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\ . 
BBe,neHRe 

KO~eKCHOe RCnO~~aOBaHHe yr~en R yt1eHLmeHHe Bpe,nHOrO Boa,neficTBRR 
npO~TOB CrOpaHHH Ha OKpy.maromyro cpe.ny Tpe6yeT rr~aHOMepHOrO RCC~e,nO

BaHHH CBOnCTB yr~en, HX K8~OpHnHOCTH, aO~LHOCTH ~ ,s~eMeHTHOrO coc~a

Ba. 
OCHOBHHM nOHCKOBHM MeTO,nOM BHHB~eHHH H OneHlUi CO,nepxaHRR MRKpO

a~eMeHTOB B yr~ HB~eTCH nOnyKO~eCTB~'HHll HJllI rrpH6~eHHH~ KO~

~eCTBeHHHn CneKTpa~LHHn aHa~a ao~ yr~eM I/. 30XY nO~aDT Cne~a~L~ 
HHM OaO~eHHeM HaBeCOK yrM, ~TO npHBO.IJ;HT 1<: norepe ~erKO~eTyqHX ane
MeHTOB, a ce~eH, PTYTL R HeKOTopHe .npyrHe TepHIDTCH nO~HOCTLID. tpOje 
Toro, npR aTOM He orrpe,neMIDTCR Au, Se, Hg, Re, Ta, Tl, Ca R~. I/. 
B yrJlffX YCTaHOB~eHO npliCYTCTBRe 6o~ee 50 "MaJIliX" 3~eMeHTOB, O,nHB,KO B 
npenezax ~CTBHTe~LHOCTH 'M8CCOBHX cneKTP~/HHX aH~aOB YC,Tof.ttmBHe 
KOHneHTpa~ RMeIDT TO~LKO 12-16 a~eMeHTOB 2 • 

B CBR3R C 3THM'ycnemHo iCnOjbaYIDT H~epHO~llH3H~ecKHe MeTO,nH MHoro
3~eMeHTHoro aHaxKaa yr~efi 3,4 • Cpe.nn 3THX MeTo,nOB rar~-aKTRB8UH
OHHHfi aHanHa 06~~eT PH.nOM oco6eHHocTeil, n03BO~IDmHX ,nOCTHrHyTL HRa
xoro rrpeneza oõsapyxeaaa MIl 3~eMeHTOB,B TOM "tJlICJle BrHHX B reOXHMH
~eCKOM OTHOmeHHR Ni, Sr,Zr, Rb, Tl~ Pb, Bi ~ ~p./5 . O.IJ;H8KO pa60T 
no raMMa-aKTHBa~oHHoMY aH~Hay Bce eme Ma~O, a 3TOT MeTo,n MOEeT 6HTb 
nepcneKTHBHHM B onpe,ne~eHHH a~eMeHTHoro COCTaBa yr~eH. 

B HaCTOHmen pa60Te OllHCHBaeTCR M~TO~K8 MHor03~eMeHTHoro RHCTPY
MeHT~bHoro raMMa-aKTKBaUBOHHOro aHa~3a (y1rAA) yr~en C HcnO~b30Ba
HHeM ropaosnoro Ra~eHHH ~KJIHlIeCKOrO YCRop:nTe~H 9~eKTpoHoB - MID\

pOTpoHa. 

rrpli nOMOmR ~HHoro MeTo~ 6~ onpe~e~eHH MaKpO- li MHKpOKOMITOHeH
TH yr~eft li yr~cTHX nopon aa MecTopOJ;',n:emüi MOHro~, rrO~bm:PI :PI CCCP. 

3KCnepHMeHT~bHaH ~aCTb 

rrpHrOTo~eHHe o6paanoB H CTaH~pTH. 06pa3~ KaMeHHOro H 6yppro yr
~e~, ao~ :PI CTa~apTHHe o6paanu B B:PI,ne rropornKa rrOMemaHH B nO~aTRHe
HOBHe uinH~~~eCKRe Kancy~ 0 35 ~ R BHCOTOll 5 MM, aaKpHTHe C TOp
nOB RaBCaHOBOn ~eHKOn TO~HOn 6-IO MKM. 

