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npH npoBeAeHHH paAHOaKTHBa~HOHHOrO aHanH3a COCTaea Be~eCTBa 
npHMeHR~T ABa cnoco6a 3TanOHHPOBaHHR - TaK Ha3~BaeM~e MeTOAbl 
BHewHero H eHyTpeHHero cTaHAapTa, nocneAHH~ HaH6onee nonHo 
YAOBneTBOpReT Tpe6oeaHHRM 1 npeADRBnReM~M K 3TanoHy 1 OAHaKO OH 
oTnH4aeTCR 6onbwo~ TPYAOeMKOCTb~, 4To orpaHH4HeaeT ero npHMeHe
HHe e npaKTHKe Maccoeoro paAHOaKTHBa~HOHHoro aHanH3a, B 3TOM 
OTHOWeHHH MeTOA BHeWHero CTaHAapTa YAo6Hee, HO ero HCnonb30Ba
HHe MomeT npHBeCTH K OWH6KaM 1 o6ycnoeneHH~M HeHAeHTH4HOCTb~ 

B MaTpH~aX 3TanoHa H npo6~. 3TH OWH6KH eenHKH B TeX cny4aRX 1 

KorAa 3~~eKT~ norn~eHHR H pacceRHHR e npo6e 3Ha4HTenbH~. Ta
Koe nonomeHHe B03HHKaeT, KorAa Hcnonb3Y~TCR /c ~enb~ noe~weHHR 
4YBCTBHTenbHOCTH aHanH3a/ 60nbWHe HaBeCKH npo6, HanpHMep, npH 
pa6oTe C ManOHHTeHCHBH~MH HCT04HHKaMH paAHa~HH 1 TaKHMH KaK 
Sb - Be HCT04HHKH/l/ H MHKpOTpOH~/2/. 3Ta npo6neMa OC06eHHO OCTpa 
e cny4ae Hcnonb3oBaHHR AnR aH~n/TH4eCKHX ~ene~ MRrKoro y-H3ny-
4eHHR aKTHBHPOBaHH~X o6pa3~ow 6 • 3aAa4e~ HaCTOR~e~ pa6oT~ RBnR
eTCR pa3pa60TKa TaKoro BHeWHero CTaHAapTa, KOTOP~~ Y4HT~Ban 6~ 
enHRHHe MaTpH~~ B KamAO~ KOHKpeTHO~ npo6e, TO eCTb o6naAan 6~ 
CBO~CTBaMH BHyTpeHHero CTaHAapTa,· 

1. TEOPHR 

nycTb HMeeTCR Henorn~a~aR noAnOmKa B ~OpMe AHCKa C paAHY
COM r, Ha KoTopy~ HaHeceH TOHKH~ cno~ noAnema~ero onpeAeneHH~ 
3neMeHTa, B3RTOro B TaKOM KOnH4eCTBe, 4T06~ B3aHMOAe~CTBHeM H3-
ny4eHHR C HHM MOmHO 6~no npeHe6pe4b, PaCCMOTpHM OTnH4He TaKoro 
AHCKa OT BHyTpeHHero CTaHAapTa, 8 KOTOPOM onpeAenReM~~ 3neMeHT 
OAHOPOAHO pacnpeAeneH B MaTpH~e, 3anonHR~e~ 06DeM o6pa3~a. 
OrpaHH4HMCR npH 3TOM HaH6onee pacnpocTpaHeHH~M Ha npaKTHKe cny-
4aeM, KOrAa o6pa3e~ HMeeT ~OPMY ~HnHHAPa C paAHYCOM R H B~co
TO~ H. 04eBHAHO, 4To oTnH4HR aaKn~4a~TcR, so-neps~x, s reoMeT
PHH, so-sTop~x, s cneKTpe o6ny4eHHoro o6paa~a H AHCKa H, e-TpeTb
Hx, s npo~eccax norn~eHHR H pacceRHHR H3ny4eHHR onpeAenReMoro 
paAHOHYKnHAa MaTpH~eH o6paa~a. KaK 6yAeT noKaaaHo, 3TH 3~~eKT~ 
MOmHO Y4eCTb B Tpex H3MepeHHRX 1 reoMeTpHH KOTOp~X npHBeAeH~ Ha 
PHC, 1. 04eBHAHO, 4TO pa3HOCTb Nx =Nl -No c nonpasKo~ Ha reoMeT
PH~, norn~eHHe H pacceRHHe 6yAeT COOTBeTCTBOBaTb TaKOMY BHyT
peHHeMy CTaHAapTy, KOrAa BCe HaHeCeHHOe Ha AHCK Be~eCTBO pacnpe
AenReTCR OAHOPOAHO B 06DeMe ~HnHHApa, norno~eHHe H pacceRHHe 
me Y4HT~saeTcR npH H3MepeHHH s reoMeTpHH, npHBeAeHHo~ Ha pHc.1. 
PaccMOTPHM nepe4HcneHH~e s~we nonpaeK~. · _"'"==--·.- .. ca .... >.u.'==-=-1. 
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1.1, nonpaSKa Ha reoMeTpH~ 

