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6enoa A.r. H up. 18 - 12279 

PeHTreHocneKTpanhHoe onpe.a.eneHHe ManhiX conep>KaHHH 
aneMeHTOB or V .ao Mo c npHMeHeHHeM Hoaoro aapHaHTa 
3TanOHHpOB8HH~ H8 cneKTpOMeTpe C nonynpOBO/lHHKOBblM 

/l8TeKTOpOM 

l13nO>K8Hbl pe3ynbT8Tbl HCCne/lOB8HHH no pa3pa60TKe HOBOPO B8pH8HT8 

cnoco6a peHTreHocneKTpanhHOro ~nyopecueHTHoro aHanH3a, oCHOBBHHoro 
Ha Hcnonh30BaHHH a Kaqecrae aranoHa onHoro aneMeHTa cpaaHeHHH nnH 
rpynnbl 3neMeHTOB oT V uo Mo. DpHaeueao reopeTH'tecKoe o6ocaoaaHHe 

cnoco6a H MeTOilHK8 nonh30B8HH~ HM. 3KcnepaMearanbHO npoaepeaa 3¢

¢eKTHBHOCTb npeunaraeMOH M8TO/lHKH npH onpeoeneHHH 3neMeHTOB B CT8H-
/l8pTHblX H py/lHhlX o6pa3uax. Pe3ynbT8Thl peHrreHo¢nyopecuearaoro aHanaaa 
cpaBHHBBIDTCH c pe3ynhTaTaMH XHMHqecKoro aHanK3a. OueHeHa nocroaepHoCTb 

npe.nnaraeMoH MeTollHKH. 

Pa6ora Bbmonaeaa B fla6oparopaa ~uepHblX peaKUHil OH.HH. 

OpenpaHT 06'be/lHHeaaoro aacraryra S!/lepHblX accneuoaaaail. L!y6aa 1979 

Belov A.G. et ai. 18 - 12279 

X -Ray Spectral Analysis of Small Amounts of Elements 
from V up to Mo by Using a New Version of an 
Internal-Monitor Method 

A new version of internal monitor method for qualitative 
determination of small amounts of elements (::; 0.5o/o) from 23 V up to 
42 Mo with induced x-ray analysis using a Si(Li) detector is 
described. A number of elements in standard and ore samples 
have been measured by this method. Results of analysis are compa 
red with chemical assay. A reliability of the offered method is 

evaluted. 

The investigation has been performed at the Laboratory of 

Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

~ 
B nocne.u.Hae ro.ztbl peHTreHocnexTpanhHhiH aHaJIH3 Haxo.U.HT 

see 6onee wapoxoe npHMeHeHHe npH onpe.u.eneHHH co.u.ep)l(aHH.II 

JJieMeHTOB B py.u.ax, noqsax, MaTepHanax 6aonorHqecxoro npoHcxo)l(

.u.eHH.II H B npo6ax, B3.11TbiX ,l).JIJI KOHTpOJIJI 3a COCTOJIHHCM OKpy)l(aiO

meii: cpe.u.hl /1·2/. Oco6eHHOCT.IIMH aHaJIH3a TaKHX o6'beKTOB .IIBJI.IIIOT

c.ll Heo6XO,lJ.HMOCTb KOHTpOJIJI MaJibiX CO,!J.Cp)l(aHHH rpyllllbl 3JICMCHTOB 

H OTCYTCTBHC B 60JibillHHCTBe CJiyqaeB CTaH.u.apTOB-3TaJIOHOB. Bcne.u.

CTBHe 3TOrO npe,!J.CTaBJIJIIOTCJI nepcneKTHBHbiMH pa3pa60TKa H HC

CJie,lJ.OBaHHe cnoco6os peHTreHocneKTpaJIJ.Horo aHaJIH3a, ocHoBaH

HhiX Ha npHMeHeHHH MHHHMaJibHOrO KOJIHqeCTBa 3TaJIOHOB. B HaCTO

,Jimeii: pa6oTe H3JIO)I(eHbl pe3yJibTaTbl HCCJie,!J.OBaHHH DO pa3pa60TKe 

Hosoro sapHaHTa cnoco6a peHTreHocneKTpaJIJ.Horo ~nyopecueHTHo

ro aHaJIH3a, OCHOBaHHOrO Ha HCDOJib30BaHHH B KaqecTBe 3TaJIOHa 

O,!J.HOrO 3JieMeHTa cpaBHeHHJI ,!J.JIJI rpynllbl 3JieMeHTOB OT V ,!J.O Mo. 

