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N3yyeHa 3aBMCMMOCTb TOMHOCTU Pe3ynbTaToB PEHTreHodnyopecLeHTHOro aHanm3a (PPA) aspo-
30new OT KonmMyecTBa usny4vareneu, Bolpe3aHHbIX U3 0OHOro HarpyXeHHoro dwunbstpa. ViccnegosaHus
BbIMOJTHSINN C MOMOLLBIO CUHTETUYECKUX «(DUNBTPOBY B BUAE TOHKMX OPraHNYeCKMX MIEHOK C M3BECTHBLIM
coAepaHWeM aHanuToB, UMUTUPYIOLWUX pearnbHble Npobbl asposonen, cobpaHHble Ha acnUpaunoHHble
duneTpbl. InameTp nx paboyeri NOBEPXHOCTU COCTaBmnsAN 9 CM, YTO NO3BONUIO Bbipe3aTb 5 usnyyare-
nen onamMeTpom 3 CM 1 OLLeHUTb 3aBUCUMOCTb NOrPELLHOCTH pe3ynbtatoB POA npy nameHeHumn yucna (n)
nanyyartenen ot 1 4o 5. YctaHoOBMNEHO, YTO NPy UCNONb30BaHMU 0AHOro (N = 1) nanyyartens, Bblpe3aHHO-
ro U3 LIEHTPanbHOM 4acTy HEOHOPOAHOrO «hUMbLTPa», NOrpewHoCTs (Ko3dhduumeHT sapuauum V. ) pe-
synetratos POA moxeT gocturats 40 %; ¢ pOCTOM MX Yncra BenuumHa V. yMmeHbLIaeTes, 1 npu n =5 oHa
COCTaBMAET NPUMEPHO 6 %, YTO COOTBETCTBYET CMyYaHOW NOrpeLHOCT METOAA, HO 3TOT NPUEM CyLue-
CTBEHHO yBenuyMBaeT TPyAOeMKOCTb aHanutuieckux pabot. OueHUnM BO3MOXHOCTb UCMONb30BaHUA
n3ny4aTtens, COCTOSALLEro U3 BCEro Matepuana «unsrpa» ¢ guameTpom paboyen nosepxHocTn 9 cM. B
3TUX YCMNOBUAX BO3PaCTaeT UHTEHCUBHOCTb DOHA, YTO CHMXKAET KOHTPACTHOCTb PEHTIEHOBCKOTrO CNeKTpa
B 6 pas. Mpun ncnonb3oBaHMM ABYXCMONHBIX M3Ny4yaTenen KOHTPacTHOCTb YMEeHbLUAEeTCH TONbKo Ha 25 %,
noatomy ans POA pekomeHaoBanu otobmpats aspo3onu Ha hunsTpbl AMamMeTpPoM 5 cM 1 u3MepsaTb aHa-
NUTUYECKUI CUrHan oT matepuarna Bcev Nnpobsbl.

Knrodeenie crioga: peHTreHOMNyOpECLEHTHbIN aHanma, HarpyxeHHble a3po30nsiMU acnnpaLmoH-
Hble (PUNbTPbI, NPUIrOTOBIEHWE u3ny4vaTenen, CUHTETUYECKMe opraHM4eckne NneHKn, TOYHOCTb pesyrb-
TaToOB aHanu3a.
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The dependence of the accuracy of the X-ray fluorescence analysis (XRF) aerosol results on the number
of emitters cut from the single loaded filter was studied. Analyses were performed using the synthetic “filters”
in the form of the thin organic films of known analyte contents simulating real aerosol samples collected on
the aspiration filters. The diameter of their working surface was 9 cm, which allowed to cut out 5 emitters
with 3 cm diameter and to estimate the dependence of error of XRF results when varying the number (n) of
emitters from 1 to 5. It was established that when using one emitter (n = 1) cut out from the central part of
the inhomogeneous “filter” the error (variation coefficient V) in XRF results can reach 40%; when increasing
their number the V value decreases, and when n =5, itis about 6%, and this corresponds to a random error
of the method. However, this procedure substantially increases the labor intensity of the analytical works.
The applicability of the emitter was evaluated, consisting of the whole “filter” material of a working surface
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diameter of 9 cm. Under these conditions the background intensity increases, which reduces the contrast
of the X-ray spectrum by 6 times. The contrast decreases only by 25% when using double-layer emitters.
Thus, for XRF it is recommended to collect the aerosols on filters with 5 cm diameter and to measure the

analytical signal from the material of the whole sample.

Knro4deenie cnosa: X-ray fluorescence analysis, aspiration filters loaded by aerosols, sample prep-
aration, synthetic organic films, accuracy in the analysis results.

