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Mpwn yTUNusaumm NnpoaykToB CXUraHUs yrnem, HakonueLUMXcs B 3on10oTBanax T3, B OrpoOMHbIX KO-
nu4yectBax, TpebyeTcsa nHdopmaums 06 anemMeHTHOM cocTaBe 3TMX MaTepuanoB. CoaepxaHue OKCuaoB
Na,O, MgO, AIZO& Si0,, P,0,, K,0, Ca0, TiO,, MnO u Fe,O, B 3051e Hapaay ¢ ApyriMu metofamu ornpeae-
NAT METOAOM peHTreHodyopecLeHTHOro aHanusa (PPA) u3 cTeknsaHHoro Ancka, Nony4YeHHoro cnnas-
NEeHneM UCXOOHOro MaTepuana co cteknoobpasosaTteneM (pnocom). TOHHOCTb pe3ynbTaToB BbliCOKas,
o[jHaKo npoueaypa TpebyeT BpeMeHHbIX 1 hMHaHCOBLIX 3aTpaT. B HacToswen paboTe paccMoTpeHa BO3-
MOXXHOCTb OAHOBPEMEHHOI0 OnpeaerneHns CoaepaHns B 3051 yHOCa 1 30M0LLaKOBOW CMECK OCHOBHbIX
KOMMOHEHTOB 1 MUKPO3nemMeHToB MeToaom PDA u3 npeccoBaHHbIX usnyyarenen. Kpome Bblleyka3aH-
HbIX KOMMOHEHTOB OonpeaeneHbl cogepxanua S, Sc, V, Cr, Co, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Y, Nb, Ban Pb B
npogykTax cxuraHus yrnen Ha TOL, UpkyTckon obnactu n Pecnybnuku Bypsatusa. MamepeHusa nHTeHcus-
HOCTEW NNHWI 1 boHa BbINOSTHEHbI HA BOTHOBOM PEHTreHOBCKOM cnekTpomeTpe S4 Pioneer (Bruker, l'ep-
MaHus). Beicokme norpeluHocTn pesynstatos (10-28 %) obycnoBneHsbl HEOAHOPOOHOCTLIO ha30BOro U
rpaHynoMeTpMYecKoro coctaBa Matepuana. YCTaHoBMeHbl npedenbl 06HapyXeHUs aNeMeHTOB AaHHON
MeToanKon. Nx 3HaueHnst nameHsanmck gnsa makpokomnoHeHTos ot 0.010 go 0.030, 4na MMKpO3nNeMeHTOB
o1 0.0005 1o 0.0030 % mac. NpeanoxeHHas npoueaypa ABNSAETCS 3KCNPECCHON 1 NPOCTOW B peanu3aumu.

Knro4eesnle cnoga: peHTreHonyopecLUeHTHbIV aHanus, 3ofa yHoca, 3o5oLnakoBas cMecb, Ma-
KpO-, MUKPO3NEMEHTHbIV COCTaB.

For citation: Analitika i kontrol’ [Analytics and Control], 2017, vol. 21, no. 3, pp. 216-224
DOI: 10.15826/analitika.2017.21.3.011

X-ray fluorescence determination of coal combustion
products element composition

*E.V. Chuparina’, L.Ph. Paradina?

"Vinogradov Institute of Geochemistry SB RAS, 1A Favorsky St., Irkutsk, 664033, Russian Federation
2l imnological Institute SB RAS, 3 Ulan-Batorskaya Street, Irkutsk, 664033, Russian Federation

*Corresponding author: Chuparina Elena Vladimirovna. E-mail: lchup@igc.irk.ru
Submitted 23 June 2017, received in revised form 11 September 2017

Coal ashes and ash-and-slag mixture, produced by the power stations and piled vastly in ash dispos-
al areas, contain valuable chemical elements utilized in some important industries. The data on the chemical
composition of these samples need to be acquired prior to recovering the appropriate elements. To determine
the basic components in ashes, such as Na,O, MgO, AIZO&SiOZ, P,O,. K,0, Ca0, TiO,, MnO and Fe,O,, the
X-ray fluorescence spectrometry (XRF) is frequently used. Samples are prepared as glass disks fused from
the mixed coal ash and flux. However, high dilution ratios and high temperature in the fusion process prevent
the determination of some micro and volatile elements, e.g. S, Ga, Sc and Co, etc. Current paper reports a
fast and less time-consuming XRF procedure to simultaneously determine the basic components and micro-
elements in fly ashes, coal ashes and ash-and-slag mixture. The samples are prepared by pressing the tab-
lets from the powder ash material on the boric acid backing. In addition to the aforementioned element oxides,
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S, Sc, V, Cr, Co, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Y, Nb, Ba and Pb contents are evaluated in the coal combustion
products produced by the power stations in Irkutsk Region and Buryatia Republic. The line and background
intensities are measured using the S4 Pioneer (Bruker, Germany) wavelength x-ray spectrometer. The er-
rors in XRF results are found to vary from 1 to 12 in major elements and from 12% to 28% in microelements.
As it turned out, the errors were due to the inhomogeneous phase composition of the samples. The detec-
tion limit values varied within 0.010 to 0.030 in oxides and from 0.0005 to 0.0030 % mass in microelements.
Keywords: x-ray fluorescence spectrometry, coal ash, ash-and-slag mixture, major oxides and mi-

croelements

BBEAEHUE

B6nuaun gencTByOWmMX NPeanpUsTUA YyrofibHON
TENNO3HEPreTUKN XPaHATCS, YBENNYNBASCh EXKETOAHO,
OrpoOMHbIE MacChbl 30M10LLMAKOBbIX OTXOA40B. 30M00T-
Baribl MOCTOSIHHO MbIMST, MOABWKHbIE (POPMbI ANIEMEH-
TOB aKTMBHO BbIMbIBAIOTCS OCaZkamMu, 3arpsi3Hsisi BO3-
OyX, Boay 1 no4yBy. TOKCMYHbIE 3rieMeHThbI NonajatoT B
OKpY>KaloLLyto cpefly ¥ CO34atloT CePbe3HYH IKOMOru-
Yyeckyto npobnemy [1]. BcneacTeme nusmeHeHms cocrta-
BOB MOYBbI U NPMPOAHbLIX BOA BonbLumne y4acTKu 3eMim
BbIBOASATCSH N3 XO3ANCTBEHHOMO MCNOSIb30BaHWs. B TO
e Bpemsi, 30M0LUnakoBble MaTepuansl npeactaBns-
0T cobol BTOPUYHOE Cbipbe, COAepXallee cunmkaT-
Hble KOMMOHEHTbI ANS1 CTPOMTENbHbLIX MaTepPMarnos 1
MHOXeCTBO LieHHbIX MeTannos [2-5]. o nuTtepatyp-
HbIM A@HHbLIM, MPU CKUFAHWK YISt HAa 3NEKTPOCTaHUMAX
BMeCTe C 305101 BbibpacbiBaeTcs Gonblue MeTanos,
yem nx gobriBaeTcs B npupoge [2, 3]. 3onbl — 3T0 He-
TpaauUMOHHOE Cbipbe ANSA PaguoTEXHUKU, 3NEKTPO-
HWKW, aTOMHOWN 3HEPreTukn 1 apyrnx otpacneu. Moa-
TOMY OnpeaeneHne Ux aIeEMEHTHOro COCTaBa, Kak C
3KOMOrM4eCKon, Tak U C 3KOHOMUYECKOW TOHKUN 3pEHUS
ABMNSETCS KpanHe HeobxoaumbIM.