3ToT cnoco6 uenecoo6pa3HO npHMeH.IITh npH onpe.u.eneHHH, B ocHos

HOM, MaJibiX KOHUeHTpauHii: 3JieMeHTOB I;;_ 0,5o/o/. 

TEOPETHqECKOE OEOCHOBAHHE CllOCOEA 

Tipe.a;naraeMbiH cnoco6 KOJIHqecTBeHHoro peHTreHocneKTpanJ.Ho

ro aHaJIH3a JIBJIJieTc.ll, Ha Haw B3rJIJI.U., sapHaHTOM cnoco6a BHyTpeH

Hero CTaH,!J.apTa 131. Cnoco6 OCHOBaH Ha HCllOJlb30BaHHH OTHOCHTeJib

HbiX y.u.enhHhiX HHTeHCHBHOCTeii: RJ . aHaJIHTHqecxHx JIHHHH onpe

.u.en.lleMbiX 3JieMeHTOB. BenHqHHa Rf onpe.u.en.lleTc.ll B pacqeTe Ha 

lo/o: 

R/ Ij 

I(' 

Cp 

c. 
.J 
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' 

r.n.e I a ,l . B Cp ,C . - COOTBeTCTBeBBO BBTeBCBBBOCTH aBanBTH'IeCKHX 
L J . J 

nHBHB H KOBUeBTpal{HJI 3ne:MeBTOB p B j ,IJ.nJI paCc:MaTpHBae:MOrO 

o6paJua /3ne:weBT JIBnJieTCJI B .n.aBBOM cnyqae 3ne:weBTOM cpaBBe

BBJI - BByTpeBBH:M CTaB,II.apTOM/. 

llpe,II.IIOllOlKHM, 'ITO B paCCMaTpHBaeMOM o6pa3Ue KOHUeBTpaUHJI 

Ka)IC,IJ.OrO 3lleMeBTa B rpynne Be npeBblWaeT - 0,5~.flyCTb 3TO 

6y,11.yT, BaiipH:Mep, 3neMeBTbl OT 23V ,11.0 42MoJ'or.n.a,HCIIOllb3YJI ,IJ.llJI 

BOJ6y)IC,IJ.eBHJI peBTreBoBcKoii clJnyopecueBUHH HJoTon 
1
09 Cd, MO)I(BO 

o.n.BoBpe:weBBo Bccne.n.oBaTb K-cneKTPbl 3THX 3neMeHTOB. llpH 

pac'leTaX BHTeBCHBHOCTH clJnyopecueHUHH, B036y)I(,IJ.eBHOil B pac

CMaTpHBaeMO:M o6pa3Ue HCTO'IBHKOM 
109

Cd, nepBH'IHblB crreKTp 

:MO)I(HO C npHeMneMOB TO'IHOCTbiO C'IHTaTb :MOHOXpO:MaTH'IeCKHM, 

IIOCKOllbKY BKlla,IJ. )l(eCTKOB KOMIIOBeHTbl C 3HeprHeii: 88 K3B 6y)leT 

npeHe6pe)I(HMO :wan. TaK KaK Bee KpaJI nornomeHHJI 3ne:weHTOB 

C 23_s Z ·;;_ 42 ne)l(aT C ,IJ.llHBHOBOllHOBOB CTOpOHbl OT AgK -cneKTpa 

HCTO'IHHKa, BCe pacqeTbl :MO)I(HO c.n.enaTb ,IJ.llJI AgKa llHHHH '
4

-'. 

