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BBElIEHI-1E 

KaK HSBeCTHO, AJ1R onpeAeneHHR 3neMeHTHOrO COCTaBa SOnbl yrllR 
HcnollbsyeTcA PRA QJHSHKO-XHMH4eCKHX MeTOAOB, YTBepl«AeHHbIX rocy
AapCTBeHHblM CTaHAapTOM CCCP H 05eCne4HBalOIlIHX nOllY4eHHe HaAel«HblX 
peSYllbTaTOB. BMeCTe C 3THM npeACTaBllReT OnpeAeneHHblH npaKTH4e
CKHH HHTepeC paCCMOTpeHHe BOSMOmHOCTH npHMeHeHHR ellle OAHOrO Me
TOAa HCClleAOBaHHR - MeTOAa, OCHOBaHHOrO Ha HSMepeHHH XapaKTepHC
TH4eCKOrO peHTreHOBCKOrO H311Y4eHHR npH 60M6apAHPOBKe 3011bl yrlle~ 
nY4KOM HOHOB BOAOpOAa HnH 4He+, YCKOpReMbiX Ha YCKOpHTellRX 3apR
meHHblX 4aCTHlt. YKaSaHHblH MeTOA 06ecne4HBaeT OAHOBpeMeHHOe nOllY
4eHHe AaHHblX no MHKp0311eMeHTHOMY COCTaBY 6011ee 4eM AllR 20-25 
3neMeHTOB C Z. HaxoARIlIHMHCR B HHTepBane 13 ~ Z $ 92, npH noporo-
BOH 4YBCTBHTenbHOCTH Ha YPOBHe n· 10 -5 aT· %, rAe I!> n !> 5. 
BamHOH ocofieHHOCTblO MeTOAa RBnReTCR TO, 4TO AllR onpeAeneHHR 
311eMeHTHoro COCTaBa He TpefiyeTcR HcnOllbSOBaHHR CTaHAapTOB, 4TO 
ueHHo B pRAe npaKTH4eCKHX clly4aeB. 

OnHcaHHIO 3TO~ MeTOAHKH H3MepeHHH, OCYllleCTBlleHHOH B 06beAHHeH
HOM HHCTHTYTe RAepHblX HccneAOBaHH~ Ha nY4Ke YCKopeHHblX HOHOB BO
AopoAa, YCKopReMbiX Ha 311eKTpOCTaTH4eCKOM YCKopHTene BaH-Ae-rpaa
QJa Ol-1nl-1,H nOCBRllIeHa HaCTORllIaR pa60Ta. B pa60Te npeACTaBneHa Me
TOAHKa 3KcnepHMeHTa,onHcaHbl QJHSH4eCKHe OCHOBbl MeTOAa,AaHbI peSYllb
TaTbi H3MepeHHH KOHueHTpaUHH npHMeCHblX 3neMeHTOB Fl 06pasuax 3011bl 
yrnR,B3RTblX C OAHOH 1013 rp3C Ys6eKcKoH CCP. nonY4eHHble peSYllbTa
Tbi cpaBHHBanHCb C HSMepeHHRMH 3THX l«e 06pa3uoB XI-1MH4eCKHM MeTO" 
AOM '1/. Ha OCHOBaHHH cpaBHeHHR peSYllbTaTOB, nOllY4eHHblx 060HMH 
MeToAaMH, CAenaHo 3aKll104eHHe 0 npHMeHHMocTH MeToAa. 

1. 	 METOlll-1KA OnPElIEnEHI-1R 3nEMEHTHOrO COCTABA 

C npl-1MEHEHI-1EM npOTOHHOrO B036YIlIEHI-1R 


fKOHueHTpaUHR c 311eMeHTa f. BXOARllIero B COCTaB 30nbl yrnR. 
onpeAellRnaCb no H3MepeHHIO HHTerpallbHoH HHTeHc1BHoCTH xapaKTe
pHCTH4eCKoro peHTreHOBCKoro HSllY4eHHR IXPI-11 Yj s j -nHHHH s-ce

fpHH 3Toro 3neMeHTa. CBRSb Yjf H c onpeAellReT'cR ypaBHeHl-1eM BI-1Aa 
,II 

f x cOll8 
f cf L f '"il. j CMii! 

YJ,s 7npl! aj,s (E(x»)e dx, 	 III 

rAe aj,s - ce4eHHe BblxoAa XPI-1 J-llHHHH s -cepHH 3neMeHTa f. BOS
6Yl«AaeMOro npoToHaMH C 3HeprHe~ E, aLe = a j W, rAe a - Ce4eHI-1eJ 
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VlOHVl3a~VlVI, a w - cPnyopec~eHTHbli:1 BblXOA s -000n04KVI; n p - 4V1CIlO 
npOTOHOB, naAa~Vlx Ha MVlweHb, L,Af - 4V1cno ABoraAPO VI aToMHbli:1 
Bec, € - 3cPcPeKTVlBHOCTb perVlCTpa~VIVI peHTreHOBCKoro Vl3nY4eHHH, 
R - MaKCHMaIlbHblH npooer npOTOHOB B MVlweHH, ~~ - MaccoBbli:1 K03cP
cPH~HeHT OCIlaOIleHHR peHTreHOBCKoro H3IlY4eHHRJ tnHHHH s-cepHH 3Ile
MeHTa f 3IleMeHTaMH, BXOARlIlHMH B COCTaB MHweHH: tL~ I tLf,k • c k, 