BeepeHue

Mpu onpegeneHun metannos B aTMocdepe U
BO34yxe paboyewn 30Hbl UCMONb3YT AECTPYKTUBHbIE
N HeJeCTPYKTUBHbIE MeTOAbI aHanu3a. OTevecTBeH-
Hble HopMmaTtuBHble gokymeHTol (HA) [1, 2] n3 yncna
OEeCTPYKTUBHbLIX METOA0B PEKOMEHOYIOT aTOMHO-ab-
copbumoHHbIvi (AAA), poTomeTpudecknii (PMA), anek-
TPOXMMMUYECKUE M TONbKO OOHY METOANKY HEeAEeCTPYK-
TUBHOTO peHTreHodnyopecueHTHoro aHanusa (P®A).
OpHako nepesegeHne Npobbl B pacTBOp Npu UCMOSb-
30BaHUN OEeCTPYKTUBHBIX METOAOB NPMBOAMUT K NOTe-
PSiM @aHaNUTOB U CHUXKEHMNIO AKCNIPECCHOCTU aHanmaa
[3]. MeToa P®A aBnseTcs MHOrO3fEMEHTHbBIM U 3KC-
NPEeCCHbLIM, HO LUMPOKOMY BHEAPEHMWIO €ro B aHanu-
TUYECKYI0 NPaKTUKY NPensTCTBYOT ABa HegocTaTka:
BO-MNepBbIX, FpagympoBoYHble obpasubl (FO) no dpusm-
KO-XMMWUYECKMM CBOMCTBAM AOMKHbI ObITb aHaNOrM4YHbl
aHanusupyemMbiM npobam; BO-BTOPbIX, AnaMeTp durnb-
TPOB, NOCTYNaKLMX Ha aHanNn3, nameHsieTcs ot 3.5 [4]
o 15.0 [5] cm, a anameTp ncnonb3yemoro B aHanmse
nsny4vatensa coctaensieT obbi4yHO okoro 3.0 cm. Bme-
CTe C TEM, Harpy>xeHHble aspo30naAMn PUNbLTPbI, Kak
NpaBuIo, HEOAHOPOAHbI MO KONMUYECTBY YacTul, Npu-
XOASALWMXCS HA €AMHULY MOBEPXHOCTU, U UX XUMMKYE-
ckoMy cocTasy [6-8]. Mpu n3yyeHnn HepaBHOMeEPHO-
CTK pacnpegenexus (KoadduumeHT Bapuauum \/H"’ )
YacTuL, a3po30s1s N0 CTEKITOBONIOKHUCTOMY (OUNBTPY,
ncnonb3yeMomy Ans kKoHTpons cogepxanus Cr, Ni, Cu
n Fe B BO3yxe, yCTAHOBWUIX, YTO 3HAYEHME \/Hq’ nsme-
HaeTcsa ana Cr ot 5.4 no 34 %, ana Ni 7.5-35%, onsa
Cu 3.6-26 % v aons Fe 6.6-20 % [6]. CnegyeT OTMETUTD,
YTO LeHTpanbHas YacTb Harpy>eHHoro unstpa co-
OEPXUT BornbLUe YacTuL, N0 CPAaBHEHUIO C Er0 Kpasimu,
M TaM cocpepoTodeHbl 6onee KpynHble YacTuubl, HO
MHorga MMeeT MeCTO cMeLleHne Gornee NNoTHOW Ha-
rpy3Kun YyacTuu K Kkpato counetpa [5, 7]. K BbiBOAY 0 Ha-
KonneHun 6onee KpynHbiX YacTuL, B LEeHTpe hunbrpa
Npuwnn aBTopbl paboTsl [8], KOTOpbIE TWATENbHO W3-
ydanu atoT adeKT Ha HATPOLIENNIONIO3HOM PUIb-
Tpe anameTtpom 4.7 cm ¢ nomoLybio metoga PIXE, gu-
ameTp nyyka NnpoToHOB KoToporo coctasnsn 0.2 cm.
Onu ycTaHoBunu, vto Fe n Ca, npegcraeneHHbie 60-
nee KpynHbIMU MOYBEHHLIMW YacTuLaMm1, UMeNN Mak-
CMMarbHYI0 KOHLEHTPaLUMIO B LeHTpe dunbtpa, a S u
Pb, cogepxalumecs B MEMKNX TEXHOMEHHbIX YacTuuax,
pacnpefeneHsl No puneTpy pasHoMepHo [8]. Hepas-
HOMEPHOCTbL pacnpefeneHns 4yacTul CyLLEeCTBEHHO
3aBucuT oT TMna npobooTbopHuka [9, 10].

