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ÜAHOH H3 np06neM SKOnOrHH HBnReTCH BH60p MeTO~HKH aHanH3a sne
MeHTHOrO COCTaBa HCCneAYeMUX 06neKTOB. Tpy,gHOCTb SToro BH60pa COCTO I 
HT B TOM, ~O AnH perneHHH 60nbmHHCTBa 3aAªq sKonqrHH He06xOAHMH AO
crarovao I-rn:3K11e npeneaa 06HapYJK6HIDi 00-0 - IO-~) ripa BhlCOKO~ TOq 1\HOCTH aHB.JlH3a AnR BeCbMa rnHpOKoro Kpyra sneMeHTOB. KpOMe Toro, Tpe
6yeTcH B03MO~OCTb aHanH3a B qpe3B~aHHO pa3Ho06pa3HNX MaTpH~ 
Ao~e OTnOMeHHH, nOQBbI, YA06peHHH, rrpOMHmne~e nHnH, paCTeHHH. 

~enhD AaHHOH pa60TH 6b1na pa3pa60TKa KOMnneKCHOH MeTOAHKH aHanH
aa npo6 pa3JIHt.rHbIX MaTepHB.JIOB oKpJ'F;8IJmeA cpens , B KaqeCTBe OCHOBHbDC 
MeTOAOB aHanH3a 6Hnu B~~aHN 3HeprÓA"Cn6pCHOH~e peHTreHO~nDOpec
qeHTlill~ aH8Jll13 (3)J,P~A) ,2/" l1HCTpYMeHTB.JIbHhI~ He~TpOHHb1~ al{'1'UBaI1,11
OHHblH aHB.JlH3 (ltlHAA) KaK MeTO,IJ,bl, xcpoao ,u.onOnHSIIll1JJ'le .a-pyr ~pyra " 0'1'
seuanutae B nonHott Mepe TeM Tpe6oBarGUD4, xoropue npe,o.'bJIBJIJ1eT 31tOnOrM 
K aHanHT"Ke. ô~~i~ ocymecTBnRnCH c nOMO~~ aHanHOU'1'Opa k~Cd-I044A 

(XR-500) (LINCSYSTEMS ,BenHIt06p"TB.HHJl) c "CnOJIb30BWiHeM B ltaQeC'l'Be 
HCTO'Ql-iliKa B036~eHHH m.myJIbCHoR peH'1'reHOBC!{oR '1'py6Irn c MHllI6HbD 113 
cepeõpa, ôHepreTHqeCKOe p8.3p6m6HH6 AeT6KTopi no K-JlHHH.1 :.tn 0,9 lesB 
COCTaBnHnO 160 sB. KaK npaBRnO, npoBeAeHH6 peHTreHO~nDOpeCueHTHaro 

aHB.JlH3a COCTOHT H3 HeCKonbKHX 3TanOB, OCHOBHhlMH "3 KOTOpNX H~JIRDTCH: 

np060nOArOTOBKa, H3MepeHHR a 06pa60TKa noxyqeHHhIX cneKTpOB. llo,o.r0TOB
Ka K aHanH3Y AOHHUX OTnOMeHH~, nOqB, npO~1eHHbIX ITbIneA " npoqax Ma
TepHaJIOB cnO~OCTeH He co~ep~T: Bblcyme~e H H3MeKbqeHHhle npo6N no
MemaDTCH B cT~apTHHe nOJIHSTRneHOBble qaIDKH H OTnpaBnRDTCH Ha H3Mepe
AMe, KOTopoe nDoH3BOAHTCH B TaK Ha3b1BaeMbIX "Hac~eHHHX" cnORX. llpH 
no~pOTOBKe K aHaJIH3Y npo6 paCTeHHH 06~0 npHXO~HTCH np"6eraTb K H3
rOTOBJIeHHD Ta6JIeTOK. BhlcymeHHYD H H3MeHbqeHHyD rrp06y MaçcoA I - 3 r 
npeccyDT B cneqHaJIbHoA npecc~opMe nOA AaBJIeHHeM 1,2.103 Mfla. KaK 
npaBRno, npH TaKOM AaBJIeHHH MO~O 06xOAHTbCH 6e3 ?ne~anbHoro HanOJI
HHTenR, KOTOpblA A06aBnReTCH B np06y ARH npHAaHHH eR AOCTaTOqHO~ Mexa
HHqeCKOA npOqHOcTH. ITocJIe SToA onep~H np06a nocTynaeT Ha H3MepeHHe, 
H aHanH3 npOH3BOAHTCH B TaK H~NBaeMUX "npOMe~TO~" cnoHX. 