f k j 
rAe tL{k - oCIla6IleHHe H3Ily4eHHR 3IleMeHTOM k, BXOAHlIlHM B COCTaB 
MaTpH~bI MHweHH C KOH~eHTpa~HeH ck; 9, ~ - yrIlbi Me~AY HopManb~ 
K 06IlY4aeMoi:1 nOBepXHOCTb~ H HanpaBneHHeM OCH ny4Ka H AeTeKTopa 
cooTBeTcTBeHHOj x - rnyoHHa H3IlY4an~ero cnOR e r/cM2. 

KaK BHAHO, onpeAeIleHHe c f H3 ypaBHeHHR III BeCbMa 3aTpYAHeHO, 
nOCKOIlbKy nOA HHTerpanOM HaxOAHTCH BenH4HHbt 0 (E (x», tL j' KOTO
pble caMH 3aBHCRT OT onpeAeIlReMoro 3neMeHTHoro COCTaBa MaTpH~bl • 
.D.nR 4aCTHoro cny4aR, KorAa CYMMapHaR KOH~eHTpa~HH OCHOBHblX 3ne
MeHTOB, BXOARlIlHX B COCTaB MaTpH~bl, H3BecTHa, paC4eT, KaK 3TO 
CAenaHO B paooTe 121 , Mo~eT OblTb ynpolileH. OH OCHOBblBaeTCH Ha 3KC

nOHeH~HanbHo.:1 annpOKCHMa~HH 3aBHCHMOCTH ce4eHHH BblXOAa xapaKTe
pHCTH4eCKoro H3IlY4eHHR j-IlHHHH 3neMeHTa f OT nOBepxHocTHOH nIlOT
HOCTH' x Vl3nY4a~ero cnOH. CornacHo 181 , OHa npOBOAHTCH ypaBHeHHeM 
BHAa 

- 1If. X 
of (X) 0"0 fJ. s 121 
rAe U oe - ce4eHHe BblxoAa XPVI AnR 3neMeHTa e npH 3HeprHH Eo Uo '" 

= Uj,s InpH x = 01; ve - napaMeTp, xapaKTepH3Y~lIlHM H3MeHeHHe 
HOHH3HpY~lIleM cnocooHoCTVI npOTOHa C rIlyoVlHOH npOHVlKHoeeHVlR B 06
pa3e~. BenH4V1Ha ve onpeAenReTCA nony3MnHpH4eCKHM COOTHoweHHeM 

BVlAa 

f
S 1 (E I) 0' j, S (E 1) 

<= 6,87--(1- .) , /31ve 
Eo 0 0 (Eo) 

rAe Eo - 3HeprHR naAa~ero npOToHa, Sj(E I ) -·TopM03HaA cnocoo
HOCTb B OCHOBHOM 3neMeHTe OAHoKoMnoHeHTHoH MaTpH~bI; o(E I ) HnVl 

O'(E 0) OTHOCVlTCR K 3neMeHTY, Vl3nY4eHVle KOToporo Mbi Ha6Il~AaeM; 
E I= OtBEo. nOAcTasnHA ypaBHeHHe 12/ s ypaBHe~He Ill, nonY4aeM 
COOTHoweHVle AnR VlHTerpanbHOH HHTeHCVlBHOCTVI Yj,s (R) aHanHTH4ecKoi:1 
IlVlHVlH onpeAeneHHoro 3IleMeHTa AnA scero CIlOA MaCCVlBHoro oopa3~a 

e k -.::_:~(-!eR oos e2
Y (R) ~ce 0'0 141 

j. s cos 9 fle 
rAe 

evi tL . 
k = .!l:-n· fle --- + _...l_; 151f •

A oose oos~ 

€, L. A f onpeAeneHbl paHee. 

,/lIlR MHorOKOMnOHeHTHblX MaTpH~, KaKHMVI ABIlA~TCA 30Ilbl yrIlA, BbI
pa~eHHe AJ1A fle, corIlaCHO '31 ., MO~KeT OblTb npeAcTaBneHo B BVlAe 

II e 
(:3e 0 IcjS.(EI) ___l_IC.tLf,l 161 

So (E
I
) cos e j 1 COS ~ 1 

rAe S - TopM03HaH cnoc06HoCTb HOHOB B aHaIlH3V1pyeMoM Be
lIleCTBe. VlHAeKC e nOA4epKHBaeT, 4TO H3MepeHHe xapaKTepVlcTVl4eCKO
ro peHTreHOBCKoro Vl3IlY4eHHH npoBoAVlTCA OT 3IleMeHTa Y. BxoAHlilero 
B COCTaB CIlO~HOH MaTpHUbI, KOTopaR caMa COCTOVIT Vl3 MaKpOKOMnOHeH
TOB C KOHueHTpaUVle.:1 C j ; 8 j - TopM03HaH cnoc06HOCTb npOTOHOB 
B MaTpVl~e, COAep~alllei:1 TOIlbKO OAHH li-~I MaKpOKOMnOHeHT. 