Mcnonb3oBaHye TONbKO YacTu Matepuana npo-
Obl MOXXET MPMBECTU K BO3HNKHOBEHMWIO cMcTeMaTtuye-
ckux norpetuHocTten (V. ) pesynsratos POA, obycnos-
NEHHBbIX HEOOHOPOAHBLIM pacnpegeneHnemM 4yactuy no

NOBEPXHOCTU HArpy>XeHHoro punstpa. Ytobbl CHU3UTL
€€ BENMYMHY, OT Npo6bl Bbipe3atoT HECKOSLKO (1 n3me-
HaeTca oT 1 go 5) nanyyarenen [4, 10]. YBenuueHne
yKcna n NoBbIWAET TPYAOEMKOCTb aHaNUTUYECKNX pa-
60T, NO3TOMY HEPEAKO OrpaHNYMBaOTCA OOQHUM U3Iy-
YyaTtenem, obbIYHO Bbipe3aHHbIM U3 LieHTpa unbTpa.
Llenb AaHHbIX UCCrieAoBaHNN COCTOUT B U3yYeHUn 3a-
BUCUMOCTU TOYHOCTU pesynbratoB POA oT umcna ums-
ny4vaTenen, Bolpe3aHHbIX U3 0QHOro ouneTpa.

N3 nutepatypsl [3, 11] M3BECTHO, YTO Npu BbIGO-
pe ycrnosuii POA HarpyeHHbIX (nsTPOB O NpaBuiib-
HOCTW ero pesynsLTaTos (Mi""’) CyaAT, CONOCTaBMnAs Ux ¢
AaHHbIMW OEeCTPYKTUBHBIX METOAO0B (Mfw). B atom cny-
yae paanudne mexay MP® n M™ onpepensietcs Tpems
dhakTopamu: Bo3ByxxaeHnem nyopecLeHLmmn B 4acTu
maTepuana HeogHOpPOoAHOM Npobbl; BNUsSHUEM ee 06-
LLIero XMMMYeCcKoro coctaBa Ha UHTEHCUBHOCTL ry-
opecueHuH (I); HenosHLIM pasnoXxeHnem matepuana
NpoObl NPy MCMONb30BaHNM 4ECTPYKTUBHBIX METOAMK.
YUTo6bl NCKNIOUUTL BKNag nocnegHero akropa, nsy-
YeHne 3aBUCUMOCTM V. = f(n) BLINOMHMITN C MOMOLLIbIO
NAEHOYHbIX CUHTETUYECKNX 0BpasLOB M3BECTHOrO CO-
CTaBa, NPUroTOBMIEHHBIX HA OCHOBE METWUILIENITHIIO-
3bl (ML) no TexHonorum, npeanoxeHHoun B pabote [12].
BnnsiHne xummnyeckoro coctaBa npobbl Ha UHTEHCKB-
HOCTb |, yCTpaHWIn ncnonb3oBaHneM OAHOro MopoLL-
Ka-HocuTensa asposornen npu usrotoenerHum O n He-
OQHOPOAHBIX MPO6 — MNIIEHOYHbIX «PUNBTPOBY.

3KCI16pVIMeHTaJ1 bHas 4aCTb

N3mepeHusi BbINOMHANM Ha PEHTIEHOBCKOM ¢y~
opecueHTHOM cnekTpomeTpe VRA-30 («Carl Zeiss»,
lepmaHus): peHTreHoBckas Tpybka ¢ Rh-aHogom (pe-
Xum pabotbl: HanpsixkeHne 40 kB; cuna Toka 40 MA),
kpuctann-aHanusatop LiF (200), netektop — CUUH-
TUNNASAUMOHHBIN. OBpasel BBOAUN B CNEKTPOMETP C
MOMOLLLbIO MaCcTMacCOoBbIX KIOBET C ANAaMETPOM OKHa,
paBHbiM 3.0 cm. [1ns yyeTa annapatypHoro apenda
WHTEHCMBHOCTM (/) aHanUTU4Yecknx NUHUIN IIeMeH-
TOB / PErMCTPUPOBANN B OTHOCUTESNbHbLIX e4UHNULLAx
I7™=1./1,, roe |~ VHTEHCUBHOCTb priyopecLeHLNM
anemeHTa i, ~smepeHHas oT obpasua-penepa, cnpec-
COBaHHOro 13 cMecu (cooTHoLueHue 19:1) 6opHoM Knc-
NoThbl U NOPOLLKA-HOCUTENSA aHanNUToB. VIHTEHCMBHO-
ctu (/,) dhoHa n3Mepsnu pSAOM C aHaNUTUHECKNMK
nuHusIMu. [ins y4eTa 3aBUCUMOCTH |, OT ANIUHbI BOST-
Hbl UICMOMNb30Bany )OHOBbIE 06pasLibl, POSb KOTOPbIX
BbIMOSTHANMW TOHKME OpraHn4eckne nieHku, Cogepxa-
Lme MesikoamcnepcHbln nopoLwok SiO,. YnsTpassyko-
BYt0 06paboTKy CMeCK NopoLUKa-HOCUTENSI aHanuToB
W pacTBOpa NonvMMepa BbINOMHANM Ha aBToMaTnye-
ckom gesuHterpatope UD-20 (yactoTa 22 kIu) [12].
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Pe3ynbTaTthl 1 X 00CyXaeHne