AHanH3 np06 B3BeceR, nblJlH H '1'BepAO~ ~a3b1 CHera OC~eCTBnReTCH B 
"TOHKHX" CJIOHX C H30TpODHOA nOB6pXHOCTHoA'nnOTHOCTbD (6-IO ur/CM). 
llp06a MaccoA 20-ô0 MP oc~ue'1'cn Ha ~anb'1'p B Cne~B.JIbHOM YCTpoAcTBe 
B CMeCH paCTBOpHTenR (aueroaa ",nH cnapra) H !COMIlOHeHTa-3aKpenHTenR 
(06~0 ~eHo~opManbAep~Han pe30~bMan CMOJIa) nOA AaBneHHeM 0,2-0,3 
MI1a. Ilocne BblcymHB8.HM npoõa noceynaer Ma aHaJIH3. 
obl60p ycnoBHA B036~eHHn npODOA"~Cn nyTeM M3MepeHaR pnAa CT~apTHHX 

06pasUOB cocTaea ropHblX nopoA, ~OHHHX OT~OM6HHA, nOQE H paC'1'eHM~ npH 
pasnHmiblX aarrpnzexarrx nHTQ.J1M POHTI'OHODOltoA TpydlU1 " pa:J~HlUi1IIX ~"JIb

TP~ B036Yll\I\8Illmero H3J!Y'lOHllJI t111 OOBOD~ nOnY'l~Hl>lX AlUjHW\ IlQ "1'"TOPIlll 

t 
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36 paCC~TMBanHCb 3HaqeHHR npeAeJIOB 06HapymeHHR H B~6HpanHCb onTH
MaJIbHble ycnoBHH B036y~eHHH. B pe3ynbTaTe npOBeAeHHbIX HCCneAOBaHHA 
6~no BbmCHeHO, qTO AnR aHaJI~3a 06pa3~OB c MMHHMaJIbHO B03MO~IMH npe
AeJIaMH 06HapymeHHH no BceM onpeAeJlHeMbIM 3neMeHT&~, K~yID np06y He
06xOAHMO nocneAOBaTenbHO H3MepHTb B rneCTH ycnOBHRX B036~eHHR. npH 
STOM B llHTM pemHMax Hcnonb3yeTcR peHTreHOBCKaH Tpy6Ka c aHoAOM H3 
cepe6pa npM onpeAeneHHOM pe~Me nHTaHHR H COOTBeTCTByIDmeM eMY ~Hnb
Tpe B036y~aromero H3nyqeHHH. B meCTOM pe*HMe peHTreHOBCKaH Tpy6Ka 
OTKnID~aeTCH, H c nOMOmhID p~HOM30TonHoro MCTOqHHKa Am24I B036y~a
eTCH K-cepHH xapaKTepHCTHqeCKOrO H3nyqeHRH sneMeHTOB 0'1' Ag ~O Ce 

npeAenH 06Hapy*eHHR H peKOMeHAyeMMe pemHMhI pa60T~ peHTreHOBCKoR Tpy6
KH npHBOARTCH B Ta6n.I. He06xOAMMO CKasaTb, qTO rrpHBOAHMMe npeAeJlH 
06HapymeHHH nonyqeHbI npH H3MepeHHH np06 B IHaCbrmeHHbIX" H "npOMeJKy
TOqHhJX" CJIOHX B TeqeHHe 100 c, a np06H B ITOHlillX" cnORX H3MepHnHcb 
~OO c. U6pa60TKa nonyqeHHMx np" H3MepeHRHX cneKTpoB npoBoAHnacb B 
paMKaX npOrpaMMHOrO 06eCneqeHHR pe~TreHoBcKoro aHaJIH3aTOpa MECA
I044A. 

O~HOH H3 HaH60nee BamAblX xapaKTep~cTHK aHaJIH3a, HapRAY c npe
AeROM 06HapymeHHH, HBnReTCH TOqHOCTb aHanH3a, KOTOpaH oTp~eT CTe
neHb 6JIH30CTH K Hynro KaK cHcTeMaTHqeCKOH, TaK H cnyqaRHo~ norpem
HOCTH sTHx.pe3ynbTaTOB. KpHTepMeM TOqHOCTH HBJlHeTCR OTHOCHTenbHaH 
cpeAHeKB~paTHqHaH norpernHocTb, paCCqHTaHHaH no pe3YJIbTaTaM aHaJIH3a 
peaJIbHbIX np06. 10QHOCTb aHanH3a no PHAY xapaKTepHCTHK sneMeHTOB, 
rrpeACTaBneHHaH BeJIHqHHOH 95%-OH AOBepMTenbHoR BepOHTHGCTH, TO eCTh 
3HaqeHHHMH 2,77 Ô) noxaaaaa B Ta6n.2. WaKTMqeCKHe nor-peuraocra \l? 
paCCqHT~BaroT no ~oPMYne, B3RTO~ H3 /3/. 

