTpanbHbIN

200-350 HM
AnanasoH
CneKkTpa/ibHOe paspelueHue 0,27 HM
O6paTHas nMHenHas AR

aucnepcus

YacToTa WTpuxos

_ 600 LWTpUXOB/MM
AVOPaKLMOHHOM peLleTKm

[MpUeMHUK U3nyveHums N3GnnHenka

Pasmep n yncno anemeHToB

n3C 8x200 MKM, 3768 LuT.

BblCOKOBO/IbTHASA
MCKPA, Hanps>XXeHune
8-12 KB, yacTtoTa
200-400 Iy

NCTOYHUK BO3BYXXAEHMS

207 (Mapka AK5M2) u VSAl (NepBUYHbLIN aNtoMUHWUIA).
Ana xenesHblX CNaaBOB WUCMOMb30BanAM o6paslbl ABYX
KOMM/IEKTOB BbICOKONErMpOBaHHbLIX cTanen: 31 (Mapka
X12H20T3p) 1 36 (Mapka X12Mm). BbiIn U3yYEHbI SIMUCCUOH-
Hble CrneKkTpbl CM/JABOB, U AN KaXA0ro XMMWUYECKOro
31eMeHTa Bbi6paHbl aHaNUTUYeCKUE TIMHNM, MAKCUMaSlb-
HO CBOBO/HbIE OT HAMIOXEHUS MUKOB APYrUX aHa/INTOB.
B Ta6n.2 1 3 npeacTas/ieHbl AJIVMHbBI BOJIH, UCMOJIb3yeMble
B METOAMKAaX onpeaeieHns cocTasa aIloMUHMEBDIX Cna-
BOB W BbICOKOJIEFMPOBAHHbIX CTanen: A, A, — 4ANHbI BOSTH
aHaNMNTUYECKON IMHUM U COOTBETCTBYIOLWLEN TMHUN CPaB-

Tabauua 2. CnekmpanbHble AUHUL U NOMeHUUAAbI 8036YkdeHUs
dns onpedeAeHus COCMABA AAOMUHLEBbIX CNAABO8

259,940 256,798 4,77 4,8

Ti 334,940 3,74

Cr 267,716 6,18

Mn 294,921 5,37

Si 288,158 5,08

V 318,398 308,215 3,90 402
Ni 341,477 3,65

Cu 324,754 3,82
Mg 293,654 8,65

Zn 334,502 778

HeHund, a E; n E, — noTeHumnansl Ux Bo3byxaeHUs B 31eK-
TPOH-BOJIbTaX, COOTBETCTBEHHO.

ANropuTM pacyeTta C y4eTOM BAUSIHUM "TpeTbux" 3ne-
MEHTOB COCTOUT M3 psAfa waros [5]. MycTb AN HEKOTOpPOro
Habopa cTaHAapPTHbIX 06pa3LLOB NOMYYEeHbl OTHOCUTE/IbHbIE
WHTEHCMBHOCTU aHAIMTUYECKUX NINHUIW. [INa pacyeTa KOH-
LeHTpauum 3fieMeHTa ncnosb3yetcsa Gopmyna:

C=> aRi+y kC +> .k RC_,
p ] Ji 3 aa = m m

rae Cp — pacyeTHas KOHUEHTpaumns 3n1emMeHTa, R/ - oTHO-
CUTeNbHAsA MHTEHCUBHOCTbL IMHWW; 3~ 6a3oBble KO3 du-
LMEHTbl, KOTOpble NOAy4atnTCsl MO MEeTOAY HAaUMEHbLUUX
KBaApaTOB MPpW pacyeTe KOHLEHTPALMOHHOW KPWUBOW
(3aBMCUMOCTb MACMOPTHOW KOHLEHTpaLMUn OT UHTEH-
CUBHOCTM), 63 y4yeTa BAUAHUA. B NpuUMeHsemMoMm npo-
rpaMMHOM obecneyeHUM ANa 3agaHus 3TOW KPUBOM
MNCNOJb3YHTCS MHOMOY/1€HbLI CTEMEHMW HE Bbille TPeTbeN
(j=1,2,3).