[na npoBefeHns akcnepuMeHTanbHbIX Uccre-
AOBaHUN NPUroTOBMIM MOPOLLKOBYIO CMECh, CoAep-
xauyto (% mac.) Cr,0, — 10, Mn,O, - 10, Fe,O, — 30,
MoQ, - 3, CaF, - 17 1 SiO, — 30, nocneaHve aBa KoM-
MOHEHTA BbIMOSHANW ponb HanonHutens. Beibop aHa-
nnToB o6ycnosneH obecneyeHnem WUpOKoro (OT A, =
0.0709 mo A, = 0.2290 Hm) AnanasoHa ASIMH BOSTH PEHT-
reHoBCKoro crnekTtpa. CornacHo pekomMeHgauusim pa-
60TbI [13] NOPOLLOK-HOCUTENb aHANNTOB BPYYHYHO UC-
TUpanu B araTtoBOW CTYnNKe ¢ AobaBneHnem aTaHona
B TedeHue 150 MUHYT, B 3TUX YCIOBUSAX CPEAHWUI pas-
Mep ero yacTuy coctaBnsan meHee 4 MkMm. cnonb-
3yS MPUrOTOBMEHHbIN NMOPOLLIOK-HOCUTESNb aHaNUTOB,
co3fganu e rpynnbl NeHoYHbIX 06pa3yos. pynna |
npegcTaensna ogHopoaHbIe NIeHoYHbIe 0bpasLbl Ha
ocHoBe ML, npuroToBneHHbIe No TEXHOMNOrMM paboThbl
[12]. x ncnonb3oBanu 4ns noCTpoeHUs rpagympoBoy-
Hou cpyHKUMKM (TP), XxapaKTepunsytoLLen 3aBUCUMOCTb
WHTEHCMBHOCTY [, aHANMTUYECKO NTMHNN 3neMeHTa |
OT ero macchl M, B usny4atene. Ytobul uMutMpoBaTb
pasrM4YHyI0 Harpy>xeHHOCTb peanbHbIX NPob a3po3o-
nen, maccy nopoLlKka-HOCUTENS B MMEHKEe U3MEHANN
oT 15 go 100 mr. 13 nony4yeHHON ogHOPOAHOW MieH-
KV Bblpe3anu HeCKOMbKO U3rnyyarenen guameTpom 3
CM, YTO COOTBETCTBYET pasmMepy OKHa KIOBETbl CrekK-
TpomeTpa VRA-30.

Mpun noctpoeHnn NP ncnonb3oBanu nanyyate-
nn, coctosilme u3 ogHoro (m = 1), aByx (m = 2), Tpex
(m = 3) n natn (m = 5) cnoes NNeHKKW, YTO MO3BONUIIO
pacwmpuTb QuanasoH cogepXXaHuin aHanuToB: macca
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M, ons Cr, Mn, Fe n Mo B usnyuyatensx nameHsnacb
B npegenax, m: 0.05-2.0, 0.05-2.0, 0.15-6.0 1 0.01-0.6
COOTBETCTBEHHO. Ha puc. 1 npeacraBneHbl 3aBUCUMO-
ctn | = f(M): OHM He NHENHbI, MO3TOMY MX anmnpoKCH-
MUpPOBanu NOIMHOMOM:

= 2
M=a +a,l +a,l

!

()

Ana monubaeHa rpadmk NpakTU4ECKU NUHEe-
€H BcneacTeme Toro, 4to Ans MoKa-nmHum nanyda-
TeNN MOXHO OTHECTU K KMNacCy «TOHKMX»: MaccoBble
Koa(pnumeHTbl ocnabnenus (U, ) B NIEHOYHOM 06-
pasue, coctodawem 13 92 % MU n 8% nopouika-Hocu-
Tensa, ons MoKa-nuHum coctaensieT 2.06 cm?/r, B TO
Bpems ans Cr, Mn n Fe oHu paBHbl 32, 25 n 22 cm?/r
Cco0TBeTCTBEHHO [14]. OcTaTouyHas NorpewHocTb (Ko-
apbprumeHT Bapnaumu V), xapaktepuayrouias pac-
XOXAEHWE pacCUMTaHHbIX MO ypaBHeHMto (1) 3Have-
HUN M. OT nencTBMTENbHBLIX, COCTaBnseT, %: 4.1, 4.9,
5.91 5.9, B T0 Bpems npu nuHenHon [P sennunHa v,
paBHa 12.5, 12.5, 11.21 4.3 % cooTtBeTcTBEHHO Ans Cr,
Mn, Fe n Mo. Nony4yeHHble 3HayeHns V, ansa ypasHe-
HMs (1) CyLLeCTBEHHO MeHbLUe A0NYCTUMOW norpeLu-
HO(iTVI (koatbpuumeHT Bapuaumumn V. ), I'vaeﬂ,'bﬂBJ'IFle-
MOW K pe3ynbTataM aHanu3a adpo30fiei: 3Ha4YeHne
qun namensietcs ot 10 go 12.5 % B 3aBMCUMOCTM OT
ucnonb3yemoro metoaa [1, 2].