VIHCTPYMeHTaJIbHbIH He~TpoHHbIR aKTHB8.4HOHHblA aHB.JIH3 nposonaaca na 
õaae ABYX peaxropoa: MEP-2 (JlH!i! ÚVJ.ffití, ,i.l,y6Ha) H 'IBP (ViTOill, IVlocKBa). 
Ilp06b1 aHaJIH3MpOBaJIHCb BABa STana: Ha nepBOM STane aHaJIH3 npOBOAHnCH 
HenocpeAcTBeHHO Ha peaKTope H onpeAenRnHCh,COAepmaHHH KOpOTKO- H 
cpeAHeiKHBymHX P~HOHYKnHAOB c nepHoAOM nonypacnaAa T = 5 MHH. 
20 ~ac. BaToM CJIyqae np06a HaBeCKoR 100-200 Mr ynaKoBblBanacb B no
nH3THneHoBbI~ naKeTHK H B nonHSTHneHOBOM KOHTenHepe 06nyqanaCb B Ka
Han8 peaKTopa MEP-2 /4/ B nOTOKe 1.1012 H/{CM2.C) B Te~eHHe 3-5. MHH. 
nepBoe H3MepeHHe HaBeAeHHo~ aKTHBHOCTH npoBo~Mnocb qepe3 5-7 MHHYT 
nocne OKOHqaHHR 06nyqeHHH na l-cneKTpoMeTpe c ,Ge (Li') AeTeKTopOM 
c 3HepreTHqeCKHM pa3pellleHHeM OKono 3 KsB no JIHHHH 1333 KsB. no pe
3YJIbTaTaM aroro H3MepeHHH onpeneaaaacs PaAHO~KJlHAM V 52, s 3'7, Cu 66, 

Ti 5I • BTopoe H3MepeHHe npoeoAHnocb Qepe3 30 MHHYT nocne OKOHQaHHH 
06~eHHH )J.nH onpeneneaga aKTUBHOCTH IlMHOHYKJlHAOB cf8, Mn 56 , 

S';ln In II6 m Dy 100 E 171 L 176Sr, , ,r, u • 
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TaóJll1~a 

8JleMeHT 

Na 
Mg
AI 
Si 
P 

S 
CI 
K 
Ca 
Se 
Ti 
V 

Cr 
Mn 
F 
Co 
Ni 

Cu 
Zn 
Ga 
Ge 
As 
Br 

Rb 
Sr 
Y 
Zr 
Nb 
Mo 

Pb 

Ai!. 
Cd 
Sn 
Sb 
Cs 
Ba 
La 
Ce 

l. llapaMeTpbl 113MepeHl1f:1 11 3Ha'tleHl1R npe.IJ,eJ10B 
oÓHapy~eHl1R peHTreHO~J1DOpeC~eHTHOrO aHaR113a /2/ 

flpe.IJ,eJl AHaJU1Tl1t1eC YCJlOBl1R D036y~eHHR 
O6HapY1KeHl1Jl, )CélJI Jll1HMR (HanpnmeHl1e, ~l1nbTp, 

ppm l1CTOtllil1lt) 

1500 b KB, óe3 ~MJlbTpa,
500 

peHTreHOBCKaR TPYÓ;;00 K 
300 ica C arIO.n-OM 113 A; ,100 

50 
10 Jill, ~eJlJlIOJI03lillH50 

50 ~l1JIbTp, peHTreHOBCKaR50 K Tpy6Ka50 
40 
25 

25 
15 KB, ~eJlJlJJJl03Hb1H2b 

25 K ~l1JlbTp, peHTreHOBCKaR
50 

TPyóKa10 

5 
25 KB, ~HJIbTp 0,055 

3 
K .MM Ag , peHTf1eHOB

3 CKaR TpyóKa2 
2 

2 
45 KB, ~HJlbTp 0,1272 

2 li MMAg , peHTI'eHOB2 
cxaa rpyõxa2 

2 

10 

5 
Aro 241 aKTHBHOCTb5 

15 3,7.109 c-I, PaAHO15 K
10 H30Ton~H HCTOqHHK10 
10 
IO 

" 

• 

TaÓJIH~a 2. ~onycTHMble (~)/3/ H ~aKTHqeCK11 nOJlyqe~e (~) 
nOI'pemHOCTH"pe3YJlhTaTOB peHTreHO~Jli)OpeC~eHTHoro 

aHaJIH3a (Bec.%) 

~Hana30H Ca Fe Rb Sr Zr Ba. 

CO.IJ,epJKalll1H, 
% ~ q} ~ il? ~ il? ~ il? .n. \D ,lJ, <I> 

0,2-0,49 30 11,5 - - 44 8,6 - - - - 53 8,8 
0,1-0,19 39 15,6 - - 52 IO,5 - - - - 58 II,9 
0,05-0,099 55 22,9 64 15,6 63 12,4 - 11,3 - - 75 14,9 
0,02-0,049. 69 48,8 75 21,8 80 16,0 80 12,2 - - 78 16,9 
0,01-0;019 83 51,5 83 32,7 83 18,3 81 18,3 - - 83 18,8 
0,005-0,0099 83 57,4 83 73,9 83 23 83 25,2 83 36,0 83 20,4 
.0,002-0,0049 - - 83 75,6 83 26,8 83 28,3 83 44,3 83 49,3 
0,001-0,0019 - - - - 83 35,5 83 36,5 -' - 83 50,7 