PHc.l, reoMeTpH~ecKaR cxeMa pac
nonoEeHHR geTeKTopa /3/, o6pas
~a /1/ H gHCKOBoro sTanoHa /2/. 
No , N1 , N2 - c~eT geTeKTopa 
COOTBeTCTBeHHO B cny~aHX a,6,B, 

EcnH reoMeTpHR 4YSCTSHTenbHoro o6DeMa AeTeKTopa H H3MepRe
Moro 06DeKTa, a TaK~e S3aHMHOe HX pacnono~eHHe H3SeCTHbl, TO 3Ty 
nonpasKy MO~HO C AOCTaT04HOH CTeneHb~ T04HOCTH paCC4HTaTb, 
K CO~aneHH~, Ha npaKTHKe OHH He scerAa H3SeCTH~, a npHMeHReM~e 
AeTeKTOpbl nOA4aC HMe~T cno~HY~ ~OPMY 4YSCTSHTenbHOro ofiDeMa 
/HanpHMep, s cny4ae Ge(Li)p-i-n AeTeKTopos/. ,(laHHoe 3aTPYAHeHHe 
MO~HO OfiOHTH nyTeM SSeAeHHR nOHRTHR 3~eKTHSHoro ~eHTpa AeTeK
Topa, OTHOCHTenbHO KOToporo ero MO~HO paCCMaTpHSaTb KaK T04e4-
HbiH. 04eSHAHO, 4TO 3~~eKTHSHbiH ~eHTp 6yAeT ne~aTb Ha OCH CHC
TeM~. C y4eToM cKa3aHHoro senH4HHa Pc - HHTeHcHSHOCTb H3ny4eHHR 
norno~a~~ero ~HnHHAPH4ecKoro q6pa3~a s T04Ke, pacnono~eHHOH Ha 
noonon~eHHH ern OCH H OTCTORllie~ OT HH~Hern OCHOR~HHR H~ n~rrTnR-
HHH Xo,pasHa/ 3/: . 

p 
c 

l k R n 2ry"qRfJ mdmdn -p. n+pv<n+pl2+m2 

oo(n + p)2+m2 e /1/ 

2ry 11 qRG 2 (k,p,ll R). 

3AeCb m =p/R; n = z/R ;k=H/R; P=Xo/R, rAe p , z , ¢- ~HnHHApH-
4eCKHe KOOPAHHaTbl, HHTeHCHSHOCTb H3ny4eHHR AHCKa Pd Ha paCCTOR
HHH Yo OT ero nnOCKOCTH S HanpasneHHH OCH AaeTCR ~OpMynOH 