B Ka~eCTBe 9T~OHOB :PICnO~b30BàHH cTaH~pTHHe o6paanH no~ CCCP 
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CIT-I (lfl 901-76 rOCT) , CII-2 (li! 902-76 rOCT); MAI'AT3 Soil-5, Soil -7; 
cTaH~pTHHe oopas~ MHP Me~o-Mo~O~eHoBOn p~ II OTXO~OB ~OTaqKR 

YC3 3(85) H YC3 4(85). 
KOJrnl.lecTBo 06pasI.J;oB BMeCTe co craanaprasa IIpH O~OM oO.7.ij"lellHR coe

Ta~o He Oo~ee 12 WTYK Hs-sa oc~o~eHHH HHTeHCHBHOCTH TOpMo3Horo 
lIs~eHHH c y~eHReM OT MHllieHlI. OIITHManDRaR reOMe~HR OO~eHHR Ha 
MHKpOTpOHe BHOpaHa TaK, KaK aTO OIIHcaHO B paooTe /6/. 

Oopas~ co cTaH~pTaMH o~HoBpeMeHHo OO~anH B Te~eHHe 4-5 qaCOB 
TOpMOSHHMH raMMa-~aHTaMR ~KpoTpoHa KaoopaTopHH R~epHHX pea~ OMBM. 
MaKCHMélJIDHaR aaepraa YCKopeHHIlx anexrpoaoa ssõpaaa paaaoã 18 MaB, 'tITO' 
IIOSBOJIWIO HCRJIRJtmTD peaxitan ( ~ , n) aa yrorepone , 

OCHoBHHe MaKpOKOMIIOHe~~ COCTaBa yr~eIt rrpHBe~el~ B Tao~e I(a>/7/, 
a me qJoToR~epHIle peaxnaa - B TaÓJ11'lfI.J;e 1(0) o 

Taomm.a I(a) 
Cpe~ee co~epzaHHe HeKoTopHX OCHOBHHX MaKpOKOMIIOHeHTOn yr~en 

Cpe~ee co~epzaHHe a~eMeHTOB 
'1'Hn: yrJJH 

yr~epo~ BO~OpO.n KHC~OpO~ 

Eypan yrOJID 60-75 5,5-4;5 35-17 

KaMeHHHIt yrO~D 
(.wm ORTyP&l) 

75-92 5,6-4,0 20-3,0 

AHTP~T 92-95 4,0~2,9 3,0-2,0 

(%) 

aSOT 

0,75-2,1 

0,75-2,0 

0,5-2,0 

TaOJIlmB 1(0) 
HeKoTopHe naHHHe WOTo~epHHx pea~A ~ 8TKX 8~eMeHTOB 

3JIeMeHTli 
C'l'aOUDHHn 
HIOTon H pac-
npOCTpaH~H
HOCTD ( ) 

Pa,mlOaKTKBHhIn
HSO'l'On H ][X ne-
fHO.n llOJIYPacnana

UHH) 

llopor ( ( , n ) 

f:~ ~op. 

YrJI8p~.n; I2c; 98,89 IIc; 20,4 18,72 

KHCJIop0.n 160; 99,76 15'O; 2,05 15,67 

ASOT T4No 99 63 , , I3 N; 9,97 10,55 

Cpe.nHHl TOR YCKopeHHHx 8~eKTpoHoB BO Bp8un oOJIyqe~ COCTa~ 

10-13 MRA. Pacnpeneneaae nOTORa TOpM,OSHHX raMMa-KBaHTOB B,ltOJlD oõpaa
nOB onpe,ltexaxH c nOMOmDD MOHRTOpOB, HSrOTOBJIeHHliX lia ~8HTo~oro no
JII1[9'l'BJIeHOBOro MOeJIJl, RMennero B csoea OOCTaBe IIOBOJIo-q8HHHe Bü.nlPPa
MOBH8 BlI'l'H. Taue MOHHTOpH HMelOT oo~ee Oora THlt CII9R.Tp HaBe.n;9HHoA 8X
THBHOO~ H MeHhmYD aKTKBHOCTD, 'tI8M M9~e. H9M9p9HHR CIIiK'l'pOB rBMMa