CornacHo F'OCT 10538-87 apbuTtpaxHbiMu Me-
To4aMu onpeferneHns XMMU4eckoro coctasa 30/bl
SABNSATCS METOALI XMMUYECKOro aHanusa. NMpu atom,
coaepxxaHue okcnaos kpemHus SiO, n cepbl SO, KOH-
TPONMpYyeTCs rpaBUMMETPUYECKMM METOAOM, OKCUO0B
xenesa (lll) Fe,O,, antomuuua Al,O,, marHns MgO u
kanbumsa CaO — KOMNIEKCOHOMETPUYECKUM METOAOM,
okcupos TutaHa TiO,, mapraHua Mn,O, n dpocdopa
P,O, — cnekTpopoTOMETPUYECKIM, OKCMAO0B HAaTpus
Na,O u kanua K,O — nnameHHO-hOTOMETPUYECKUM
meTogom. Takxe FOCT pekomengyet NCIM-ASC gnsa
onpepenexus Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe, Sr
1 Ba B 30nax ¢ pasnoxeHnemM o6pasLoB XMMUYECKUMM
peakTMBamu Unu cnnaesneHveM ¢ hnicoM c nocne-
OyoLWUM nepeBeeHeM criasa B pacTBop.

YKkasaHHble Bbille MeToAbl XapakTepuayoTcs
ANUTENBHOCTBIO NPOLIECCOB Pa3noXeHns 00pa3uoB, u
UX pesynbTaTbl MOTYT cogepXaTb MOrpeLlHOCTH, CBS-
3aHHble C NoTepe 3NeMeHTOB NN 3arpsi3HEHNEM Npo-
Obl B npoLiecce NpobonoaroToBKU. KCMPECCHLIM SiB-
ngaeTca MeTon, peHTreHONyopeCcLEHTHOro aHanmaa
(P®A). ToToBMTE MaTepuan k namepenuto no NFOCTy
P 55879-2013 pekomeHayeTcst cnnaBneHnem npoobl
¢ hntocoM Ha ocHoBe bopaToB NUTUS ¢ fobaBneHnem
nHorga Tspkenoro nornotutens. [lanee CTeKNAHHbIN
ONCK n3Menb4aeTcs, 1 U3 CTekna co CBA3YOLUM Be-
LLleCcTBOM npeccyeTcsa TabneTka-uanyyarens. Npove-

Oypy NpUroToBneHns o6pasuos AN UAMEPEHNs Bps
N1 MOXHO Ha3BaTb ONTMMansHoW. Bo-nepBbix, npwu
CMNaBfeHnn YacTb Cepbl TEPSIETCS, BO-BTOPbIX, MHO-
rokpaTHoe pasbaBneHne obpasua cHauyana dnocom,
3aTeM CBSI3YIOLLUM BELLECTBOM 3HAYUTENBHO yXyaLLIa-
€T YyBCTBUTENBHOCTb ONPeAeneHNs 3NIEMEHTOB C He-
BbICOKMMW KOHLEHTpaumsamu. W, HakoHeL, npuroTos-
rieHne nanyyarenen CoCcToOMT U3 HECKOMbKMX 3TarnoB
(cnnaBneHue, U3MeNbYEHNe CTeKna 1 NpeccoBaHne),
3a CYeT Yero yBenununBaeTcs Bpems aHanmaa. Npumep
nogo6HOro onpeaerneHns Ha CNeKTPoOMeTpe C BOSTHO-
BOW Ancnepcuen nokasaH B pabote [6]. PasbaBneHue
npobbl hritocom AOCTUrano cCooTHoWeEHUS 22 : 12, yTo-
Obl CHM3WNTb TemnepaTypy NnaBneHus u, TEM cambiM,
n3bexaTb yneTyunBaHusi cepbl. ABTOpPbI NpeacTaBnim
pes3ynbTaTbl onpeaeneHns ToNbKO OCHOBHbIX KOMMO-
HeHToB 3016l Si0,, AlLO,, Fe,0,, Ca0, SO,, TiO,, K,0,
Na,O, P,O,, MgO, MnO n BaO.

B nutepaType paccmoTpeHbl npouenypbl POA
30nbl 6e3 cnnasneHns matepuana c nocom [1, 4, 7-10].
B ocHOBHOM, B TakOM BapunaHTe onpeaensnm cogepxa-
HWS 3NIEMEHTOB CO CPEAHUMM 1 BOMBLUMMUN aTOMHBIMM
Homepamu (Tskenee kanus). Tak, coaep>xaHusi NoTeH-
umaneHo TokenyHbix Pb, Cd, Zn, Cu, Ni, Cr, Hg, As, Ba,
Sb n Se ouennBanu metogom POA ¢ aucnepcueit no
aHeprum (QAP®PA) B 06pa3uax 3ombl yHoca Cepbekumx
TennoBbIX CTaHum Ha cnektpomeTpe ED 2000 Oxford
[1]. ABTOpbI HE coobLWaT NoAPOOHOCTEN METOANKM
1 HE MPUBOJAT ee METPOSTOTMYECKMX XapaKTEPUCTHIK.
Takxe BapmaHT JP®PA coBmecTHO ¢ PPA ¢ NpoToH-
HbIM UCTOYHMKOM BO30Y>XKAEHUSA CEeKTpa NPUMEHUIN
B paborte [7] npu onpeaenernnn K, Ca, Ti, V, Cr, Mn,
Fe, Ni, Cu, Zn, Ga, As, Rb, SrunY. CogepxaHue wecT-
HaguaTn peako3eMernbHbIX AN1EMEHTOB ONpeaensanm
P®A ¢ BonHoBOM gucnepcueit B 3011e NOSbCKUX yrnen
rnocrne npeccoBaHus matepvana B Buge 1abnetku co
CMeCbI0 Lenntonossbl 1 rpadguta [9]. OTHocuTeNnbHas
NorpeLlHoCTb onpeaeneHuns 6onbLuen YacTn arneMeH-
ToB He npeBbiwana 10 %, B To Bpems Kak, npu onpe-
aeneHun Tepbus, aucnposus n apbus oHa cocTaBu-
na 20-32 %. Astopsbl nybnukauum [10] npegctasunu
pesynbraThl ONpedeneHns ypaHa B yrne, 3onax yrnen
n docdatHbIx pyaax. TOYHOCTb onpeaeneHus aToro
anemeHTa Haxoautcsa B npegenax 2-30 % B 3aBuCK-
MOCTM OT YPOBHSI COAEPXKaHMS.