lMneHouHble 06pa3upbl rpynnel |l ummntTrposanu
Heo4HOpPOAHble NPOOLI asapo3orien, cobpaHHble Ha
dunbTp ¢ anameTpom d paboyen noBepxHocTh 9 cMm,
YTO MO3BOMSET Bblpe3aTb U3 HUX 5 usnyyartenen c d,
paBHbIM 3 cM. [1Na X co3gaHus NpUroToBMnNn Aea pac-
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Puc. 1. 3aBucmMmocTb nHTEeHcnBHocTu CrKa — a, MnKa — 6, FeKa — B, MoKa — I nMHWUIA OT cogepkaHusl aHanuTa B n3-
nyyatene npu 3Ha4YeHUsIX m, paBHbix: e m=1, ¢ m=2;, Am=3;mm=5

Fig. 1. The dependence of the intensity of CrKa — a, MnKa — b, FeKa — ¢, MoKa — d lines from the content of analyte in
the emitter for m values which are equalto: e m=1;¢ m=2; Am=3;mm=5
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Bepxunit

JleBbrii IIpaBbrit

Puc. 2. Cxema pacnonoxeHus usnyyarenemn Ha punstpe
Fig. 2. Layout of the emitter on the filter

TBOpa: NEPBbIN N3 HUX NPEACTaBNAN BOAHbLIN PaCTBOP
ML, 2,15 (% mac.), BTopon — ogHopoaHyto cmecb ML n
MoOpoLLKa-HOCUTENS, NPUrOTOBIIEHHYIO COMMACHO Tex-
HOMOrnK, M3NoXxeHHow B pabote [12]. MNepBbin pacTBOp
obbemom 5.5 mn BbINMBanu B LEHTp napacgpmHoOBOro
konbua (d = 9 cm), npeaBapuTeNbHO HAHECEHHOTO Ha
OYULLEHHOE CTEeKMo, 1 ocTaBnanu Ha 30 MUHYT Ans
cnaboro 3aTBepaeHMs ero NoBepxHocTu. 3atem no
3TOW NOBEPXHOCTU HEPABHOMEPHO pacnpeaensnn 4.5
M1 BTOPOro pacTeopa, CyLnny npuMepHo 1 vac npu
KOMHaTHOW Temnepartype, a anee 4OBOAMIW [0 Non-
HOro 3aTBepAeBaHus NNEeHKN Npyu Temneparype, pas-
How npumepHO +(5+10) °C, B TeueHne He MeHee 12 u.

lMneHouYHble «pUNbTPLI» rpynnbl Il roToBunu ¢
ABYMSI TMNamMmn HEOAHOPOLHOCTU: B nepBoMm (Tun 1)
13 HUX B LileHTpe dunbTpa Obino 6onbLie YacTul, «as-
pO30Ms» N0 CPAaBHEHUIO C KpasiMu; BO BTOPOM (Tvn
2) — 6onee NMOTHYH Harpy3Ky «aspo305sa» HEeCKOSb-
KO CMeCTUnu K kpato dunbstpa. Kaxabli Tun HeogHo-

Ta6bnuua 1

MorpelHocTb pesynbratoB POA HeogHOPOOHbLIX «PUsb-
TpoB» npun =1

Table 1

The error of the XRF results of the inhomogeneous
“filters” for n = 1

Tun He-
OAHO- |\ T Aunana3zoH nsmeHe- V%
poaHo- HMAd,., % "
cTm
Mo 18+68 47
1 Fe 29+72 56
Mn 26+72 55
Cr 25+68 53
Mo (-8)+(-22) 15
5 Fe (-5)+(-17) 12
Mn (-3)+(-18) 9
Cr (-7)+(-19) 11
Mo (-8)+68 35
142 Fe (-5)+72 40
Mn (-3)+72 40
Cr (-7)+68 38

POAHOCTU NPEeACTaBUAM YeTbIpbMSA Npobamu, oTnuya-
IOLLMMMCH MacCo NOPOLLKA-HOCUTENSA 13 AMana3oHa
oT 20 go 50 mr. N3 npuUroToBfeHHbIX HEOOHOPOOHbIX
NMeHoK C NOMOLLbIO CneLmnanbHOro npMcnocobneHns
Bblpesanu 5 nanyyarenen gunametpom 3.0 cm (puc. 2).
OT KaXXgoro 13 HMX 3aperncTpmpoBan MHTEHCUBHO-
ctn Ka-nuHui Cr, Mn, Fe, Mo u dhoHa, namepeHHoro
PSAOM C aHanuTu4eckon nuHuen. icnonb3ys aTun mH-
TEHCUBHOCTW, OLlEeHWN HEOQHOPOOHOCTL pacnpeae-
FNleHns aHanMTOB MO NMOBEPXHOCTW MPUTOTOBIIEHHbIX
«UMNBETPOBY: OHA XapakTepu3yeTcs KO3 PULMEHTOM
Bapuauum \/H,.q’, paBHbIM, %: 43, 40, 39 n 37 gns Cr, Mn,
Fe n Mo cooTBeTCTBEHHO.

