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,lLnH OUeHKH COCTOHHHH npHpO.D;HOH Cpe.D;bl H pa3JIHtnlbiX 3KOCHCTeM 
npu ocymecraneuuu KOHTpoJIH Kat.Iecraa cpe.n;bi ueofixo.n;nMo npu.n;ep)KHBaTb
ca CJie.n;yromux npuuuunoa: a) paccMaTpHBaTb npupo.n;uyw cpe.n;y c yt.IeTOM 
npoCTpaHCTBeHHO-BpeMeHHOH H3MeHtiHBOCTH ee xapaKTepHCTHK H )J;HHaMHti
HOCTH npoTeKaiOIUHX B HeH npoueccoa; fi) ofiecnetiHBaTb KOMnJieKCHOCTb 
BbiUOJIHHeMbiX H3MepeuuH no pa.n;y KOHTponupyeMLIX noKa3aTeJieu u no ua-
6opy cpe.n;CTB H3Mepeuuu; B) ofiecnetiHTb penpe3eHTaTHBHOCTb MeCT Ha
fiJIIO.D;eHHH B CHCTeMe H CHHXpOHHOCTb H3MepeHuH; r) OCyiUeCTBJIHTb Kpynuo
MaCUITafiuyro C'beMKY noKa3aTeneu Kat.IeCTBa cpe.n;bi. Cofinw.n;euue yKa3auHbiX 
npuuuunoB npu oprauu3auuu cJiy:>K6bi KOHTpoJIH npupo.n;uou cpe.n;bi pac
cMaTpuaaeMou 3KOCHCTeMbl no3BOJIHT HaUTH OnTHMaJibHbie pe:>KHMbl ynpaa
JIHIOIUHX B03.n;euCTBHH .n;JIH ynyt~rneuua Kat.IeCTBa 3TOH 3KocucTeMbi. 

B uacToameu pafioTe c UeJibiO BbmonuenHH neKoTopbiX H3JIO:>KeHHbiX 
BbiWe TpefioaauuH paccMoTpeHbi onpe.n;eneuua KonueuTpauuu npuMeceu 
XHMHt.IeCKHX 3JieMeHTOB B O)J;HHX H TeX :>Ke BO)J;HbiX npofiax pa3JIHtiHbiMH 
<f>H3Ht.IeCKHMH MeTO.D;aMH. llo CpaBHeHHIO C XHMHt.IeCKHMH MeTO.D;aMH aHaJIH-
3a HCnOJib30BaHHe peHTreHOBCKHX H H.n;epHO-<f>H3Ht.IeCKHX MeTO)J;OB BO MHO
rux CJIYtiaHX, KaK H3BeCTHO, HeofiXO)J;HMO H3-3a •OOJiee HH3KOrO npe.n;ena 
nhu~n,t-wcauua "''"'''oU "'''Df"'TQUTDnt...unro-ru nnQJ...JtttDuunU Tnuunf"TU' nnnPnt:J.-- ----... -o~·--------, --J ----- -o~--------~---------, ------~-------- ------ ·-- ---£" .•• 

neuua KOJIHt.Iecraa 3JieMeHTOB B npofie. Cne.n;yeT OTMeTHTb uepa3pyrnaeMoCTb 
o6pa3Ua npu npoae.n;euuu peuTreuo<f>nyopecueuTnoro auanu3a HJIH npu 
aKTHBauHH npofibi 3apH:>KeHHbiMH t.IaCTHUaMH, liTO n03BOJIHeT aHaJIH3HpoBaTb 
cocTaB npofiLI noCJie.n;oaaTeJibHO pa3JIHtiHbiMH MeTo.n;aMH. Ba:>KHou ocofieu
HOCTbiO 3JieMeHTHOrO aHaJIH3a COCTaBa npofi <f>H3Ht.IeCKHMH MeTO.D;aMH 
HBJIHeTcH B03MO:>KHOCTb o.n;uoapeMenuoro onpe.n;enenHH uenoro pa.n;a 3Jie
MeHToB, nputieM apeMH o.n;uoro 3JieMeHToonpe.n;enenHH coKpamaeTca .n;o 
HeCKOJlbKHX MHHyT, H, KpOMe TOrO, npHMeneuue 3THX MeTO)J;OB TpefiyeT 
MeHbUlH_X KOJIHt.IeCTB BeiUeCTBa .n;JIH aHaJIH3a. HcnOJib30BaHHe B aHaJIH3e 
3BM H .n;pyrou COBpeMeHHOH 3JieKTpoHHOH TeXHHKH n03BOJIHeT aBTOMaTH-
3HpoBaTb npouecc auanu3a. 

B pa6oTe paCCMOTpeuo npuMeueuue )J;JIH ueneu 3JieMeHTHOro aHaJIH3a, 
maBHbiM o6pa3oM, .n;ayx MeTo.n;oa: petnreuo<f>nyopecueuTnoro (P<l>) u 
HHCTpyMeHTaJibHOro ueuTpoHHO-aKTHBauHOHHOro (HA). P<l>-auaJIH3 npoBo
)J;HJICH c ucnoJib30BauueM cneKTpoMeTpa MEKA 10-44 111 c penTrenoBCKou 
TpyfiKOH (PT) B Kat.IeCTBe HCTOtniHKa H3Jiyt.IeHHH H B HeKOTOpbiX CJIYtiaHX
Ha cneKTpoMeTpe C HCnOJib30BaHHeM pa.n;uoaKTHBHbiX HCTOtiHHKOB (PH) 
109Cd u 241Am (cooTaeTcTaeuuo P<l>A c PT u P<l>A c PH). CneKTpbi o6pa3-
uoa H3MepHJIHCb B YCJIOBHHX "TOHKOro" CJIOH.HA-aHaJIH3 fibiJI ocyrueCTBJieH 
c ucnoJib30BauneM HcCJie.n;oaaTeJibCKHX peaKTopoa HBP-2 u BBP-20 c noTo
KaMHTenJIOBhiXHeiiTpouoa 1012 CM-2c-l H5·1013CM-1C-1/2,3/.H3Me-
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pHJIHCb y -cneKTpbl pa,n;HOHYKJIH,D;OB o6JiylleHHhiX o6pa3IJ;OB C nepHO)J;aMH 

nonypacna.n;a OT 1 AHH AO 2 JieT a AHana3oHe apeMeHH ahmep)J(KH 5-25 AHeiL 

,ZlJIH KOHTpOJIH pe3yJihTaTOB B OT)J;eJibHhiX CJIYllaHX 6hiJI npHMeHeH MeTO)J; 