Cnepyowme Ko3dpdumLUmMeHTbl k, oTBe4aloT 3a Tak Ha-
3blBaeMble agOAUTUBHbLIE BANSIHUA, 3aBUCALLME TOSbKO
OT KOHUEHTpauuu Baustowero anemeHTa. OBbIYHO 3TU
BNAHMSA BbI3BaAHbl HA/NOXEHWEM CNeKTpasbHOM NUHUN
3/1eMeHTa Ha aHaNUTUYeCKY TNHUIO, TMBO Ha y4acToKk,
roe onpegensetcs ee ¢poH. 3gecb C,— KOHLEHTpaLuums co-
OTBETCTBYIOLLErO BAMSOLLEro 3eMeHTa.

MocneaHun yneH B popmyne onucCbiBaeT TaK Hasbl-
BaeMble MYJbTUNNNKATUBHbLIE BAUAHUSA C KO3IDDU-
umMeHTamMn K., KoTopble 3aBUCAT OT NMPOU3BELEHNSA KOH-
LeHTpauun BAUAKOLLETO 3/IEMEHTA M aHANU3MPyeMo-
ro. Korga ectb B3aMMHOe BAWSSHME 3/1eMeHTOB, A4

Tabauua 3. CnekmpanbHble AUHUU U NOMeHUUAAbI 8036YkAeHUs
9n51 onpedeneHus COCMAsa 8bICOKOAE2UPOBAHHbIX Cmaneli

Sreverr |t | A | Euoo | oo

Ni 341,477 3,65
Cr 205,559 239,562 6,03 5,22

Mn 293,306 541

Al 308,215 4,02

Ti 337,279 3,68
259,940 4,77

Si 288,158 5,08

Vv 318,398 3,90
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Tabnuua 4. PacyemHble napamempsbl 8AUSIHUU 8 MemooduKe Tabauua 5. PacyemHble napamempbl 8AUSIHUU 8 MemoduKe
aHaausa cocmasa anloMUuHUesbix CnAagos aHAAU3a cocmasa 8bICOKONE2UPOBAHHbIX cmanel

Apantuse- | MynbTunan- ApaunTtue- | MyabTunau-

HO BAU- KaTUMBHO HO BAU- KaTUBHO
sowme BAMSIOWME aowme B/MSIOLLME
3NnemeH- afeMeH- anemeH- anemeH-
Tbl — K, Tbl — K, Tbl — Kk, ol — k.,

Mn-0,00119 , N
Ti 334.940/308,215 Mg- Ni 341,477/239,562 Ti-1,29
0,002504

Fe 259.940/256,798  Si-0,0141 Cr  205,559/239,562  Ni-0,4497 Ni-0,05875

Cr 267,617/308,215 Ni-0,1373

Mn  294,921/308,215 $i-0,0007072 AL | SRR AERERRAY | T A2

Fe-0,0969
Si 288,158/308,215 Cu-0,3687 i Ni-
7n-0,2085 Zn-0,005384 Mn 293,306/239,562  Ni-0,01354 0.0004712
V 318,398/308,215 Cr-0,1185
. Ti 337,279/259,940 Cr-0,006407
Ti-0,129
Ni 341,477/308,215 Mn- Fe-0,1527
0,03406
Si 288,158/259,940  Ni-0,03703 Cr-0,03825
Cu 324,554/308,215
Mg 293,654/308,215 Mn-0,006567

Vv 318,398/259,940  Cr-0,07218
Zn 334,502/308,215  Ni-0,6044 Ni-0,2084

10 10

91 9 -
B ° >
£ *] 5 2]
o i 3 -4
e 7 s ] 7
T =
T I
= 6 Y 6
3 . z
Z 54 2 g
=
g . 8
= 41 I 4
o (2]
o L] g
5 34 5 31
D =
et [
= e =
< 24 Z 2

L)
14 1 4
0- T T T T T T T T T 0 5 T T T T T T T T T
] 1 2 3 4 5 6 7 8 9 10 (o] 1 2 3 4 5 6 7 8 9 10
PacyeTHas KoHUeHTpauus, % PacuyeTHas KoOHUeHTpauusa, %
a) 6)

Puc.1. KoppeAsuus nacnopmHbix u paciemublx KoHueHmpauut 6e3 yuema (a) u ¢ yuemom (6) 8AuSHUL 0AS AUHUU MA2HUS
Mg293,654 Hm/AI308,215 HM 8 antoMUHUEeBbIX CnNAdsax
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6)