2 

Hs~eHHR od~eHHHX oOpaSijOB OC~eCTBJIJl~H Ha no~pOBO~HKOBOM 

Ge (Li )-~eTeKTope OO'beMOM IV 70 CM ' c paapenreaaex 3,5-4 KaB aa JIHHIDI 
1332 KaB 60Coo B OO~CTH HHSKHX aHe~rllfi (~ 150 K9B) HcnO~DaOBaJIH ~e
TeKTopH Ha CBepX'tIRCTOrO Oe (~2,I' CM ) II TOHKllH Ge(Li)-~eTeKTop c 
paspemeHHeM 0,6 KaB Ha ~HHH 122 KaB 57Co• . 

HaKonneHHe H OOpaOOTKY raMMa-CneKTpOB rrpOiSBO~lI Ha aHanHaaTOpax 
I •• > LP-4900 WHPMH NOKIA H aaanasarope "THTaH" 8,9/. 

~ Ko~eCTBeHHoro onpe~e~eHHR co~ep~HllR a~eMeHTOB llC~O~DSOBaJIH 

OTHocHTe~DHhlH MeTO~ aHanHaao IToBTopHIle ·lIsMepeHllR Ha .n;Byx cneKTpoMeT
pax c·pasHUM BpeMeHeM'o~eHRR IIOSBO~ onpe~eKllTD oo~ee 36 a~e
MeHTOB B yrARX II yr~CTHX rropo~ c TO'tIHOCTDID 5-15%. 

MeTongRa paC'tIeTa cónepxaHR8 8~eMeHTOBo ~ KOKll~ecTBeHHoro paC'tIe
Ta CO~ep~HHR a~eMeHTOB Cx B oopasnax yr~eli H yr~CTHX rropo~ HcnO~D

SOBaJili WOPMYJIY 
Ix 

Cx = CCT o JUx mX o exp 0,693 0 ( .1 i x- At cT)/ T1/ 2 , 
I'CT 

.ftlCT DlCT (I) 

r~e CCT - co~ep~HHe orrpe~eJIJleMOrO a~eMeHTa B cT~apTe,% RnH r/T, 
m ' x mCT 
fx' Jl CT 

Ix,ICT 

At ' ~tCT x 

MaCCH oõpasna R CTaH~pTa, r,
 
K08Cf$nnieHTH nOIIpaBKR rrOTORa raMMa.-ItBaHTOB sa .oõpasne H
 
CTa~pTe, no~eH~e c nOMO~DID aKTRBHOCTR MOHRTOpOB,
 
nnOma~D aHaJIHTHqeCKOrO rrRRa raMMa-lIS~eHHR ~HHoro pa

~oaKTKBHoro R30Toná B oopasue H CTannapTe,
 
HHT8pBan BpeMeHH M~ Ha~a~OM ceplIR RSMepeHH~ II Ha~a


~OM RSMepeHHR Oopasu,a R CT~H~apTa COOTBeTCTB8HHO, MHH.
 

Pacxers npenana OOHapyxeHM In H npeneaa onpeneneaas ~ .naH'o

ro a~eMeHTa B ~ooe yrJIJl ~OHSBO~ no WOPMYJIaM, rro~eH~M KappR 10/
 
~ rrORYTIPoBo~HHKOBHX ~eTeKTopoB: 

~ 
.

= C. (2,71. i 4.61' 
{) 

VT~ , (2) 

L 
Q
= C. 50·(1 + \1 + I~ , (3) 

rne I<IJ - nJIOma,nD ~oHa non TIRKOM, 
I - nnOma~D IIRK8, 

C - RonneHTpa4"Wi, %Wm r/»; 
rrp8~e~ oonapy.zeHBR, no~eHHHA no WOPMY~e (2),rrpeBHmaeT B 1,56 pas 