Llenbto faHHoro uccnegoBaHus siBnsnack pas-
paboTka HegecTpyKkTMBHOM MeToanku POA obpasuos
300bl 1 30M0LUMAaKOBOM CMECU A4S O4HOBPEMEHHOIO
onpegeneHns OKCUOoB OCHOBHbIX KOMMTOHEHTOB U MU-
KpO3/1EMEHTOB.
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QKCNEPUMEHT
Annapartypa

N3mepeHns aHannTU4ecKnx NMHUA 3NIEMEHTOB
BbIMOSHANN HA BOITHOBOM PEHTIEHOBCKOM CrieKTpoMe-
Tpe S4 Pioneer (Bruker, [epmaHus); cnekTpoMeTp yKOM-
NIEeKTOBaH peHTreHoBCkow Tpybkow ¢ Rh-aHogom, HoMm-
HanbHas MOLLIHOCTb - 4 kBT. [1ns ctaHaapTHOro obpasua
301bl Aserickoro yrnsi 3YA-1 6bin 3anmMcaH peHTreHoB-
CKWI CNEKTP, NPeAcTaBneHHbIN Ha pucyHke. BuaHo, 4to
6onee 20 anemMeHTOB NoKa3anu MUKW, NpeBbILLALne
ypoBeHb (hoHa. [lononHUTENbLHO, NCXOASA U3 NuTepaTyp-
HbIX JaHHbIX, B NepeyeHb onpeaensieMbix 6bliv BHECEHSI
eLLe HECKOMbKO 3M1EMEHTOB C HEBBICOKMMU COAepKaHus-
Mu. B ntore 6binn namepeHbl UHTEHCUBHOCTU: KO-NUHWIA
Na, Mg, Al, Si, P, S, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Rb, Sr, Y, Zr n Nb, a takxe Ba La- n Pb Lj3-
nuHUK. N Kaxxgoro aneMeHTa Obinu 3anucaHbl CKaHbl
NMHWI 0T 06Pa3LoB C pa3HbIM cogepxaHvem. Ha yyact-
Ke CreKTpa, KOTopbI OblN CBOGOAEH OT HANOXEHUIA, Bbl-
Grpanock NoNoxeHne nsmepeHusi oHa psSLoM ¢ aHanu-
TUYecKow NuHNen. PeHTreHoBckas Tpybka ¢ Rh-aHogom
paboTtana B CreayroLmnx pexumax: npyu Bo3dyxaeHum
anemeHToB 0T Na go K HanpsikeHune coctasnsno 30 kB,
cuna Toka — 40 MA; ona anemedToB Sc, Ti, V 1 Cr —40
kB 1 50 MA, COOTBETCTBEHHO, Y UHTEHCUBHOCTMW NTUHWIA
OCTarnbHbIX 31eMeHTOB uamepeHbl npun 50 kB 1 40 MA.
[ns otbopa crnyopecuUeHTHOro nany4eHns nuHmun Na
Ka n Mg Ka npumeHunu kpuctann-aHanuaatop OVO-
55. any4yeHuns nuHui anemeHTtoB Al, Si, P, S Bbigensnu
kpuctannom PET, n npu namepeHun octanbHbIX NMHUR
ncnonb3osanu LiF 200. UHTeHCMBHOCTM M3nyyeHus Ko-
nuHuiA anemeHToB oT Na go V 1 Ba La-nvHum peructpu-
POBanM NPOTOYHbLIM MPOMOPLIMOHANBHBIM CYETUYNKOM; UH-
TEHCMBHOCTU U3Ny4eHns Ka-nuHuin anemeHToB ot Cr oo
Nb (Bkntovas Rh Ka Compton) n Pb L — cumHTUnNNaum-
OHHbIM eTekTopoM. Bpemsi namepenus coctasmuno 10-
30 ¢, B 3aBNCUMOCTM OT aneMeHTa. Nonpaska Ha MepT-
BOE BPEMS AETEKTOPOB BbINOMHANACh aBTOMAaTU4ECKM
B pamkax nporpaMmmMmHoro obecnedeHus cnekTpomeTpa.
Bce namepeHusi 6binm BeINOMHEHBI B YCNOBUSAX BaKyyMa.
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MpuroTtoBneHue uanyyarenem

WccnepnoBaHbl 305kl yHOCa, cobpaHHble ¢ uib-
TPOB, a Takxe 3onownakosble cmecu (3LUC) ns 3ono-
oTBanoB T3L barkanbckoro Lennono3Ho-6ymaxHoro
kombuHata (BUBK) n CeneHrnHckoro uennonos-
HO-kapToHHOro kombuHata (CLIKK), notpebnstowme
B OCHOBHOM Oypble yrnv A3ecKoro MecTopoXaeHus
UpkyTckoro yronbHoro 6accenHa. OTobpaHHble Npo-
6bl U3MenbYany U roMoreHM3npoBarsnv B COOTBETCTBUM
¢ NOCT 26565-85. MaTtepuan 6bin KBapTOBaH, BbICY-
LLUEeH BHayane npu KOMHaTHOW TeMnepaType n nctept
B SILUMOBOW CTYMNKe A0 TOHKOro MOpoLUKa, ganee Bbl-
CYLLEH B CyLUMIbHOM Wwkady npu Temnepatype 105 °C
B TEYEHMe HECKOMbKMX YacoB A0 NOCTOSHHOIO Beca.
TOHKOCTb NOMONa KOHTPONMpPOBanu BU3yarnbHO (No-
Aobve nygpel) U Ha oLwynb (OTCYTCTBME KOMOYKOB U
TBEpObIX, HEUCTEPTLIX YacTu).

M3 nogrotoBneHHoro matepuana otbupanm Ha-
Becky 0.7 r, cmewmBanu ee ¢ 0.3 r CUHTETUYECKOTO
BOCKa, MCMNOMb3yeMOro Kak CBsidytoLLiee BellecTso. bes
CBSI3KM MaTepman He npeccoBarncs B IPOYHbIE U3nyYa-
Tenu ¢ POBHON, He OTCnanBaloLLEencs NOBEPXHOCTLIO.
[Mpn nepemeLlLuMBaHMM CMECUK B araToBOM CTYMKE B Te-
yeHune 3-5 MUHYT NPOUCXOANNO AOMNOMHUTENBHOE A0-
namensyeHne obpasua. lanee npeccosanu Tabner-
Ky-u3nyyarernb Ha Noanoxke n3 6GopHON KUCHOTbI NpK
ycunum 14 ToHH. CtaHgapTHble obpasubl, UCNonb3y-
eMble NS NoCTPOEHNs rpagyMpoBOYHON 3aBUCUMO-
CTN U KOHTPONSA NPaBUNBbHOCTU, rOTOBMIUCH kK POA Ta-
K1M ke cnocobom.

