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npH peHTreHO¢nnopec~eHTHOM aHanHae /P~A/ coAeP*aHHe ane
MeHTOB B Be~eCTBe onpeAenAeTCA OTHOCHTenbH~M MeTOAOM nyTeM 
cpaBHeHHA HHTeHCHBHOCTeH aHanHTH4eCKHX nHHHH B npo6e H 3Tano
He. 

0AHaKO HHTeHCHBHOCTb aHanHTH4eCKOH nHHHH npH np04HX paBH~X 
ycnOBHAX B OO~eM cny4ae 3aBHCHT He TOnbKO OT COAeP*aHHA 3ne
MeHTa, HO H oT senH4HH~ Maccoeoro K03¢¢H~HeHTa norn~eHHA 
MaTpH~~ npo6~ ' 1 ' , a a cny4ae MHoro3neMeHTHoro aHanH3a npH 
3Ha4HTeflbH~X COAep*aHHAX OTAenbH~X aneMeHTOB B03MO*H~ TaK*e 
3¢¢eKT~ nOAB036Y*AeHHA H H30HpaTenbHOrO norn~eHHA. no3TOMy 
npH npoBeAeHHH aHanH3a pa3HH~y B Be~eCTBeHHOM COCTaBe npofi~ H 
3TanoHa He06XOAHMO KaKHM-nH60 CnOC060M y4HT~BaTb nH60 rOTO
BHTb 3TanoHbl, noA06H~e npo6aM. Bee 3To 3Ha4HTenbHO ycno*HAeT 
aHanH3, AenaeT ero eecbMa TPYAOeMKHM. 

B AaHHOH pa6oTe npeAnaraeTcA 3K.cnpeccHaA MeTOAHKa OAHoepe
MeHHoro onpeAeneHHA CpaBHHTeflbHO HeB~COKHX COAeP*aHHH B TOH
KHX H HaC~~eHH~X CnOAX Be~eCTBa BCeX aneMeHTOB, B036Y*AaeM~X 

paAHOH30TOnH~M HCT04HHKOM,no eAHHOH rpaAYHPOB04HOH /3TanoHH
POB04HOH/ KPHBOH. 

AnnAPATYPA 

Pa3pa6oTKa MeTOAHK MHoroaneMeHTHOro peHTreHo~n~opec~eHTHO
ro aHanH3a npoBOAHnacb Ha cne KTPOMeTpe c peHTreHOBCKHM S«LO 
nonynpOBOAHHKOB~M AeTeKTOPOM /nnA/, pa3pa6oTaHH~M B na6opaTO
PHH AAePH~X peaK~HH / 2 / . 

Si(Li) nnA HMeeT nno~aAb 30 MM 2 ; TOn~HHY - 3 MM j TOnUlHHa 
6epHnnHeBOrO OKHa -100 MKMj pa3peweHHe AeTeKTOpa Ha nHHHH 
FeKu /6,~ K3B/ - 190 aB. 

nony4eHHe, B~BOA H 06paOOTKa HH¢OpMa~HH npOH3BOAHnHCb C 
noMO~b~ 800-KaHanbHOro aHanH3aTopa THna LP-48~0. 

AnA eo36Y*AeHHA peHrreHOBcKoro H3ny4eHHA aHanH3HpyeM~x 
3neMeHTOB 6~nH HCnOnb30BaH~ CTaHAaPTH~e paAHOH30TOnH~e HCT04-
HHKH Cd -109 c 3HeprHe.:1 22,16 K3B, T~ - ~53 AHA,H Am -241 
c 3HeprHeH S9,6 K3B, T~ - 458 neT. Aep*aTenH HCT04HHKOB 
B036Y*AeHHA H O~pa3~a 6~nH paCC4HTaH~ H 3KCnepHMeHTanbHO 