BeJIK'llHny, pacclDITaHnyD no KpRTepHIl 3 ~o 
Be~Ha ~ naàT rrpe~e~DHoe SHa~eHRe KOHI.J;eHTpauaa, onpe.n;eJIJleMOe 

c TO'tIHOCTDIl He xyze 10% B ~HHOM oopasI.J;eo 
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Co~e~HRe a~eMeHTOB B 06pa3upX R COOTBeTCTB~e rrpe~e~ ~ R 
~ paCC~RTHB~ no nporpaMMe KOHUEHTP~, HanRCaHHO~ Ha H3HKe 
EEilCYIK c nOMOITI:b1O r,m.Kpo3BlVi MKK.AM-2 • 

Pe3Y~:bTaTH R 06c~eHRe 

B Ta6~e 2 ~aHH BpeMeHHae pe~ H3MepeHRH o6pa3~oB ~ onpe~e

J~eMHX 3~eMeHTOB. BpeMeHa O~~~eHRH R R3MepeHRH HaBe~eHHO~ aKTRBHOC
TR H30Tona onpe~e~eMoro a~eMeHTa BH6Hp~ B 3aBRCRMOCTH OT MHHR~
HOM H OnTKMa~DHOfi Be~HHH npe~e~a 06Hap~eHRH Lo R rrpe~e~ orrpe~e

~eIDUI ~ .. 

Ta6mrup 2
 
OnTIDAaJI:bHHe BpeMeHa Bbl~epmKR 11 R3MepeHIDI wm orrpe~eMeMl:lX 3~e


MeHTOB
 

BpeMR: Onpe.n;eMeMHe 3~eMeHTHBH.n;epJKKH H3MepeHRH 

I 0,5 ~ 5-10 MRH K,Cl, Sr, Nd, Zn
 

n 2,-5 ~ 0,5 II Er, Se, Fe,Sr, Ca, Ti, Ug,Ge,Cu,
 
Ta,Sm,Ni,Ca,Sb,Mo,Ba,Zr,Hg,Pb,Th
 

m 5-7 CYT I II As, Nb, Rb, Au, TI, Re, U
 

IY	 20 crr I ~ Na, Cr, Mn, Co, Zn, Y, Ce, Nd,
 
11 6o~ee Se, Te, ., Hg
 

Ha puc.I,2,3 npe~CTa~eHH 

Lo 3KCnepKMeHTanDHHe 3Ha~eHHR . 
LQ In 11	 ~, rrOJJ:Y1IeHHHe B p8"S

1000 
JIH1lHl:lX pexm&9.X'1I B pa3HJa ROHMn oLo 
neHTpa~ ~ HeKOTOpUX onpe.LQ 

.n;BXReUUx 8~eMeHTOB, OT~D

matCR no nepuo.n;y no~cna~. 

!\aR BH,IUIO H3 pHC. 3, HHTepBaJl 
BpeMeHH o~eHm., ~ ROTO

-------.------~-------

100 
poro OTHOCHT6JThHUe 8Ha'll8HIUI 

o ~ « I, oxsas DlHPOK, OT aec__2. ~ _ 

o ROAI,KKX COTWX .n;o 2-4 ~8p1l0.n;OB 

nOJIYP8cna.na . 
KPOU9 Toro, 8TH BaBICIMOC

'1'11 nem DBIMyM B paãoae10 /,0 100 250 1000 ex 
0,3-0,5 n8pIo~ nanypac~. 

PKC.I.3aBICHMOCT:b npe~e~ o6HapyaeHHH .IJ.M ~ 06JI8.CTI, MHHlDJ1&.nHYX 

In 11 npex8JIB. 'onp8.n;e~eHHR ~ 0'1' KOH 8H8~.HII C,n;BHrSeTCH B CTOpo
neHTp8nJiD1 uapram:r.a B yrJIJIX. H1 60J[ee ltOpO'I'KBX BpelllH Oua&

.n;8HI1 • 

.. 

la 
Lo"-'------------------" 

1) 

.Ce L. 
oU 
.Ca La 

.... 0, r'''' ...', .... 
' -,, , .... / 

_ • " ....... /
 
t 

I 
I'---- <> 

0.1 

."- ~ 
0.01 0,1	 tlTi 

PHc.2. SaBIICHMOCT:b npeneza 06HapyxeHRR Lo R npeneaa orrpeneae
HIDI L OT OTHOmeHIDI BpeMeHR OXJIaE,IJ;eHRR K rrspaony nozypacnana , Q
 
t /Tr ,n.JlR nspaa, ypaHa 11 RaJIDUWI.
/ 2, 

Lo
 
LQ 

.~-~~~~~...., 

,',.
 