B036y)J()J;eHHH B aTOMax o6pa3IJ;a xapaKTepHCTHlleCKOrO peHTreHOBCKOrO 

H3JiylleHHH 3apH)J(eHHhiMH llaCTHIJ;aMH. B KallecTae HCTOliHHKa 3apH)J(eHHhiX 

llaCTHIJ; (npOTOHOB H a ·llaCTHIJ;) HCnOJih30BaJICH 3JieKTpOCTaTHlleCKHii reHe

paTop 3r-5, a peHTreHOBCKOe H3JiylleHHe perHCTpHpOBaJIOCb npH nOMOI.IJ;H 

aHaJIH3aTopa "ilpoTaH·M" 
141. KpoMe Toro, npHMeHHJICH MeToA npoTOHHOH 

aKTHBaiJ;HH o6pa3u;oa 1 5• 6 1 . ,ZlJIH 3Toro HcnoJib30BaJICH nylloK npoTOHOB 

c 3HeprHeii 11-12 M3B, Bhme)J;eHHhiH m KaMephi IJ;HKJIOTpoHa Y-150-2. Pac

cMaTpHaanach paeKn;HH (P, n) c HYKJIHAaMH o6pa3u;a c perHcTpau;Heii nocne

AYIO~ero y-H3JiylleHH.ff o6pa30BaBlliHXCH pa)J;HOHyKJIH)J;OB. no 3THM y-cneKT

paM npOH3BO)J;HJiaCh H,D;eHTmtJHKaiJ;H.ff KOHelJHhiX, a CJie)J;OBaTeJihHO, H Ha

llaJibHhiX 3JieMeHTOB a npo6e. 3KcnepHMeHTaJihHhie B03MO)J(HOCTH YKa3aH

HhiX MeTO)J;OB H npH60pOB paHee paccMaTpHBaJIHCb B pa6oTax /1-:-10 1. 

HccneAyeMhie 3)1;ecb npo6bi BOAhi aHaJIH3HpOBaJIHCh a KOHIJ;eHTpHpo

BaHHOM BH,D;e (o6or~eHHe B 10 pa3 OCy~eCTBJIHJIOCb BhinapHBaHHeM), 

HO B 60JiblliHHCTBe CJiyllaeB aHaJIH3Hp0BaJIC.ff cyxoif BO)J;Hhlll OCa,n;OK Ha 

JiaBCaHOBOH HJIH noJIH3THJieHOB~H nJieHKax noCJie nOJIHOro BhinapHBaHHH 

10-200 MJI BOAhi. YcTaHOBJieHo, liTo HCnOJih3yeMhre a KallecTae noAJIO)J(eK 

nneHKH HMeiOT npHMecH Ca, Ti, Fe, Cu, Zn, Ob, He3HaliHTeJihHhie ao MHorHx 

CJIYllaHX no CpaBHeHHIO C KOJIHlleCTBOM 3THX 3JieMeHTOB B BO)J;HhiX npo6ax. 

HanpHMep, npH aHaJIH3e npo6 peliHOH BO)J;hl COOTHOllleHH.ff KOJIHlleCTB yKa-

3aHHhiX 3JieMeHTOB B npo6e H nO)J;JIO)J(Ke 6biJIH. B Cpe)J;HeM CJie)J;yiO~He: 
20-280 rr.::~\ _ 4-6 ('l'i) 30-460 (Fe)_ 2-lO(Cu). 8-70(Zn). 6-60 na3 (Pb)_ 

' ~ ' ' -
liTO no3BOJIHJio Ha)J;e)J(Ho onpeAeJIHTh KOHIJ;eHTpaiJ;HH 3JieMeHTOB. Ha pHc. 1 

npe)J;CTaBJieH peHTreHOBCKHii cneKTp (noJiylleHHhiH npH nOMOI.IJ;H cneKTpo

MeTpa MEKA 10-44) OAHOH H3 TaKHX nneHoK- noJIH3THJieHOBOH (nyHK

THp), OTpa)J(aiOmHH ee KalleCTBeHHhiH COCTaB. 

,ZlJIH B3HTH.ff npo6 BO)J;hl, a TaK)J(e B03)1;yxa C pa3)1;eJieHHeM llaCTHIJ; npHMe

ceH no pa3MepaM MoryT HCnOJih30BaThCH H)J;epHbie cpHJibTpbi. B CBH3H C 3THM 

npoBOAHJICH 3JieMeHTHhiH aHaJIH3 TaKHX cpHJibTpoa. CneKTp OAHoro H3 Hc

cneAyeMhix H)J;epHbiX cpHJibTpOB, H3rOTOBJieHHhiX Ha OCHOBe npOMhllliJieH

HOH JiaBCaHOBOH nJieHKH TOJI~HHOH 10 MKM, nOKa3aH Ha TOM )J(e pHCYHKe. 

113 cpaaHeHH.ff cneKTpOB (pHC. 1, CllJIOlliHaH H nyHKTHpHaH JIHHHH) BH,Il;HO, 

liTO o6a THna ynoMHHYThiX nneHOK, B llaCTHOCTH, HMeiOT BKJIIOlleHHH Fe, 

Cu, Zn H Pb (Ha pHc. 1 He noKa3aHHoro) Ha ypoaHe 10-130 Hr/cM 2. 0AHaKo 

HeKOTOphie 3JieMeHThi, CO)J;ep)J(~Hec.ff B cpHJibTpax, cy~eCTBeHHO 3aTpy)J;

HHIOT aHaJIH3 B03AYlliHhix npo6. HanpHMep, JiaBCaHOBaH nneHKa, H,D;y~aH 
Ha H3rOTOBJieHHe H)J;epHblX cpHJibTpOB, MO)J(eT CO)J;ep)J(aTb THTaH B KOJIHlle

CTBe - 4 MKr/cM2 , HBJIHIO~HHCH noMexoii npH npoae)J;eHHH P<l>-aHaJIH3a. 

KpoMe TOro, HA-aHaJIH3 o6pa3IJ;OB KaK liHCTOH naacaHOBOH nJieHKH, TaK 

H H3rOTOBJieHHhiX H3 Hee H)J;epHbiX cpHJibTpOB, noKa3hiBaeT, liTO B nJieHKe 

CO)J;ep)J(HTCH cyphMa (Sb) B KOJIHlleCTBe 100-300 Hr/cM 2. TaKoe KOJIHlle

CTBO cypbMhl COnOCTaBHMO C ee KOHIJ;eHTpaiJ;HHMH, onpe)J;eneHHhiMH KaK 

B npo6ax B03Ayxa, TaK H a npo6ax BOAhi, H MelllaeT nonylleHHIO HHcpop-

2 

c 
~ 
:s 

...0 
t
u 
0 
J: 
CD :s 
~ 
UJ 

~ :s 

200 

100 
Co K .. 

TiK ==:. f!AE PHI::JIE cpv!AbT Pbl 
..... nOAV13TV1AEHOBAfl nAEHKA 

Ti K1 Fe K...- Zn K"' Pb L• 

5 10 KaB 
Puc. 1. PeHT.?eHvscKue cneKrpbl, noKa3blBaiOzque cooepJICaHuc npUMeccu R ucno;zh3yc

MblX 0/IJI npll<!OT08/ICHWI npo6 nOIIUJTWlCH080U n!ICHKC (n)'HKTllp) ll J!OCpHblX rfiu,zbT

pax ( Cn!IOILIHIJJI U lliTpUXORQJIIIUHUU}. 