BXOARll.\He B cPopMyny 161 napaMeTpbl S i' So. tL· onpeAeIlA~TCR 
H3 Ta6IlVl~/4,5/; BeIlH4V1Ha vf - H3 ypaBHeHHA 13/. PaccMoTpVlM,KaK 

onpeAeIlH~TCA BeIlVl4HHbl, BxoARlIlVle B (jlopMynbl 141 H 151. BblXOA XPVI 
Yjf onpeAeIlHeTCR no H3MepeHH~ nIlOlllaAH nHKa B cneKTpe xapaKTepVlC,s 
TH4eCKoro peHTreHOBCKoro Vl3IlY4eHHA C nocneAY~ll.\el~ oopal'ioTKoi:1 no
nY4eHHbiX cneKTpOB no cne~HanbHo.:1 nporpaMMe Ha 3BM PDP-ll 170. 
BeIlH4HHa Us C4HTbiBaeTCR H3 Ta6IlVl~ 0" s '" f(E) I z' COCTaBIleHHblX Ha
MH B pe3YIlbTaTe ycpeAHeHVlA ony6IlVlKoBaHHblx AaHHblX no 3TVlM 3aBHCH
MOCTAM 16/. BeIlVl4V1Ha II. AIlH 3neMeHTOB C aTOMHblM HOMepOM Z. Haxo
ARlIlHMCA B HHTepBaIle 11 < Z < 33, oepeTcR H3 Taf5nVlU MOHTeHerpo 
VI AP. /7.', a AIlR 3IleMeHTO-B C 33 < Z < 92 - H3 TaonVl~, COCT aBneHHblX 
1--

HaMH 18 , B KOTOPblX Ha OCHosaHHVI Ta6IlVl~ J1HnO "6ypeBeCTHVlK" 191 npo-

BeAeHO ycpeAHeHHe 3Ha4eHVI.:1 3HeprVlH AIlH K a' K fl. La' L fl VI APyrHx 
H3nY4eHVlH C Y4eTOM HX BepOHTHOCTVI. 4V1CIlO 4acTHU, naAa~ll.\HX Ha MH
weHb, onpeAeIlAIlocb HHTerpaTopoM TOKa no Vl3MepeHVI~ 3apRAa, nepe
HOCVlMoro Ha MHweHb nY4KOM YCKopeHHblx HOHOB. 3(jl(jleKTVlBHoCTb AeTeK

TVipoBaHVlA (, 3Ha4eHHe KOToPOi:1 He06xoAVIMO AnA pac4eTa KOH~eHTpa
UHH, onpeAeIlRIlocb no Vl3MepeHVI~ BblxoAa XPVI OT cTaHAapTHbix MHweHei:1 
IAI, S, CI, Ca, Ti, Cr, Ni, Fe, Cu, Ge, Mo, Ag, Sn, Rb, Ru/. 4HC
110 aTOMOB KOTOPblX H3BeCTHO H 3HeprHH peHTreHOBCKoro H3nY4eHHA KO
TOPblX nepeKpl.ol!:.laeT HHTepeCY~HH Hac HHTepsaIl 3HeprHM 11, 30 K3B/. 
4HCIlO aTOMOB CTaHAapTHblX MHweHe.:1 B aT/cM2 onpeAenAIlOCb no ynpyro
My pacceRHH~ HOHOS 'He C 3HeprHei:1 2-3 M3S B TOM ~e reoMeTpHH, 
npH KOTOPOM npoBoAHIlHCb H3MepeHHR BblxoAa XPVI. 

2. METO,/lViKA 3KCnEPVlMEHTA 

CxeMa OnblTa npeACTaBIleHa Ha pHc.l. KaK BHAHO Vl3 pHcYHKa, ny
40K npoToHoB HnH HOHOB tHe OT 3IleKTpOCTaTH4eCKoro YCKopHTenR 
OVl~VI, npoHAH Y4aCTOK HOHoropoBoAa, nonaAaeT Ha MHoron03H~HOHHY~ 
MVlweHb, HaxoARlIly~CH B ~eHTpe KaMepbl H3MepeHHM. Ha 3TOM Y4aCTKe 
nY40K cP0pMHpyeTcR 4eTblpbMR AHacPparMaMH. PaBHoMepHo'e pacnpeAene
HHe TOKa Ha MHweHH 06ecne4HBaeTcH pac¢lQKycHPoBKo.:1 nY4Ka B ABYX 
B3aHMHO nepneHAVlKYIlRPHblX HanpaaIleHHRX C nOMOll.\b~ 3IleKTpOCTaTVl4e
CKHX IlHH3. MHweHb H30nHpOBaHa OT Kopnyca H npHcoeAVlHeHa K HHTer
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PUC. I. CxeMa OIlbITa. I - BaKYYMHble 3aTBopbl, 2 - aSOTHaJi 

JIOBYll!Ka , 3 a-r - KOJIJIHMaTopbI, 4 - rrpOMelKYTO'!HaH KaMepa, 

5 - ,n;eplKaTeJIb MHmeHeH, 6 - Hacoc BblCOKoro BaKYYMa, 7 _ 
rrpll60p Ha6mo,n;eHllH 3 a rry'!KOM, 8 - KaMepbl XPH, 9 - llllJIllH,n;p 
$apa,n;eH, JO - Si(Li)-,n;eTeKTOp. 