TpeTbe H3MepeHHe npoBo.IJ,HJIOCb ~epe3 24 qaca nOCJIe OKOHqaHHH 06
JIyqeHl1.H, onpenenanacs PaAHOHyKJlH,IJ,bI NJ.4, K 42, Ce 143, Pr 142, 
Ho 100. Ha BTOpOM arane npoõa HaB8CKOH 100-200 Mr, ynaKOBaHHaR B no
JlH3THJIeHOB~ nJI8HKy H 8JlIDMHHHeByD ~OJIbry, 06JIyqanacb B KaHaJIe pe
aKTopa TBP /5/ B TeqeHHe 15~20 qaCOB. TIocJle 06~eHl1.H np06H B~ep1KH
BaJIHCh B Te~eHH8 4-5 .IJ,HeH, nepeynaKoBHBaJIHCb H nocTynaJIH Ha H3Mepe
HHH. ITo pe3YJlbTaTaM nepBoro 113M8peHHR onpe.IJ,eJlHJlaCb aKTHBHOCTb p~HO
HYKJIVf,lJ,OB Na 24 AJ6 Br 82 Cd 115 La 140 Sm 153 Yb 175 

17 " "" Lu I 7, Au foo. 3aTeM npoõa BbT,IJ,ep2IillBaJIHCb eme 15-16 .n-HeH H l1:=lMe
:46 sr 59 00. Zn 65psmacb aKT~BHoCTb P8AHOHYKJl~OB Se 1 cr- l:nFe 141Co , 147 ' 

s:15 Rb 86 Ag 110m s'J24 Cs 13'i, Ba 'Ce , Nd , 
Eu lb2, Tb 100, Y 169: Hf181: Ta 182, F.g 203, Pa 233. BpeMH H3

H3MepeHHH OAHO~ np06bf COCTaBJlHJIO 5-15 MHHYT, B KaqeCTBe 3TaJIOHOB
CpaBHeHHH HCnOJIb30BaJIHCb Te 1Ke CT~apT~e OÓPa3QN, qTO H B peHTre
HOHO~JlIDOpeC~eHTHOM aHaJIH3e H, KpOMe Toro, MHOr03JleMeHT~e 3TaJIOHbl 
cepaa ME 5 {tiexOCJIOBaKHH). Hezoeopae napaaerpa PaAl1OHYKJllf,IJ.OB, HC
nO~3yeMbIX B aHaJI113e, H npe.IJ,eJlH OÓHap~eHl1H .IJ,JIR nOqB H paCTeHH~ 

npHBOARTCH B TaóJl.3• 

4 ~5 



'"
 

'la6JB14a 3. l1apaMe'rpbI 113MepeHl1H 11 npene.na 06HapYiKeHl1R	 TOl.jHOCTb aH8.JH13a, np8,rr,CT8.BJI8HHM 3Hal18Hl1.ffMl1 2, n 6 ,lJ,JIR HeKOTO

l1HCTpYMeHTaJIbHOrO HenTpOHHoro aKTl1B~110HHOrO 

aHaJU13a 

Nb 
nn 

oJIe-

MeHT 
~bOTon '1'1/2 

AHaJIl1Tl1

l.jeCKM 

flpe,Il,8JI o6HapY1K8Hl1R, 

ppm 

JIl1Hl1H, flOl.jBbI PaCTeHl1H 
K3B 

I. Na 24 
Na 27 2. Mg 

8	 MS,7"3. 
S 384. Cl 
C14 2 5. K 

Ô. Se	 K 46 
SC5 1 '1. Ti 

V	 Ti 5 2 o. 
V 519. Cr 
Cr5610. Mn 
Mn59 11. Fe 
Fe6012. Cá 

13. Cu	 C066 
CU6514. Zn 
Zn7615. As 

re. S1:	 AS75 
Se 8 2 P. Br 

Rb Br86Ib. 
Rb87m Sr 

19.	 'Sr8 5 
Sr 110m20.	 Ag 
Ag 11521.	 Cd 
Cd 116m22.	 In 
In12 4 

23.	 Sb 
Sb 134 

24.	 Cs cS 131 
25.	 Ba 

Ba 140 
26. • La 

La 14 1 
27. Ce	 

Ce 142 
28'.	 Pr 

Pr147 
29.	 Nd 

Nd153 Sm30.	 
Sm152 

31.	 Eu 
Tb	 EU160 32.	 

Tb 16 5 
33.	 Dy 

Dy 16034.	 Ho 
lIo 17 1 'For35. Er175 

'fb36.	 Yb169 
Yb176 

37.	 Lu LU 177 . 
LU 181 Je.	 lIf 

Ta Hf 18239.	 
Ta198 40.	 Au 
AU203 41.	 Hg 
Hg23342. Th Pa 

') 

14,9 l.jac 13ffi 
9,5 Ml1H 1014b I Ml1H 3102,4 

3'7:3 Ml1H 216ô,b 
12,4 l.jac 1524
b3,b ,Il,HR b09 
5,0 Ml1H 320 
3,8 Ml1H 1434,4

27 7 ,Il,HR 321
2'6 l.jac b47. 