10
 oNII BOprm L._ /
 
• te	 10ppn LQ _ ,/ 

,/ 

0,1 

ODt "' 
PRe.3. 3aBHCIDrIOCTI, npe.lteJIa oóB8'p-plemm ~ 11 npe,It9JI8 Onpe.ll8J1e
HU ~ O'r OTHOmeBBJI BpeU89 OXJI8Z,tteHHJI K nepllo.ny n0JIYP8CIIa,1t8, 
t /Tr/ 2 o- WIJl HHo6:u• 
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I" 

Taõnaua 3 Ta6Jllu.I;a 3 (npo,n:OJDKeIDIe) 

OCHoBHHe raMMa-KBaHT~, HHTepqepHp~He peaKqHH H npe.neHhI 06Ha

pY!eHHR 3JIeMeHTOB B yrJIe npH H:rAA Ha 3HeprHH 3JIeKTpOHoB 18 M3B 
I 2 3 4 5 6 

I 
::li ~ 
§;!:2' 
~ o~ 
a>I::: 

(T,) n, 

r=z 
i 

Ó 01'" 
t::~ 
t:{ l:: 

g ~ cz
J:l.~'-
Q> H 

t=: E-t 

3 

SHeprHR H OTHOCHTeJIbHaR 

HHTeHcHBHocTb OCHOBHbIX 

aHaJlHTHlIeCKHX JIHHHtt,
%K3B H (I 

4 

:s: 
a>::nª" ~ :s:ª ~ ~ 
!3Q>~
Q> I::: <1> 
:!:l(l)p' 

==n=-

01 E-t 

~ ~ 
o ... 
I::: b:: 

~ ffi 
Q)IEJ:l. ~ 
t=:P,; 

Õ 

.~J 
Te I24Sb 

I 1261 

Sn 1I1Sn 

Sb 122Sb 
120Sb 

80 ,3 .n 

T3,0.I\ 

14,0 n 
2 70.n 

5:76.n 

25,1 (50); 157,4 (65) 

565 (63); 693, (3,27) 

1171 (100); 197,2 (89) 

89,86 (77) 

602,7 (98); 1691 (50) 

388,5 (35); 666,2 (32,6) 

I23Te (o,p) 

I22Te(~,np) + 

10 

5 

IO~+ 
0';5 

Na 22 Na 

Mg 24 Na 

C1 34Cl 

2,60 r 

15,03 li 

32,OlVlHH 

1274,6 

1368,5 

2128,5 

(IOO) 

(100); 2754,1 (IOG) 

(48); 145,7 (36) 

23Na(n,~) 
260 

70 

5 + 

Clt I32CB 6,47.n 
Ba I35111sa 28,7 ti 

Ce I39Ce 137,5 .n 

667,6 (100); 29,78 (40) 

268,1 (16); 32,19 (37,5) 

165,8 (81); 33,44 (9); I 

• I~a(~,np)0,5 
5 

+ 

+ 

+ 

K 

Ca 

38K 

47Ca 

7,61MllH 2166,8 (IOO) 

4,54.n 1296,8 (75); 807,9 (7) 

300 

200 I4ICe 32,51 .n 

33 tO (4,79) 

145,45 (49) 5 + 

Se 

43K 

44Se 

22,2 ti 

3,92 ti 

372 (8.2); 616 (65) 

1157 (100) 

250 

I 
Nd I4INd 
Sm I53Sm 

2,5 li 

46,75 li 

K\X.; 
103,2 

K~ Pr 

(29); 

(35,9; 40,75) 

40,9 (16); 
3 

0,5 

+ 
+ 

Ti 46S c 84 .n 889,3 (100); 1120,5 (100) 50V ( t , C() 100 41,54 (30) 
48Se 43,67 ti '983,3 (100); 1037,4 (98) 150 Er I6IEr 3,1 li K ol ; Kf>'Ho (47,53;53,93) 0,1 + 