FEc. 2. fpaHYJJOMeTpl1'1eCKllH COCT3J3 30JIhl yrJIH 6e3 pa3MeJIb'lCHllll. 

paTOPY TOKa.nOA yrnoM 900 no OTHoweH~~ K naAa~eMy ny4KY Ha pac
CTORH~~ 50 MM OT ~eHTpa M~weH~ KaMepd ~MeeT OTBepCT~e, nepeKp~
BaeMoe MaHnapoBoH $OnbrOH Ton~~HoH 10 MKM. 3a MaHnapoB~M OKOW
KOM YCTaHoBneH Si(Li)-AeTeKTOP, ~Mnynbc~ OT KOToporo, npOHAR 
4epea npeAyc~n~Tenb ~ yc~n~Tenb, HaKann~Ba~TCR B naMRT~ 3BM 
MEPA-60. Yc~n~Tenb 06ecne4~BaeT cTa6~nbHocTb HyneBoro YPOBHR 
Ha B~xoAe ~ ~HA~Ka~~~ ~MnynbcoB caMoHano~eH~H. 6noK-cxeMa pe
r~cTpa~~~ XPI-1 ~MeeT C4eT4~K 1I~~Boro BpeMeH~II, KOTOPblH CYMMI1PyeT 
MepTBoe BpeMR AeTeKT~poBaH~R B npeAYC~nI1Tene, yc~n~Tene 11 MHoro
KaHanbHOM aHan~aaTope ~MnynbcoB ~ aBTOMaTI14eCK~ BblAaeT "~~Boe 
BpeMA n C4eTa Ha CBeTOBoe Ta6no 3Toro np~60pa. 3HepreT~4ecKoe pas
peweH~e cneKTpoMeTpa, ~aMepeHHoe Ha n~H~~ 6,4 K3B OT &7Co, co
CTaBnReT 220 aB. B KaMepe nOA yrnoM 135 0 YCTaHOBneH KpeMH~eB~H 
nOBepxHocTHo-6aObepHbll'I AeTeKTOP. I1cnonb3yeMblH AnR OAHOBpeMeHHO
ro ~3MepeHI1R ynpyroro pacceRH~R ~OHOB 4He. np~HRTa cneAY~
~aR MeTOA~Ka nOArOTOBK~ npo6. BbicyweHHble B BaKYYMe 30
nbl yrnR onpeAeneHHOI1 np06b1 T~aTenbHO B Te4eH~e OAHoro 4aCa 
paCT~panl1Cb B araTOBOH cTynKe. 1-13 pasMenb4eHHoro TaK~M oopasOM 
nopowKa oT6~panaCb npo6a BeCOM 500 Mr ~ npeCCOBanaCb AO AaBneH~R 
30 TOHH Ha CM2. 

P~c.2 ~ 3 npeACTaBnR~T C060H $OTorpa$~~ rpaHynoMeTp~4eCKoro 
COCTaBa aonbl yrnR 6ea pa3Menb4eH~R ~ C paaMenb4eH~eM, npOBeAeH
HbiM B Te4eH~e 60 M~HyT. $oTorpa$~~ nonY4eHbI Ha pacTpy6HoM aneKT-

PllC. 3. fpaHYJIOMeTpl1'!eCKl1H COCTaB 30nhl yrJIH rrocne pa3Menb

'IeHllJi B Te'leHlle 60 MJ1HYT. 
4 
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POHHOM MHKpOCKone. no HHM BHAHO, 4TO ecnH AHaMeTp 4aCTH~ AO pa3
Menb4eHHR COCTaBnRn 130 MKM, TO nocne pa3Menb4eHHR s Te4eHHe 
60 MHHYT HX cpeAHH~ pa3Mep YMeHbwaeTCR AO 4 MKM. KaK nOKa3anH 
HccneAOBaHHR, pa3Menb4eHHe AO TaKHX pa3MepOB AOCTaT04HO AnR no
nY4eHHR pe3ynbTaTa, no KOH~eHTpa~HH He 3aBHCR~ero OT AanbHe~wero 
pa3Menb4eHHR. 

3. MHKP03nEMEHTHblVl AHAnH3 30nbl yrJlR 

ItlccneAoBanHCb 06pa3~bI 30nbl yrnR, B3RTbie C OAHO~ H3 rp3C Y3
6eKCKO~ CCP. 