MaiJ;HH H3 y -cneKTpOB aKTHBHpOBaHHhiX HeifTpOHaMH npo6, B3RThiX C HC· 

noJih30BaHHeM 3THX cpHJibTpoa. TeM He MeHee, cneAyeT oTMeTHTh, liTO y)J(e 
---------- ---~-···••,... -.C::.-,_...,.,.,,.. .. ,.,.'"'n.""''~''~'TT'V'" .rh .... T"'I"f'T"~-~ ronrTOn"\ll"o.Jif1ftA't:) 17V~'1~Ul-IJ...f,:l 
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npHMeCH B 3HaliHTeJibHO MeHhllJHX KOJIHlleCTBaX (pHC. 1, lliTpHX). 

PaccMoTpHM pe3yJihTaThi P<l>-aHaJIH3a npo6 a cpaaHeHHH c AaHHhiMH, 

noJiylleHHhiMH npH noMOI.llH ApyrHx MeToAOB. Ha pHc. 2 npHBeAeHhi peHT

reHOBCKHe cneKTpbl npo6 peliHOH BO)J;bl, Ha KOTOpbiX nOKa3aHO Bbi)J;eJieHHe 

JIHHHH xapaKTepHCTHlleCKOrO peHTreHOBCKOrO H3JiylleHHR, COOTBeTCTByiO

~HX pa3JIH11HhiM npHMeCHhiM 3JieMeHTaM. 3TH cneKTpbr (oT npo6 N~1 
H N?2) AeMOHCTpHpyroT qyacTaHTeJibHOCTb P<l>-aHaJIH3a K H3MeHeHHRM KOH

u;eHTpau;Hii 3JieMeHTOB, CO)J;ep)J(aiUHXCR B npo6ax peliHOH BO)J;bl, B3RThiX B 

pa3HbiX TOliKax B O)J;HO H TO )J(e BpeMR.I13 cpaaHeHHR pe3yJibTaTOB,nOJiylleHHhiX 

c HcnoJih30BaHHeM P<I>-MeToAa (pHc. 2, aaepxy) c npeAcTaaJieHHhiMH 

B HH)J(HeH llaCTH pHCYHKa }'-CneKTpaMH, H3MepeHHbiMH nOCJie aKTHBaiJ;HH 

HeHTpOHaMH TeX )J(e o6pa3IJ;OB, BH,D;HO, liTO yKa3aHHbie H3MeHeHHR KOHIJ;eHT

pau;HH a AaHHOM cnyllae noATBep)J()J;aiOTCR MR "JJieMeHTOB Fe, Zn, Sr , on

peAenReMhiX o6oHMH MeToAaMH. B llaCTHOCTH, no AaHHhiM P<l>-aHaJIH3a 

a npo6e N? 1 co)J;ep)J(lfTCR ( 46 :+:: 1) MKr IJ;HHKa, a no AaHHhiM HA-aHaJIH3a

(37 :+:: 2) MKr. B To )J(e apeMR AJIH npo6hr N~2 3TH 3HalleHHR paaHhi 

( 20 ± 1) MKr H ( 1 7 ± 1) MKr COOTBeTCTBeHHO. CJie)J;OBaTeJibHO, no pe-

3YJihTaTaM P<l>-aHanH3a KOHIJ;eHTpau;HH IJ;HHKa a npo6e N?1 npeBhilllaeT KOH

u;eHTpau;HIO UHHKa a npo6e N?2 a (2,3 :+:: 0,2) pa3a, liTO cornacyeTCH c AaH

HhiMH HA-aHanH3a - (2,2 :+:: 0,2) pa3a. Ho npHMeHeHHe HA-MeTo)J;a coa

MecTHO C P<I>-MeTO)J;OM MR aHaJIH3a O)J;HHX H TeX )J(e npo6, KpOMe TOrO, 
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Puc. 2. PeHT2eHo8cKue cneKTpbl ( 88epxy) 800HbiX npo6 N"l u N"2 ( cyxue ocaiJKU), no

lly'leHHble Ha cneKrpoMerpe MEKA 1044, u y-cneKTpbl (8Hu3y) rex xe npo6, U3MepeH

Hble 11epe3 25 cyroK noc11e aKru8aljuu o6pa3lj08 HeurpoHaMu. BuoHo pa3.!lu'lue Mexoy 

npo6aMu, 83RTbiMu 8 pa3HbiX TO'IKax ooHou u rou xe peKu, 8 C/ly'lae Fe, Zn,Sr 

noor8epxoaJOZJ4eecR OaHHbiMU o6oux ucnollb3yeMbiX Merooo8. 3autrpuxo8aHHble 'lacru 
llUHUU y-cneKTpo8 COOT8CTCT8YIOT 8K!IaOy MarepUallQ nOOilOJICKU. 

cyrueCTBeHHO paClliHpHJIO 'IHCJia onpe,neJIHeMbiX 3JieMeHTOB, TaK KaK a,ll;HH 

MeTo,n nonoJIHHeT .u;pyroif. EcnH, HanpHMep, npH paccMoTpeHHH npo6 N21 
H N22 Ha peHTreHaBCKHX cneKTpax Ha6JIIO,ll;aiOTCH JIHHHH, COOTBeTCTBYIOIUHe 

S , K , Ca , Ti , Mn, Ni , Cu, Br, TO H3 y -cneKTpoB onpenen.ReTc.R HaJIHtiHe 

3JieMeHTOB Ba, Eu, Ce, Hg, Cr, Hf, Sb, Cs, A g, Sc, Rb, Co, He Ha6nronaeMbiX 
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npH HcnoJib30BaHHH P<I>-MeTo,na a perHCTpHpyeMoM ,nHana3oHe xapaKTepH

CTHtiecKoro H3JiytieHH.R BCJie,ll;CTBHe BbiCOKOH (> 20 K3B) 3HeprHH K-JIHHHH, 

JIH60 H3-3a MaJIOrO co,nep:lKaHH.R npHCyTCTBH.R pacce.RHHOrO H3JiytieHH.R. 

B csoro o11epe.u;b 3JieMeHTbi, onpe.u;eneHHbie 3,necb TOJibKO P<I>-MeTo.n;oM, He 

Ha6JIIO,ll;aiOTC.R npH HCllOJib30BaHHH HeHTpoHHOH RKTHBa.QHH o6pa3UOB, HanpH

Mep, H3-3a Manoro nepHo.u;a nonypacnana, He3HatiHTeJibHhix BeJIH'IHH ceqe

HHR RKTHBa.QHH HJIH KBaHTOBOrO BbiXO,ll;a. 0TMeTHM, 'ITO HR llOKR3aHHbiX 

y -cneKTpax HeT JIHHHH pa.u;HOHYKJIH.na 
8 2

Br TOJibKO scne.u;cTBHe 6oJibiiiOro 

BpeMeHH Bbi,nep:lKKH, paBHOrO 25 ,ll;H.RM. 