Cr 5ICr 
)In 54)(n 

Fe 5e)(n 
Co 58Co 
Ni 57Ni 
Cu 64Cu 
Zn t53zn 

65Zn 
69Zn 
67Cu 

Ge 69Ge 
As 74 A8 
Se 75Se 
Rb 84Rb 
Sr 8~-Sr 

87D1sr 
y 88y 
Zr 89Zr 
Nb9~ 

1311,7 (100) 

27,70.I\ 320,1 (9,8) 

312,2 .I\ 834,8 (100) 

2,58 ti 846,6 (99); 1811,2 (30) 

70,?8.n 810,6 (99) 

36,0 ti 1377,6 (85); 127,3 (15) 

I2,70 ti 1345,8 (0,48) 

38,4 MRH 669,6 (8,5); 961,9 (6,7) 

244 .n 1115,5 (50) 

I3,9 q 438,9 (100) 

61,9 q 184,6 (45); 93 (16) 

39 ti 1106,5 (26); 574 (12) 

17,77 A 595,9 (61); 636'(15) 

120 . n 264,7 (58); 135,9 (58) 

34,5 .I\ 881,5 (75) 

6?,? MRH 231,5 (85); 151,3 (11,6) 

!68,6 Mlrn 388,4 (83) 

108 .n 898 (93); 1836 (99) 

?8,4 q 909 (99) 

10,I5.n 934,5 (95,5) 

55I1n(n, t) 

71Ga(õ,np) 

7IG8 (O,Oi..) 

I + 

5 
100 

100 
I 

Ia 
50 

5 

20 

10 

10 

0,5 
10 

2 
0,5 + 

I 

2 

I 

I 

I 

38Re I84Re 

U 237U 

Ta I8<>m.ra 8,1 li 55,79 (39); 54,6 (21); 

63,2 (13) 

W I8Iw 121,2 .n 56,28 (22); 57,54 (40) 

65,2 (13) 

.I\ 903,2 (36); 894,7 (16) 

792 (36) 

I86Re. 90,64 li 137,16 (12) 

Au I96Au 6,2 ~ 356 (94); 333 (24); 

66,83 (44) 
Hg 198Au 2,695.n 411,8 (95) 

199118 42,6'MI1H 68,8 (36); 77,35 (19) 

TI 202TI 12,2 .n 439,58 ,(95) j 70,82 (42) 

68,89 (23) 

Pb 203Pb 52,1 li 279,18 (81); 72,87 (47) 

70,83 (~6) 

Th 23I.rh 25,6 li 84,24 (5); 63,33 (3) 

89,94 (1,09) 

6,75 n 207,95 (23); 59,54 (35) 

101,1 (27) 

2 

I 

I + 
I + 

2 + 

5 +. 

I + 

I + 

0,1 + 

0,1 + 

I82w(r,np) 0,1 + 

I870s(Õ'p) 

I98Hg(~,np) 

1860s (õ',np) 

204Pb (~ , np ) 

~ ~ ( 

)(0 99)(0 66,0 q 140 (91:); 181,-1 (-6) r +) H3MepeHHe npoaeneao aa TOHKHX .neTe-KTopax. 

·1\ 
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B Ta6~e 3 ~aHH OCHOBHHe aHa~TffqeCKRe raMMa-~HRH pa~OH~OB, Ta6~a 4 
KHTe~epHpymmRe peaRURM H npe~e~ OÓHapy.KeHHH 9~eMeHTOB B yr~ npK Pe3Y~l>TaTH llrAA yr~eft !tI3 MecTopo~eHRn ~mIP R ITHP 
RO~eCTBeHHOM raMMa-aRTHBaqMOHHOM aH~3e. 