KaK cneAyeT H3 <jJ0pMynbl /6/, AnR onpeAeneHHR KOH~eHTpa~HH MHK
p03neMeHTOB, BXOARUlHX B COCTaB 30nbl yrnR, He06xoAHMO 3HaHHe KOH
4eHTpa4HH 3neMeHTOS, onpeAenR~UlHX OCHOBHO~ /95%/ COCTaB MaTc i 
PH4bl. n03TOMY OCHOBHblM ycnoBHeM npOBeAeHHR aHanH3a MHKp03neMeH
TOS RsnReTCR onpeAeneHHe OCHOBHblX 3neMeHTOB, BXOARUlHX B HX co
CTas. 3THMH 3neMeHTaMH 6blnH: yrnepoA, KI'ICnOpOA, MarHHI7I, anlOMH
HH~, KpeMHH~, cepa, Kanb4H~, ~ene30. OnpeAeneHl'le KOH~eHTpa~H~ 
KHcnopoAa, MarHHR, an~MHHHR, KpeMHHR, cepbl, ~ene3a npoBoAHnocb 
XHMH4eCKHM MeToAoM cornaCHO /1/, KOH~eHTpa~HR yrnepoAa onpeAenR
naCb nOTeH41'10MeTpH4eCKI'IM MeTOAOM /10/, nOCKOnbKY KOH~eHTpa~HR 
KHcnopOAa B OCHOBHO~ MaTpH~e 30nbl cocTasnReT nopRAKa OT Bce
ro COCTaBa MaT PI'I4b1, B ~enRX KOHTponR npaBl'lnbHOCTH onpeAeneHHR 
KOH~eHTpa~HH KHcnopOAa 3TH BenH41'1HbI onpeAenRnl'lCb He~TpOHHO-aKTI'I
Ba~HOHHblM MeTOAOM. 8 Ta6n.1 npHseAeHbI AaHHble 3Toro aHanH3a, rAe 
B nepso~ H BTOpO~ cTpoKax cOAeplKaTcR AaHHbie no KOH~eHTpa4HH KI'I
cnopoAa,onpeAeneHHble XHMI'I4eCKHM 1'1 He~TpoHHo-aKTHBa~I'IOHHblM MeTO
AOM /11/ COOTBeTCTBeHHO. 8 nocneAHe~ cTpoKe - OTHOCHTenbHble Benl'l 
4HHbI pa3HocTH 3THX KOH~eHTpa~H~ B npo4eHTax. KaK BI'IAHO 1'13 Ta6nl'l 
~bl, COBnaAeHHe pe3ynbTaToB BeCbMa xopowee. 

Ta6nHu,a 

06paseu, 06paseu, 2 06paseu, 3 06paseu, 4 06paseu, 5 

44,6 45,83 44,0 43,S 43,4 
44,8 44,5 46, I 43,8 45,4 
-0,5 +3 -5 -0,7 -4,4 

Ha pHc.4 npeACTaBneH THnH4HbI~ 3HepreTI'I4ecKI'IA cneKTp xapaKTe
pHCTH4eCKoro peHTreHOBCKoro 1'13nY4eHHR OAHoro H3 o6pa34oB 30nbl 
yrnR npH B036YlKAeHI'IH ero nY4KOM npOTOHOB C 3HeprHe~ 3,0 H3B. 

8 Ta6n.2 npl'IBeAeHbI pe3ynbTaTbi onpeAenCHI'IR KOH4eHTpa~HH MHKPO
3neMeHTHoro COCTaBa 06pa3~oB 30nbl yrnR OAHOM 1'13 rp3C Y36eKCKP~ 

CCP. 

6 
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o 500 1000 1500 2000 2500 3000 3500 n 

PHC. 4. 3nepreTHl!eCKHH cneKTp xapaKTepHCTH'leCKOrO peHT

reHOBcKoro HSJlyqeHH'T f),!:VlOro HS o6paSIJ,OB 30Jlbl yrnH IlpH 

Bos6Y)!(,ll,eHHH ero nyqKOM npOTOHOB C 3HeprHeil: 3 tbB. Ha 

OCH a6CIJ;HCC - KaHarIhl MHorOKaHanbHoro aHarIH3aTOpa HM

nynbCOB. Ha OC11 op,ll,HHaT - OTliOCHTenbHblii C'leT B KaHaJle. 

KalKAbI~ H3 nonY4eHHblX pe3ynbTaToB RBnReTCR ycpeAHeHHo~ Benl'l 

4HHO~ H3 H3MepeHH~ Tpex o6pa3~oB OAHO~ cepHH. tlaHHble BToporo 
cTon6~a Ta6nH4b1 nonY4eHbI XHMH4eCKHM MeTOAoM. CpeAHeKBaApaTI'I4HaR 
oWH6Ka B onpeAeneHHH KOH~eHTpa4HH He npeBblwaeT 20%. OHa cnaraeT
CR H3: 


l~ OWH6KI'I B onpeAeneHHI'I BblXOAa xapaKTepI'ICTH4eCKOrO peHTreHOBCKO

ro H3nY4eHHR /115%/; 


6/ OW~6KH B onpeAeneHl'I1'I 3<jJ<jJeKTHBHoCTH C4eTa XPH - 51 

B/ OWH6KI'I Ce4eHI'IR XPItl /H3 Ta6nH4/ - 7+10%; 

r/ oWH6KH B onpeAeneHl'I1'I ~ - 14%, B KOTOPYIO BXOART OWH6KH B onpe

AeneHl'I1'I 11/7%/. 


npaBHnbHOCTb npl'IHRTOrO HaMH MeTOAa onpeAeneHI'IR 3neMeHTHoro 
COCTaBa 30nbl yrnR npOBepRnaCb no H3MepeHHIO 3neMeHTHoro COCTasa 
pRAa B03AYWHO-CYXHX CTaHAapToB /Cn-1, Cn-2, C8T-13/, H3rOTOBneH
HbiX B cooTBeTcTBHH C rOCT 14263 H BHeceHHblX B rOCYAapcTBeHHbI~ 
peeCTp Mep H H3MepI'ITenbHblX npH6opoB. 