llpHMeHeHHe ,ll;JI.R 3JieMeHTHOrO aHaJIH3a MeTo,na, KOTOpbiH OCHOBaH 

Ha RKTHBa.QHH npo6 yCKOpeHHbiMH HOHRMH C llOCJie,nyrorueif perHCTpa.QHeH 

y -H3JiytieHH.R pa.u;HOHyKJIH,nOB, B03HHKaiOIUHX BCJie,ll;CTBHe R,nepHbiX peaK

UHH (p, n) , (d, n), (a, n) H ,np., yJKe HCCJie,ll;OBaJIOCb, HanpHMep, B/ 5 •6 1 . 
3.u;ecb Mbl COllOCTaBHM CJiyqaif HCllOJib30BaHHR .u;JI.R 3JieMeHTHOrO aHaJIH3a 

peaKUHH (p, n) H P<I>-MeTo.u;a. Ha pHc. 3 (ssepxy) noKa3aH pemreHOBCKHH 

cneKTp so.u;Hoif npo6bi NQ3, oTJIH'IaiOIUeifcR oT npo6 NQ1 H NQ2, B tiaCTHOCTH, 

HH3KHM co.u;ep:lKaHHeM JKeJie3a, a B HHJKHeH 'IRCTH pHCYHKa - y-cneKTp 

TOM JKe npo6hi, H3MepeHHhiH nocne aKTHBa.QHH o6pa3ua npoToHaMH c 3Hep

rHei1 12 M3B. KaK BH.nHO H3 pHc. 3, oTHOCHTeJibHO cna6o Ha6nronaeMoe 

B 3TOM peHTreHOBCKOM cneKTpe JKeJie30 XOpOlliO BbiRBJI.ReTC.R B y-cneKTpe 

no JIHHHRM 56 Co scne,ncTBHe peaKUHH 56 Fe (p , n) 56 Co • Arm cpasHeHHR 

( CM. pHC. 2) MOJKHO OTMeTHTb, 'ITO 3HR'IHTeJibHO 60Jiblliee KOJIH'IeCTBO JKeJie-

3R B npo6ax NQ1 H NQ2 MeHee 3aMeTHO BbiRBJI.ReTc.R npH Hcnonb30BaHHH 

HA-MeTo.u;a. Eonee Taro, perHCTpa.QHR y-JIHHHH H3JiytieHHR pa.u;HoHyKJIH.n;oB 
48u Tr 51 rr ~~n~ ~n~••n'T~Tnn~T n~~n~n~Tr~T ~ ~~n&::n ~~n .. nTT~· T• ~TO~~.. ..~ 
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6nro,naeMbiH TOJibKO B peHTreHOBCKOM cneKTpe, H BaHa,ll;HH, He npo.RBJI.RIO

IUHHC.R 3.u;ecb npH HcnoJib30BaHHH P<l>- H HA-MeTonos. KoHetiHo, npHMeHeHHe 

R.u;epHbiX peaKUHH AJIR Maccosoro 3JieMeHTHoro aHaJIH3a orpaHHtieHo cnoJK

HOCTblO aHaJIH3a H Tpe6yeT 60JiblliOro KOJIH'IeCTBa pa6o11ero BpeMeHH yCKO

pHTeJieH, HO B HeKOTOpbiX YCJIOBHRX HCllOJlb30BaHHe 3TOrO MeTOAa MOJKeT 

6biTb onpas.u;aHo. 

B cny11ae, Korna Heo6xo.n;HMO onpeneneHHe B npo6e nerKHx 3JieMeHTOB, 

aca6eHHa C HeBbiCaKHM HX ca,nepiKaHHeM, MaJKHa KaM6HHHpoBaTb npHMe

HeHHe P<l>-aHaJIH3a H peHTreHacneKTpaJibHara aHaJIH3a c npaTaHHbiM Ba3-

6yJK.u;eHHeM. PaccMaTpHM 3Ta Ha npHMepe aHaJIH3a sa.u;Haii npo6bi NQ4. 
1-1:3 peHTreHaBcKara cneKTpa, nanytieHHara npH HcnaJib3aBaHHH MeTana 

P<l> c PT (pHc. 4), BH.neH 3JieMeHTHbiH cacTas a6pa3ua. 0THaweHHe HHTeH

CHBHOCTeif JIHHHH TaKHX, HanpHMep, JierKHX 3JieMeHTaB, KaK K H Ca, K 

HHTeHCHBHaCTH JIHHHH Fe Ka' pacnaJiaJKeHHaii npHMepHa B cepe.u;HHe perHCT

pHpyeMora ,ll;Hana3aHa 3HeprHif, CaCTaBJI.ReT 1,5;1 H 3,3:1 CaaTBeTCTBeHHa. 

KaK BHAHa H3 peHTreHaBcKara cneKTpa, nanytieHHora npH a6nytieHHH a6-

pa3ua npaTaHaMH, H3-3a pe3Kara Ba3paCTaHHR Ce'leHH.R B3aHMa.n;eifCTBHH 

B a6JiaCTH JierKHX 3JieMeHTaB HHTeHCHBHaCTH H3 peHTreHaBCKHX JIHHHH 

Ba3paCJIH OTHaCHTeJibHa HHTeHCHBHaCTH Ka -JIHHHH Fe. 0THaWeHHe HHTeH· 

CHBHocreif JIHHHH Ha 3TaM cneKTpe pasHa 31:1 .u;nH K H 45:1 .u;JIH Ca. C .u;py

raii cTapoHbi, HHTeHCHBHaCTb JIHHHH JJieMeHTaB Cu, Z n, Pb, Ha6nro.u;aeMbiX 
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E,K3B 
Puc. 3. PeHueH06CKUU cneKrp cyxo.?v ocaOKa 600Hou npv6bl N"3 (6aepxy) u y-cneKrp 

rou JKe npo6bl (6Hu3y), U3MepeHHblU rtepe3 9 cyroK noc.1e aKTU6auuu npo6bl nporoHaMU. 

Ha Y-cneKrpe, 6 rtacrHocru, 6UOHo xopowee 6blOCJ!eHue JIUHUU paduoHyKJiuoa 56co. or

PQJICaJOUje.?O npUC)'TCT6Ue 6 npo6e JICC,!e3a, no cpaaHCHU/0 C OTHOCUTCJlbHO CJIQ6blM 6bl0e

JICHUCM JIUHuu Fe Ka Ha peHT.?eHoBCKOM cneKrpe. 

B ,llaHHOH npo6e, cy~eCTBeHHO yMeHbWHJlaCb OTHOCHTeJlbHO TOH )f(e JIHHHH 

Fe, trro 3aTPYAHHeT HX Bbl,lleneuHe. 1-13 npHse.neuuoro npHMepa BHAHO, trro 

COBMeCTHbiH aHaJIH3 o6pa3UOB yKa3aHHbiMH peHTreHOBCKHMH MeTO,llaMH 

no3BOJIHeT noJiy'IHTb 6onee nonuy10 HHQ>opMauHIO o co,nep)f(aHHH B npo-

6ax KaK JierKHX :;meMeHTOB, TaK H 3JieMeHTOB Cpe,llHero aTOMHOrO Beca 

H neKoTopbiX TH)f(eJibiX 3JieMeHTOB ( Pb ) • 
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FeK. ZnK.. 
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10 E,K3B 

Puc. 4. Cpa6HeHue peHTi!CH06CKUX cneKrpoa 

c.vxoi!o ocaoKa npo6bl aoObl N"4, noJlyrteHHblX 

Ha peHTi!CH06CKOM cneKrpoMerpe MEKA 

10-44 (Pt:P-aHQ/1113) U npu 06Jl)''ICHUU npo6bl 

nporoHaMu c JHepi!ueu 2 MJB Ha aHQ/IU3arope 

'TlporaH-M". Xopowo 6UOHo yaeJlurteHue uH

reHCU6Hocru XapaKTCpUCTU'ICCKOi!O peHTi!C

H06CKO.?O !13Jl)''ICHWI Jlei!KUX JJICMCHT06 OTHO

CUTCJ!bHO, HanpUMCp, JICCJIC3Q, 6 CJI)''IQC 6V3-

6yJKOCHUJI QTOMV6 o6pa3ua npoTOHQMU. 