Fpapyuposka.
Cnoco6 onpepeneHus copepXxaHui.

B kauecTBe rpagynpoBoYHbIX 06pasLoB UCNOoSb-
30Banu ctaHgapTHele o6pasubl (CO) cocTaBa 305bl
yrnew v ropHeix nopod. Habop o6pasuor Bknto4van:
3YA-1 (F'CO 7177-95 cocTaBa 3onbl 6yporo yrnst Ases),
3YK-1 (F'CO 7125-94 3onbil yrnsa KATOKa), 3YK-2 (TCO
9237-2008 3onbl yHoca yrns KATOKa), KMU-1 n KML-
2 (FC0O 9234-2008 n 9235-2008 cocTaBoOB KOHLEHTPA-
TOB MarHWTHbIX LeHocdep), KMM-1 (FTCO 9236-2008

FeKa

AlKu,

SiKa ‘

FeKp

CaKa |

E, keV

Puc. PeHTreHoBCKMIA cnekTp cTaHaapTHOro obpasua 3o0sbl yrinen 3YA-1

Fig. X-ray spectrum of coal ash CRM (ZUA-1)
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KOHLeHTpaTa MarHuTHbIX Mukpocdep), a Takxe Nonb-
ckumn CO cocTaBa TOHKOW dpakLmum 3onbl yHoca CTA-
FFA-1. ina paclwumpeHua aana3oHoB rpagyupoBKu
anemeHToB V, Cr, Co, Ni, Sc n Sr B Beibopky obpas-
LoB Obinn gobasneHsl FCO 4233-88 n 8671-2005 co-
CTaBa QyHWTa ¥ Tpanna, a npy onpegeneHnm BelCOKMX
copepxaHun Cu, Nb, Zrnu'Y — 'CO 5376-90 coctaBa
KOpKM pygHon. [lnanasoHbl cogepxaHusi aNeMeHToB
B rpagyvpoBOYHbIX 0bpa3uax npveedeHsl B Tabn. 1.

CopepxaHus anemeHToB (C) paccunTbiBany no
YpaBHEHWIO perpeccumn c aij-KOSCbC*)VILWIeHTaMVI, co-
CTaBMsOLLEMY OCHOBY MpOrpaMMHOro obecneyeHms
cnektpometpa [11]:

C=R-(1+>a, 1), (1)
rﬂe J#i
R=ay,*a,-1 +a,-I} (1.2)
nnm
R=b +b.i-.b. ]i 2
=0T hH I ) 1) (1.3)

roe |, — VHTEHCUBHOCTb aHanuTM4YeCcKon NIMHUK onpe-
[enaemMoro afieMeHTa i, UcnpasrfieHHasi Ha (OOH; lj—
WHTEHCMBHOCTb NIVHUM BRUAIOWLETO 3MIEMEHTa j; a,,
a, a,, b, b, n b,— K0aPPULMEHTbLI FpagynpOBOYHOIO
rpacuka; a,— KO3 PULMEHTBI, y4MTbIBaIOLLME BNNS-
HUE 3I1eMEHTa j Ha UHTEHCMBHOCTb (hrlyopecLeHuun /;
|, — VHTEHCMBHOCTb HEKOTEPEHTHO PACCEAHHOrO U3y-
YyeHus aHogda peHTreHoBckon Tpybku (Rh Ka Compton).

B 1abn. 1 gnsa Kaxgoro anemMeHTa ykasaH crno-
cob KOppeKUUn: BIMSIOLLNIA 3NIEMEHT j AN pacyeTa
C{ij-KOQCbeVILWIGHTOB, npuMeHeHne cnocoba ctaHaap-
Ta-hoHa (I, ) N KOPPEKUUA MHTEHCMBHOCTU aHanNMTU-
YeCKOW MUHNW Ha NepeKkpbIThe 6nnakor No AnvHe Bon-
Hbl cnekTpanbHow nuHuu (/). Npoueaypa pacyeta
dij-Koad)CbMLl,VleHTOB meTogom MHK no namepeHHbIM
WHTEHCUBHOCTAM BNUSIOLLINX 3NTIEMEHTOB NPeaycmo-
TpeHa nporpaMmHbiM obecneveHnem Spectra®s. B ka-
4yeCTBe BNUSIOLLMX Obinv BbIOpaHbl 3NMEMEHTbI C BbICO-
KM cofepXaHueM B 3011, a TakXKe 3NeMEHTbI, TMHWK
KOTOpPbIX B5IM3KO PacnooXeHbl B CNEKTPE K aHanuTm-
YECKUM MMHUSM. YUUTbIBANOCh BUSHNE TEX 3IEMEH-
TOB j, YYET BNUAHUS KOTOPbIX NPUBOANI K CHUXEHUIO

Tabnuua 1
Junana3oHbl rpagyrpoBKKU U NapamMeTpbl rpagyMpOBOYHbIX 3aBUCUMOCTEN
Table 1
Calibration ranges and characteristics of the calibration plots
KoMMoHeHT, ,El,manaao: rpagyvpoBKu, Bug Cr0co6 KoppeKLH Srpan, %
3NeMeHT % mac. ypaBHeHus I Il
Na,0 0.035-2.950 TIVH. a,. (j = Mg Ko) 0.020 0.017
MgO 0.86-6.70 KBaap. a, (j = Ca Ka) 0.56 0.17
ALO, 2.60-28.10 KBaap. a, (j = Si Ka, Ca Ka) 1.41 0.45
SiO, 7.70-64.10 KBagp. a, (/= Mg Ka, Fe Ka) 1.21 0.22
PO, 0.024-0.190 TIWH. a, (j = Si Ka, Fe Ka) 0.0080 0.0035
S 0.007-3.480 KBaap. a; (j = Ca Ka) 0.17 0.014
K,0 0.12-3.50 TINH. a, (j = Si Ka) 0.08 0.04
CaO 1.19-20.91 KBagp. a, (j = Mg Ka, S Ka, Fe Ka) 1.55 0.086
TiO, 0.210-0.967 KBagp. a, (j = Ca Ka) 0.081 0.036
MnO 0.039-0.220 TWH. a, (j = Si Ka, Fe Ka) 0.035 0.007
Fe,O, 2.85-78.00 KBaap. a, (j = Si Ka, Ca Ka) 1.35 0.34
Sc 0.00025-0.00410 MNH. a, (/= Ca Ka) 0.0008 0.0002
\ 0.0026-0.0315 TIWH. a,(j=CaKa), [ (TiKa) 0.0017 0.0003
Cr 0.0042-0.4100 KBagap. I, 0.0014 0.0001
Co 0.00076-0.01200 MUH. a, (j = Fe Ka) 0.0011 0.0001
Ni 0.0030-0.0126 TWH. I 0.0010 0.0003
Cu 0.0028-0.1300 KBagap. I, 0.0014 0.0006
Zn 0.0028-0.0569 TNH. I, 0.0016 0.0012
Ga 0.0003-0.0049 NUH. I, 0.0002 0.0001
Rb 0.00038-0.01350 MUH. I, 0.0005 0.0002
Sr 0.0018-0.3300 TWH. I, 0.0030 0.0017
Y 0.00056-0.01600 MUH. I..(RbKa), I_ 0.0008 0.0004
Zr 0.0030-0.0550 TINH. I,.(Sr Ka) 0.0165 0.0016
Nb 0.0003-0.0060 NUH. I, 0.0002 0.0001
Ba 0.0280-0.2250 TIWH. a, (j = Fe Ka), I (Ti Ka) 0.0047 0.0014
Pb 0.00035-0.0369 NUH. " 0.0005 0.0002