Puc.2. KoppeAsuus nacnopmHbix U pac4emHbix KoHUeHmpauuli 6e3 yyema (a) u ¢ ysemom (6) 8AUsiHUL 045 AUHUU MAP2aHUaA

Mn293,306 HM/Fe239,562 HM 8 8bICOKONE2UPOBAHHbIX CMAASIX

KOpPpPEKTHOW paboTbl aAroputTMa pacyetra BMeECTO KOH-
LeHTpaumMm aHanm3nMpyemoro aHanmta 6epercs UHTEH-
CMBHOCTb €ro aHanuTU4yeckon AMHuUK. KoabdbuumeHTol
B MporpamMme BblYUCAATCAS UTEPALNOHHBIM METOA0M.
CnegyeT OTMETWUTb, YTO K BbIYUCAEHUID KO3IPPU-
LUMEHTOB BJIMSAHWUM HYXXHO MOAXOAUTbL C ocobom ocTo-
POXXHOCTbIO U He MCMO0Nb30BaTb "NULWIHME", MOTOMY 4YTO
MOXHO MONYYUTbL TAKYK perpecCMOoHHYI0 MoAenb, B KO-
TOPOW CNy4YanHble OTKJOHEHUS WU3MEPEHUN yYTeHbl Kak
cucrTemaTtumyeckue BAMSIHUSA. Kpome TOro, npu A4oCTaToy-
HOM KO/IMYeCTBE UCXOAHbLIX AaHHbIX CUCTEMA CTAHOBUTCS
‘nepeonpeneneHHon”, Koraa TOYHO paCCHUTAHbI
HUSI KOHLLeHTPaLuMi B HEKOTOPOM HebO0/bLLIOM AManasoHe,

3Ha4ye-

A BHE ero ecTb pUCK MNOJy4YnNTb abCOMOTHO HE,OCTOBEPHbIE
pe3ynbTaThl.

B pe3ynbTaTe BbIMONHEHHbLIX 3KCNEPUMEHTOB Hbln
onpeeneHbl XMMUYECKMe 3/1IeMeHTbl, BHOCALWMe 3amMeT-
HbI/ BKJ1a[, B KQ4eCTBe BAUSAIOWMX "TPeTbnX" 3/IeMEHTOB
Ha pe3y/bTaTbl CNeKTPasbHOro aHanamsa, NpoBOAUMOroO
Ha MCNONb3yeMOW MoAeNnun cnekTpomeTpa. B T1abn.4 n 5
npeacTaBaeHbl PACCYUTAHHbIE perpecCUOHHbLIM METOAO0M
AAOVNTUBHbIE U MYILTUMJIMKATUBHbIE KOIDPULMEHTbLI BIUSI-
HUM 4N19 aHANIN3NPYEMbIX 3/1EMEHTOB B a/IIOMUHUEBLIX CMia-
BaX W1 BbICOKONIErMPOBaHHbIX CTANSIX.

MpeacTaBneHHble pe3ybTaThl MOKA3bIBAKOT, YTO B UCNOMb-
3yeMOM CMeKTpOMeTpe C HU3KOW AUCNepcuert 3aMeTHO BO3-

PEKTAMA
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pPOCN0 KOMNYECTBO aAANTUBHO BAUSIOLNX "TpeTbUX" 3NeMeH-
TOB M0 CPABHEHWIO C NpMBopamMm € amucrnepcunen 1,5 Hm/mm [5].

Ha puc.l B Ka4yecTBe npumMepa npmsefeHbl rpadukm co-
OTBETCTBMS pPACYETHbLIX M MACMOPTHbLIX KOHLLeHTpauumn 6e3
y4eTa U C y4eTOM PACCYUTAHHLIX BAVSHUA ONS TNHUW Mar-
HUsa Mg 293,654 HM/AI 308,215 HM B aJIIOMUHMEBBIX CNIaBaXx,
a Ha puC.2 — aHANOTrMYHbIe 3aBUCMMOCTU ANS AVHWUM Map-
raHua Mn 293,306 HM/Fe 239,562 HM B BbICOKOIErMPOBaHHbIX
cTansax.