B HaweM cnyqae MO)I(HO rrpeHe6pe'lb BKna.o;o:w 3cPcPeKTa HJ6apaTenb

Horo B036y)IC,IJ.eHBJI B HHTeHCHBHOCTH clJnyopecueHUHH. Tor.n.a 6y.o;eT 

cnpaBe.n.naBoii cne.o;yromaJI clJopMyna: 

Ir = 

r 
r rsK-I r 

k · W K ·Pi ---~-f---- 'fL mi 

K 

Cp 
/2/ 

o6p. + n. o6p .. 
fL mi 11 mi 

r.o;e k - K03cPcPHUBeHT rrponopuHoHanbHOCTH; no sin cjJ/ sin .p - yrnbl 

na.n.eHBJI ~a o6paJeu rrepBB'IHoro H oT6opa clJnyopec~eHTHoro HJny

'leHHJI; Wf: - BbiXO.D; clJnyopecueHUHH 3ne:weHTarP; Pi - BepoJITHOCTb 

rrepexo.o;a aTo:Ma Y c HcnycKaHHeM nHHBH i; S ~ - cKa'IOK nornome

HBJI K- ypOBHJI; l1 ~I , I1~~P; fL~r,.. COOTBeTCTBeHHO :MaC COBble K03cP

cPHUBeHTbl nornoiUeHHJI nepBH'IHOrO HJny'leHHJI 3lleMe'HTO:M f H o6-

pa3UOM, a TaK)I(e clJnyopecueHTHOrO HJlly'leHBJI 3ne:MeHTa f o6pa3-

UOM. -

Ecna Terrepb BBeCTH o6oJHa'leHHe: 

j 
. . S K- I i 
J p J 

ry j = w K • i . ---sT-- . 11 mi ' 

~ 

/3/ 

4 

• 

·' 

TO .o;nJI Rf nony'IHM cne.n.yromee Bblpa)l(eHHe: 

R~ 

o6p. o6p. 

= _TI_.L . !-~~---~-n-~EJ!~ 
ryr o6p. + n· o6p. 

11 mi 11 mij 

Ha puc. 1 noKaJaHa JaBHCHMOCTb oT aToMHoro HO:Mepa Z 

OTHOCHTellbHOB y.o;enbHOB HHTeHCBBHOCTH R~ ,ll;llJI 3neMeHTOB OT 

:23 V .o;o 42 Mo. KpaBaJI nocTpoeHa no peJynbTaTaM TeopeTH'IeCKOH 

oueHKH. 3a cTaH.o;apT Bw6paH 40 Zr(R ~r 1). Bee Heo6xo.o;a

Mble rrapaMeTpbl BJJITbl HJ Ta6nau '5,6.'. Mac coBble K03cPcPHUHeHTbl 

rrornoiUeHHJI Bbi'IHCllJillHCb C HCll0llb30BaHHeM ,D;aHHbiX pa60Tbl 

Xaii:HpHxa /I: no clJopMyne 

j 
fL Ill 

(.(. 
.l 

C.A 
.l 

r.n.e A - ,ll;llHHa BOllHbl HJlly'leHHJI, a napa:MeTpbl Cj H aj Ta6ynHpOBaHbl 

.D.llJI Ka)I(,D;Oro 3neMeHTa. BenH'IHHa n Bbi6paHa paBHOii 0,707, 'ITO 

COOT Be TCTByeT yrnaM </J =45° H t/J =90 °, 
HeTpy.o;Ho rroKaJaTb, 'ITO JaBHCHMOCTb, rroKaJaHHaJI Ha puc. 1, 

He HJ:MeHJieT cBoero xo.o;a rrpH HJMeHeHHH XHMH'IecKoro cocTaBa 

B WHpOKHX rrpe.o;enax, eCllH B AHaiiaJoHe ,ll;llHH BOllH :Me)I(,IJ;Y ,\ 

jrrepBH'IHOe H3llY'IeHHe-/ H ,\ i max /MaKCBMallbHaJI ,ll;llHHa BOllHbl 

HJny'leHHJI aHallHTH'IeCKOB llHHBH, B paccMaTpHBae:MOM cnyqae 

VK a / OTCYTCTBYIOT KpaJI rrornomeHHJI 3lleMeHTOB C 6onbWOB 

KOHUeHTpauHeii /> 0,471,00/o/. )J.eHCTBHTellbHO, B 3TOM cnyqae 

MaCCOBblB K03cPcPHUHeHT rrornoiUeHHJI o6pa3Ua 6y,11.eT HerrpepbiBHO~ 
cPYHKUBeii B .o;HarraJoHe .o;nHH BOllH (,\I -·Aimax ). Tor.o;a B cooT-