.onpo6oeaH~, AnA HHX noAo6paH~ MaTe pH an~, He Aa~UlHe MewanliiHX 
·,nHHHH a cneKrpe. AnA AeP*aTenA Cd -109 a Ka4eCTBe MaTepHanoe 
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PHC. 1. r eoMeTPHR H3MepeHHi1 c HCT04HHKaMH Cd -109. 
-1 ---Si(Li) -AeTeKTOp; 2 - Aepll<aTenb HCT04HHK08 
Cd -109 : 3 - lo1CT04HHKH Cd -I 09 I i> - 3 MM ' h = 
= 3 MMI, 5wr.; 4 - Al ; 5 - Pb -3aU.tHTa; 6 - Ag -
aa~Hra: 7 - Aepll<arenb npo6~ H3 oprcreKna; 8 - K~-
8era H3 oprcTeKna C na8CaH08biM AHOM TOJ1~HHOH 
5 MKM, S = 3 CM 2 ; 9 - 6epHJ1J1He80e OKHO. 

HCnOJ1b308aH~ C81o1He4 , 4HCT~H an~MHHio1i1 H cepe6po. ~epll<aTen b AJ1A 

Am-241 H3rOT08J1eH H3 C8HH4a. 
AnR noAa8neHHA Mewa~HX L - nHHHi1 HenTyHHA ~CT04HHKH Am -

241 6~nH AOnOJ1HHTeJ1bHO aaKp~T~ C8epxy MeAHOH ~nbroi:i TOJ1~HHOH 
-0,2 MM , 4T0 npaKTio14 eCKH He CKa3bl8aeTC~ Ha HHTeHCH8HOCTH oc

H08HOH 8036Yli<Aa~ei1 J1HHHH. 
Ha ~ noKa3aHa cxeMa 83aHMHoro pacnonoll<eHHA HCT04HHK08 

Cd -109 , npo6~, AereKropa, aa~HT~. OpH 8~6ope reoMeTpHH lo13Me
peHHR aa lo1CXOAH~H napaMeTp 6~na npHH~Ta 3a~HTa 00~ OT npRMOrO 
H3J1y4eHHA HCT04HHK08 8036Yli<AeHHA , KOTOp~e 8 C8~3H C ManO~ 
nn~aAb~ nn~ .... norepRMH lo13ny4eHHA c y8enH4eHHeM paCCTOAHHR AO 

' npo6~ AOJ1li<H~ pacnonaraTbCR no 803MOli<HOCTH 6nH3KO K KOn-

J1HMaropy. 
OnrHManbHaR reoMeTpHA H3MepeHH~ o6ecne4H8aer npH AOCTaTo4-

HOi1 CKOpOCTH C4eT a HaHny4wee HJ1H A0CTaT04HO xopowee OTHOWeH~e 

CHrHani~H. 

2 

PHc.2. 3a8HCHMOCTb 4Hcna 
HMnynbco8 8 Ka - nHKe aa 
1 MHH OT KOH4eHTPa4HH 
3neMeHTa 8 TOHKOM CJ10e 
I m ~ 3,3 MrlcM 21. 

METO~~KA ~3MEPEH~A 

B TOHK~X CJlO.RX 

I 
"'MJ(J 

1 
OpH aHanHae o6paa409, ~~ 

npHroro8neHH~x 8 8HAe ~ 

OTHOCHTenbHO TOHKHX cno-
e8, peaynbTaT~ Mano aa-
8Hc~T OT H3MeHeHHR 8e
~eCT8eHHOro cocra8a Hc
cneAyeM~x npo6 1 11 . Opo6~ 
MOli<HO C4HTaTb 11TOHKHMH11 

HI 

Ti 

Q2 Q.t C76 

8 TOM cny4ae, ecnH 8~nOnHReTC~ TaK. Ha3~8aeM~i1 11 KpHTepHi1 TOHKO
ro cnoR

11
: m ji <£. 0, 1 - 0, 15 , rAe m - no8epxHOCTHa~ nnoTHOCT b 

npo6~ lrlcM21, 11 "' l1, ..J.. + ~ - npH8 eAeHHbiH MaCC08biH K03 4>-
sin'r' smifl 