7 



Ta6JIHI:\a 2. 3JIeMeHTH~ COCTaB 30JI~ yrJIH B % 

3J1e- Odpas6U I OdpaseIJ; 2 OdpaseIJ;'J OdpaseIJ; 4 06pa36U 5 (") 

weHT 	 §XHW. IIpoToH. XHM. ilpOTOH. XKM. npoTOH. XHN. llpoToH XHM. IIpoToH 
!l:weTOA Bos6. MeTOA 80s6. NeToA B036. MeTOA 8036. MeTOA B036. J:: 
10

C 0,52 2,02 0,63 0,35 0,72 	 (1j 

o 44,6 45,83 43,93 43,5 43,4 E-I 

Mg 1,87 1,45 1,93 1,57 2,1 
Al 13,1 12,71 13,6 I2,4 13,2 ,. 
Si 22,63 23,43 22,5 22,5 21,1 
S 0,08 0,2 0,36 O,I2 0,72 ~ 
K 0,65 0,85 0,58 0,56 0,63 :Ii 

Ca 7,5 4,00 5,93 5,80 7,43 4,00 5,79 3,28 9,14 5,1 • 
Q) 

~ ~ Ti 0,42 0,43 0,34 0,56 0,41 Eo< 10 
P. t'lV 0,025 0,06 0,083 (1j 0

Cr 0,02 ~ >Xl 

Mn 0,31 0,57 0,28 0,41 0,31 co 0 
!'< t:.; 
U 0Fe 9,3 9,65 8,6 3,152,91 7,696,55 3,29 3,1 :Ii
Cu CQ :Ii
0,0043 0,0084 0,012 O,OI6 0,013 o 
CQ !'<Zn 0,13 O,Il 0,43 O,2I 0,60 o 0 
Eo< P.Ga 	 0,0037 :Ii t::

Ge 0,0075 0,0029 0,0085 O,009I 	 (I)
X ~ 
(I) ,.QSe 0,00028 	 0,0035 J:: aBr 0,00027 0,0046 0,0016 0,0066 (!l 0 


Rb 0,027 0,012 0,038 0,025 0,037 t>:: 0 
X 


:s: t::Sr 0,12 0,012 0,14 o,n 0,17 :Ii 
(I) U

Zr 0,032 0,034 0,026 0,029 O,04I § ti
Nb O,OOIl 0,0015 0,002 0,00027 0,0029 ti 0 

(I) P. 
Mo 0,00038 	 0,0006 0,00024 P. 0 

t:: t::
Cd 0,034 0,039 0,027 0,026 0,043 o 
In 0,0072 0,0092 O,OIl O,OI3 0,020 CQ ~ 

o :Ii
Sn 0,0026 	 0,0016 0,0035 Eo< P. 

\"1l 0
Ba 0,61 0,72 0,45 0,68 0,74 E-< t:.; 

,.Q 

Ce 0,02 0,91 f;i. :s: 

Nd 0,040 0,083 0,026 O,I3 0,15 t'l CQ 


(I) ::r 
Pb 0,005 O,02I 0,01 0,035 O,I7 P. 0 

t::i (I) 
is! X 
:Ii t1l

H3MepeHHR 3neMeHTHoro COCTaea cTaHAapToB npOBoAHnHcb Ha MH (I) ::f 
:Ii crl 

UJeHRx, H3 rOTOBJ1eHHblX TeM lKe MeToAoM, 4TO H MHUJeHH 3 OJ1bl yrm'l. III co 
<1:1 P.B Ta6J1.3 npeACTaBJ1eHbI pe3yJ1bT~TbI onpeAeJ1eHHR KOH~eHTpa~HH Hccnc P.IO 

AyeMbix CTaHAapTOB. B 3TOH Ta6nH~e npHeeAeHbI nacnopTHbie r.;aHHble 
U 0 

3TaJ10HOe H eeJ1H4HHa I), xapaKTepH3YlOOlaR paCXOlKAeHl1e pe3YJ1bTaTOB. 

H3 cpaeHeHH.fI BI1AHO, 4TO AnR 60J1bWHHCTea Ha6J1IOAaeMbIX 3J1eMeHTOB 

pe3YJ1bTaTbl e npeAeJ1ax OUJI160K cornaCYIOTCfI MelKAY co6o~. B Aonon

HeHl1e K npl1 BeAeHHblM 113MepeHHRM B T a6J1. 2 H 3 COAeplKaTCfI AaHHbie 

no onpeAeneHHIO KOH~eHTpa~1111 Ca H Fe XHMH4eCK~M MeTOAOM. H3 Ta6

J111~ flCHO, 4TO ecnH AJ1f1 Fe KOH~eHTpa~HH, onpeAenfleMbie 060HMH Me

TOAaMH. XopOWO corJ1aCYIOTCfI MelKAY co6o~, TO AJ1R Ca 3TO paCXOlKAe
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H~e 	AOCT~raeT 45%. ~ XOTR CTonb 60nbwoe pacxomAeH~e Ha~OA~TCR 
11. 	 npOKMaH ~.H., Ka3aHlIeB A.H. ~ AP. AOKnaAbl I I I BcecolO3HoroB npeAenax OW~60K ~3MepeH~R, AonYCKaeM~X KamA~M MeTOAOM, He 