[MpumeyaHmne: NnH. — NIMHENHOE, KBaApP. — KBagpaTUYHOE.
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BEMWYMHbI CTAHAAPTHOrO OTKIIOHEHUS (Srpaﬂ), Xapak-
TepusytoLero pasbpoc Touek OTHOCUTENBHO rpagyu-
POBOYHOW 3aBUCUMOCTMU.

Takxe B Tabn. 1 npMBeaeH BUA ypaBHEeHWU (Nn-
HelHOe UNK KBagpaTUYHOE), KOTOPhIN BbIOMpanu B 3a-
BMCMMOCTHU OT Bapuauum COAepXaHnsi onpeaensiemo-
ro anemeHTa. [py WMPOKNX AnanasoHax CoaepKaHums
ncnonb3oBaHMe KBagpaTu4yHOW 3aBUCUMOCTM NO3BO-
NSIET CYLECTBEHHO YMEHbLLMTBL PacCeB rpagynpoBouy-
HbIX Touek. AHanuTudeckun napameTp I/l (cnocob
cTaHgapTa-coHa) BBOAWMM B ypaBHEHUE MpU pacye-
Te cogepxaHus anemeHToB Cr, Ni, Cu, Zn, Ga, Rb, Sr,
Y, Nb 1 Pb. Kpome TOro, namepeHHbl€ MHTEHCUBHOCTHU
anemeHTOB Ba, V, Y n Zr koppektupoBanu Ha Hanoxe-
Hye 6M3KNX MO ANIMHAM BOSTH aHANUTUYECKUX JIMHUIA:

Icor = Ii - kk ’ Ik’ (2)

roe |, — VHTEHCUBHOCTb NMHWK 3N1IeMEHTa K, uanyde-
HMe KOTOPOro YacTUYHO UMW NOMHOCTLIO HanaraeTcs
Ha NIMHWIO OMpeaensAemMoro anemeHTa /; k, — koaddu-
LIMEHT, y4nTbIBaIOLWWIA BKNaA B MHTEHCMBHOCTL [, 13-
nyyYeHns nepekpbiBaloLwencs nuHum k. MNpu pacyete
KOHLEHTPaLUMI yKa3aHHbIX Bbllle 351IEMEHTOB BMECTO
| B BbipaxeHuax (1.2) u (1.3) ucnonb3oBanu nepeMeH-
Hyto [, KOTOpas npeacTaBnAeT Cobon HTEHCUBHOCTb
aHannTNYeCKon NIMHUKN, OTKOPPEKTUPOBAHHYIO Ha 3g-
EKT YAaCTUYHOIO NEPEKPBLITUS MUHWIA.

B nocnegHux ctonbuax Tabnuubl gaHbl Benu-
YUHBI Srpag, paccyuTaHHble: 6e3 nonpaBoK Ha BNWS-
towme cakTopsl (I), M ¢ yueTom KOppeKkummn Ha BNns-
towme dpaktopsl (I1). M3 gaHHbIX Tabn. 1 cneayert, 4To
ncnonb3oBaHWe Npoueayp KOpPeKLUU MHTEHCUBHOCTEN
onpeaensiemblX 3eMEHTOB Ha BnnsoLwmne gakTopsl

no3BoniAeT CHU3NUTb BEJTUMYUNHbI Srpa,q B HECKOJI1bKO pas.

PE3YJ1IbTATblI U UX OBCY)XOEHUE

Mpepen obHapyxeHUst aNeMeHTOB onpeaens-
N cornacHo BblpaXeHuto (3), Kak TpexkpaTHoe npe-
BbILLEHNE MHTEHCUBHOCTN aHANUTUYECKON NIMHUK Ha
NHTEHCUBHOCTBLO ¢poHa (/,), U3MEPEHHOTO PSAOM C STn-
HUeun anemMeHTa:

G,
Cnpez) = 3 \/E I ’ (3)

roe C, v | — cogepxaHue anemeHTa B obpasue v UH-
TEHCMBHOCTb aHaNMTUYECKOW NTMHUW, UCMPaBMEHHas
Ha ¢poH. CKOpoCTU cyeTa MMNynbCOB PErMCTpUpoBa-
1 NPU 3KCMNO3ULMSAX, YKa3aHHbIX BbILLE.

3Hauenus C_ coctaBuim (% mac.) ans: Na,O u
Al,O,-0.020; MgO, P,O,, S, K,0, CaO nFe,0,-0.010; SiO,
—0.030; Ba - 0.0030; TiO,, Sc 1 MnO - 0.0020; V, Cr, Co,
Cu, Rb, Pb, Ni, Zn, Sr, Y n Zr-0.0010; Nb n Ga — 0.0005.

OKCNEePUMEHT MO OLEHKE MOrpeLlHOCTEN NaHu-
poBanu no cxeme ogHO(aKTOPHOro ANCNEPCUOHHOIO
aHanm3a [12]. OT obpa3sua 30M0LLIakoBOM CMecH OT-
Bana CLKK otbupanu 2 HaBeckn maTtepuana, U3 Ko-
TOpOro npeccoBanu Tabnetku-usnyyarenu. Kaxabin
obpasey n3amepsanum no 5 pas B pasHble gHU (Tpy n3me-
peHVs B OOVH OeHb U ABa U3MEPEHUs B Apyron), Ans
Ka)kZoro aKCnepyMMeHTa paccuyUTbiBany coaepxaHue
anemeHTa. [ony4eHHbIe cogep>kaHus MCMonb3oBanu
npu cTatucTuieckon obpaboTke gaHHbIX. KOMMNOHEHTI
CYMMapHOW COCTaBNSOLLEN chM — BOCMPOU3BOANMOCTb
pesynbTaToB onpeaeneHns aneMeHTos (V,), Bknoyaro-
LLLYIO MOrPEeLUHOCTb U3MEPEHUS aHANUTUYECKOTO CUTHa-
na, nnorpeLlHoCcTb (VHEOH), XapakTepusyoLLyH HEOOHO-
POOHOCTbL MaTepuana v NorpeLlHOCTb NPUrOTOBNEHMS
nsny4vaTenen, oLeHNBanm CorfacHo BelpaxkeHuto (4).