¢H4HeHT norno~eHio1~ npo6bl, p' H 11" - MaCC08ble K034l¢H~HeHTb1 
norno~eHHR nep8H4Horo "' BTOPH4Horo H3ny4eHHi1 8 npo6e, ¢ H 
1/J- yrn~ CKOJ1bll<eHHR K nnOCKOCTHnp06bl nep8H4HOro H 8TOPH4HOrO 

H3J1y4eHHH COOT8eTCT8eHHO lpHC. 11. 0pH C06n~AeHHH KpHTeplo1~ TOH -

Koro CnOR 8 8blpall<eHHH AJ1A CKOpOCTH C4eTa N "'K ~ (1 -e~m 
11 -pm -

MOli<HO AOnyCTHT b, 4TO 1 - e =11m, TOrAa 

N = K · C·m , 

rAe C - KOH4eHTpa4HR aneMeHra, K - nocTOAHH~i:i K034>¢H4HeHr, 
eCnH reOMeTpHR H3MepeHHR HCCJ1eAyeMOI:i H 3TanOHHOI:i npo6~ , a TaK
ll<e HHTeHCH8HOCTb 8036yli<Aa~~ero H3J1y4eHH~ HeH3MeHH~; B 3TOM 
cny4ae 

C npo61~ C ')T 
N npo61~ 

N :)T 

m'>T 

m npo6L>J 

T.e. npH nQCTOAHHOH no8epXHOCTHOi1 nnOTHOCTH npo6bl HMeeT Me CTO 
npRMa~ npOOOP4HOHanbHOCTb Meli<AY CKOPOCTb~ C4era aHanHTH4eCKOi1 
nHHio1H "' KOH4eHrpa4Hei1 onpeAen~eMoro aneMeHra 8 npo6e 1 11. 

OpH orpa6orKe MeTOAHKH AnR KOnH4eCT8eHHoro onpeAeneHH~ co
Aepll<a~HXCR 8 npo6e 3J1eMeHT08 CTPORTCA rpaAYHP0804H~e rpa¢HKH -
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saBHCHMOCTH CKOpOCTeH C4eTa aHamHH4eCKHX K - HllH L -nHHHH OT 
KOH~eHTpa~HH AllR 311eMeHTOB B AHana30He 3HeprHH 3 +18 K36 npH 
B036YlKAeHHH HCT04HHKaMH Cd -1 09 H AO 40 K36 npH B036ylKAeHHH 
Am -24 1 . 

B Ka4eCTBe npHMepa Ha pHc.2 npHBeAeH~ rpaAYHPOB04H~e nH
HHH Ti 1-1 Nb- N • r (C) AllAT'OHKHX cnoee. CoAeplKaHHe 3neMeHTOB 
MOlKeT fi~Tb 9~palKeHO KaK 9 9eCOB~X %, TaK H 8 aOCOll~THOM K011H-
4eCTBe . rpaAYHPOB04H~e llHHHH 311eMeHT09 OT THTaHa AO HHOfiHR 
pacnonolKeHbl MelKAY llHHHRMH Ti 1-1 Nb , yron Hx HaKnoHa 
yBellH4HBaeTCR C pOCTOM aTOMHOrO HOMepa 311eMeHTa - Z . 
no rpaAYI-!POB04HbiM llHHHRM N = r (C) ecex B036ylKAaeMbiX HCT04HHKOM 
Cd -109 311eMeHTOB OT K AO Mo CTPOHTCR 3aBHCHMOCTb CKOPOCTeH 

c4eTa ~. HllH , ~~-*e , OT 3Hepr~l1 Ka - nHHHH 3neMeHTOB 
COOTBeTCTBYIOU\HX Z (All A nocTORHHOrO 3Ha4eHHR C) . -