44:6 ,Il,HR 1292 
5,3 rO,Il,a 1332 
5 I Ml1H 

24b ,rr,H8~ 1039 
1110 

26,0 l.jac 657 
120,4 ,rr,rrn 265
 
35,3 l.jac
 7'76le '1 10'7'7I'7b Ml1H 3b963 ,2JI.HH 514IbO 4,rr,rrn ) 65b 

2 2JI.Hlr< 4, 4l.jé1.c 336
' 04 Ml1H 417
tIJ 4 ,rr,HIl w3 

2 O> ro,rr,a 796

fl,5 ,Il,HR 496
 
40,2 l.jac
 1596 
32,5,I1,HIl 145 
19.2 l.jac 1576 
71 ° ,rr,HR 531 
4'7' I l.I:ac 103 
12:'7 rena 1408 
'72 3 ,Il,HR 879 
142 Ml1H 94,7
26 8 uac -80",6
7 b2 tIac 30b4: 2 ,Il,HR 396
30 : 6 ,Il,HR 1'77 

3 7 l.I:ac 88,4
6'7,I1,HR 208 

42'5 ,Il,HR 482
115' I	 ,Il,HR 1221 

2:'7 ,Il,HR 412 
46 8 ,Il,HR 279 

2'7 ,Il,H8~ 312 

6.. s 

pax xapaxrepaax 3JI8M8HTOB, noxaaana B Ta6JI.4. 

Ta6JIl1I..:\a 4. ~onYCTHM~e (~) 11 ~8.KTl1l.j8CKH nOJIYQeHHbI8 (~) 

ncrpeunrocrz (B %) P83YJIbTaTOB I-1HCTPYM8HT8.JlbHOf'0 

Hei1TpoHHoro aKTl1Ba4110HHOrO ananaaa 

,D,l1anaSOH Cr Co Cs Th 
cO,lJ,eJ11KaHl1n, 

lo ,lJ, J! )J, :i< J~ "i! ,D, ÇI!~ 
'1 0,01-0,09 40 30,2 55 9,7 33 30 

0,005-0,0099 50 24,4 70 12,b • 42 40 
0,002-0,0049 fJJ 41,S! bJ n ,e bJ 13,b 52 40,3 
0,001-0,0019 7b aO,o b3 10,9 b3 Ib,<J 66 47 

0,0005-0,00099 83 70,0 b3 26 bJ :32,2 bJ b4,3 
0,0002-0,00049 b3 37,'7 83 'J'7,0 b3 12,5 

0,0001-0,00019 b3 bb, 1 bJ 'Jo,J b3 62 

B KaqeCTBe 3é:l,II,aT.H1 ,lJ,JI.fl onp060BaHl1H KOMnJIeKCHOH MeTo,rr,l1K\1 6bIJIa B3R

Ta npoõnena 048Hlü1 BJIl1HHYlR BHOCl1MOrO KOMI10H8HTa (B H8llleM CJIYl1ae q>OC

tP0rl-1nca) na 3tl.rpR3HeH118 nOl1B 11 CeJlbCKOX03,ü1CTBeHHhiX paCT8Hl1t1. eJ!OCtPo

I'l1nC RBM8TCR OCHOBHhJM O'l'XO,rr,OM np0113Bo,rr,CTBa Ml1HepaJIbHbIX y,rr,06peHl1tí, 

hOTOphlt1 l1CnOJIb3Y8'rCR B Kal.jeC'rBe Xl1Ml1l.j8crt0ro M8JI110paWra noua , I103'rOMY 

BrrOJIH8 'noua-ruo , HaCKOJIbKO H806XO'p'l1MhI l1CCJI8p,OBê.l.HHR no BhlRCH8HHIO T8X 

Ml1Kp08JI8M8HTHbIX 113M8H8HYitÍ, KOTOpbI8 npoxcxonar B nousax 11 C8JIbCIWXO

3.flACTB8HHbIX paCT8HHRX npl1 BH8C8Hl1l1 ~oc~orYlnca. 

uKcrr8pVlMeHT npo aornorca Ha onuruux Yl1aC'I'KélX c ,n,epHOBO-rrO,lJ,30JIl1CTOA 

novsoü , B KOTOP.YlO BHOCl1JIOCb nae ncsu ~oct!Jor'l1nca KaK l.j!1C'I'oro, TaK H B 

CM8Cl1 c OpI'aHl1l.j8CKHMl1 y,rr,06peHHRMl1. CT8n8Hb B03,lJ,eAc'I'Bl1R rpOcrporl-1fica na 

pacrwreasnoc-n, onpe,Il,8JIRJIaCb Ha npl1Me.r-e KOP'l'0lJ!8JIR H xanyc ru , KOTophle 

supamaaanacs Ha 3T11X 1Ke Yl.I:aCTKax. Lb:JIl1 npOB8,I1,eHhI HCCJIe,lJ,OBaHl1H ,Il,BYX 

Tl1nOB q>octPorl1nca, KOTOpbJ8 n03BOJIl-IJIl1 COCTaBl1Tb reOXHMl1t.r8CKl1H cnexrp 
tPocrporl1nca 11 no Ka38.Jrl1 , l1TO B 3aBl1Cl1MOCTl1 0'1' runa np0113BO,Il,CTBa 11 l1C

nonsayeeor-o cupsa COCTaB tPoc~rl1nca M8HH8TCR H83Hal.jl1TeJIbHO (Pl1c.1). 