V.2 V2+V 2 @)

cym = Heon

BenuunHbl norpelHocTen npuBeaeHsl B Tabn. 2.
[MorpelHocT BOCNPON3BOANMOCTY onpeaeneHus P,

Tabnuua 2
CocTaBnsioume cyMmMapHO NorpelHocTu (% oTH.) npy PAMA 30510LL1aK0BOM CMecH
Table 2
Total error components (rel. %) in XRF of ash-and-slag mixture
KOMMOHEHT, CocTaBnsioLme norpewwHocTu, % onemMeHT CocTasnsioLme norpewwHocTu, %
anemMeHT A Y, on chM A Y, on chM
Na,O 7 13 15 Cr 10 9 13
MgO 3 - 3 Co 10 13 16
ALO, 1.4 3 3 Ni 7 10 12
SiO, 0.8 3 3 Cu 6 10 12
PO, 1 8 14 Zn 7 10 12
SO, 3 1 12 Rb 9 9 13
K,O 5 6 8 Sr 8 8 11
CaO 2 5 6 Y 10 13 17
Tio, 4 8 9 Nb 14 9 17
MnO 5 15 16 Zr 7 12 14
Fe,O, 2 6 7 Ba 6 - 6
Sc 12 25 28 Pb 1 18 21
V 5 9 10
MpumMeyaHue: «-» — NOrpeLIHOCTb HE3HAaYMMA.
Note: «-» — the error is insignificantio
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Sc, Cr, Co, Y, Nb 1 Pb gpocturanu 10-14 %, nx senu-
YMHbI 0OYCMNOBMNEHbI HEBLICOKMM COAEPXKaHWEM 3TUX
3neMeHTOoB B 06pasLie 1 Hann4nem cnekTparsbHbIX Ha-
NOXEHUI CO CTOPOHBI BAN3KMX MO ANMHAM BOMH aHa-
NUTUYECKUX NUHWIA. [1Ns ocTanbHbIX 3N1eMeHToB V. 13-
MeHsanuck B npegenax 1-9 %.

CyMMapHble NorpeLuHOCTM ONpeaeneHns Makpo-
komnoHeHToB Na, P, S, Mn BbiLle, N0 cpaBHEHWMIO C NO-
rPELUHOCTSAMM OPYTNX OCHOBHBIX 3NEMEHTOB 301kl (1-7
% mac.). Ix 3HaveHus BapbupytoT B npegenax 12-16 %.
MorpelwHocTM onpeaeneHns MUKpoO31IeEMEHTOB B 00-
pasuax 3onbl yrnew gocturatot 10-28 %, 3a uckntode-
Huem 6apws (6 %). I3 gaHHbIX Tabnuupl crnegyerT, 4To
OCHOBHOW BKNnag B VCyM Anst 6onbLUIMHCTBA 3NEeMeH-
TOB BHOCAT V,_  (3-25 %). OfHMM 13 chakTopos, yBe-
NYMBAOLLNX MOTrPELLIHOCTHM SABMAKTCA pasHble dhop-
Mbl HAXOXXAEHUS 3NEMEHTOB B 30/10LLISTAKOBON CMECH.
Ecnu rpagyvnpoBoyHble 06pasupbl NpeacTaBneHsbl, B
OCHOBHOM, 3011aMU1 YHOCa ¥ 3011aMU1 CUCTEMbI CYXOro
3onoypanenuns T3, To 3onowunakoBble cMecu BLIBK
n CLIKK, nOMUMO 9TX COCTaBRsOLWMX, BKIOYAKOT B
cebs KyCOoukM Lnaka n oTxoabl LEnofo3HOro npo-

n3BOACTBA (305bl LUNaM-NIMrHUHA, 4PEBECHOM KOPbI 1
Ap.). Kpome okenaHbix dopm: kBapua SiO,, rematuta
Fe,O,, mynnuta 3Al,0,2Si0,, 305bHbIe NPOAYKTbI CO-
aepxat anoMoCcunmkaTsl, HedenuHel, cynbduaHble
MUWHepanbl, CTEKNOBMAHbIE MPOAYKTLI, MIHTEpMeTan-
nu4yeckune coeanHeHus u gpyrue [3, 5]. Npun xpaHeHuu
ha30BbI COCTAB CMeCeN NpeTeprneBaeT NOCTOAHHbIE
U3MEeHeHNs1 BO BpeMeHn 3a cyeT TBepaodasHbIX Xu-
Muyeckmx peakumin. OTcroga n HeOQHOPOAHOCTL pac-
npegeneHns aNemMeHToB B matepuane, npMBoasLuas
K CHUXKEHUIO TOYHOCTM pe3ynbTaToB.

[MpaBMNbHOCTL pe3ynbTaToB NO JaHHOW Me-
TOOVKE KOHTPONMPOBANM C MOMOLLBIO CTaHOAPTHbIX
obpasuoe 3YA-1 n 3YK-1. insa atoro n3 maTepmana
cTaHgapTHbIX 06pasLoB GbINM cnpeccoBaHbl MO ABa
n3ny4yaTens, BbINOMHEHbI N3MEPEHNA MHTEHCUBHO-
CTeun JIMHUIA N paccYUTaHbl KOHUEHTPaUumn anemMeH-
ToB. PesynbraThl NnpeacTasneHsl B Tabn. 3. Buayane-
HO cpeaHue 3HaYEeHNS KOHLIEHTPAaLUWIA MO HEKOTOPLIM
3afieMeHTaM OTNNYalTCsa OT aTTeCTOBAHHOMO 3Haye-
Hus (Si, Ca, Zn, Sr, Zr). OgHako ¢ y4eToM CTaHAAPTHBIX
OTKITOHEHWI (CyMMapHbI€ NOrpeLLIHoCTM) pe3ynbTaThl