3Ty- rpaAYHPOB04Hyl':l KPHByl':l N = f (Z) MOlKHO Ha3BaTb YHHBep- l 
C~llb HOH, T.K. OHa n039011ReT onpeAellRT b COAeplKaHHe BCeX 311eMeH
TOB, B036YlKAaeMbiX npHMeHReMbiM HCT04HHKOM , B npeAellaX 4YBCT9H 
TellbHOCTH P~A 9 TOHKHX CllORX pa311H4Hb1X npo6 C noeepxHOCTHOH 
nnOTHOCTbO 1 + 5 MrlcM2. EcnH HMeeTcR cT a HAaPTHaR npo6a, COAep
*a~aR H3BeCTHble KOI1H4eCTBa HeCKOllbKHX 311eMeHTOB AaHHOrO AHana-
30Ha 3HeprHH, TO rpaAYHPOB04HaR KPHBaR N= f (Z) MOlKeT 6~Tb no

CTpOeHa 6es npoMelKyT04HbiX saeHCHMOCTei1 N = f (C) c nepec4eTOM l 
CkOpOCTeH C4eTa Ha OAHHaKOBOe 3Ha4eHHe C AllR ecex 311eMeHTOB . 

Ha PHC. 3 noKasaHa rpaAYHPOB04HaR KPHBaR N = r (Z) AllR coAep-
lKaHHH KalKAOrO 311eMeHTa 0 , 1 Mr , HllH 1 s ec. %. H 

Ha pHc.4 noKasaHa pac4eTHaR sa e HCHMOCT b 3~eKTHBHOCTH pe
rHcTpa~HH OT 3HeprHH H311y4eHHR . 

HeAOCTaTKOM MeTOAHKH H3MepeHHH 9 TOHKHX CllORX R911ReTCR 
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MeH bWa R KOH~eHTpa~HOHHaR 
4yBCT8HTellb HOCTb no cpae
HeHH~ C HaCbl~eHHbiMH CllOR
MH , a TaKlKe yeenH4eHHe no
rpewHOCTH aHallHSa, KOTOpOe 
onpeAenReTCR n~HHRTbiM AO
ny~eHHeM 1 - e -1-~m = j; m. 