Bt!TCTBHH C clJopMyllOH /5/: 

- AI a -oop. = (----) . oop. 
fL mi j fL mij ' 

,\. 
1 

H Bblpa)l(eBHe ,ll;llJI R ~ :MO)I(HO npeo6pa30BaTb K BH,D;y: 

j 
R£ 

r a 
1/ . I + n · (,\ i I ,\ I ) 

= __ !__ • -------------------

ryp I+n·(,\ir/,\I)a 

/6/ 

/7/ 
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BH,D.HO, 'ITO napaMeTp Ri He 3aBHCHT OT XHMH'IeCKOrO COCTaBa npo6. 

TaKHM o6pa30M, HCnOnh30BaHHe OTHOCHTenLHhlX y.u.enLHhlX HhTeH

CHBHOCTeii: n03BOnJieT ,D.nJI paCCMaTpHBaeMOrO THna npo6 Y'IHThlBaTL 

B3aHMHhle BnHJIHHJI 3neMeHTOB. 

~x1o-1 
r--

14, 

12, 

10,01 

s,ol 

6,0 

4,0 

2,0 

20 
Ca 

p&c'leTHWI 
1 3KCnepBMeHTanDHaR 

30 
Zn 

40 
zr 

z 

Puc.J. 3aeUCUMOCIIIb OIIIHOCUIIIellbHOU yoe/lbHOU UHIIIeHCU8HOCIIIU 0111 

QIIIOMHOZO HOMepa. 

PaccMoTpeHHe 4JopMynhl /3/ noKa3biBaeT, 'ITO npu ManLix 

3Ha'leHHJIX II BenH'IHHa- R ~ nonHOCThiO onpe.u.enJieTCJI OTHOWeHHeM 

71 j / Yff'. ,lJ.nJI 6onLWHX 11, .Cor .u.a BenH'IHHOH llmi MO:lKHO npeHe6pe'IL, 

4JopMyna /3/ npHHHMaeT BH,D.: 

j 11 . IL 001!· 
Rr = __ !_ • ---~~~ 

11 f IL o~p. --
mJ 

/8/ 

B HaweM cnyqae MaccoBwii: Ko34l«lluuueHT nornomeHHJI H3nyqe

HHJI aHanHTH'IeCKOH nHHHH 3neMeHTa C HOMepOM Z BCer,D.a 60nhWe, 

'leM .u.nJI 3neMeHTa c /Z +1/ H T .,11.. Bcne.u.cTBHe 3Toro npa yBena

'leHHH II BenH'IHHa R~ 6y,D.eT BCer,D.a B03pacTaTb ,IJ.jJJI 3neMeHTOB 

c 6onhWHMH Z. AHana3 no npe.u.naraeMoii MeTO.D.HKe BhlnonHJieTcJI 

cne.D.YIOIUHM o6pa30M: 

1. )l.nJI aHanH3HpyeMOH rpynnhl 3neMeHTOB BhlJICHJieTCJI 3aBHCH

MOCTh OTHOCHTenbHOH y,D.enLHOH HHTeHCHBHOCTH OT Z. 
2. ,lJ.nJI aHanH3HpyeMwx npo6 onpe.u.enJieTcJI 3neMeHT, KOTopwii: 

MO:lKeT cny:lKHTh CTaH,D.apTOM. TaKOB 3neMeHT He ,II.On:lKeH npHCYTCTBO-

6 

i) 

1l 

BaTh B npo6ax HnH ero KOHUeHTpaUHJI ,II.On:lKHa 6hlTh MeHLWe 

onpe.u.eneHHoro ypoBHJI. 

3. B aHanH3HpyeMyiO npo6y .u.o6aBnJieTCJI onpe.u.eneHHoe Kona

'leCTBO MaTepuana, co.u.ep:lKamero 3neMeHT- cTaH.u.apT. TaKHM MaTe

puanoM MO:lKeT cny:lKHTL, uanpHMep, 6opHaJI KHcnoTa, TaK KaK ee 

BBe.D.eHHe B o6pa3eU no3BonJieT nony'laTL npo'IHhle Ta6neTKH. 