[Mpu OLieHKe NOrpeLHoCTY V., pe3ynsTaToB peHT-
reHonyopecLEeHTHOro onpeaeneHns anemeHTa i, 06-
YCNOBIEHHON HEOAHOPOAHOCTLIO «PUNbTPay, YNCNO
n nanyyarenewn, BbIpe3aHHbIX U3 OJHOro «UnbLTpa,
usmensanu ot 1 go 5. MNpu n = 1 nanyyarens Boipesa-
nn n3 LeHTpa «unetpay; ecnu n > 1, To obaszarenb-
HO OZVH M3 HUX NPEeACTaBNAN LeHTp duneTpa, a B Ka-
4yecTBe OPYrMX NCMOMb30Banuchb AMCKU-U3NyyaTenu,
CMeLLEHHbIE K ero KpasiM, C UX NOCMneayLwmnM nepe-
H6opom. C yuyeTom aToro nepebopa Ans Kaxkgoro k-Toro
«@unsTpa» Npy AaHHOM N NoAy4nnu L (TEKYLLUA NH-
Aekc /) 3HaveHnn maccol (M, ) anemeHTa i B u3nyda-
Tene:ecntmn=1,1T0L=1,ecninn=2,70 L =4; ecnu
n=3,To0L=6;ecnun=4,To0L=4;ecnun=5,T0L =
1. MNoaTomy Ana kaxgoro «unstpa» npu L > 1 pac-
cuuTanu cpeaHee 3HadeHne maccol M, anemeHTa i B
nanyyarterne n oueHunuM Maccy (Mk?’) Mo, Fe, Mn u Cr
B kK-TOM «ounbTpe» no opmyne:

S,
d
MP - . M, @)

n311

rae S,,, W S, — COOTBETCTBEHHO Nrollaab n3nyyare-
N v paboyen NoBEPXHOCTY «PUMLTPa», KOTOPbIE B yC-
NOBUSIX HALLEro akcnepmMmMeHTa pasHbl 7.1 1 63.5 cv?.

[nsa Bcex npo6 rpynnsl Il no goopmyne (2) onpe-
aenunu maccy Mkf" arieMeHTa i Npu UCMoMb30BaHNM
pasfMYyHOro Yncna n usnyvaTenen, u Ans Kaxaoro
3HaYeHusa n oueHUnK norpelwHocTb V. . Ytobel cae-
nartb BbI6OF3Ky ORHOPOAHOW, Npn pacyeTe V, nepe-
LLAIN K HOBOMN NEpeMEHHOM:

M
8y =| -
M

ki

1]-100, 3)

roe Mkf.‘ —Macca anemeHTa j, BBeeHHas B pacteop ML,
C MOMOLLIbIO MOPOLUKAa-HOCUTENS aHanMToB NPU U3ro-
TOBNEHUM Kk-TOro «punetpa» (aencTeuTenbHas macca).

B Tabn. 1 npuBeaeHbl AnanasoH UsMeHeHus d,,
N Ko3(PULMEHT Bapuaummn V., xapakTepusyoLmm
BNUsiHUE HEeOOQHOPOAHOCTU «(PUNLTPOBY» Ha NpaBusb-
HOCTb pe3ynbtaToB POA, otgenbHo ans npobc 1 mn 2
TMNamMm HeOQHOPOAHOCTM 1 Ans Bcex npob rpynnbi |1
ONd cny4as, Korga aHanuTu4eckuii CUrHan namepsnu
OT ogHoro (n = 1) nanyyartens, Bblpe3aHHOro U3 LIeH-
Tpa Kaxaoro k-toro «dunstpay. TabnuyHble AaHHble
nokasbIBatoT, YTo Anst «unsTpa» ¢ 1 TMNOM HeoaHo-
poAHOCTM 3HadYeHusa V.. gocturaioT 56 % u pesynbra-
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Tabnuua 2

MorpelwHocTb pesynstatoB POA npob Il rpynnbl npu
pasnM4yHOM YMCHe U3nyyaTtenen, Bolpe3aHHbIX U3 oa-
HOro «uneTpa

Table 2

The error of the XRF results samples of group Il with a
different number of emitters cut from a “filter”

KoadpcpuumeHT Bapmaum V. (%) npu n,
Ananut paBHOM
2 3 4 5

Mo 21.7 15.4 10.7 5.4

Fe 234 15.6 1041 4.7

Mn 234 15.8 10.5 5.4

Cr 24.3 15.5 10.0 5.6
CpegaHee 23.2 15.6 10.3 5.3

Tbl POA 3aBbILLAIOT MaCCy 3arpsi3HAOLLNX BELLECTB B
KOHTponmpyemom obbekTe. MNpu aHanunse «punstTpoB»
CO 2 TUNOM HEOAHOPOAHOCTYM 3HaYeHus V. B 3-5 pa3
MEHbLLE U UMEET MECTO 3aHMXKEHNE Pe3yrbTaToB KOH-
Tpons 3arpsisHeHns Bo3ayxa. Habniogaemoe ymeHb-

40 4 %
35 )
30 4
25
20
15
10
5
0 - : ; : r ;
0 1 2 3 4 5 6

Puc. 3. 3aB1cMMOCTL norpelHocTu V., pesynstatos POA
OT KOnM4yecTBa uany4yartenen, Bbipe3aHHbIX U3 OQHOro
«unsTpar

Fig. 3. The dependence of the error \_/H of the XRF results
on the number of emitters cut from a “filter”

% lyn’! ’dﬁ

50 .