PHc.3. PeHTreH~nr.>opec

~~~~1::1 8biXOA Ka-tlHHHH 
8 3a8HCHMOCTH OT Z 8 TOH
KOM CllOe AllR COAeplKaHHH 
0, 1 Mr I m = 3 , 3 Mr I cM2 I, 
t H3MepeHHR = 5 MHHyT, 
HcT04HHK 8036Y*AeHHR -
Cd - 109. 

~ 

PHc.4. Pac4eTHaR saeHCHMOCTb 3~- ~r-----------~--~~------~ 
~eKTHBHOCTH perHCTpa~HH OT 3Hep- ~ 

rHH H3lly4eHHR AnA Si (Li) - Ae-
TeKTOpa C 4yBCTBHTellbHbiM CllOeM 
3 MM 1-1 Be -oKHOM Ton~HHOH 
-100 MKM. 

~ 
~ 
~ Cl~ .. 
; s.o 
~ l .O 

4yBCTBHTell bHOCTb MeTOAHKH HS- ~ ((I 

MepeHHH 9 TOHKHX CllORX MOlKHO l 0.1 
yny4WHTb nyTeM yeenH4eHHR epeMc- t 
HH H3MepeHHR , 4TO AaeT xopowHH Ql 

QfL------L~--~~~~~--~ 3¢l<!>eKT, T. K. BKtlaA B CKOpOCTb t z S • Ml s• E Jell 
C4eTa pacceRHHOrO TOHKHM CllOeM 
nepBH4HOrO H311y4eHHR HeBellHK. 

METOAHKA H3MEPEHHA B HAC~EHH~X CnORX 

npH H3MepeHHH 8 HaCbl~eHHOM CllOe HeOfiXOAHMO y4HT~BaTb H3Me
HeHHe ee~ecTBeHHoro cocTaea npo6. 

B pa6oTe 1 31 onHcaH cnoco6 eeeAeHHR nonpaBKH c noMO~bc OTHo
weHHH 3~eKTHBHbiX aTOMHbiX HOMepOB 3TallOHa H npofibl npH HCnOnb-
30BaHHH 3KcnepHMeHTanbHO CHRTOH saBHCHMOCTH N HK I NK = f(Z

3
¢), 

npHBeAeHHO', Ha PHC.5, rAe Z ')<fl • ¥7 q 1 Z~ , qi - OTHOCW 

TenbHoe 8eco8oe COAePlKaHHe i - ro 3neMeHTa, 8XOA~~ero e o6pa 

se~, Z 1 - aTOMHbiH HOMep I - ro 31leMeHT a, N HK 1 N K - oTHOWeHHe 
nno~aAel:i nHK08 HeKorepeHTHO H KOrepeHTHO pacceRHHOrO H311Y4eHHA, 

J ['KaK BHAHO H3 npH8eAeHHOH 3aBHCHMOCTH lpHc.51, AO onpeAeneH 
HOrO 3Ha4eHHR Z3¢ ' B llHHeHHOM ee AHana30He C HeKOTOPbiM y8e-
11H4eHHeM OWH6KH aHallH3a nonpa8Ky Ha H3MeHeHHe 8e~eCT8eHHOrO 
COCTa8a npo6bl MOlKHO npOH380AHTb, HenocpeACT8eHHO HCnOllb3YR OT
HOWeHHR nno~aAeH nHK08 pacceRHHR HllH, 4TO npo~e , aMnllHTyA: 

TJ =N HK I N K =A iK I '\. MHor04HcneHHble H3MepeHHR nOATBePAHnH 3TY 
8o3MOlKHOCTb. ITpH HatlH4HH 3TanoHa c onpeAeneHHbiM OTHoweHHeM 
TJ 3T = N,U< I NK , e aHanH3HpyeMbiX npo6ax, HMeto~Hx APYrHe 3Ha4eHHR 
Tfapo6~ , HHTeHCHBHOCTb aHallHTH4eCKHX llHHHH KOppeKTHpyeTCR Ha 
OTHOWeHHe TJ:>'l.,/ T]apOO~ , T.e. KOH~eHTpa~HR 311eMeHTa 8 npo6e 

c'"""' = c "J:'VV~ 3T 

N npo6~ 

N3T 

'I:>T 

'lapo6~ 
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PHC-5. 3aBMCMMOCTb OTHOWeHMR N 11K/ NK OT Z')<f> 
npo6bl. 

AHanHa c y4eTOM M3MeHeHMR ee~ecreeHHoro cocraea npo6bl onMcaH