I 3~eMeHTl:l JmHH. I1HTepBaJI CO,1lePJKllHHn IIpe~eJI 
Z3MepeHRH MHP ITHP 00Hapy- onpe~e-

t _______ . 1KeHlffi JIeH:IDI 
i_

~~44.tQX~10C\lT"~3tC14 

5 

,f-JII..-.... t 1 j 
j

I'~-- HaTpK:tt % 0,05-0,3 -e:::: 0,03,-0,4 0,03 0,1. . '1PHc.4. raMMa-CneRTp 6y MarHHit _"- 0,03-0,8 0,07-0,4 0,02 0,1 
poro yr~. Macca np06H . I\a.Jrl>wrfi _"- -e:::: 0,02-2,0 0.25-3,5 0,02 0,1\'li 

o 
d~ 3HEf>rMR. k.a; ~~Al~ r::: 

~n'" nH~i ~ ~ ."H~~ ~ ; ~ *~~ ~iii~~ E~ 

1
o 2,93 r. 
. 
fi~ 

z ;}S 

PRc.5. HH3R09Hepre
Tli1IeCImR raMMB.
cnearp óyporo yrJUI. 
Macca npOÓH 2,93 r.

j 1 I
 
b BpeMR: oÓJIYlleHIDI 4 lI,
" 
c! BpeMH oXJIB.Çemm:z: 

z s 
-- lO CYT H BpeMH H3-' 

MepeID'IR I lJ. 

" a. ~M'l'- z ~i j
.3 ~ .,;;B :J:~ 

.....Mr-. ..... o'"mO)O) o -- ~ 
'=' ...~pr lffI.. 

Ha p!tlc.4 R 5 npencrasaeas raMMa-Cne;KTpH -6yporo yrJUI. KaK BltI,1XHO lIS .pZ

CJBXOB,HCnanl>SOBSHHe np!tl K3MepeHHH HaBe~eHHOI a~TKBHOCTB TORRoro
 
Ge (Li )- IrI 'qJrICTOrO Ge - ,IteTeKTOpOB c MaJWMH OÓ'LeMaMH CYIJ(eCTBeHHO paClIUJ

pwm K()JlJ{qeCTBO onpenenaesax 9~eMeHTOB li- CHlI3IJm npe~e.mL OÓHapyxeHHSI
 
psma 9JIeMeHTOH, TaImX KaK Nd, Er, ., Ta, T1 f. Pb, Au, .u.,. 'l'h 11 u,
 

IIpH npOeHeHHII ,1UIH 8H8JIlifTHlIeCKlIX IteJIet BH8K09HepreTneCma .H xa
p8RT8pIlCTJAeCRJa peRTreSOBcImX raMMa-KB8H'l'Ol5 Heo6xo;u;RM0 yqJI'l'blB8'l'l> ca
MOnOr~O.eHKe B o6pasIte. 
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THTaH _"- 0,02-0,32 0,05-0,25 O,OI 0,1
 
MapraHeIt _"- 0,007-0,08 0,OI-0,06 0,004 0,025
 
JKe~e30 _It_ 0,5-2,7 0,1-1,7 • 0,1 0,3
 
XJrop r/T 10-80 -= 5 5 10
 
CKaH;IJ;lttt _"- 1-31 1-15 I 10
 
XpOM -"- 5-51 10-220 5 20
 
KOÓa.JIDT - li _ 2-10 -=:: I I 10
 
HmtMl> _11- 2-45 5-125 . I 10
 
Me~l> _"- -=IO -= 10 10 50
 
UHHK _"- 5-90 20-130 5 10
 
repMaEm:tt _"- -=IO - lO lO 30
MWn:bRK _"- 'I-28 2-150 0,5 10
 
PyÓR,IJ;HR -"- 2-40 -==2-25 2 15
 
CTpOHnK:tt _"- IOo-I9oo IOO~OO 0,5 10
 
HTTpK:tt _"- 3-32 2-20 2 10
 
llHpKomrtt _"- 1I-I41 3-260 I 5
 
HHoózit -"- I-lO 1-80 I 10
 
MOJIKÓ~eH -"- 2-16 -=; I I 5
 
O~OBO -"- -=IO -=IO ro 20
 
Cypl>Ma -"- 1-3 0,5-3 0,5 5
 
llesKíi -"- 1-8 0,5-15 0,5 5
 
Eapd -"- 60~70 35-350 5 15
 
llepd -"- -e:::: 5.-70 -< 5,-I20 5 15
 
Heo,ItlD/l -"- -e:::: 3.-IO -e:::: 3,-40 3 20
 
CaMapl!! -"- ,I-2O O,I-IO 0,5 5
 
Spól!! -"- 1-20 0,2-20 O,I 2
 
TaHTaJI -"- 1-4 0,I-5 O,I 2.
 