COBe~aH~R no np~MeHeH~1O YCKop~Tene~ 3apRmeHH~X 4aCT~lI B Ha
~CKnI04eHO, 4TO np~4~HO~ TaKoro pacxomAeH~R MomeT 6bITb norpew

POAHOM X03R~cTBe , T. IV, JleH~HrpaA, H~~3~A, 1979, c.l07-118.HOCTb, AonYCKaeMaR HaM~ np~ onpeAeneH~~ nno~aA~ 3HepreT~4eCKoro 

cneKTpa xapaKTep~CT~4eCKoro peHTreHOBCKoro ~3nY4eH~R Ca. KOTOPbl~ 


HanaraeTCR Ha cneKTp TOpM03Horo ~3nY4eH~R, 06pa30B~BalO~erOCR np~ 


B3a~MOAe~CTB~~ YCKopeHH~X npOTOHOB C M~weHblO 30n~. 


.. 
3AKruo4EH~E 

HeTOA onpeAeneH~R 3neMeHTHoro COCTaBa 30n~ yrnR, OCHOBaHH~~ 


Ha ~3MepeH~~ xapaKTep~CT~4eCKoro peHTreHOBCKoro ~3ny4eH~R np~ 6 


60M6apA~pOBKe ~ccneAyeMblx 06pa3l10B nY4KOM npOTOHOB, MomeT 6~T b 

BeCbMa none3eH np~ Heo6xOA~MOCT~ npOBeAeH~R 3neMeHTHoro aHan~-
3a C HeCKonbKO ynY4weHHO~, no cpaBHeH~1O C APyr~M~ MeTOAaM~, no

porOBO~ 4YBCTB~TenbHOCTblO /n·l0-5 %/. BamHaR oco6eHHOCTb MeTO-

Aa - B03MomHOCTb onpeAeneH~R KOHlIeHTpall~~ 6e3 ~cnonb30BaH~R 


CTaHAapTOB. K AOCTO~HCTBaM MeTOAa cneAyeT TaKme OTHeCT~ B03Mom

HOCTb OAHOBpeMeHHoro 3KcnpeCCHoro onpeAeneH~R KOHlIeHTpall~~ AO 

25 3neMeHTOB C Z. HaxoAR~~M~CR B ~HTepBane 13« Z .::; 92. 


ABTOP~ B~pamalOT rny6oKYlO 6narOAapHocTb npo~eccopy H.~.Wn~pTY 


3a nOMO~b B pa6oTe. ABTOP~ TaKme 6naroAapH~ A.H.Ka3aHlIeBY 

~ 3.~.K~pn~KoBY 3a pa60TY no onpeAeneH~1O KOHlIeHTpall~~ K~cnopoAa 


~ yrnepoAa B ~ccneAyeM~x 06pa3l1ax. 
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HET 1111 nP06EJIOB 8 BAIUEH 6!16JIJ10TEKE? 

8hl MOJKCTC no.IIY411Tb no no4TC nepC411CJICHHbiC HlllKe KHIIrl1, 

CC.IIH OHM He 6bl.lll1 33K333Hhl paHee. 

AZ-82-568 

A9-82-66lt 

A3,4-82-70lt 

A11-83-511 

A7-83-644 

.A2, 13-83-689 

A13-8lt-63 

A2-8lt-366 

A1,2-84-599 

A17-84-8SO 

A10, 11-84-818 

11 1•-BS-851 

A11-8S-791 

A13-8S-793 

TpyAW cose~aHHA no ~ccneAOBaHHR~ B o5nacTH 
penAT~B~cTcxoH AACPHOH ¢~3~KH. AY6Ha, 1982. 

TpyA~ coae~aHHA no KonneKTHBH~M MeTDAaM 
ycKopeHHA. AY6Ha, 1982. 

TPYA"' IV flelO<AYHapoAHOH wxonbl no HeHTPOHHoH 
¢H3HKe. AY6Ha, 1982. 

TPYAY cooe~aHHR no cHcTeMaH H MeroAaH 
aHanHTH4eCKHX B~4HcneHHH Ha 38H H HX nPHMeHeHHO 

B TeopeTw•ecKOH ¢'13HKe. AY6Ha, 198L 
TPYAY He~yHapoAHD" wKonw-ceMHHapa no ~H3HKe 
fAlO<eflblX HOHOB. AnywTa, 1983. 

TpyAY pa5o4ero coee~aHHA no npo6neMaH H3ny4eHHA 
H AeTeKTHpoeaHHA rpaBHTaUHOHHYX sanH. ny5Ha, 1983. 

TpyAbl XI Me"'AYHapoAHoro CHMno3HyMa no 
AAepHoH 3neKTPOHHKe. 6parHcnaea, 

4exocnosaKHA, 1983. 