[anoHenwas npakTuyeckass NpoBepka pa3paboTaHHbIX
MeTOoAMK MoKa3asa, 4To UX YCreLwHO MOXHO NPUMEeHSATL A1
CNNaBoB, 6AM3KNX NCCeAOBAHHbLIM MO COCTaBy. DTO CyxXaeT
061acTb UCNOL30BAHMSI perpecCUOHHbLIX METOA0B AN CreK-
TPOMETPOB CO CPABHUTENIbHO HW3KOW aucnepcuen. OfHaKko
ONs KOHTPOAS MAABOK HAa NpeanpusaTusx, rae, Kak npaBuio,
NpOV3BOAMUTCS OFPaHMYEHHOE YMCI0 CMAABOB, pacCMaTpu-
BaeMbli CMEKTPOMETP, MCMOMb3YIOWMIA PErpecCMoHHbIE Me-
TOAbl yYeTa BAMSHUM, MOXET HAWUTU LUMPOKOE NpaKkTnyeckoe
npuMeHeHue.

JINTEPATYPA

1. bypaBneB KO.M. ATOMHO-3MWNCCUOHHAS CNEeKTPOCKO-
nmsa meTannos n cnnasoB. — JoHHY, 2000. 437 c.

2. Thomsen V.B. E. Modern Spectrochemical Analysis of
Metals. — Ohio: ASM International, 1996. 204 p.

o

bypaBnes KO.M. BnnsHue coctasa n paamepa npobol
Ha pe3ynbTaTbl CNeKTpasbHOro aHanamMsa CrnaaBoB. —
Kues; TexHunka, 1970. 212 c.

OpnoB A.l. MeTtoAbl pacdeta B KOJIMYECTBEHHOM
cnekTpanbHoM aHanuse. — Jl.: Hegpa, 1977.108 c.
Fopckuin E.B., Jinswuy A.M., MenesHeB A.B. YyeT
BANAHUSA "TpeTbux" 3/1IeMeHTOB NpU aHanm3e antoMm-
HMEBbLIX CMNNAaBOB Ha cnekTpomeTpe MAMYAC-4 // 3a-
BoAckas nabopatopus. 2006. Ne3. C. 11-15.

Fopckuit E.B., JluBwuny A.M., MNenesHeB A.B. Oco-
6eHHOCTN MCNONb30BaAHUA IMUCCMOHHOIO CNeKTpo-
meTpa MAMYAG4NM npv aHanuse MefHbIX CNAaBoB //
3aBoackas nabopatopus. 2007. Ne5. C. 25-27.
JinBwny, A.M., Topckui E.B., MaBpuH H.B., Man-
KUH KO.A. OCOBeHHOCTU aHanmsa HUKeseBbiX Craa-
BOB C MCMNOJ/Ib30BaHWEM 3MUCCUOHHOIO CnekTpome-
Tpa MANYAGC4 // KoHTponb. AmnarHocTuka. 2011. N2 10.
C. 55-58.

Fopckui E.B., InBwuy A.M. Y4yeT MeX3NeMEHTHbIX
BAIVSIHUIM NPU aHANM3e BbICOKONErMPOBAHHbIX CTaNEN
Ha SMWCCUOHHOM cnekTpomMeTpe MAMYAC4 // 3aBoa-
ckaa nabopartopua. lmarHoctnka matepmanos. 2017.
83(2). C. 26-30.

Holst G.C., Lomheim T.S. CMOS/CCD sensors and
camera systems // JC. Publishing. 2011. 335 p.

BbiLLen B CBET 04epeaHON BbINYCK KypHaNa
“)ypHan aHUIMTU4ECKON XMMUK'
(2018, Tom 73, N2 2 ISSN: 0044-4502).

YutariTe B HOMepe:

Mnaronos W.A., Poputkos O.B., fop6ayeBaA.P.,
MocksuH J1.H., KonecHuyenko U.H.