HbiM cnoco6oM npOBOAHncR c A0CTaT04HO xopoweH T04HOCTb~ AllR 

Be~eCTB CO CpaBHMTellbHO HeBbiCOKHMM KOH~eHTpa~HRMH TR~ellbiX 
3JleMeHT02J 

AHanMSHpoeanMcb npo6bl, COAep~a~He 5- 8% aneMeHTOB, TaKHX, 
KaK K , Ca, Ti, Fe , npH CoAepll<aHMM 6onee TR~enblx aneMeHTuB , 
& + Mo, He 6onee 4eM coT~e AOilM npo~eHTa. OcranbHY~ 4aCTb npo-
6bl COCTaBJlRJlM nerKHe 3neMeHT~ B BHAe TaKMX COeAMHeHMH , KaK 
StO 2 , Al 20 s , Mg() "' AP. 

HccneAoBaHHR noKasanH, 4TO 4eM ewwe coAepll<aHMe OTAellbH~X 
3JleMeHTOB, TeM CMJlbHee npORBJlR~TCR TaKHe ~aKTOPbl, KaK M36Hpa
TellbHOe norn~eHMe, ceRaaHHOe c onpeAeneHH~M nonoll<eHMeM Kpaee 
norn~eHHA OAHMX 31leMeHTOB no OTHOWeHH~ K APYrMM, a TaKll<e noA
B036yli<AeHHe 3JleMeHTOB. 

Hanoll<eHHoe ewwe Mnn~CTPHPY~T pHc.6 "' 7 ' 4 ' . 
KpaH norn~eHMR ~MHKa, nell<a~HH HecKonbKO HHll<e 3HeprHH PbL~ 

M RbKa , aaMeTHO enHReT Ha yMeHbWeHMe HX e~XOAa. B ro ll<e epeMR 
B~XOA ~HHKa npaKTM4eCKM He 3aBMCHT OT KOH~eHTpa~HH CBMH~a 

6 

~ 
·~ 

I 

~ 
Q 

I 

(f) 
~0 

0,9 

~8 

q7 
q6 
qS 

o,it 

0 
2 it 6 8 

Rl>Ket. 
Pll.~ 

fO -;. zn 
PHc. 6. YMeHbWeHHe B~XOAa Ka - JlHHHH Rb "' Lf>- JlMHMH 
Pb Ha-aa norn~eHMR ~HHKOM B 3a8HCMMOCTM OT KOH
~eHTpa~MH Zn e o6paa~e. 

PHc. 7. • - PeHTreHo- 1 
~n~opec~eHTH~H B~XOA Zn 
B 3aBHCHMOCTM OT KOH~eH-
rpa~MH npM COAepll<aHHH Pb g 
B o6paa~e 0, 16%. 0 - ; 
B~XOA Zn npM APYrMx 
COAepll<aHMRX CBMH~a. 

I 4 ~ • 10 "Zn 

B yKa3aHHOM AMana30He, T.K, KpaH norn~eHHR CBHH~a HaXOAMTCR 
e~we 3HeprMH ~HHKa H cna6o ee norn~aer .fnnR K011H4ecreeHHOro ~ 
onpeAeJleHHR 3JleMeHTOB B HaC~eHHOM CJ10e ~e CTpOATCR rpaAyH
POB04H~e rpa~HKH N = f (C) A11A HecKOJlbKHx aneMeHroe e pa6o4eM 
AHanaaOHe 3HeprHH, a 3aTeM, KaK M AllR TOHKOro CllOR, CTPOHTCR 
o6u(aR rpaAYHPOB04HaR KPHBaR N = f{Z) AllR C =C008t H AllR OAHO-
ro 3Ha4eHMR TJ :IT I PMC. 8/. 
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1(14 ,q4 PHc. R. PeHr reHQ4lnltl-

' ~..,. 
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~ ' "1 1 PI &••u, i, T{ l-.1·--.; 
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opecueHTHwH BWXOA 
Ka -nHHH~ e 3aBHCH
MOCTH OT Z npH KOH
UeHTpaUHRX 1% B Hacw
tlleHHOM cnoe 
I 0 , 4 r I CM 2 I; N 111</ N K = 
= 2, 0; t 113M = 5 MHH. 