Ta6bnuua 3
Pesynbratel POA cTangapTHbIx 06pa3uos (CO) 305kl yrien n atTeCToOBaHHbIE 3HAYEHWS
Table 3
XRF results of coal ash CRMs and the certified values
KOMMOHGHT CO 3YA-1 CO 3YK-1
’ Pesynbrat POA, ATTecToBaHHOE PesynbraTt POA, ATTecTtoBaHHOE
anemenT mac. % 3HavyeHue, mac. % mac. % 3HavyeHue, mac. %
Na,0 0.147 £ 0.023 0.14 £0.01 0.196 + 0.029 0.22 +0.02
MgO 1.392 £ 0.047 1.48 +£0.08 6.723 £ 0.228 6.70 £ 0.10
ALO, 27177 £ 0.896 27.07 £0.33 6.766 + 0.223 6.79+0.14
Sio, 59.459 + 1.783 58.68 + 0.26 34.824 £ 1.044 35.80 £0.30
PO, 0.053 £ 0.007 (0.064) 0.068 £ 0.010 0.059 + 0.003
SO, 0.134 £ 0.016 (0.018) 0.356 £ 0.042 (0.40)
K,O 0.526 + 0.041 0.59+0.03 0.556 £ 0.043 0.51£0.02
Ca0o 4.986 +0.299 4.88+0.19 21.054 + 1179 20.91+£0.21
Tio, 0.601 £ 0.051 0.60 +£0.02 0.354 £ 0.030 0.35+0.01
MnO 0.053 £ 0.008 0.059 £ 0.004 0.092 £ 0.015 0.094 £ 0.005
Fe,O, 5.24 +£0.34 5.48 £0.12 6.06 £ 0.39 6.28 £ 0.08
Sc 0.0023 £ 0.0006 0.0027 £ 0.0005 <0.0020 0.0011 £ 0.0001
\Y 0.0140 £ 0.0014 0.0145 £ 0.0015 0.0058 £+ 0.0006 0.0061 £ 0.0008
Cr 0.0102 £ 0.0014 0.0099 + 0.0008 0.0045 + 0.0006 0.0045 + 0.0005
Co 0.0026 + 0.0004 0.0025 + 0.0004 0.0016 + 0.0003 0.0016 + 0.0002
Ni 0.0065 + 0.0008 0.0066 + 0.0010 0.0046 + 0.0006 0.0049 + 0.0006
Cu 0.0180 + 0.0018 0.0176 £ 0.0018 0.0039 £ 0.0004 0.0045 + 0.0007
Zn 0.0081 £ 0.0010 0.0077 £ 0.0013 0.0074 £ 0.0009 0.0065 + 0.0007
Ga 0.0023 £ 0.0007 (0.0021) 0.0007 £ 0.0003 0.0009 + 0.0001
Rb 0.0026 + 0.0003 0.0022 + 0.0003 0.0019 + 0.0003 0.0015 + 0.0002
Sr 0.0362 £+ 0.0040 0.0403 £ 0.0033 0.3010 + 0.0331 0.3300 + 0.0300
Y 0.0092 + 0.0014 0.0087 £ 0.0017 0.0022 £+ 0.0004 0.0029 + 0.0004
Zr 0.0320 £ 0.0043 0.0330 £ 0.0020 0.0108 + 0.0014 0.0119 £ 0.0015
Nb 0.0036 + 0.0006 0.0034 + 0.0006 0.0007 £ 0.0002 0.00084 + 0.00015
Ba 0.0278 £ 0.0017 0.0280 £ 0.0040 0.2240 £ 0.0136 0.2250 + 0.0230
Pb 0.0039 + 0.0008 0.0035 + 0.0006 0.0015 + 0.0003 0.0013 £ 0.0003
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P®A nepekpbiBaloTCS C AnanasoHaMu KOHLEeHTpauuin
CO u, noaTomy, He coepXaT 3Ha4YMMbIX CUCTEMaTU-
YECKMX MorpeLHoCcTen.

PaspaboTaHHas meToauka Gbina npumeHeHa
K aHanu3y ctaHgapTHoro obpasua 305kl KaMEHHOro
yrna (FCO 7460-98) kak HensBecTHoro obpasua. Pe-
3ynbTaThl NpeacTaBneHsbl B Tabn. 4. ATTECTOBaHHbIE
3Ha4YeHUs B3ATbI U3 peecTpa CTaH4apTHbIX 06pa3LoB
Bcepoccuiickoro Hay4Ho-MccneaoBaTenbCKoro MHCTH-
TyTa MyuHepanbHoro cbipbs (PIYI “BUMC”) [13]. A3
AaHHbIX Tabn. 4 cnegyeT, 4TO HaMbonbLINE Pacxox-
OeHNst mexay pesynstatom POA 1 aTTecTOBaHHBIM
cofepxaHneM nonyveHbl Npu onpeaeneHumn HaTpus —
9 %, dpocdopa n unHka — 10, cBuHUa — 11.5, LMPKOHKSA
-14 nuttpua — 21 %. JaHHble pasownunce B npeaenax
1-4 % npw onpegeneHnn antoMmHUA, KPEMHUS, Kanus,
Xenesa, BaHaaus, HUKens, pyouaust n ctpoHums. Mo
OCTanbHbIM 3f1IEMEHTaM AaHHbIe OTNINYanMch Ha 5-8
% OTH. Mpu4ymHbl oTnnuma pesynetata POA ans 6a-

pysi OT OPMEHTUPOBOYHOIO 3HAYEHMS MNOYTU B 2 pasa
06bsicHUTL He yaanocb. OgHako, B LienoMm, pa3pabo-
TaHHaa MeToAvKa NpurogHa ansa onpegenexHus ane-
MEHTHOr0O cocTaea 3071kl yrien.

B 1abn. 4 npvBeneHbl Takxke CoOaepKaHns arne-
MeHTOoB B 30 o6pasuax 305bl U 30510LNaKOBON CMe-
cn TOU BUBK n CLUKK, nonyyeHHble ¢ NOMOLLbIO Me-
Toaukm PPA. Pagom B cTtonbue AaHbl OTHOLLEHUS
MaKCMMarbHOIO COAEPXKaHUSA B 30MbHbIX NpoayKTax
K MUHMManbHOMY 3Ha4veHuto. Kak BugHo, Bapmnaumm
copepkaHusi 4nst 6oNbLIMHCTBA 3/1EMEHTOB HE CTOSMb
3HaumTenbHbI (B 1.3-1.8 pa3). CogepxaHns anemMeHToB
Sc, Ga, Cu, Srun Pb u okcngos Na, K, Fe pasnuyatot-
cs B 2.3-3.8 pas, npu 3TOM, KOHUeHTpauum Cr, Rb n' S
N3MEHSTCH CyLecTBeHHO — B 5.5-20 pas. 3Tu pas-
nnyns obycnoBneHbl, NpPeXae BCero, NpUHaANEXHO-
CTblo UccreayemMbix 06pasLoB K pa3HbIM rpynnam npo-
N3BOACTBEHHBIX OTXOA0B, COCTaB KOTOPbIX 3aBUCUT OT