MeTogibl v CpeaCTBa MPUTOTOB/IEHIS CTAHAAPTHLIX
ra30BbIX CMeCen

CasuHos C.C., bypansesa P. M., [ipo6biwesA. 1.
ATOMHO-3MUCCUOHHDBIIA aHaN3 HOFTENR Yeno-
BeKa Ha CoAep)XaHne MUKpPO3/eMeHTOB

AHaHbeBa U. A., Mongkosa f1. A., Wanosano-
Ba E.H., MaxxyraA.T., lUnuryH O.A.
Pa3zeneHne 3HaHTMOMepOB-610KaTOPOB HA
cuavkarene, MOAUGULWMPOBAHHOM  HAHO-
yacTuuamn 3010Ta C UMMOBUAN30BAHHBIM
MaKpOLMKANYECKUM QHTUBNOTUKOM BaHKO-
MULUHOM

NaytoBaA.K., beposa A.10., Capwop I0.H.,
beno6oponosa H.B.

OnpegeneHne apoMaTUYeCKUX MUKPOBHLIX
MeTabonnToB B CLIBOPOTKE KPOBM METOAOM
ra30BoM XpOMAT0-Macc-CNeKTpoOMeTpui

Llapaposa J1.T., YenHokosa U.A., JlekcuHa l0.A.,
WnbuHa M.A., Tfeamuta A.B., byauukos K.
MpOTOYHO-NHXEKLMOHHOE  amMepoMeTpu-
yeckoe onpefenexne Lodbl M TUPO3NHA HA
ABOVIHOM 3M1eKTPOAe, MOANGULMPOBAHHOM
BUHAPHOI CUCTeMOM 3010TO-KObALT

[JleiiHeka B.W., Makapesuy C.J1.,

DeitHeka J.A.

TMApodMabLHAsS XpomaTorpadus Ha cuamuka-
refe: rpynnoBod aHaNn3 aHTOLWMAHOB Mo~
LB BUHOTPaAa

Tutapenko B.O., Xana¢sH A.A., Temeppaa-
wes 3.A., KayHoBa A.A., AbakymoB A.T.
NaeHTudumKaLms copToBon U pernoHaabHoN
NPUHAANEXHOCTA KPACHLIX BUH METOAAMU
KnaccudukaLMoHHOro aHanu3a

Hapexxannckuit A.1., Nonyposckuii 51.9.
PaboTbl N0 aHANMTUYECKOMY UCMONb30BAHNIO
LVUOZHOM Na3epHOM CMeKTPOCKONMUM B UHCTU-
TyTe obuwen ¢uamkn um. A.M.Mpoxoposa
PAH

3onoros [0.A., byyauenko A.Jl.

OT KBAHTOBbIX CTPYH 40 TalH MbILAEHNS...
SKCKYPC MO CaMblM 3aBOPAXMBAIOLNM
Bonpocam Gpuamku, xumun, Guonorum,
MaTemaTmku

62

www.j-analytics.ru



‘ lfnmuruna Ne 2/2018(39)

ANALYSIS OF METAL

% % ANALYSIS AND CONTROL: TECHNOLOGIES, INSTRUMENTATION, SOLUTIONS
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A technique for correction of the influence of third components in analysing aluminium
alloys and high-alloy steels with the use of low-resolution emission spectrometers with
spark excitation is considered. The results of the calculation of additive and multiplicative
coefficients of influence for analysed elements are presented. It is shown that the use of
regression methods for processing of the analysis results makes it possible to significantly
reduce the errors in determining the contents of elements in the considered groups of

alloys.

In up-to-date factory laboratories, atomic emission
spectral analysis is widely used to control the composition
of metal alloys [1, 2], the equipment for which is mainly
developed in two directions. The first one is the
development of spectrometers with high resolution and
high sensitivity to the detected radiation, which are
intended for an accurate analysis of the composition of
alloys including small admixtures of chemical elements.
This is mainly achieved by utilization of stable and
intensive sources of excitation. Spectral units with a
relatively high dispersion (less than 1 nm/mm) are used,
which enables to resolve close-lying spectral lines in order
to reduce the influence of various chemical elements on
the measurement results. At the same time, the amount
of scattered light is reduced but the dimensions and cost
of the devices increase.

The second direction for the emission spectrometer
market development is associated with the creation
of small and inexpensive devices with a relatively low
dispersion and simpler excitation sources. Such equipment
is highly demanded by customers although has a number of
shortcomings. The following factors have an impact on the
measurement results: inter-elements influences due to the
overlapping of spectral emission lines on each other, the
uneven supply of constituent components to the discharge
region, the reabsorption of analytical spectral lines etc. [3].