Hcro4HHK eos6y~AeHHR 
Cd - 109, aKTHBHOCTb 

,ql - 7 MKitlpH . 

no H3MepeHH~M CKO
POCTRM C4eTa onpeAenR
eMWX 311eMeHTOB C HC
nOI1b30BaHHeM rpaAyHpo
B04HOH KPHBOH N = C( Z) 
paCC4HTWBa~TCR HX co-

·~ z,. 
% 

ro• Aep~aHHR. EcnH ecrb 
pa3HHUa B BellleCTBeHHOM 
cocraee npo6 H 3rano
Ha , AenaercR nonpaeKa 
Ha Bei1H4HHY '1-n / 1j npo.:jbl" 

npeAnaraeMaR Mero
AHKa 3KcnpeccHa. nocne 
ee orpa6oTKH 3ranoHH

poB04HaR KPHBaR RBI1ReTCR nOCTORHHO AeHCTBY~IIIeH A11R AaHHOH yc
raHOBKH, BHOCHTCR nonpaBKa llHWb npH yMeHbWeHHH HHTeHCHBHOCTH 
HCT04HHKOB B030Y~AeHH~ nyTeM CHCTeMaTH4eCKoro H3MepeHHR KaKo
r0-111100 MOHHTOpa. 3TO H3MepeHHe KOHTPOI1HpyeT H nOCTORHCTBO 
reoMeTPHH 3KCnepHMeHTOB._j 

no AaHHOH MeTOAHKe npOBOAHilHCb aHai1H3~ npo6 C 04eHb MRrKOH 
MaTPHUeH: pa3HWX THnoe HOH006MeHH~x cMon, 6HonorH4eCKHX o6pas-
40B, a TaK~e n04B 11 reonOrH4eCKHX 06pa3UOB CO cpaBHHTellbHO He
B~COKHM COAep~aHHeM TR~ell~X 311eMeHTOB. nosepXHOCTHaR nnOTHOCTb 
HaC~IIIeHHOrO CllOR npo6 AllR BCeX 8030Y~AaeM~X 3HeprHH COCTaBI1RI1a 
0,4-0,5 rlcM2. 

• Kr 
, .. 
Cr 

zo 
CD Ni 

B ra6n11ue npeAcraeneH~ pe3ynbrar~ MHoro3neMeHrHoro aHai1H3a 
no4s~ 11 

soil-5 11 1 51
, nposeAeHHoro no npeAilaraeMoH MeTOAHKe s 

HaCWUieHHOM CllOe C HCnOI1b30BaHHeM 3Tai10HHPOB04HOH KpHBOH, no
CTpOeHHOH A11R npOBOAHM~X B na6opaTOpHH aHai1H30B pa311114H~X 
o6pa3uoe /p11c.8/. Hs npHBeAeHH~x e ra6n11ue AaHH~x BHAHO, 4TO 
OTHOCHrenb~peAHeKBaApaTH4H~e owHoKH P~A no npeAilaraeMOH 
MeTOAHKe 11 ycpeAHeHH~e OWHOKH aHanH3a, e~nonHeHHoro pa3H~MH 
MeTOAaMH IHeHTPOHHo-aKrHeauHOHH~M, aroMHo- aocop6UHOHHWM, P~A "" 
AP./, conocraBHM~. 
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Ta611114a 

Pe3ynbr ar~ aHai1H3a 11 soU-5 11 

J\a.HHYe f'I:IIA Ycpe,~VteHHYe Y c pe.11,HeHHHe 
no rr~.u.na- AaHHHe pa3~ A8HMH8 ~A 
raea«oA YeTOAOB &H - H8CJ<OJibKHX 
MeTOAKKe JJH3a [ 5] na<SfEjTOpi(A 

K (%) 1,ti~0,22 1,&l6:;0,0?3 1, 1!7?:!0,224 

Ca " ~. 19:!;0.21 2, 2_!0, 2ti 1, 94z0,43 

Ti " 0,48!0,0ti 0,4? 

Fe " 4, 51!0, 1H 4, 454:;0' 093 4, 44:!:0 ,32 

f1rt (ppm) d46_:41 ti52,2_:1f:j,6 I:H/ ,9;!6(),? 

Cu , ~!5,1 '7?, 14:;2, 29 ?6,52;t4,91 

'Zn , 385:!43 36?,6:4. 1 3?2,4:;12,0 

.!Is I( 10?:10 9'J, 9:!;3 ,? CJ5,9;t6,0 