4. BhlnOnHJieTCJI H3MepeHHe HHTeHCHBHOCTeH aHanHTH'IeCKHX 

nHHHH ,D.nJI aHanH3HpyeMbiX o6pa3UOB npH 3a,D.aHHhlX ycnOBHJIX 

aHana3a. 

5. 06pa6aThlBaiOTCJI pe3ynLTaThl H3MepeHHii /Haxo:lK,II.eHue nno

ma.u.eii: nHKOB, HHTeHCHBHOCTeH 4JoHa, HHTeHCHBHOCTeHaHanHTH'IeC

KHX nHHHH I j /. 

6. KoHueHTpauuu onpe.u.enJieMLIX 3neMeHTOB pacc'IHTbiBaiOTCJI 

no 4JopMyne: 

I i I Cr 
C. = ---- . ---- . --

J Ir R~ I :_:-C~-- ' /9/ 

3,D.eCh C5- KOHUeHTpaUHJI 6opHOH KHCnOTbl B H3ny'laTene. 

3KCllEPHMEHTAJLbHAJI IIPOBEPKA CllOCOiiA 

llpoBepKa 34l«lleKTHBHOCTH npe.u.no:lKeHHoro BapuaHTa cnoco6a 

BHyTpeHuero cTaH.u.apTa BhlnonHJinacL Ha peHTreHOBCKOM cneKTpo

MeTpe «ilHPMbl OpTeK. B HaCTOJIIUeM uccne.u.oBaHHH ucnonh30BancJI 

Si(Li) - .u.eTeKTop ORTEC Mode 7016 /¢ 10 MM, pa3peweHHe 

-220 3B ,D.nJI H3ny'leHHJI MnKa -nHHHH, Be - OKHO TOniUHHOH 

25 MKM/ H KOnhUeBOH pa,D.BOaKTHBHhlH HCTO'IHHK 109 Cd 4JHpMbl 

AMepWeM C aKTHBHOCTbiO 20 MKK>pU /BHyTpeHHHH ,D.HaMeTp HCTO'I

HHKa 26,5 MM, BHeWHHH 34,25 MM/. Ha pUC. 2 H 3 npe,D.CTaBneHa 

cxeMa pacnono:lKeHHJI .u.ep:lKaTenJI o6pa3ua, B036y:lK,II.aiOIUero HCTo'I

HHKa, KOnnHMaTOpa H ,D.eTeKTOpa. fipH6op YKOMnneKTOBaH CMeHHhlMH 

KOnnHMa TOpaMH H3 aniOMHHHJI BhlCOTOH 13 MM H ,D.HaMeTpOM OTBepCTHJI 

2, 4, 6, 8 H 10 MM. fipe,D.yCMOTpeHa TaK:lKe B03MO:lKHOCTb H3MeHe

HHJI paCCTOJIHHJI HCTO'IHHK - o6pa3eU. 

B 06IUeM cnyqae ,D.nJI KOnLUeBOrO HCTO'IHHKa B036y:lK,II.eHHJI 

Mhl HMeeM pacxo.D.JIIUHeCJI ny'IKH. HanpHMep, npu paccTOJIHHH OT 

HCTO'IHHKa ,11.0 o6pa3Ua 15 MM H ,D.HaMeTpe KOnnHMaTopa 6 MM MHHH-

7 



d.:~ (4,618} 10, \4 )"""Ao!. ~ = ~4 J6)8j10)J.I .... 

At ICOJ.Jt..~HI\TOP 

Puc.2. ,4epJKameAr. o6pa3ija cM.R 
IIIO~e~HOZO UCIIIO~HUKa. 

PI 

Puc.3. ,aepJKameAr. o6pa3t~a OAJI 
KOA'bijeBOZO UCIIIO~HUKa. 

MaJibHOe 3HaqeHBe cp paBHO 34 '', MaKCBMaJibHOe - 83 ", a yron 1/J 

B3MeHJieTCJI npB 3TOM B npe,1.1.enax OT 65" ,1.1.0 90".BenBqBHa Il 

B3MeHJieTCJI COOTBeTCTBeHHO OT 0,62 ,1.1.0 1,09. HaMB C;:\eJiaHa 

OUeHKa BJIBJIHBJI B3MeHeHBJI 3TOrO napaMeTpa Ha XO,I.I. KpBBOH puc. 1. 