40 *

30

20 >
10 .

weHne V., obycroBneHo Tem, 4To npu cmelleHnn 6o-
nee NoTHOW Harpy3ku K kpasiM connbsTpa nanydaTensb,
BbIpe3aHHbIV U3 LieHTpa, obecneunBaeT nyuLLyo npea-
CTaBUTENBbHOCTL cocTaBa Npobel. [Npn coBMecTHOW 06-
paboTke pe3ynbTaTtoB aHanusa Bcex npob rpynnbl i
norpewHocTs V. coctaBnsaeT npumepHo 40 %.

B 1abn. 2 npeacraeneHsl 3HaveHns V., nony-
YeHHble Npu n > 1 1 coBMecTHon obpaboTke pesynb-
TatoB PPA npob rpynnbl Il, KOTOpble NOKa3bIBaOT, YTO
npw yBESIMYEHUM YnCna nanyyartenen norpewHocTts vV,
YMEHbLLAETCs: Npn n = 5 BenuynHa V. He npesbilua-
eT 6 %. [na KOHKPETHOro 3Ha4YeHWs N NOrpeLIHOCTb
V., ANs BCEX 311EMEHTOB BapbUpyeT B y3KMX Npeae-
nax: npoBepka no kputeputo KoxpeHa gmucnepcumn VHf
noaTeepaunia ux O4HOPOAHOCTb, NOSTOMY paccynTa-
1IN CpeaHue 3HadYeHnst V, 1 MoCTponIn 3aBUCMMOCTb
V., = f(n) (puc. 3).

Takum 06pa3om, UCNoNb30BaHNE TONBKO O4HOMO
n3ny4aTtens, Bblpe3aHHOro U3 LLeHTpa HEOOHOPOOHON
Npo6bl, NPUBOANT K BONBLUMM CUCTEMATUYECKMM MO-
rpewHocTam pesynsratoB POA; npu yBenuyeHmm yuc-
nawsnyyartenew 0o 5 pesynsraTel aHanuaa obecneyn-
BaloT Tpebyemyr TOYHOCTb, HO MPU 3TOM MOBLILLAETCSA
TPYAOEMKOCTb aHanuTu4ecknx pabot. NMoatomy nonebil-
Tanucb B Ka4yecTBe M3nyyartens ncnonb3oBaTb BECb
mMaTepuan Heo4HOPOOHOro «PUNLTPa» ¢ AMaMeTpoM
paboyen NoBEPXHOCTK, paBHbIM 9 cM. [1Ns 3TOro noa
OnckK (d ~ 3 cM), COCTOALLMIN N3 5 OOHOCIOMHBIX U31Y-
yaTenemn, Bblpe3aHHbIX U3 K-TOro «unsTpay, nome-
CTUIN OCTaBLUMECS €r0 YacTu; B 3TOM Cly4ae Yncro
CMNOEB M B HEKOTOPbIX MECTaxX MHOFOCIOMHOIo U3ny-
yaTtens pasHo 8. [Npu POA Taknx usnyyarenemn sHauu-
TENbHO YBENUYNBAETCA MHTEHCMBHOCTb (hOHA, YTO CHU-
)KaeT KOHTpacTHOCTb (K) peHTreHOBCKOro CNekTpa, rae
K= ly‘J /1, (IwJ n |, — yaenbHas NHTEHCMBHOCTb dre-
MEHTA j U UHTEHCMBHOCTb (pOHa, N3MEepEHHas PSIAOM
C aHanNUTUYECKOM NIMHNEN COOTBETCTBEHHO). [1ns npu-
Mepa Ha puc. 4 npuBedeHbl 3aBUCMMOCTUN KOHTpacT-
HocTu cnekTpa ansa MoKa- n CrKa-nuHuii ot Yncna
m croeB «unbTpay B nanyyartene. Kak BugHo, npu
YBENUYEHUN M CHUKAETCS KOHTPACTHOCTb PEHTIEHOB-
CKOIO CMeKTpa: Mpu UCMOMb30BaHMN BOCbMUCIIOAHBIX

07 bl
60
50 - \\\

40 h

\\
1 4
30 \\\‘
20 - M"‘x.\_x
*—_ o
10 2
m
0

0)

Pwuc. 4. 3aBucumocTb KoHTpacTHocTu Anst MoKa- (a) n CrKa-nunHun (6) oT yucna m cnoes «unstpay B uanyyatene
Fig. 4. The dependence of the contrast of the X-ray spectrum for MoKa- (a) and CrKa-lines (b) on the number of m layers

of the “filter” in the emitter
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Ta6bnuua 3