Tabnuua 4

PesynbraTthl POA cTaHgapTHOro o6pasua 30J1bl KAMEHHOr0 Yriis U uccneayembix 06pasuos TOL,

Table 4

XRF results of coal ash CRM and samples from the power stations

Pesynbrat ATTecToBaHHOE CopepxaHue B obpasuax T,
KomnoHeHT,
PO®ATCO, 3HayeHue, mac. % naxd Covin
SnemenT mac. % mac. % Coin C..o

Na,0 0.84+0.13 0.92+0.08 0.114 0.283 25
MgO 1.90 £ 0.08 2.00+0.15 1.223 1.659 1.4
ALO, 20.80+0.68 21.32+0.034 18.94 29.50 1.5
SiO, 60.83 + 1.82 60.04 + 0.30 37.48 47.26 1.3
P,O, 0.215+0.028 0.24 £ 0.02 0.124 0.193 1.6

S 0.004 £ 0.001 - 0.085 17 20
K,O 2.58+0.20 2.50+0.08 0.69 212 341
CaO 4.68 +0.28 4.93 +0.07 4.14 6.67 1.6
TiO, 0.898 + 0.076 0.840 + 0.05 0.677 0.862 1.3
MnO 0.112£0.017 0.120 £ 0.012 0.091 0.166 1.8
Fe,O, 6.931+0.45 7.250 £ 0.05 4.38 16.95 3.8
Sc 0.0023 £ 0.0006 - 0.0025 0.0063 25
Ga 0.0010 + 0.0003 (0.0011) 0.0018 0.0064 3.5

\Y 0.0103 £ 0.0010 (0.0100) 0.0172 0.0293 1.7

Cr 0.0083 £ 0.0011 0.0090 + 0.0010 0.0136 0.1097 8.0
Co 0.0021 + 0.0003 0.0020 £ 0.0005 0.0033 0.0061 1.8

Ni 0.0048 + 0.0006 0.0050 + 0.0010 0.0079 0.0118 1.5

Cu 0.0065 + 0.0007 (0.0070) 0.0182 0.0442 24
Zn 0.0036 + 0.0004 (0.0040) 0.0078 0.0134 17
Rb 0.0097 + 0.0011 (0.0100) 0.0023 0.0128 5.5

Sr 0.071 £ 0.008 (0.070) 0.0329 0.0773 2.3

Y 0.0034 + 0.0005 (0.0028) 0.0080 0.0122 1.5

Zr 0.025 £ 0.003 (0.022) 0.0246 0.0411 17
Nb 0.0017 £ 0.0003 - 0.0022 0.0029 1.3
Ba 0.099 + 0.006 (0.050) 0.0439 0.0740 17

Pb 0.0023 £ 0.0005 0.0026 £ 0.0002 0.0015 0.0041 27

MpuMeyaHme: «-» — naHHble OTCYTCTBYIOT. B ckobkax NpuBeAeHbl OPUEHTMPOBOYHBIE 3HAYEHUS.
Note: «-» — the data is not available. The approximate values are given in parentheses.
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BMAA YrNs, YCNOBUI ero cxuranus, cnocoba yaane-
HUS! U XpaHEHUS 30M10LLIaKOBbIX CMECEN.

Kak BnaHo, uccnegyemole obpasLupbl npeacTas-
NEHBbI LUMPOKMUM CMEKTPOM XMMUYECKMX 3ITEMEHTOB, OC-
HOBHbLIMW 13 KOTOPbIX SIBMSIFOTCS aNOMUHUIA, KanbLni,
KPEeMHMUN, xenes3o, KoTopble NpW onpeaerieHHON TEXHO-
norunyeckon nepepaboTtke npeacTaBnsalOT cobow LeH-
HO€e NPOMBILLNIEHHOE Chipbe. Takxe obpasubl cogep-
KaT 3HaYUTENbHbIE KONMMYECTBA PEAKUX ANTIEMEHTOB
Sc, V, Cr, Co, Gan Y n moryT 6blTb peKOMeHA0BaHbI
B Ka4eCTBe CbIpbEBOr0 UCTOYHUKA B COOTBETCTBYHO-
LLMX OTPpaCIIsIX 3KOHOMUKM.

BbIBOAbI

PaccmoTpeHa BO3MOXHOCTb O4HOBPEMEHHOIO
onpegeneHnst cogepkaHus OCHOBHbBIX KOMMOHEHTOB
N MMKPO3IEMEHTOB B 0Opa3suax 30Jbl U 30J10LLI1aKo-
BOW cMecK, 06pa3yoLmnxcs nocne cropaHus yrien Ha
TENMO3NEeKTPOCTaHUUSIX METOAOM PEHTIEeHOdNyopec-
LeHTHoro aHanusa. Pa3paboTtaHa meToauka peHTre-
HOIyopecLeHTHOro onpeaenexus okengos Na,O,
MgO, Al,O, SiO,, P,0O,, K,O, Ca0, TiO,, MnO n Fe,O,
n anemeHnToB S, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb,
Ba n Pb 13 nopoLUKOBbIX n3nyyartenen, cnpeccoBaH-
HbIX B BUae tabneTtku.

MorpewHocTn onpeaeneHmst OCHOBHbLIX KOMMO-
HeHTOB Npobbl Bapbuposanu ot 1 go 11 %, n goctu-
ranv 10-28 % npv onpegeneHnn MMKPO3NIEMEHTOB.
To4yHOCTb pe3ynbLTaToB, B OCHOBHOM, 3aBUCUT OT He-
OAHOPOAHOCTU ha30BOro coctaBa Mmatepuana. Ycra-
HOBJEHbI Npeaenbl 06HapyXeHNsi 3NeMeHTOB AaHHON
MeToaukon. NpeanoxeHHbI MeToq ABNSeTCA Npo-
CTbIM, 3KCMPECCHbIM 1 BNOJIHE NPUrO4EH ANa ycTa-
HOBINEHUS1 00LLEero afIeMEHTHOro cocTaBa 30J1bHbIX
NPOoAYKTOB CxuraHns yrrnen TOL, B npegenax norpetu-
HOCTEN aHanuaa.

BJIATOOAPHOCTU

Asmopsi npusHamersHbl CymypuHy Anekcar-
Opy Hukonaesudy 3a yyacmue 8 obcyxdeHuu rosy-
YeHHbIX OaHHbIX U ByHaesol TambsiHe BeHuamuHosHe
3a pedakmupogaHue mekcma Ha aHa1uliCKOM 53blKe.

Pe3ynbmamsi uccrieogaHusi NofyyYeHsl ¢ Uc-
ronb3o8aHUeM MamepuanbHO-mexHu4YecKkol b6a3sbl
batikanbcko20 aHanumu4eckoz2o yeHmpa KOoJsiekK-
mueHo20 nosnb3o8aHusi CO PAH.
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