TpyAbl 7 Me>~<AyHapOAHoro coBe~J~aiiHA no npo6neMaH 
KBaHTOBOH TeopHH nonA. AnywTa,. 1984. 

Tpy~w VII He~QyHapoAHoro CCMHHapa no npofineMaM 
'+'r•J"'"...-. <>t>O'-'-'"r'IA jHt~l HL1. 1-J.Yl.:Hd,. I ':JO'i • 

TpYAW W HewAyHapDAHOro CHMno3HyMa no H36paHHY~ 
npo6neMaM craT~CTH4eCKOH MexaHHK~. AY6Ha, 1984. 
/2 TOMa/ 

Tpyn~ V HewnyHaPDAHDro coec~aHHA no npo-
6ncMaM MaTeMaTH4ecKoro MDACnHpooaHHR, npo-
r pa1-U·H1pOoatH110 H MaTeMaTH4CCKHM MeToA''aM pewe

fH1R ¢H3<1'<CCKHX 3aAa4. ,'tyGHa, 1983 

TpyAbl IX BcecoY.l3HOrO coee~J~aHHR no ycxopHrenaM 
3.1PflWC1HlbiX 4~CTHlj. /ly6Ha, 198~ /2 TOMa/ 

Tpynw MC*AYtidPOAHO~ WKOn~ no crpyKType 

anpa, AnywTa, 1985. 

Tpyr\bl He>+<flYH,lPOfp·mr-o coeeutaHHR no aH<HH1THYCCt01M 

Bblq~1Cfll'IH1RH Ha JBM H HX npHMCHCHHIO B Tf'OpCT~14e

CK<li1 <)H13HKC. /ly/)Ha, 1985. 

TpyA~ xn Mt'~AYH~poaHoro CHMfl0JHyMa no nncptiO~ 
:1Jll'l< T pOtH11<C. Jly6Ha 1985. 

1 p. 75 K. 

J p, 30 K. 

5,p. oo K. 

2 p. 50 K. 

6 p. 55 K. 

2 p. 00 K, 

4 p. 50 K. 

If p. 30 K. 

~ P. ~u K. 

] P. 75 K. 

3 p. 50 K. 

13 p.50 K. 

}p.75K. 

4 p. 

4p.80x. 
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HnbXaMOB P.A. HAP· Pl4-86-775 
OnpeAeneuue 3neMeHTHoro cocTaaa 30nhl yrnH 
MeTOAOM H3MepeHHH xapaKTepHCTHqeCKOrO peHTreHOBCKOrO 
HsnyqeHHH npH npOTOHHOM B036~eHHH 

B CTaTbe npeACTaBneH MeTOA H3MepeHHH 3neMeHTHoro COCTaBa SO 
nhl yrnH pasnHqHhlX o6pa3QOB OAHOH rP3C, OCHOBaKHhlH Ha HSMepeHHH 
XapaKTepHCTHqecKoro peHTreHOBCKOro HsnyqeHHH /XPH/ npH B036~
AeHHH HCcneAyeMb~ o6pa3QOB 30nhl nyqKoM npOTOHOB, YCKOpHeMWX Ha 
3neKTpOCTaTuqecKOM yCKOPHTene BaH-Ae-rpaa~a. 0CHOBHWe AOCTOHHCT 
sa MeToAa - OAHospeMeHHoe onpeAeneuue KOHQeHTpaQHH 6onee 20 
3neMeHToB, BXOAHIIlHX B cocTaB npo6LI, c Z B HHTepsane IS ~ Z £ 82 
c npeAenoM o6uapYEeHHH n•I0-5 ~.llonyqeuuwe pesynbTa~ cpaBHH
BanHcb C XHMHqeCKHM MeTOAOM onpeAeneHHH 3THX •e o6paSQOB. flpa
BHnbHOCTb nonyqaeMWX pesynbTaToB nposepHnacb no HSMepeuum 3ne
MeHTapHoro cocTaBa reonoruqecKHX CTaHAapTOB /Cll-2, CBT-13 
HT.A./. 

Pa6oTa BbinOnHeHa B Jia6opaTOPHH HeHTPOHHOH ~H3HKH QlfJJH. 
Coo6weHHe 06l.e.tl101eiDIOfO IOICTHTyYa .IIJlepHhiX HCCnellOBIHBii • .Ily6Ha 1986 

llepeBOA O.C.BHHorpaAosoH: 

Ilkhamov R.A. et al. Pl4-86-775 
Determination of the Elementary Composition 
of Coal Ash Based on the Measurement of Characteristic 
X-Ray Radiation at Proton Excitation 

The method of determination of the elementary composition 
of coal ash samples taken at one and the same electric power 
station is reported. The method is based on the measurement of 
characteristic X-ray radiation after irradiation of the samples 
with protons from Van de Graaf accelerator. Most advantageous if 
that one may simultaneously find out the strength of more than 
twenty elements enteri~g the sample with 15 $ Z $ 82 within 
an accuracy of n-Io-5 %. The results obtained were compared 
with those obtained from the chemical analysis of the same samp 
les. They were checked for the measurement of elementary compo
sition of geological standards (SP-2, SWT-13, etc). 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 