0Ka3aJIOCb, qTO OTHOCBTeJibHaJI y,l.l.eJibHaJI BHTeHCBBHOCTb R 1\ 
B3MeHJieTCJI npB 3TOM OT 0,04 ,1.1.0 0,05. Tax KaK MaKCBMaJibHbiH 

BKJia,l.l. B 3aperBCTpBpOBaHHYID ,l.l.eTeKTOpOM BHTeHCBBHOCTb BHOCBT 

UeHTpanbHaJI qaCTb npo6bl, TO ,I.I.JIJI ,l.l.aJibHeBWBX pacqeTOB Bb16paHbl 

CJie,l.l.yiD(UBe 3HaqeHBJI yrnoB: cp =45" B t/1=90°, qTo COOTBeTCTByeT 

n=0,707. 

B ma6A. J conOCTaBJieHbl 3HaqeHBJI OTHOCBTeJibHbiX y,l.l.eJibHbiX 

BHTeHCBBHOCTeB R~ -,I.I.JIJI TeopeTBqeCKBX OUeHOK B 3KCnepBMeH

TaJibHbiX B3MepeHBB. 3KcnepBMeHTaJibHble ,l.l.aHHble ,I.I.JIJI V BCnpas

neHbl Ha pa3nBqBe B 3414leKTBBHOCTB ,l.l.eTeKTopa. BB,I.I.HO, qTo pacxmK

,I.I.eHBe TeopeTBqecKHX B 3KCnepBMeHTaJibHbiX ,l.l.aHHbiX He npeBbiWaeT 

11~ /eM. R/ ,I.I.JIJI Ge /. Ko34!4>BUHeHT sapBaUBB, xapaKTepB3YIDIUB~ 
pacxmK,I.I.eHBe TeopeTBqecKBX H 3KcnepHMeHTanbHbiX 3HaqeHBB R~, 
COCTaBHJI 4,4~. 

8 

1 -

Ta6Aut~a 1 

TeopeTaqecKoe B 3KcnepBMeHTanbHOe JHaqeHHJI 

:JneMeHT Rj (TeOpeTI!'I} J (axcnepi!MeHT} Rj 8RCD I J Teop.% 
Zr Rzr Zr Rzr 

23 v 0,0058 0,0069s±O,OO\.J3 +2,6 

25 Mn 0,0144 0,0136 ±o,CL03 -5,6 

26 Fe 0,0'.!19 0,022J ±O,CX..I()2 +0,5 
28 Ni 0,0469 0,0469 ±0,0010 O,l• 

29 Cu 0,0664 0,06U5 ±o,OOIO +3,2 

3J Zn ll,0894 0,0863 ±o,OOIO -3,5 

32 Ge 0,159 0,142;!: 0,0020 -10,7 

40 Zr I,O 1,0 
41 Nb 1,185 1,207 ±o,007 + 1,9 
42 Mo 1,395 1,36 ±o,CL3 -1,5 

IIposepKa cnpase,l.l.nBBOCTH cooTHoweHHJI /7 I BblnonHeHa Ha 

o6pa3uax c co,l.l.ep)f(aHBeM onpe,1.1.enJieMbiX :JneMeHTOB Ni , Zn , Zr 

B Nb, paBHbiM no 0,4~, HanonHHTeneM B3 SiO 2 /78,4ll/o/ B 6opHoB: 