2 2 
y

0 
+ r 

11ar fn 
2 y y 
0 

pd /2/ 

rAe q , a - COOTSeTCTSeHHO 06DeMHaR H nosepXHOCTHaR nnOTHOCTH 
onpeAenReMoro 3neMeHTaj ry- nOCTORHHaR, 3aSHCR~aR TOnbKO OT H3-
ny4eHHR paccMaTpHeaeMoro paAHOHyKnHAa. EcnH P H3MepReTCR s eAH
HH~ax MO~HOCTH A03bl, TO ry HMeeT CM~Cn raMMa-nOCTORHHOH HyKnHAa. 
3Ha4eHHR XO H Yo S /1/ H /2/ MO~HO onpeAenHTb 3KCnepHMeHTanbHO, 
pacnonaraR H3ny4a~HH AHCK Ha pa3nH4HbiX paCCTORHHRX OT AeTeKTopa 
H annpOKCHMHPYR MeTOAOM HaHMeHbWHX KSaApaTOS, S~pa~eHH~M ~YHK~H-
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ei1 SHAa /2/, HaHAeHHY~ 3aSHCHMOCTb C4eTa OT paCCTORHHR, 3HaR ~ 
2 2 11 Yo H noTpe6osas S~nonHeHHR paSeHCTSa 11R qH=1Tr a, HeTPYAHO 

onpeAenHTb HCKOMY~ senH411HY no ~OpMyne 

2r 2 G2(k, p, 1-1R) 

Nx = 2Hfn [(r 2 + y~)/ y~ l • 131 

1.2. nonpasKa Ha norno~eHHe H pacceRHHe 

3aMeTHM, 4TO 3Ta nonpasKa no senH4HHe 3Ha411TenbHO MeHbwe 
npeA~AY~ei1 H npH ee pac4eTe onpasAaH~ HeKoTop~e ynp~eHHR. Bo
neps~x, HMeR s SI1AY Man~e 3Ha4eHHR k, 6yAeM npeHe6peraTb MHoro
KpaTH~M pacceRHHeM, RSnR~HMCR no CYTI1 Aena 3~~eKTOM STOporo 
nOPRAKa no cpasHeHH~ C 3~~eKTaMH norn~eHI1R H OAHOKpaTHOro pac
CeRHHR, TaKHM o6pa3oM, s ~opMyne /1/ noA 1-1 6yAeM nOAPa3yMesaTb 
nHHei1H~i1 Ko3~~11~HeHT ocna6neHI1R Y-KsaHTos AaHHor:i 3HeprHH. Aa
nee, noTpe6yeM, 4To6~ r/R .::;l,H 6yAeM paccMaTpHsaTb reoMeTpH~ 11s 11 

Ha pHC, 1 KaK 6apbepHy~ /TaKoe AOny~eHHe TaK~e cnpaseAn11SO npH 
Man~x k /. B TaKOM cny4ae HHTeHcHsHocTb H3ny4eHHR AI1CKa, ne~a
~ero Ha sepxHeM OCHOSaHHH ~Hn11HAPa S T04Ke, pacnono~eHHOH Ha 
nPOAOn~eHHH ero OCH, paSHO 

Pds= 2"ry a[Ei(-1-!Hd Ei(-1-!H)l, /4/ 

x 6 u 

rAe ~ 1 txJ = J- <1 u - 11HTerpanbHo-noKa3aTenbHaR CllYHK~I1A, ' - no
-oo U 

CTORHHaR, 3aSHCR~aR OT reoMeTpi1H 3aAa4H. ~13 COOTHOWeHHH /2/ H /4/ 
/cny4al1 116 11 11 11S11 Ha p11c.11 cneAYeT 

Ei(-p.HE)- Ei(-1-!H) = _!_(N2 -N°)fnf(r2+ Y5 )/y~] "'a. 
2 Nl -No 

!51 

Beni14HHY f s /5/ ny4we scero onpeAeni1Tb 3KCnepHMeHTanbHO, npoAe
nas on~T s reoMeTPI111 116 11 H 11 s 11 /pHc. 1 I c KaK11M-nH6o se~ecTSOM 
c 113secTH~M 3Ha4eHHeM ll• Hanpi1Mep c an~MI1HI1eM 11nH SOAOH. 3HaR f, 