Usually the main reason for errors in concentration
determinationareso called thirdcomponentinfluences. To

DOI: 10.22184/2227-572X.2018.39.2.110.113

compensate for these influences in emission spectroscopy,
mathematical regression methods [4] implemented in the
software of devices have been widely used. For example, a
series of PAPUAS-4 spectrometers (dispersion 1.5 nm/mm)
is equipped with software that uses a mathematical
methods for correcting the inter-elements effect when
processing the results of analysis of aluminium [5], copper
[6] and nickel alloys [7] as well as high-alloy steels [8].
The operation of spectrometers in factory environment
conditions has shown the effectiveness of such methods.

In the meantime, low-dispersion spectrometers may
face limitations due to a stronger overlap of the spectral
lines. The purpose of the research was to consider the
possibility of applying regression methods for correction
of inter-element effect in a spectrometer with a relatively
low dispersion (4—=5 nm/mm).

To accomplish the task, a spectrometer mock-up
based on a concave diffraction grating with spectrum
registration by means of linear CCD array [9] was developed
and assembled. To excite the spectra, a high-voltage spark
discharge was used in the air atmosphere (Table 1).

The research was made for alloys based on aluminium
and high-alloyed steel. For the aluminium alloys, the
samples of four sets of standard samples were used: 18
(AMG grade), 23 (AK12 grade), 207 (AK5M2 grade) and VSAI
(primary aluminium). For steel alloys, the samples of two
sets of high-alloy steels were used: 31 (grade X12H20T3p)
and 36 (grade X12m). The emission spectra of the alloys

110

www.j-analytics.ru



‘ Ifumuruxa Ne 2/2018(39)

Table 1. Key performance of the spectrometer

Operating spectral

200-350 nm
range
S‘pectral resolu- 0.27nm
tion
Inverse linear dispersion 4.5 nm/mm

Diffraction grating

density 600 lines/mm

Radiation detector Linear CCD array

Size and number of CCD

elements 8 x 200 pm, 3768 pixels

High-voltage spark
Voltage 8-12 kV, frequency
200-400 Hz

Source of excitation

were studied, and for each chemical element analytical
lines, which are maximally free from overlapping peaks
of other analytes, were chosen. Tables 2 and 3 show the
wavelengths used in the methods for determining the
composition of aluminium alloys and high-alloy steels: A,
and A, are the wavelengths of the analytical line and the
corresponding comparison line, and E, and E, are their
excitation potentials in electron-volts, respectively.

The algorithm of data processing of the correction of
inter-element effects consisted of a number of steps [5]. Let
the relative intensities of the analytical lines be obtained

Table 2. Spectral lines and excitation potentials for determining
the composition of aluminium alloys

m

259.940 256.798 4.77 4.83
Ti 334.940 3.74
Cr 267.716 6.18
Mn 294.921 5.37
Si 288.158 5.08
\Y 318.398 308.215 3.90 4.02
Ni 341.477 3.65
Cu 324.754 3.82
Mg 293.654 8.65
Zn 334.502 778

% l“r;: ANALYSIS AND CONTROL: TECHNOLOGIES, INSTRUMENTATION, SOLUTIONS

for a certain set of standard samples. To calculate the
concentration of an element, the formula below was used:

cp:%jajRJ +§kaca +Zm|<chm,

where C, is the concentration of the element p being
investigated, Rl is the relative intensity of the line; g are the
so-called basic coefficients that are obtained by the least square
method in calculating the concentration curve (the dependence
of the rated concentration on the intensity) without taking
into account the inter-element effects. In the software used to
determine this basic curve, polynomials of a degree no higher
than the third one are used (j=1, 2, 3).

The following coefficients k, are responsible for the so-called
additive effects depending on the concentration of theinfluencing
element only. Usually, these effects are caused by the imposition
of the spectral line of the influencing element on the analytical
line, or on the site where its background level is determined. Here,
C, is the concentration of the corresponding influencing element.