PE'-tHAfl BOAA 

~ 

+ t ••• 

t Br 
~ 

::J 1-......-.,......,--r-.,..-..-+ 
~ 

0 HAA 
• pcpA 

f-. 2 ' - • 
:I: • 2 + 

l f 

Br 

Puc. 5. flpoCTpaHCTRCHHblC ( CJICtJa) U 

ape MCHHblC ( cnpaaa) 3Q6UCUMOCTU KOH

UCHT/)QUUU 3!1CMCHT06, COOepJKQUjUXCJl 8 

npo6ax pertHou ROObl. TeMHble rortKU -

pC3J'JlbTQTbl, nVJI)''ICHHblC npll nOMOUjU 

peHri!eHotjjJlyopecueHTHoi!o aHMU3a ( Pt:PA), 

CRCTJlble TO'IKU - OaHHble HeurpoHHo

aKTUBauuoHHoi!o aHQ/IU3a ( HAA). IIlrpu

xoBIJJI JIUHUR - )'poRCHb flJJK. 

~ ,. ~· ·~ 
0 ~ • 

~ r:.. lJ Y,o I . Fe 

t rr1+;-~ t~~---.--~--\--)r,l 
123456 0 1 2 3 

TO'f<A B311THR l'l'CQI BPEMR 113S!!MSl nPCE~:.~, 
B rOAAX 

qyBCTBHTeJibHOCTb Q>H3H'IeCKHX M.eTO,llOB aHaJIH3a K npoCTpaHCTBeHHbiM 

H3MeHeHHHM KOHUeHTpaQHH MaKpo- H MHKponpHMeceft, CO,llep)f(aJUHXCH B 

BO,lle, fiOKa3aHHaR Ha pHC. 2, 6oJiee nOJIHO HJIJIIOCTpHpyeTCH Ha pHC. 5 H 6 
,llJIR HeKOTOpbiX 3JleMeHTOB, o6uapy)f(eHHbiX B npo6ax pe'IHOH BO,llbl H rop

HOrO Jlb,lla, B3HTbiX nOCJie,llOBaTeJibHO Ha onpe,neJieHHOM paCCTORHHH ,llpyr 

OT ,npyra. 3TH pe3yJihTaTbi nony'leHbi KaK npH noMo~H P<l>-aHaJIH3a (TeM

Hbie TO'IKH), TaK H npH HeHTpoHHOH aKTHBaUHH o6pa3UOB (CBeTJible TO'IKH). 

Ha pHcyuKax noKa3aHbi cpe,nuHe KBa,npaTH'IHbie norpewuocTH ,llaHHbiX, 

o6ycJIOBJieHHble CTaTHCTH'IeCKHMH OWH6KaMH H3MepeHHH JIHHHH peuTreHOB· 

CKHX H y-cneKTpoB HCCJie,nyeMbiX H 3TaJIOHHbiX o6pa3QOB. Ha6JIIO,llaeMbiH 

B pH,lle cnyqaes pa36poc ,llaHHbiX P<l>- H HA-aHaJIH30B 3a npe,lleJibi norpew

uocTeu MO)f(eT 6biTb, B 'laCTHOCTH, 06'bHCHeH HeKOTOpbiM pa3JIH'IHeM 3TaJIO

HOB, HCnOJlh3yeMbiX B Ka)f(,llOM BH,lle aHaJIH3a, H OWH6KaMH B npouecce 

aBTOMaTH3HpoBaHHOH o6pa60TKH cneKTpoB. 
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HOMEP nP06bl 

Puc. 6. BepruKatlbH&lu nporjju.n& KOHlfeHTpa

lfUU 3/leMe.HT06, CoiJepJKOIJ.IUXCR 6 npo6ax 

2opno2o !l&iJa. )1ann&ze Pf/JA - TeMH&ze TO'IKU, 

HAA - C6eT!I&Ze TO'IKU. 

KaK BH,D;HO U3 puc. 5 (cneaa), 
DpUBe,ll;eHHbie pe3yJ1LTaTbl D03BOJ1JllOT 
cpaaHUTL MeJKAy co6oi1: (a TaK)f(e 
C ypOBHeM npe,ll;eJILHO AODYCTUMOH 
KOHQeHTpa.I.J;UU (Il,lJ;K) - lliTpUX Ha 
puc. 5) co,nep*auue npuMeceH: B ao,ne 
Ha pa3J1U'IHbiX yqacTKax uccne,nyeMoro 
BO,ll;HOrO o6"LeKTa U Bbi,ll;eJIUTL TO'IKU 
C DOBbillleHHbiM CO,ll;ep)f(aHUeM 3J1eMeH
TOB. HanpuMep, Ha puc. 5 (cneaa) 
OTMetJeHO yBeJIU'IeHUe KOHQeHTpaQHU 
)f(eJie3a B TO'IKax NQ4 u NQ5, QHHKa -
B TO'IKe NQ3, 6poMa - B TO'IKe NQ5, 
U 3TO YBeJIU'IeHUe DOATBepJK,IJ;aeTCJI 
,nauHLIMU u P<l>- u HA -auanu3oB. B npa
BOH tJaCTU puc. 5 DOKa3aHbi BpeMeH
Hbie Bapuau;uu KOHQeHTpa.I.J;UH 3J1eMeH
TOB npuMeceif B npo6ax BO,ll;bl, B3Jl-
.............. ,... - ............... ,...... .... "7" ........ ...... ,.,., .. IF,..,...,.,,.. - .......... ... ~ ... ~,., ~ v,.... ...... ....,....... ..... ... -··.& ,;........... ........................ &&-