MaccoBble K0a(hPUUMEHTBI NOrMoLWeHNa dryopec-
LIEHTHOrO M3nyyeHusa matepuanom punstpos u ML [14]
Table 3

Mass fluorescent radiation absorption coefficients of
material filters and methylcellulose [14]

[OnunHa Bon- 3navenue y_, cm?/r, ans
Hbl, HM AGAXA ADA-BIMn ML
(MrHKg) ADA-XTT*

0.7125 (SiKa) 664 550 641

0.3358 (CaKa) 73 635 71
0.2748 (TiKa) 41 364 40
0.2290 (CrKa) 24 218 23
0.2103 (MnKa) 19 172 18
0.1937 (FeKa) 15 136 14
0.1658 (NiKa) 9.4 88 9.1
0.0828 (SrKa) 1.5 15 1.4
0.0709 (MoKa) 0.8 8.2 0.8

MpumeYdaHue: * — pacyeTbl BbINOMHEHbI A1 CoAepXXaHus
xnopa, paBHoro 67 %.

(m = 8) nanyyaTtenemn KOHTPACTHOCTb YMEHbLLAETCS
nouTu B 6 pas, B TO BpeMs Kak A5 BYXCMNOWHbIX (M
= 2) nanyyatenen sennymHa K ymeHbLLaeTcs TofNb-
KO Ha 25 %.

B otevectBeHHbIX HI [1, 2] pekomeHayeTca npo-
6bl Bo3gyxa oTbmpaTth Ha hunbTpel AGA-XA, AGA-BIT
n A®A-XTIT c paboyen nosepxHocTbto 10, 20 n 36 cm?,
TO eCTb ee gmameTp paseH 3.5, 51 7 cm. Ecnu 3arpss-
HeHVe BO3ayxa NnaHupyeTcs KOHTPONMpoBaTh C No-
Mowbo MeToga POA, To npegnodteHne crnegyet oT-
aatb unsTpam ¢ guameTpom He 6onee 5 cM, Tak kak
13 BCero Matepuvarna Takoro unsTpa MoXHO ccop-
MUPOBaTb MPaKTUYECKN OBYXCIONHbIA U3nyyaTenb
anameTpom 3 cm.

B HacToswee BpemMs pa3paboTaHa TeXHoMnorus,
No3BOnsoLLLaa co3aaBaTh NEHOYHbIE aTTECTOBAHHbIE
cmecu Ha ocHoBe ML n nopoLuKa-HOCMTeNs aHanmToB,
KOTOpbI€ N0 CBOUM (PUBNKO-XMMUYECKUM CBOMNCTBAM
afilekBaTHbl punbTpam, Harpy>xeHHbIM a3po30MsiMuU
[12, 13, 15]. MoaToMy ANs peHTreHoMyopeCLEHT-
HOro KOHTPONS 3arpsi3HeHNs atmocdepbl 1 BO3ay-
xa paboyen 30Hbl pekoMeHayem npobbl BO3ayxa OT-
6upaTtb Ha puneTpbl AGA-XA-20, Tak Kak MaccoBble
koadduLmeHTsl (U, ) ocnabneHuna dryopecueHT-
HOro M3nyyeHus matepmanom atoro gpunstpa n MU
ONS LWMPOKOro AvManasoHa AfMH BOSMH MPaKTUYecKu
paBHbl (Tabn. 3).

3akoyeHue

OueHeHa 3aBMCUMOCTb TOYHOCTM (K03 puLmeHT
Bapuauuu V,) pesynbratos POA ot unicna n usny4ya-
Tenewn, Bblpe3aHHbIX U3 OQHOro HarpyXeHHoro ounb-
Tpa. YCTaHOBMNEHO, YTO NPU UCMOMb30BaHUN OOHOMO
(n = 1) nanyyatena guameTpom 3 CM, BbIpe3aHHOro
13 ueHTpa dunsTpa AameTpom 9 CM, NOrpeLlHoOCTb
V., nocturaet 40 %; C pOCTOM N OHa YMEHbLLAETCs, U

npu n = 5 coctaBnseT npumepHo 6 %, 4To cooTBeT-
CTBYET YPOBHIO CINy4YalHOW NOrpeLuHOCTU pesyrbTa-
ToB P®A asposonei. isrotoBneHne MHOroCnomHoro
usny4aTtens u3 BCcero matepmana unerpa ykasaH-
HOro pasmepa, yMeHbLUaeT KOHTPaCTHOCTb CNeKkTpa
B 6 pas, 4To NpMBOAWUT K yBENUYeHUIo npeaena obHa-
py>XeHus anemeHToB. [laHbl pekoMeHaaumu no Bbl6o-
Py YCNOBUI KOHTPONS 3arpsi3HEeHns BO3gyxa C NoMo-
wbto metoaa POA.
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