KHCJIOTbl /20ll/o/. 0Ka3aJIOCb, qTo 3aMeHa HanOJIHBTeJIJI SiQ 2 Ha 

Fep
3 

He npBBena K 3HaqHTeJibHOMY B3MeHeHBI() OTHOCBTeJibHbiX 

y,l.l.enbHbiX HHTeHCBBHOCTeB: Ka - nBHHB paccMaTpHsaeMbiX 3neMeH

TOB. 3KcnepBMeHTanbHble JHaqeHBJI R Zn B R Nb oKa3aJIBCb paBHbi-
Zr Zr 

MB 0,089, 0,090 B 1,20, 1,212 COOTBeTCTBeHHO ,I.I.JIJI HanOJIHHTeneB 

H3 SiO 
2 

H Fe
2

0
3

.CKopoCTb cqeTa aHanBTBqecKBX nHHBB ZnKa , 

ZrK a , NbKa B3MeHJinacb npH 3aMeHe HanonHBTeneB: npBMepHO 

s 5 pa3. AHanorBqHble peJynbTaTbl nonyqeHbl npB 3aMeHe B o6pa3-

ue 20~ SiO 2 Ha SnO 2 . 
IlpB cymeCTBeJJHOM ysenaqeHHB KOHUeHTpaUBB KaKoro-nH60 

JneMeHTa B3 paccMaTpBsaeMoro ,I.I.Hana3oHa /oT 23 V,1.1.o 42Mo/ 

3HaqeHBJI R p ,I.I.JIJI HeKoTopblx 3JieMeHTOB TaK)f(e B3MeHJIIDTCJI. Hanpa

Mep, npB yBeJIBqeHBH CO,I.I.ep)f(aHBJI Ni OT 0,1~ ,1.1.0 10~ BeJIHqHHa 

R~i so3pacTaeT npBMepHo Ha 30~. AHanorBqHo BJMeHJIIDTCJI 3Ha-
r RCu Co Fe / Ni 

qeHBJI zr, Rzro R zr B T .,1.1.. ,I.I.JIJI 3JieMeHTOB oT V ,1.1.0 Cu A~ ne)f(BT 

B BHTepsane Me)f(,l.l.y A B ,\ i /. BenHqBHbl R 
1
2 r,I.I.JIJI 3neMeHTOB c Z :.;: 30 

npB 3TOM npaKTBqeCKB He B3MeHJIIDTCJI, TaK KaK COOTHOWeHBt!, 

/6/ He HapywaeTcJI. Cne,l.l.oBaTenhHO, npB aHanB3e no npe,1.1.naraeMoB: 

MeTO,I.I.HKe o6pa3UOB C HaJIBqBeM nOBbiWeHHbiX KOHUeHTpaUBB OT,I.I.enb

HbiX 3JieMeHTOB /-0,5~/ He06XO,I.I.HMO yqBTbiBaTb B3MeHeHBe BenB

qBH R ·~ jypoBeHb KOHUeHTpaUBH TaKBX 3JieMeHTOB onpe,l.l.eJIJieTCJI 

Tpe6yeMOB npaBBJibHOCTbiD aHaJIB3a/. 
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llo npe)J.naraeMOH MeTO)J.HKe HaMH npoBe)J.eH peHTreHOCneJCTpanb

HbiH aHanH3 pJI)J.a HcxyccTBeHHbiX o6pa3UOB. B xaqecTBe napaMeT

poB R} HCnODb30BaHbl pacqeTHble 3HaqeHHJI. 0WH6JCa aHaDH3a He 

npeBbiWana paCXO)I()J.eH;HH Me)I()J.y TeopeTHqeCJCHMH H 3KCnepHMeH

TaDbHbiMH R i. TaxHM o6pa3oM, )J.DJI 3THX 3neMeHTOB He noTpe6osa-
r u u 

DOCb BblnODHJITb HHKaKHX H3MepeHHH Ha npe)J.BapHTeDbHOB CTa)J.BB 

3JCcnepuMeHTa. 