DpUMep, KOHQeHTpa.I.J;UJl 6poMa COOT
BeTCTByeT TO'IKe 3a6opa npo6hr NQl. BH,D;HO, 'ITO B TetJeHue yKa3auHoro npo
Me*YTKa BpeMeHU (OKOJ10 3 neT) CO,nep)f(aHUe B BO,ll;e )f(eJie3a U 6poMa 
3HatJuTeJ1hHo MeHJIJIOCh, nputieM caMLre 6onhlliUe 3Ha'leHHJI KOHQeHTpau;uH: 
COOTBeTCTBOBaJIU ,ll;J1Jl o6oux 3J1eMeHTOB (a TaK)f(e ,ll;J1Jl He DOKa3aHHOrO 
Ha pucyHKe QHHKa) Ha'laJibHOMY nepuo,ny KOHTpOJIJI, U BO MHOrO pa3 npe
BbllllaJIU ypoBeHb ll,UK. 0TMeTUM, 'ITO BO acex npe,ncTaB.TieHHbiX CJIY'IaJIX 
onpe,neJIJIJ1UCb KOHQeHTpa.I.J;UU 3J1eMeHTOB, UMelOUlUe BeJ1U'IHHY KaK 60J1bllle, 
TaK U MeHhllle ll,UK (Ha puc. 5 AJIJI QHHKa U 6poMa U3MepeHHbie 3Ha'leHUJl 
KOHQeHTpa.I.J;HH Jie)f(aT HU)f(e ypOBHH ll,UK, AJ1H 3TUX 3J1eMeHTOB He DOKa3aH
HOrO) . AHanorutJHO Ha puc. 6 npe,ncTaaneHLI npocTpaucTBeHHbie pacnpe
,neneHUH (BepTUKaJibHbiH npo<t>unb) KOHQeHTpau;HH 3J1eMeHTOB B npo6ax 
ropHoro JILAa, oTpa)f(aiOUlUe apeMeHHoe (MHoroneTHee) H3MeHeHue co,nep
)f(aHUH 3J1eMeHTOB DpHMeCeH B aTMOC<t>epHbiX OCa,ll;KaX. 3,necb, KaK U Ha 
puc. 5, MO)f(HO BbiHBUTL KOppeJIHQHIO B U3MeHeHHJIX KOHQeHTpa.I.J;UH 3J1e
MeHTOB. HanpuMep, AJIJI *ene3a, py6H,D;HJI, 6apHH Ha6nro.naeTcJI 3HatJuTenL
Hoe npeBbillleHue KOHQeHTpa.I.J;UU Ha,ll; o6I..aHM ypOBHeM B TO'IKe NQ1, a TaK)f(e 
MaKCUMYM B TO'IKe NQ5. B caoro oqepe.nL, B TO'IKe NQ6 KOHQeHTpau;HH 3THX 
3J1eMeHTOB MUHHMaJILHaJI. C ,npyroif CTOpOHbl, pacnpe,neJieHUe KOHQeHTpa
QHH xpoMa OTJ1U'IaeTCH He3Ha'IHTeJ1LHbiMU BapHa.I.J;HJIMU, 3a UCKJllO'IeHUeM 
TO'IKH NQ2. 
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11TaK, U3 U3J10)f(eHHoro BH,D;Ho, 'ITO P<l>- u HA-MeTo,naMu 3J1eMeHTHoro 
auanu3a ycnelliHO onpe,nenHIOTCH npocTpaucTaeHHo-apeMeHHbie pacnpe,ne
neHuH KOHQeHTpa.I.J;HH 3J1eMeHTOB DpHMeceif B BO,ll;HbiX o6"LeKTax pa3HbiX 
TUDOB. 

PaccMoTpuM no.npo6Hee onpe,neneHHe KOHQeHTpau;HH 3JieMeHTOB pa3-
HbiMU MeTO,ll;aMH. BocnpOU3BO,ll;UMOCTL pe3yJ1LTaTOB UCCJ1e,ll;OBaHHH O,ll;HUX 

Ta6!1Ulfa 1 
Cpa6HeHue 1-COHijeHTpaijUU 3/leMeHT06 6 600e, onpeoe/leHHblX 6 HeuTpOHHO
afCTUBai,IUOHHOM aHai!U3e (HAA), peHT2eHOfj'JilyopeCijeHTHblX aHa/lU3aX 
c peHrzeHoacKou rpy6Kou (PC/JA c PT) u paouoaKTUBHbZMU ucrormuKaMu 
(Pf/JA c PH) u a peHTZeHocneKTpal!bHOM aHa~~uae c nporoHHbZM 6oa6yJIC
oeHueM (p • X) 

3neMeHT KoHQeHTpau;uH, MKr/n 

HAA P<l>A c PT P<l>A c Pl1 p,X 

Ca 
3400 ± 600 3500± 80 3070 ± 130 2990 ± 230 
2960 ± 460 

Cr 20,5 ± 3,1 23 ± 8 

F .1-H oopa3eQ 6300:!: 4~u ~:10U:!: OU ~OIU:!: '!U 

e 2-H: o6pa3eQ 860 ± 160 710± 50 

Co 2,24 ± 0,23 1,6 ± 0,7 

Ni 66 ± 19 71 ± 12 

Z 1-H: o6pa3eQ 670 ± 80 465 ± 25 452 ± 5 565 ± 25 
n 2-H: o6pa3eQ 115 ± 35 115 ± 15 85 ± 10 

Br 7,0 ± 2,3 8,2 ± 0,7 7,8±2,7 
7,5 ± 1,0 

Rb 11,9 ± 2,0 13 ± 5 11,8 ± 0,6 
9,7 ± 1,4 

1-H: o6pa3eQ 11,5 ± 4,4 10,7 ± 2,3 

Ba 13 ± 6 
2-H: o6pa3eQ 4,2 ± 1,8 4,2 ± 0,5 

4,0 ± 0,3 

IlpuMe'laHue: 6 HAA HUKe/1& onpeiJe11eH no peaKijuu 58 Ni ( n , p) 58 Co • 
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H TeX ?Ke 06pa3UOB B peHTreHo<t>nyopeeQeHTHOM aHaJIH3e H B HeHTpOHHO
aKTHBaQHOHHOM aHaJIH3e noKa3aHa Ha pHe. 5, 6 H B Ta6n. 1. KaK BH.UHO H3 
pHe.5, B enyqae ?KeJie3a (onpeAeJIHeMhie KOJIHtJeeTBa (5-20) MKH, o6'beM 
BOAhi ( 1 0-20) MJI) AaHHhie, nonyqeHHhie B HAA, HMeiOT 3Haq.HTeJihHO 6onh
wyw norpewHoeTh, tJeM pe3yJihTaThi P<l>A. KaK H3BeeTHO, 3TO o6'bHeHHeT
eH 6onee BhieOKHM npeAeJIOM o6Hapy?KeHHH ?KeJie3a 110 1 B HAA H3-3a He3Ha
tJHTeJihHoro eeqeHHH peaKQHH paAHaQHOHHoro 3axBaTa HeH:TpoHa Manopae
npoeTpaHeHHhiM HYKJIH.UOM 58 Fe. llo3TOMY npHMeHeHHe P<l>A HBJIHeTeH 
B AaHHOM enyqae npeAnOqTHTeJibHhiM BBH.UY noJiytJeHHH fionee TOtJHhiX pe-
3YJihTaTOB. C Apyrou eTOpOHhi, npH yBeJIHtJeHHH onpeAeJIHeMbiX KOJIHtJeeTB 
?Kene3a AO 300-400 MKr H 6onee TOtJHoeTb onpeAeneHH.H AaHHhiX HAA ynyq
waeTcH H npH6JIH?KaeTeH K TOtJHoeTH pe3yJihTaTOB P<l>A (eM. pHe. 6 H 
TafiJI. 1 H 2). lloKa3aHHhie Ha pHe. 5 AaHHhie MH KOHQeHTpaQHH QHHKa 
COOTBeTCTBYIOT onpeAeJieHHIO B ofipa3Qe 1-2 MKr :noro 3JieMeHTa. KaK BH,U
HO, H npH onpeAeJieHHH QHHKa fionee TO'IHbie pe3yJihTaTbl MH TaKHX KOJIH
qeeTB nonyqawTeH B P<l>A, B oeHOBHOM 3a ctJeT Toro <t>aKTa, 'ITO B HAA 