BOJIl4>P8M _11- -=5 -= 5 5 15
 
PeHIrI! -"- -=I -=I I lO
 
T8JIJIHit -"- -=I -= I I 10
 
CBIrIHeIt -"- 2-300 -< 2.-8 2 lO
 
Topd -"- 1-I5 1-I5 O,I 5
 
YpaH . -"- 1-300 0,4-3,5 O,I 2
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CaMonor~omeHRe B 06pa3naX yr~R onpe~e~~ aKCrrepKMeHT~bHO c rro
MOmbro To~e~Horo RCTO~HRKa 226Ra , RSMepRR oc~6~eHRe RHTeHCRBHOCTen 
raMMa-KBaHTOB, npoxo~ ~epes o6pase~ Ha ~eTeKTOp. 

B Ta6~e 4'rrpe~CTaB~eHH peSY~bTaTH aHanRSa yr~en R3 17 MecTopo*
~eHRn MHP R 16 MecTopo~eHRn ITHP. naHH RHTepBa~ KOaneHTpaUR~ R npe
~eJIl:l oõnapyxeaas Ln R onponeaeaaa ~ • 

llpR 4-5-~aCOBOM 06~eHRR npo6 yr~eH MO~HO orrpe~e~Tb co~ep~HRe 

40-50 8~eMeHTOB ITpR co6~~eHI!H OrrTRManbHOrO BpeMeHR BH~ep~ R RSMe
peHRR (CM. Ta6~.2). 

IIpH onpeneneaaa CO~epJKaHIDI Mg li Fe no raMMa-~mmM RSOTorrOB 
24Na (Tl/z=I5~) 11 o6paSYI<lIWXCR no peaxnza (t,p),56Mn (T1/2=2,58 ~), 
B oõpasnax yr~ HY"KHO 06paTHTb BHRMaHHe aa CO~epJKaHHe HaTpHR H Map
raRUa. Ec~ co~epEaHRe Na R Un 6o~bme 1.10-2 r/r, TO Heo6xo~o 
BHeCTH KOp~eKTRPOBKY B~~a KX B~HHR no raMMa-Rn~~ 1274 KaB 22Na 

H 834 K3B 4Mn• 
~ro~pR BH60py 8HeprRR YCRopeHHHx a~eKTpoHoB, paBHO~ 18 MaB, 
~ 60~HCTBa a~eMeHTOB no~aB~eHH HHTe~epHpymmHe WOToR~epHHe peaK
~, TaRRe KaR (~,2n), (õ ,n + p), (t,cX..), ( a,3n) R,lij). 

BHBO,IUi 

I. Paspa60Taaa R RCllHTaHa Ha 60~bmOM ~Rc~e oópaanOB RHCTPYM8H
TaJIbHaJl rSMMa-aRTRBSIJ;HOHHSR MeTO,1U!Ka onpe~8JIeHHR MaRpO- R WIKpoa~e
MeHTOB B yrJUfX.. 

2.	 IIpH 4-5-qaCOBOM o6~eHHH raMMa-KBaHTaMH MHRpOTpOHa rrpo6 yr~en 

MOERO	 orrpe~enHTb CO~epJKaHRe. ~0-50 8~eMeHTOB. 

3•. IIpe~e~ 06HapY"KeHHR pR~ a~eMeHTOB (Re, Ta Tl, Ca, Au, Th,
1U, Mo, Nb, Zr, As, Se ) ~OCTRra~T 1·10-6 - 1·10- r/r. 

ABTopu BHpazaDT~ro~apHocTb r.H.~~epo~y sa nocTaHoBKY aa~~H H 

QeHHHe yK838HHB H D.IT.raHrpCKOMY 3a 06c~~eHHe pesynbTaTOB. 
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