h3 np8,rr,CTaBJI8HHOrO rp~l1Ka Ta~8 B~HO, l.jTO B 60JIbUl8A CTeneHl1 B ~OC-

t.Porl1nC8 KOH48HTpl1pYlOTCR TaK118 3JI8M8HThI, KaK S, Sr , La, Ce ,Eu , 

F , Ca, Sm , Nd , Y , Tb, P, KOTOphr8 11 RBJIRXlTCR OCHODHblMl1 8JI8M8HTa

Ml1-npHM8CRMl1. PaCl.j8T nocTynJIeHl1R Ml1Kp03JIeM8HTOB C ~oc~rl1nCOM B YC

~Ilt	 ~OBHbIX q>OCtPoPI~X 8,rr,l1H114aX (np04eHTbI 01' 3anaCa e.poc~opa 8 nOl.l:Bax) no

Ka3bIBa8T, trro Hapfl..lJ.Y C rpOC<P0POM KaK nOJI83HbIM KOMnOH8H'l'OM, npOl1CXO,Il,l1T 

~ rop8.3,I1,o 60JI88 l1HT8HCl1BHOe BH8C8Hl1e B nOl.jDY S ,Sr , P33. 
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PHC.r. feOXHMHtieCKH» CrreKTp 
~OC~OrHrrCOB. 

Kc - n03~H~HeHT KOH~eHTpaqHH 

OTHOCHTenhHO ~OHOB~X KOH~eHTpa

~H». 
6 - ~OCWOpHTOBoe c~pbe; 

0.1 L. -----" 
• - arraTHTOBoe C~pbe. 

rrporH03~e paC~eTH rrOKa3a~n, tiTO rrpH ~03e BHeCeHHR WOC~OrHnCa 

60 T/ra, cO~ep*aHHe 3r MOZeT' rrpeB~CHTb BepXHH~ 6e30rraCHbI» rrpe~en B 
nouse , paBHhII1 roo Mr/Kr!6/. Ú~HaKO excnepaaearanssae naaaae noxaaa
nH, tiTO cO~ep*aHHe Sr B OT~enb~ cnytiaHX rrO~H~a.JIOCb ~o 300-400 
Mr/nr, a B 60nbillHHcTBe cnytiaeB COCTaBnRnO r50-200 Mr/nr. Co~ep~aHHe 

Sr Ha Y4acTKe c BHeceHHeM ~oc~o~Hrrca B CMeCH c OpraHHqeCKHMH y,IJ,o
6peHl1RMH (o6ll\ee KOnl1qeC'I'BO mo Tira) ~8JKe HeCKonbKO HH)lC8 (pac, 2) , 
qeM Ha ~OHOBOM y~acTKe, qTO 06õHCHReTCR 3Haql1TenhHNM pa36aBneHHeM 
o6ll\e» Macco~ BHeceHHoro Men110paHTa. 

BrKc 

2.0 
Bo 

Kpocc. 

PHc.'2. Haxonneaae 3neMeHTOB 
rrpM BHeceHHH ~ocWorl1rrCoB. 

~ 
~acc.= r/Rc 
I - xaproéens , B~a.II\eHW~ H8. 

3Tl1X rrOqBaX; 
2 - rrOqBa c BHeceH~ ~OCwo

rHrrCOM. 

3aBl1CHMOCTH, npe~CTaBneHHNe Ha pl1c.2, nocTpoe~ Ha OCHOBe 3Ha
qeHH~ K03~11~l1eHTOB Ko~eHTpaqHH - Kc= C/C~, r~e C - cpe~Hee 3Ha
qeHHe co~ep~HHR 3neMeHTa Ha yqacTKe c BHeceHHeM ~oc~orHnca 60 Tira; 
C~ - cpe~Hee 3HaqeHHe co~ep~aHl1R 3Toro *e 3neMeHTa Ha ~OHOBOM yqacTKe. 
AHanH3 3Tl1X rp~l1KOB nOKa3~BaeT, qTO B nOqBe c BHeceHHeM ~Oc~orl1nca 

B He6onbml1X KOnl1qeCTBax KOH~eHTpl1pymTCR TaKMe 3neMeHT~, KaK Cu , Pb., 
Na , K '(Kc=I,I - r,2), Bce OCTaJIbHNe 3~eMeHT~ RMe~TKc ~ I (KpH
Bas 2). B K~y6HRX KapTO~enH rrpOHCXO~l1T ~OBonbHO HHTeHCHBHoe HaKonne
HHe (no cpaBHeHHD c ~OHOM) Ba H Br <K = 1,8 - 2,8) (KpHBaH r). Bc 
MeHbmHX KO~HqeCTBaX HaKan~HBaDTCH 3r , Rb , La , Ce , 3m 'K =r,r _ 

t;l> c 
1,4). 3HaqeHHH K03~~HeHToB Ko~eHTpaqHH OCT~bHNX 3neMeHTOB qyTb 

, 8 
~ 

I' 

õo.nsure e~l1Hl1~bl; l1CKJIlOtieHl1e COCTaBnRe'r Cs ,KOTOpbIH BblHOCl1TCH 113 Kap
ToepenR (~acc. = 1,6). Ilpa ~03e BHeCeHl1H ~ocQorHI1Ca 3 'r/ra 3HatiYJ.TeJIb
HhIX 113MeHeHl1t:í lWHlJ,eHTpaql1~ Ml1KpOSJIeMeHTOB B novae 11 xaproqiene H8 na
6nlO~aeTcfl. 