C nOMO~b~ COOTHOWeHI1R /5/ 11 Ta6ynHpOSaHH~X 3Ha4eHHH ~YHK~HH Ei(x) 
nerKo HaHTH H3 on~Ta ll AnR AaHHoro o6pa3~a. 3aTeM, nOACTasi1S 
eroS ~OpMyny /3/, MO*HO onpeAenHTb senH411HY Nx•COAep~aHHe HC
KOMOro 3neMeHTa HaXOA11TCR no ~OpMyne 

mN
0 

x(r/T) = 2M(N
1

- No) 
2RHfn[(r 2 + yg);ygl 

r 2G2(k, p,llR) 
/6/ 

3AeCb m- sec HaHeceHHoro Ha A11CK 3neMeHTa, MKr; M- sec npo-
6~, r. OTMeTHM, 4To Ha npaKTHKe 4acTo HMe~T Aeno c onpeAeneHH~M 
KnacCOM 06DeKTOS, B KOTOp~X HaAO onpeAenHTb COAep~aHHe 11CKOMOro 
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3neMeHTa.· B TaKHX cny4a~x, KaK npaeHno, ~ H3MeH~eTc~ B He6onbWHX 
npeAenax H, eocnonb30eaewHCb pa3nOlKeHHeM Ei (x) npH Manblx x: 

00 xn 
Ei (x);; y + fn + I 

n = 1 n • n! 

rAe y- nOCTO~HHa~ 3Hnepa, H orpaHH4HBWHCb KBaApaTH4HbiM 4neHOM, 
nony4HM 

(~ - ~o)H 

2 

1 

1 + ( 

1 
± V (1 H)z 

in£-a~ 

(2 - 1 
171 

rAe ~0 - cpeAHee 3Ha4eHHe nHHeHHoro K03~H~HeHTa ocna6neHH~ An~ 
AaHHOrO Knacca 06DeKTOB, a 3HaK nepeA KOpHeM Bbi6HpaeTCR H3 ~H3H-
4eCKHX coo6palKeHHH. An~ npaKTH4eCKH BalKHoro cny4a~ npeHe6pelKHMO 
Manoro ~' KOrAa npOBOART aHanH3 no lKeCTKHM y -nHHH~M, pac4eTbl 
3Ha4HTenbHO ynpo~a~TcR. B 3TOM cny4ae ABOHHOH HHTerpan /1/ Bbl
palKaeTcR B 3neMeHTapHbiX ~YHK~HRX! 

2 2 
P co= " r Y q I( H + x 0 )[ f n (1 + R I (H + x 0 ) ) + 2R 1 (H + x 0 ) x 

/8/ 
H+Xo. 2 2 

x arctg --] - XQ[fn(1 + R I x
0

) + (2R/ x
0 

)arctg(x
0
/R)] I 

R . 

a ~OpMyna /6/ CBOAHTCR K 

x(r!T)= 

2 2 2 21 R Htn[(y0 + r )/Yo' 

r 2 Pc
0
(H, R, x0 ) 

/9/ 

2. 3KCnEPI-1MEHT 

i-13nOlKeHHbiH BbiWe MeTOA 3TanOHHPOBaHH~ 6bln npoeepeH 3KCnepHMeH
TanbHO Ha npHMepe Maccoeoro onpeAeneHHR coAeplKaHHR 3onoTa H ypa
Ha Ha MHKPOTpoHe MT-17 c MaKCHManbHOH 3HeprHeH 3neKTpoHoe 16 M3B 
~ TOKOM 25 MKA. CoAeplKaHHe 3onoTa onpeAenRnocb no peaK~HH 

87 Au (n, y) 198 Au e noToKe 3nHTennoebiX HeHT poHOB, a ypaHa - no 

238 237 {J 231 
peaK~HH U(y,n) U 

6 75 
Np Ha ny4Ke TopMo3Horo H3ny4e-

' AH· 
HHR. MenKoH3Menb4eHHY~ 3onoToHocHy~ nopOAY ynaKOBbiBanH e nonH-
3THneHoeble KOHTeHHepbl ~ =70 MM,BbiCOTOH 10 MM,a COAeplKa~y~ ypaH -
B KOp0604KH H3 nneKCHrnaca d =20 MM C BbiCOTOH 6 MM, B Ka4eCTBe 
CTaHAapTOB npHMeHRnHCb AHCKH H3 ~HnbTpoeanbHOH 6yMarH, nponHTaH-

4 

"' 