The last term in the formula describes the so-called
multiplicative effects with the k, coefficients which depend on
the product of the concentrations of the influencing element and
the analysed one. When there is a mutual influence of elements,
for the correct operation of the calculation algorithm, instead
of the concentration of the analysed element, the intensity of
its analytical line is considered. Coefficients in the software are
calculated by the iterative procedure.

It should be noted that special care should be taken in the
calculation of the coefficients of influence without using any
‘excess’ ones because it is possible to obtain a regression model
in which random deviations of measurements are taken into

Table 3. Spectral lines and excitation potentials for determining
the composition of high-alloy steels

341.477 3.65
Cr 205.559 239.562 6.03 5.22
Mn 293.306 5.41
Al 308.215 4.02
Ti 337.279 3.68
259.940 4.77
Si 288.158 5.08
Vv 318.398 3.90
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Table 4. The model parameters for analysis the composition of
aluminium alloys

-
c
[}
£

i
w

Ti

Fe
Cr

Mn

Si

Ni

Cu
Mg

Zn

Certified concentration, %
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Table 5. The model parameters for analysis the composition of
high-alloy steels

Additively Multiplica- w Additively Multiplica-
influenc- tively influ- cEJ influenc- tively influ-
ing ele- encing ele- @ ing ele- encing ele-
ments-k, [ ments-k_ = ments—-k, | ments-k_
Mn-0.00119 . .
334.940/308.215 Mg- Ni 341.477/239.562 Ti-1.29
0.002504
259.940/256.798 Si-0.0141 Cr  205.559/239.562 Ni-0.4497 Ni-0.05875
267.617/308.215 Ni-0.1373
294.921/308.215 $i-0.0007072 Al 308.215/259.940  Ti-0.2022
Fe-0.0969
288158/308.215 | Cu-0.3687 = 00538y Mn  293.306/239.562  Ni-0.01354  Ni-0.0004712
Zn-0.2085
318.398/308.215 Cr-0.1185
. Ti 337.279/259.940 Cr-0.006407
Ti-0.129
341.477/308.215 Mn- Fe-0.1527
0.03406
Si 288.158/259.940 Ni-0.03703 Cr-0.03825
324.554/308.215
293.654/308.215 Mn-0.006567
\Y 318.398/259.940 Cr-0.07218
334.502/308.215 Ni-0.6044 Ni-0.2084
10 10
9 o
8 1 8
6 < é 6
54 g 54
44 : E 4 -
3 b £ 3
L) 8
2 2 4
14 > 1 4
0+ T T T T T T T T T 0 = T T T T T T T
[0} 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 6 7 9 10

Calculated concentration, %

a)

Calculated concentration, %

b)

Fig.1. Correlation of the certified and calculated concentrations without correction (a) and with correction (b)of inter-element effects

for the magnesium line Mg 293.654 nm/Al 308.215 nm in aluminium alloys
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Fig.2. Correlation of the certified and calculated concentrations without correction (a) and with correction (b) of inter-element effects
for the manganese line Mn 293.306 nm/Fe 239.562 nm in high-alloy steels

account as systematic influences. In addition, with sufficient
initial data, the system becomes overdetermined so the
concentration values are accurately calculated in a certain small
range, and if outside, there is the risk of obtaining unpredictable
results.

As a result of the performed experiments, chemical elements
which make a significant influence on the results of the analysis
wereidentified. Tables4and5showtheadditiveand multiplicative
coefficients of influence calculated with a regression methods for
the analysed elements in aluminium alloys and high-alloy steels.

The presented results show that in the used spectrometer
with low dispersion, the amount of additively influencing
elements has significantly increased in comparison with devices
with a higher dispersion of 1.5 nm/mm [5].

In Fig.l as an example, a comparison of the certified and
determined concentrations is given without correction (a) and
with correction (b) of inter-element effects for the magnesium
line Mg 293.654 nm/Al 308.215 nm in aluminium alloys, and
Fig.2 presents similar dependences for the manganese line
Mn 293.306 nm/Fe 239.562 nm in high-alloy steels.

Practical verification of the developed methods has shown
that they can be successfully used for alloys that are close to
those investigated by composition. This limits the scope of
regression methods for spectrometers with comparatively low
dispersion. However, for quality control in factories, in which
a limited number of alloys are usually produced, considered
spectrometer which uses regression methods for correction, can
become in common use.
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