,ll,nJI nposepxu MeTO)J.HJCB Mbl onpe)J.enunu co)J.ep)l(aHue pJI)J.a 

3neMeHTOB B cTaH)J.apTHblx o6pa3uax TS, TB u GM. B xaqecTBe 

3neMeHTa cpasHeHHJI Bb16paH uupxoHHii, Tax xax ou npucyTcTsyeT 

B )J.OCTaTOqHbiX JCODHqeCTBaX BO BCeX Tpex CTaH)J.apTaX. Onpe)J.eD.Re

Mble 3neMeHTbl: Fe, Cu, Zn, Rb, Sr, Y, Nbu Mo. HaMB yqTeuo uano

)f(eHHe K/'3 nHHHH Rb , Sr, Y H Zr Ha auanuTuqecxue !\, nuuuu Y, Zr, 

NbH Mo dooTBeTCTBeHHO. ,ll,nJI Cu Ka nuuuii BBe)J.eHa nonpasxa Ha 

4JoHOBOe CO)J.ep)l(aHHe Me)J.H B KODDHMaTope nepe)J. )J.eTeJCTOpOM 

/o6pa3eU TS /. Bcne)J.CTBHe Toro, qTo 3Ta nonpasxa oxa3anacb 

cpaBHHTenbHO 6onbwoii I · 500 z/m/, Mbl He onpe)J.enJlnH co)J.ep

xaHue Cu B o6pa3ue TB. IIpu onpe)J.eneHHH co)J.ep)l(aHHJI Fe yqTeHo 

H3MeHeHHe BenHqHHbl Rfe npH ysenuqeHHH KOHUeHTpaUHH 

F'e (CFP > 0.5~G). IIonyqeHHble pe3ynbTaTbl npHBe)J.eHbl B ma6A. 2. 
BH)J.HO Y.ll.OBneTBOPHTenbHOe cosna)J.euue aTTecToBaHHbiX senuquu 

KOHUeHTpauuii H )J.aHHbiX peHTreuocneKTpanbuoro auanu3a no npe)J.

naraeMoii MeTO)J.HKe. 

Ta6AU14a 2 

Pe3yDbTaTbl peHTreHo~nyopecueHTHoro onpe)J.eneHHJI co)J.ep)l(aHHJI 

3neMeHTOB B cTaH)J.apTHblx u Me)J.Ho-MonH6)J.eHOBbiX PY.ll.HbiX o6pa3-

uax -------------------------------------------------
::Jnet.t=HT 

BTTeCTo-: 3KCDepll-: BTTecTo-: 3KCDCpll-: BTTeCTO+-~ 3KCDepii-

BBHH!le : lleHT : FBHHble : lleHT : EBHHble : lleHT 

26 F• 5,21±o,0'7 : - : 1,4I±o,02: 1,24 : 4,84±o,028: 5,59 
29 Cu 493±102 : 473 : 12,8±1,4 : - : 51±5,5 
:J) Zr. - : - : 39,1±8,4 : - : 93±8,5 : 82,0 
:n Rb 222±22,8 : 226 : 253±20 : 263 : 177±!5 : 193,0 
38 Sr 93,3±27 : II4 : I3J±II : 129 : Iro±I3 : !66,0 
39 y - : 174 : 26,3±5,3: 33 : 39,3±3,1 : 52,0 
40 Zr 279±28,9 :cTaHnapT : I4s±I7 :cTaHnapT: I7s±I5 :CTBHnBpT 

41 Nb - : - : 17±7 : 22 
42 Ho !32±29,3 : !55 
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Puc.4. CpaeHeHue pe3yA&mamoe peHmzeHo(JAyopec14eHmHozo u xuMU'Iec
Kozo QHQAU306. 

HaMH npoaHaDH3HpOBaHbl TaK)I(e o6pa3Ubl Me)J.HOH H MODH6)J.eHo

BOH PY.lJ.bl. Pe3ynbTaTbl cpaBHHBanucb c XHMHqecKHM auanH30M 

6onee 300 npo6 npu onpe)J.eneHHB Me)J.H no npe)J.naraeMoii MeTO)J.H

xe /CM. puc. 4/. ,lJ,OCTOBepHOCTb )J.aHHOH MeTO)J.HKH OUeHeHa MeTo

)J.OM BapHaUHOHHOH CTaTHCTHKH. 

Pa3pa6oTaHHblii cnoco6 auanu3a ucnonb3yeTCJI HaMH npu onpe

)J.eneHHH CO)J.ep)l(aHHH pJI)J.a 3DeMeHTOB B o6pa3uax MHHepanOB 

u noqs. 

ABTOpbl Bblpa)l(aiOT HCKpeHHIOIO 6naro)J.apHOCTb aKa)J.eMHKY 

r .H.<I>nepoBy 3a llOCTOJIHHYIO nO)J.)J.ep)I(Ky H HHTepec K pa6oTe, 

a TaK)I(e xaH)J.H)J.aTy ~H3HKo-MaTeMaTuqecxux Hayx A.r.PeseHKO 

3a yqaCTHe B 3KCllepHMeHTe H B 06Cy)I()J.eHHH pe3yDbTaTOB pa60Tbl. 
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