.1} 

\ 
l 

Hble paCTBOpaMH 30nOTa H ypaHa, Pa3Mepbl AHCKOB B nepBOM cny4ae 
fJ = 54 MM, BO BTOPOM ,S = 20 MM. KalKAY~ npo6y npoKnaAbiBanH 

c Top~oe cTaHAapTaMH-AHCKaMH IAnR y4eTa rpaAHeHToB noneH HeHT
poHHoro H TOPM03HOrO H3ny4eHH~/. PelKH~ 5~6ny4eHH~ H H3MepeHHR 
He OTnH4anHCb OT H3nOlKeHHbiX B pa6oTaX ' • raMMa-cneKTpbl o6ny-
4eHHbiX o6pa3~0B oerHCTpHpoeanHCb Ge(Li)-AeTeKTOPOM C aKTHBHbiM 
o6DeMoM 20,3 eM 3 • B pac4eTax Hcnonb3oeanHcb ~oTonHKH 
198Au I Ey = 412 K3B/ H 237Au/Ey= 208 K3B/. An~ AaHHbiX pa3Mepoe 

3TanOHOB H KOHTeHHepoe 6blnH onpeAeneHbl 3~~eKTHBHble ~eHTpbl Ae
TeKTOpa H paCC4HTaH HHTerpan /1/ npH ~R=0-5 C warOM 0,01 
H T04HOCTb~ 0,01% /CM, pHc,2/, nocKOnbKY norno~eHHe nHHHH 
412 K3B H 208 K3B B nopOWKe peanbHOH nOPOAbl 6blnO ManbiM H n04TH 
He MeHRnOCb npH nepeXOAe OT o6pa3~a K o6pa3~y, TO An~ npoeepKH 
MeTOAHKH B o6naCTH 60nbWHX ~ 6blnH npHrOTOBneHbl TaKlKe HCKyCCT
BeHHble cMecH. B 3onoToHocHy~ PYAY A06aenRnHCb OKHcnw lKene3a 
(Fe 2 0 3 ) H CBHH~a (PbO), a o6pa3~bl, coAeplKa~He ypaH, nony4anHcb 
Ha OCHOBe KOM6HHa~HH H 3B03 H Bi 2 0 3 B pa3flH4HOM BeCOBOM OTHOWe
HHH c nocneAY~~HM sHeceHHeM onpeAeneHHoro KOnH4eCTBa ypaHa 
B BHAe paCTBOpa ypaHHnHHTpaTa H T~aTenbHbiM nepeMeWHBaHHeM CMeCH, 

PHc.2. ~HK~HH G2 (k,p,~R), pacc,IH
TaHHble AJIR 3Hal.leHHH k = 2/7, p= 
= 29/35, COOTBeTCTByiD~X reo
MeTpH"'eCKHM ycnOBHRM 3KCnepHMeH
Ta /KpHBaR 2/. KpHB~e 1,3,4,5 

. COOTBeTCTByiDT 3Hal.leHHRM p = 15/35, 
30/35, 32/35, 36,5/j5, 

-~ 
::t.., 
CL-

~ o,t~ 
, .. "'-

0,04 

K11 2/1 

~~ 

t 
~ 

I I o,wJ-...1.~-~i,-"!"j --t:-· ~15 )A-R 

Pe3ynbTaTw npHMeHeHHR AaHHOH MeTOAHKH H MeToAa sHewHero cTaH
AapTa AnR cny4aR HCKYCCTBeHHbiX o6pa3~0B npHBeAeHbl B Ta6nH~e. 
BHAHO, 4TO, B OTnH4He OT MeTOAa BHeWHero CTaHAapTa, AaHHa~ Me
TOAHKa npHBOAHT K pe3ynbTaTy, COBnaAa~eMy C 3aAaHHbiM 3Ha4eHHeM, 
HeCMOTPR Ha 3Ha4HTenbHOe ysenH4eHHe norno~eHHR H pacceRHHR y
KBaHTOB a o6pa3~ax. HeKoTopwH pa36poc AaHHbiX An~ ypaHa o6D~CH~
eTcR TeM, 4TO An~ o6ny4eHH~ 6panaCb TOnbKO Mana~ 4aCTb H3 npH
roTOBneHHOH CMeCH, KOTOpy~ npaKTH4eCKH HeB03MOlKHO CAenaTb roMo
reHHOH, CpasHeHHe pe3ynbTaToe, nony4eHHbiX no MeTOAY BHYTpeHHero 
CTaHAapTa H AaHHOH MeTOAHKe Afl~ o6pa3~0B 30nOTOHOCHOH PYAbl, Hn-
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Puc.3. Koppenn~HH pesynbTaToB 
onpeAeneHHH coAep~aHHH sonoTa 
B reonoru~eCKHX nopoAax no 
MeTOAY CTaHAapTa H AaHHOH 
MeTOAHKe, 

12 

~ 10 
~ 1 I 
f- 6 

]4 

1 

. . 