Ta6,w!4a 2 
J(uana3oHbl :nccnepw1-teHTWibHbiX no2petuHocreu npu onpeveneHuu KoH
ZJeHrpat~uu 3;zeMeHTOB e npo6ax eoobl c ucnollb3oBaHUeM P<PA u HAA 

3JieMeHT 

s 
Cl 
K 
Ca 
Ti 
Cr 
Mn 
Fe 
Co 
Cu 
Zn 
Br 
Rb 
Sr 
Zr 
Ba 
Pb 

lbMepHeMbie 
KOJIHtJeCTBa 
B MKr 

100-600 
600-1700 
100-4100 
30-1900 
1-450 
0,1-24 
0,2-70 
6-4600 
0,01-2 
0,3-40 
1-320 
0,05-50 
0,2-12 
0,2-100 
0,2-11 
0,5-20 
0,4-4 

,lhmna30H norpeillHOeTeH B % 

P<l>A c PT P<l>A c PH HAA 

50-10 
9-6 23-10 
21-9 26-4 
27-13 39-2 
57-2 26-5 
100-24 74-14 57-5 
50-4 53-10 
9-1 15-1 69-5 
71-42 44-33 50-3 
100-8 100-7 
33-2 31-1 79-3 
100-2 55-9 40-2 
34-24 47-3 74-6 
50-7 20-3 
52 88-4 

27-4 55-38 
28-13 55-13 

IlpuMe'laHue: 8 C.!lyWtJIX Cr, Co, Br yKa:JaHHble MUHUMilJlbHble KO.!IU'IeCT8a J.1eMeH

T08 onpeOe.!IJIIIUCb TOilbKO 8 HAA. 
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onpeAeJieHHe UHHKa no y -JIHHHH c 3HeprHeH 1115 K3B paAHOHYKJIH,Ua 65Zn 
OCJIO?KHHeTeH 6JIH3KOpaenoJIO?KeHHOH JIHHHeH 1121 K3B paAHOHYKJIH,Ua 
46Se , a 3TOT 3JieMeHT B fiOJibllieH HJIH MeHbilleH eTeneHH npHeyTeTByeT B BO
Ae. H3 Ta6n. 2 cneAyeT, qTO TOtJHOeTh H3MepeHH.H eoAep?KaHHH UHHKa B HAA 
ynyqrnaeTeH npH onpeAeJieHHH KOJIHtJeeTB B 50-100 MKr H fionee. llpHBeAeH
Hbie Ha pHe. 6 AaHHbie AJIH fiapHH (H3MepHJIHeb KOJIHtJeeTBa B HeeKOJibKO 
MKr) TaK?Ke onpeAeJieHhi e nyqwe:H TOtJHOeTblO B P<l>A e PH, tJeM B HAA, 
XOTH, KaK BHAHO H3 TafiJI. 1 H 2, 3Ta pa3HHQa He OtJeHb 3HatJHTeJihHa y?Ke 
AJIH KOJIHtJeeTB B 10-20 MKL Pe3yJihTaThl onpeAeJieHHR KOHQeHTpaQHH py
fi.H.UHH H HHKeJIH, noKa3aHHhie Ha pHe. 6 H B TafiJIHQaX, HMelOT npHMepHO 
OAHHaKOBYIO TO'IHOCTb MH eOAep?Kai.UHXeH B npofiax KOJIHtJeCTB B 1-10 MKr 
KaK npH HenoJih30BaHHH HAA, TaK H P<l>A e PH. TotJHoeTb pe3yJihTaToB 
P<l>A e PT AJIH py6H.UHR (eM. Ta6JIHQhi) HH?Ke H3-3a Toro, tJTO K-nHHHH py6H
AHH paenOJIO?KeHa Ha HH3K03HepreTHtJeeKOM eKJIOHe nHKa Heynpyroro pae
eeHHHH nepBHtJHoro H3JiytJeHH.H Ha o6pa3ue, eo3Aawmero 3HatJHTeJihHhiH 
<t>oH. B eBoiO oqepeAh TaKHe 3JieMeHThi, KaK Br, Cr, CoonpeAeJIHIOTeH B HAA 
3HatJHTeJibHO fionee TOtJHO, tJeM B P<l>A (eM. Ta6JI. 1 H 2). H3 pHe. 5 TaK?Ke 
BH,UHo, tJTO pe3yJihTaThi HAA AJIH 6poMa, onpeAeneHHhie no HeeKoJihKHM 
y -JIHHHHM PMHOHYKJIH.Ua 8 2 Br, HBJIHIOTeH 6onee AOeToBepHhiMH, tJeM 
AaHHhie P<l>A e PT, nonyqeHHhie nyTeM H3MepeHHH nnomMH Ka·JIHHHH 6poMa, 
KOTOpaH, KaK H Ka·JIHHHH pyfi.H.UHR, paenOJIO?KeHa B o6naeTH nHKa paeceHH· 
Horo H3JiytJeHH.H. A AaHHhie P<l>A AJIH xpoMa, eoAep?KaHHe KOTOporo B npo-
6ax eOOTBeTCTByeT ypOBHIO npeAeJia ofiHapy?KeHH.H, HMelOT 3HatJHTeJihHO 
6onhwHe norpewHoCTH (pHe. 6) , qeM AaHHhie HAA, H B HeKoTophiX TOtJKax 
,..,..,.,.. ...... ,....,..,.......,,.. ............ .,... ,...,.....TTT:I'TTnTrvrrorT ,.....,.. TTTr""' ll'T"T'\ T .... 0/"000"T'{"l0 ~nh!lnl..T'!l Tr\ ~rn nnnPTIP.-
'-'.J~'-''-'.&.IJ'-'.I..a..&..a.- _4.,.&&.a..l.....,..._. ... ._.~.._ ..._..., ...... ._ .. a _ ... _.. ,. _________ --------~--, -- - - ---.1. •• 

neHHe B P<l>A eHJibHO 3aTPYAHeHo HHTep<t>epeHuHeH: JIHHHH xapaKTepHCTH
qecKoro H3JiytJeHHH CoKa H FeK/3. 