UC06blt! l1HTepeC npe~CTaBJI.ReT rrOBe~eHl-le r'pynna penxoaeaensasrx 3JIe
MeHTOB B Cl1CTeMe nocsa-pacreaae, 113 BCeH rpynnsr pe,n.K03eMenbHblX SJIe
MeHTOB HaM y~anocb orrpe,n.enl1Tb B paCTeHYJ.HX La, Ce , Sm , Eu , rro 
Cpe~Hl1M co~ep~HHRM KOTOp~X 6~nH paCCtiHTaHbI K03~HlJ,l-leHT~ 611onorl-lqec~ J Koro nOrJIOll\eHl1R (ltilB). KnE ~ 'CplCrr, p,n.e Cp - co~ep~aHl-le ~miHoro 3ne

i MeHTa B paCTeHHl1; CnCO~ep~HltIe ~aHHOrO sneMeHTa B novae , Vi3 ~aHHhIX, 
I npasenesaax B Ta6nl1lJ,e 5, cnenyer , qTO KErl ~nH xaprorpe.na, supainenaoro
~ 

Ha rroqae C BHeCeHl1eM ~oc~orHnca B CMeCl1 C opraHl1qeêKl1M y~o6peHl1eM, 

npaaravecxa He OTnl1Qae'l'CR OT rpOHOB~. Ha novse ~e C BHeCeHltIeM til-lCTO
r-o çpoc~orl1nca pe~Ko3eMenbHhle 3neMeHTbJ nor-nomamca KapTOCpeJIeM l1HTeH

!, Cl1BHee. Hanyc-ra H3611paTenbHo nororouiaer Ce , xas na lÍl0HOBOM nOQBe, TaK1 

I 11 Ha nOQBe C BHeceHHeM ~oc1orl1nca 11 OpraHl1tieCKOrO YAo6peHl1H. 
•\ 

Ta6JIl1~a 5. 3Ha~eHltIR K03~11lJ,l1eHTOB 6110nOrl1QeCKOrO
t nornouíeaaa (Kbll)

tI 
I'Jt ycnoBHR

:l ~
 
: I KapTo1Jenb, 1JOH
 
,!
 

KapTo~enb Ha nO~Be C ~oc~rHn-
COM H OpraHHQeCKHM YAo6peHl1eM 

;/ KapTo~enb Ha nOQBe C ~oc~orHn
d COM
 

KanYCTa, ~OH
 

KanycTa Ha noqae C ~oc~rHn
,I COM H OpraHH~eCKHM YAO peHH

eM 

La Ce 3m Eu 

0,04 0,07 0,04 o,oe 

0,04 O,Olj 0,04 0,06 

O,Ob o,oe 0,08 0,09 

0,02 0,12 0,05 0,08 

0,06 0, II 0,06 0,09 

(i 
Ms Bcero B~eCKa3aHHOrO c~eAYeT: 

r. llpH BHeceHHH 60nbWl1X AOS ~oc~orHrrca B CMeCH C OpraHHQeCKHMH YAo6pe~ I HHHMH B AepHoBo-noAso~HcT~e hO~B~ He Ha6nDAaeTCH aarpR3HeHHR HX (notiB}l! 
sneMeHTaMl1-npHMeCHMH ~oc~orHnca.1 

2. AHanHs AaH~X o HaKonneHHH MHKposneMeHToB KapTo~e~eM nOKa3~BaeT,; j 
QTO cymecTByDT ABe rpynn~ 3neMeHTOB: nepBaH - 3neMeHT~, CBH3aH~e C 

r!
 

"1 BHeceHHeM ~oc~orHnca B nOtiEy H Ko~eHTpHp~~HeCH B KapTo~ene C Kc =
 
r,2 - r,4 - Sr , La ,Ce ,3m; BTOpaH - 3neMeHT~, He CBH3aHHHe C BHe

ceHHeM ~oc~rHnca HenOCpeACTBeHHO, HO nOABH~OCTb KOTOp~X B03paCTaeT
 

,; 
9. 



-------

;, 
~ 

BCJIe,rr,CTBVie 113MeHeHl1R ep11311KO-Xl1Ml1treCKl1X YCJIOB.l1M B nOtrBe, c K = 2 - 2,6
c 

-	 Ba, Br 
3. Pe,rr,Ko3eMeJIbHbre 3JIeMeHT~ 1136.l1paTeJIbHO HaKaTIJIl1BaIDTCR paCTl1TeJIbHOCTbID 

B 3aB.l1C.l1MOCTl1 OT Bl1,rr,a paCTeHl1t1. ~ 11 

4. Do,rr,OQHble ViCCJIe,rr,OBaHHH Heo6xo,rr,l1MO npo,rr,OJI*l1Tb ,rr,JIR ,rr,pyrl1x Tl1nOB nOtrB 

11 KJIl1MaT11treCKl1X YCJIOBl1t1. I
II npe,rr,JIaraeM~t1 KOMnJIeKcHbrt1 MeTo,rr, RBJIR8TCR I'116Kl1M .l1HCTpYMeHToM, 

n03BOJIRID~l1M aHaJI11311pOBaTb npaKT.l1treCKl1 Bce Tl1n~ 3KOJIOrl1treCKl1X npo6 

(KpoMe ~l1,rr,K.l1X) Ha cO,IJ,ep~aHl1e llil1pOKOrO Kpyra 

,rr,ocTaTOtrHOM tryBCTBl1TeJIbHOCTbID 11 TOtrHOCTbID. 