... y• 1 1 e 1 I I I 

~ 0 2. It 6 & tO 12 
U C 1 '/T 1 ilo.MMG.II Wfn\O~G. 

n~cTp~pyeTc~ p~c.3. np~MeHeH~e perpecc~oHHoro aHan~sa noKas~

aaeT, 4TO ABa MeTOAa 04eHb xopowo KOppen~py~T APYr C APYrOM, 
Ko3~~~~~eHT napHo~ Koppen~~~~ paaeH 0,9967, a K03~~~~~eHT n~
He~Ho~ perpecc~~ oTn~4aeTc~ OT eA~H~~~ He 6onee, 4eM Ha 2%, 
cao6oAH~~ me 4neH a ypaaHeH~~ perpecc~~ 6n~30K K Hyn~ ~ paeeH 
0,0014. 

TaK~M 76pa30M, B 3TO~ pa6oTe npeAnOmeH HOBbl~ MeTOA 3TanoH~
poaaH~~/? , saMeTHo CH~ma~~~~ TPYAOeMKOCTb np~roToeneH~~ 3Tano
HOB np~ MaCCOBOM paA~OaKT~Ba~~OHHOM aHan~se. 
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PyKon~cb nocTyn~na a ~3AaTenbcK~~ OTAen 
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HET RH ITPOBEROB B BAWEA BHBRHOTEKE? 

8bl MOJKeTe DOJIY'IHTb DO DO'ITe nepe'IHCJieHHble HHJKe KHHI'II, 

eCJIM OHM He 6biJIJ! 38K838Hbl paHee. 

A3·11787 

A13·11807 

A1,2-12036 

A1,2-12450 

All-80-13 

A4-80-271 

A4-80-385 

117-A1-~b1 

410,11-81-622 

A1,2-81-728 

A17-81-758 

A1,2-82-27 

P18-82-117 

A2-82-568 

TPYAW III He.AYHIPDAHO~ WKOnw no He~TpoHH~ $M3HKe. 
AnywTa, 1978. 

TPYAW III He.AYHipoAHoro coe~aHM~ no nponopijMOH&nb· 
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H3~aTenbCKHA OT~en 00be~HHeHHOrO HHCTHTYTB R~ePHbiX Hccne~OBBHHA 
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Bo .[(aK BaHr 18-82-930 
MeTo~ 3TanoHHpoBaHHH npH p~HoaKTHBa~HOHHOM aHanHse 
3neMeHTHOI'O COCTaBa Be~eCTBa 

Paspa6oTaHa MeTOAHKa 3TanOHHpoBaHHH npH paAHOaKTHBa~oH
HOM aHanH3e COCTaBa Be~eCTBa, ll03BOnHID~aH 06XO~HTbCH 6e3 llpH
MeHeHHH MeTO~a BHYTpeHHHX CTa~apTOB, TeM He MeHee COXpaHHID
~aH HX nonmKHTenbHble CBOli:cTBa /y-qeT MaTpH~bl, H~eHTH'qHOCTb 
annapaTypHOH nHHHH H T.A./. 

Pa6oTa BblllOnHeHa B na6opaTOPHH HAepHbiX peaK~Hli OIDIH. 

npenpHHT 06DeAHHeHHOro HHCTHTYTa RAePHbiX HccneAOBaHHH. AY6Ha 1982 

vo uac nang 
Calibration Method for the Radioactivation 
Analysis of Matter Element Composition 

1~-~L-':130 

Calibration technique for the radioactivation analysis 
of matter composition is developed. It permits to manage 
without the method of internal standards and at the same 
time maintains its advantages (allowance for matrix, identity 
of apparatus line etc.), 

The investigation has been performed at the Laboratory of 
Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 
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