B Ta6n. 1, KpOMe Toro, npoBeAeHo epasHeHHe HeeKOJihKHX pe3yJihTa
TOB, noJiytJeHHhiX B peHTreHoeneKTpaJibHOM aHaJIH3e C npOTOHHhiM B036y?K
AeHHeM (p, X), e pe3yJihTaTaMH P<l>A H HAA. H3 npHBeAeHHhiX AaHHhiX no 
onpeAeJieHHIO KaJibQHH, ?KeJie3a, UHHKa CJieAyeT, 'ITO TO'IHOeTb onpeAeJieHHH 
3THX 3JieMeHTOB He xy?Ke TO'IHOCTH, AOeTHraeMOH B P<l>A. Ho AJIH eJiytJaH 
e KaJibQHeM eJieAyeT OTMeTHTb (eM. pHe. 4), 'ITO norpeWHOeTb pe3yJihTaTa 
B OeHOBHOM onpeAeJIHeTeH OillllfiKOH pa3AeJieHH.H K-JIHHHH KaJIHH 11 KaJih
UHH, KOTOpaH H3-3a HeAOeTaTOtJHOrO 3HepreTHtJeeKOrO pa3perneHHR HenOJib-
3yeMoro AeTeKTOpa COeTaBJIRJia OKOJIO 5%, B TO BpeMH KaK eoficTBeHHO 
eTaTHeTHtJeeKaH owH6Ka H3MepeHH.H MeHbWe, tJeM AJIH AaHHbiX P<l>A. B eny
tJaHX ?Ke e fipOMOM (TafiJI. 1) H eBHHQOM (pHe. 4) TOtJHOeTb onpeAeJieHHH 
AaHHbiX B P<l>A y?Ke Bbirne, tJeM B (p, X) . 

TaKHM o6pa30M, H3 paeeMOTpeHHOrO MaTepHana BH,UHO, 'ITO COBMeCT
HOe HenOJib30BaHHe AJIH 3JieMeHTHOrO aHaJIH3a BOAHhiX Ofi'beKTOB pa3JIH4· 
HhiX <l:>H3HtJeCKHX H HAepHO-<l:>H3HtJeeKHX MeTOAOB (B tJaCTHOeTH, Aa?Ke TOJib· 
KO P<l>- H HA-MeToAoB) cymeeTBeHHO paewHpHeT tJHcno onpeAeJIHeMhix 
3JieMeHTOB H n03BOJIHeT BbiHBHTb HX KOJIHtJeeTBa B HeKOTOpbiX CJIY'IaHX 
AO 10-9 -10-tO r. llp11 3TOM AJIH onpeAeJieHHR 3JieMeHTOB pa3Hh1Mll MeTOAa
MH nOHBJIHeTCH B03MO?KHOeTb He3aBHeHMOrO KOHTpOJIH H, npH HeofiXOAH-
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MOCTH, KOppeKUHH pe3yJibTaTOB. BLI60p COOTBeTCTBYJOIUHX MeTO.D;OB aHaJIH-
3a C ueJiblO onpe,D;eJieHHJI pa3JIHqHbiX :meMeHTOB ll03BOJIHeT npoCJie.D;HTb 
npOCTpaHCTBeHHO-BpeMeHHbie H3MeHeHHR KOHUeHTpauuH 3THX 3JieMeHTOB, 
CO.D;ep:lKaiUHXCJI KaK B BO.D;HbiX 06"beKTax, TaK H B aTMOC<J>epe. TeM CaMbiM 
onpe,D;eJIHeTCH ,D;HHaMHKa pa311HqHbiX npoueccoa B BO.D;HOH H B03AYlliHOH 
cpe.D;ax, ycTaHaanuaaeTcH cpe.D;HHH ypoaeHb ecTecTaeuuoro co.D;ep)KaHHH 
B HHX npHMeceft:, a TaK)Ke JIOKaJIH3YJOTCJI HCTQquHKH UOCTynJieHHR npHMe
ceft: Texuoreuuoro npoucxo)K.D;enuH. 

B 3aKJiroqeuue aaTopbi Bbipa)KaJOT rny6oKyro 6naro.D;apHOCTb A.E.Bop-
3aKoacKoMy; ,n.A.roraHoay, E.JIJKypaaneaoft:, P.A.KynMaToay, B.M.Ha3a
poay, A .C.Cepe6pHKoay, B.B.ToKapeacKoMy 3a co.D;eft:cTaue a BbmoJIHeHHH 
OT.D;eJibHbiX nanoa pa6oTbi. 
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Ky.rtpRWOB B.H. H .rtp. P14-88-350 
HcnoJIL30BaHHe peHTreHoscxoro 
H Jl,r(epHo-ci>H3HqecKHX MeTO,r(OB 
AJIJI CpaBHHTeJibHOI'O 8H8JIH3a 3KOJIOI'HqecKHX npo6 

PeHTreHoclmyo~eHTHbiH H HHCTpyMeHTSJILH&Iii HeHrpoHHO· 
aKTHBawtOHHbiH MeTO,r(hl, a B pii,D;e CJiyqaes - MeTO,IJ;bi npoTOHHOH 
aKTHBilWIH (peHTI'eHOCneKTpaJILHbiH 8H8JIH3 C npoTOHHbiM B03· 
6y)K,IleHHeM H 8H8JIH3 C npHMeHeHHeM peaKQHH (p , n) ) 6&IJIH HC· 
noJIL30BBH&I AJIR onpe.neneHHR aneMeHTHoro coCTasa p83JIH~biX 
BO,IJ;HbiX 06'1teKTOB. 00Ka38Ha B03MO)f(HOCTL DOJiy'leHHJI npoCTpm
CTBeHHO-BpeMeHHbiX 3aBHCHMOCTeH KO~eHTp81Uiii 3JieMeHTOB npH
MeceH: B so.ne (a npa onpe.neneHHbiX ycnoBHRX H B aTMoccpepe) 
H HCOOJib30BaHHe TaKHX ,IJ;aHHbiX npH KOMDJieKCHOM H3yqeHHH CaHH· 
TapHO·I'HI'HeHHqeCKHX OOKa3aTeJieH BO,IJ;HbiX CHCTeM. 0TMeqeH&I 
npeHMyi.UeCTBa TOI'O HJIH HHOI'O MeTO,D;a B CJiyllaRX B03MO)f(HOI'O 
onpe.neneHHR pa3JIHqHLIX co.nep:>KaHHH: aneMeHTa B ao.ne Hecxon~o
KHMH BH,IJ;aMH 8H8JIH3a. 

Pa6oTa B&mOJIHeHa B na6opaTOpHH HeiiTpoHHOH <I>H3HKH OH.RH 

Coo6Ulala8 ~eaaoro IIIIC'I'IIT)'Ta IUlepHWX acenQOBIIIIIIA . .Ily6aa 1988 

Depeao.n O.C.BHHorpa.noaoH: 

Kudryashev V.I. et al. P14-88-350 
X-Ray and Nuclear Methods for Comparative 
Analysis of Environment 

X-ray and instrumental neutron activation methods, and in some 
cases methods of photon activation (x-ray spectral analysis with 
proton activation and analysis on the basis of (p, n) reaction) were 
used to obtain elementary content of different water samples. The 
possibility of getting space-time dependences of trace elementary 
concentrations in water (and under certain conditions in atmosphe
re) is shown. These data are to be used at a complex investigation 
of sanitary norms of water systeiDS. The advantages of abovemen
tioned methods are discussed for obtaining different elementary 
content in water in different ways. 

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