~aHHaR pa60Ta B~nOJIHeHa npl1 CO,IJ,et1cTB.l1.l1 

sa , A.IvJ.llil1JIbHl1KOBa, KOTOPb!M asropa BbIpaJKalOT 
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rOp6YHOD A.D. 1-1 Ap. P14-87-447 
Paspaõorxa KOMrtJJOJ(CHOA MeTOAltKH MHOr03JIeMeHTHoro 
auanaaa Mil peuieuan 3aAa4 oxpausr OKPY)f(aJOmeH cpensr 

PaCCMOTpOHbI 003MO)f(HOCrH 3HeprO,IJ.HCnepCltOHHOrO pearreaorpmcopecuearaoro 
lt aucrpycrenransnoro ueãrpouuoro aKTltBaL(ltOHHOrO MeToAoB aaanaaa npltMeHHTeJIbHO 
K HCCJIe.o.oonHHIlM aarpasueuaa oxpyacaiouieà cpensr. Pearreaorprnoopecnearasrâ aHaJIH3 
06pa3l.{OD npOnOAHJtCIl c noraouu.io aHaJIH3aTOpa MECA-I044A (XR-500) c ltCnOJIb30Ba
HHeM o J(allCCTDC HCTOtIHHKa B036Y)f(,IJ.eHHR ltMnYJIbCHOH peHHeHOJ;lCKoH rpyõxa c MH
ureasro H3 cepe6pa. Heãrpoaasrã aKTltBal.{HOHHblH aHaJIH3 npOBoAHJICR aa õaae ABYX peax
TOpOO - H6P·2 JIH<1l OH.fIH (,Uy6Ha) H TBP HT3<1l (MOCKBa) . Ilpaaeneasi OnTHMaJIbHble 
pe)f(ltMbl H3MepeUHH JJ.JIR oõoax MeTOAOB aaanaaa, a raxxce npenensi 06HapY)f(eHHR, COOT
BeTCTSY101l.{He :nltM pe)f(HMaM. Iloicaaana nepcnexruaa HCnOJIb30HaHHR 3THX MeTOAOH na 
npasiepe peureaaa KOHKpeTHOH 3KOJIOrlt4eCKOH aanasa - onpeneneaaa nOCJIe,lJ.CTnHH 
aaeceaaa B noxay ortaoro lt3 cyutecrayrourax MeJIltOpaHTOn CaS0 npHBO,lJ.RTCR4·2H 20. 
naaasre no nornourenaro CeJIbCKOlW3RHCTBeHHbIMlt pacreaaaraa WHpOKoro xpyra MHKpO
3JIeMeUTOB, BKJIlOlIaR pemcoaeeaensusre 3JIeMeHTbl. Pa60Ta npeACTaBJIReT uarepec JJ.JIA 

cneu,ltaJII1CTOn-aHaJII1TltKOB, a raxace )],J1R ltCCJIeAOeaTCJleH, paõorarouiax B ofinacru 
3KOJIOrl1lt. 

Pa60Ta BbmOJIHeHa B JIa60paTopHH HeHTpOHHOH Q>1I311KH OH.fII1. 

Flpenpmrr Ü6õe.o.HHeHHoro KHCTHTYTIl fl.LJ.epHblX accnenoaanaã. Jly6HIl 1987 

, Ilepeaon O.C .Banorpanoaoã 

P14-87-447Gorbunov A.V. et aI. 
Development of the Combined Method to Carry out a Multielement 
Analysis for the Purpose of Environment Preservation 

The paper discusses the possibílities of energydispersed X-ray fluorescence spectro
scopy and instrumental neutron activation analysis in the investigation of environmental 
pollutions. The X-ray fluorescence spectroscopy of samples was performed using the 
MECA-1044A analyzer (XR-500) (LINCSYSTEMS, Great Britain) with a pulsed X-ray tube 
with silver target as a source of excitation. Neutron activation ana1ysis was carried out on 
two reactors: IBR-2 LNP JINH, Dubna, and TWR lTEP, Moscow , The optimal regimes 
of measurements for both methods as well as the detection limits corresponding to these 
regimes are given. To illustrate the perspectives of the methods an ecological problem on 
the consequences of the investment in soil of the available now meliorant CaSO 4.2112 O 
is solved. The data on absorbtíon by agricultura I plants of microelements in a wide range 
including rare-earth clemente are presentcd. This paper may be of interest for the specia
lists in analytics and also for those who deals with ecology. 

The investígation hus been perforrned at the Laboratory of Neutron Physics, JINR. 
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