P8 , 120,!18 129,3!12,4 146,4:!;20.? 

fit, , 126:!8 138,4:;3 ,6 141 ,?:!;6,? 

S-z II 34~19 330,3:!;36,? 386' 3:!:40' 6 

Z% II 
212,!15 221 ,4:;29,6 226,6:;31,? 

Yeei1H4eHHe norpewHOCTH npH onpeAeneHHH COAep~aHHR nerKHX 
3118MeHTOB CBR3aHO C noB~WeHHeM ypOBHR ~Ha B 3TOH ofinaCTH. 
3Ha4HTel1bHaR OWH6Ka e pe3yl1bTarax aHai1H3a Pb 11 As onpeAenR
ercR Hano~eHHeM 3THX nHHHH. Ha pHc.9 noKasaH peHrreHOBCKHH 
cneKTP no4B~ 11 soil- 5 11

• ---

Hs-sa HeAocraro4Horo K011H4ecrea npoow pesynbrar~ aHanHsa 
Ha COAep~aHHe Sb, Cs, Ba 11 Ce np11 eo36Y*AeHHH Am-241 nony4H-
11HCb 3aHH~eHH~MH Ha 15 + 25% 11 B rati11114e He npHBeAeH~ . fpaAy
HPOB04HaR KPHBaR AllR OollaCTH 3HeprHH 13-40 K3B noKa3aHa Ha 
PHC . 10. Ha pHc. 11 noKa3aHa K~BaR 4yBCTBHrenbHOCTH ~A f=C(Z), 
pacc4HTaHHaR no KPHTePHitl 3 v' N <Poua AllR o6pa3ua no4B~ 
"soil- 5 11 

9 



H'f 

i! 
.s""' 

~ ... z,-·- •• 1 nultw~~ 

A ~ •II# 

~ 

1(,.. 

ffJD 

1QI lOll D) .... HO 1011 KOHOI'Ii>/ 

P~c.9. PeHrreHO$n~opec~eHTH~i1 cneKrp no~e~ 
II BOil-5 

11
, tH3 M = 20 M~H. 
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PHc. 10. PeHrreHo~n~opec~eHT 

H~i1 e~xOA Ka - nHH~H ::meMeH
roe B 3aBHCHMOCTH OT Z npH 
KOH~eHTpa~HAX 1% B HaC~~eH
HOM cnoe /0, S r I eM 2/, t 113M = 
= 5 MH H , HCTO~H~K B036Y*Ae
HHA - Am-241. 
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PHc. 11. Pac~erHaA ~yecreH

TenbHOCTb P~A no~e~, tH3M 
= 20 MHH, Nlli(NK = 1,7. 

3AKJ1:>4EHHE 

1 . Paspa6oraHa ynpo~eHHaA sKcnpeccHaA MeTOAHKa MHoro
sneMeHTHoro P~A a Hac~~eHHOM cnoe AnA pasnH~HbiX o6pas~oe c He
e~coKHMH KOH~eHTpa~HAMH TA*en~X 3neMeHTOB C HCnOnb30BaHHeM 
eAHHOH rpa,V.YH P•1BO~HOH KPHBOH, noseonAIOIJieH onpeAenATb COAeP*a
HHA BCeX B036Y*AdeM~X AdHH~M HCTO~HHKOM 3neMeHTOB C y~eTOM 
/no nHKaM pacceAHHA/ H3MeHeHHA ee~ecreeHHoro cocraea npo6. 

2. AnA aHanH3a Man~x KOnH~ecre ee~ecrea HnH AnA H3MepeHHH 
6es y~era MarpH~Horo s~Kra npeAno*eHa noA06HaR *e MeTOAHKa 
dHanH3a no eAHHOH 3TanOHHpOBO~HOH KpHBOH 8 TOHKHX CnOAX. 

3. npHBeAeH~ pesynbTaTbl aHanH3a nO~Bbl no OnHCaHHOH MeTOAH
Ke. 0wH6KH aHanHsa HaxoARTCA 8 npeAenax -10% /e cny~ae Hano
*eHHA nHK08- 15%/ , OHH COnOCTa8HM~ C npHBeAeHH~MH 8 pa60Te 1 6~ 
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