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Influence of mass bias effect, isobaric and polyatomic interferences on the results of **U/**U, **U/**U, *U/**U isotope ratio
determination in uranium oxide by sector-field ICP-MS was studied. Uranium isotopic standards CRM U100, CRM U200 based on
triuranium octoxide (U,0;) and single-collector mass spectrometer ICP-SFMS ELEMENT 2 were used for research. It has been
demonstrated that the mass bias effect has most influence on the results of uranium isotope ratios determination. To investigate the
influence of the mass bias effect on the determinations of uranium isotope ratios, the external standardization calibration was used
with three models (linear, power, exponential) describing the behavior of the specific discrimination coefficient £ versus the mass of
measured isotopes. The mass discrimination factor has been found to vary from 6.00 x 10~ to 1.20 x 10%. The advantage for using
the (power/exponential)-law models of the S = F(Am) relationship for correcting measured isotope ratios was justified. In case of

polyatomic interferences, the efficiency of uranium hydride ion (**U'H*) formation is 3.54 x 107, while the impact of isobaric
overlapping due to the contribution of scattered **U* ions to the intensities of less abundant ‘U and **U ions reaches
8.17 x 10°°. The relative measurement error for the **U/?*U , ®U/**U ratios was found to be < 0.5 %, and for the **U/**U

ratio less than 0.1 %. The calculated standard uncertainty u of the “*U / U, Pu / U, PU / U isotope ratio

measurements in the CRM U100 was 0.563, 0.322 and 0.856 %, respectively. These are reasonable estimates in comparison with the
uncertainties of certified values of 0.296, 0.097 and 0.265 %.

KEY WORDS: inductively coupled plasma mass spectrometry, uranium oxide, mass bias effect, polyatomic interferences, isobaric
overlapping, uranium isotope ratios

The mass-spectrometry methods are intended for isotopic and elemental analysis of materials and applied at
atomic industry plants for providing in-process control, as well as quality control and end products certification [1]. The
in-process monitoring of nuclear fuel and constructional materials processing is extremely important for predicting the
products behavior under irradiation conditions, where even a minor change in the element concentration may lead to a
significant property changes [2].

The quality of uranium products (uranium ore concentrate, uranium hexafluoride, uranium dioxide) is regulated by
international standards, whereby one of the most important quality characteristics is the isotopic composition of
uranium [3]. The analytical methodology of isotope ratio measurements of depleted, enriched, and natural uranium is
determined by the ASTM standard (ASTM C 1477-08), which also sets limits on the relative measurement error: less
than 0.1 % for **U, and less than 1 % for >**U, >**U.

For precise determination of the uranium isotopes abundance, the following types of multi-collector mass
spectrometers are mainly used (in accordance with the substance ionization method): the thermal ionization mass
spectrometer (TIMS) and the inductively-coupled plasma mass spectrometer (ICP-MS). The presence of several
collectors allows simultaneous measurement of a few isotopes at a time, thereby offsetting the influence of signal
intensity variations with time, and considerably improving the accuracy of isotope ratio measurements. According to
various literature data, the relative measurement error for those mass spectrometers may vary from 0.05
to 0.002 % [4,5,6].

The main application of single-collector sector-field ICP-MS is the analysis of extremely low contents of elements
(elemental analysis) with the detection limit at level of ppq (107" %) [7]. This is due to high resolution of such mass
spectrometers and their high sensitivity (~ 10° cps per 1 ppb '°In). The application of ICP-SFMS in the uranium isotope
analysis calls for an additional consideration of the following effects that may affect the measurement results.

The mass bias effect occurs in the interface part of the mass-spectrometer due to the space-charge effect in the
skimmer cone region, and promotes a higher heavy-ion transfer efficiency. Thus, two isotopes of the same element in
the same concentrations will induce a signal of different intensity.

Isobaric overlapping of the high-intensity peak tail with the mass m on the peak intensities with the masses
(m-1), (m=2), (m—3). This effect is associated with ion scattering by the molecules of the residual gas in the
vacuum system, and it is referred to as the abundance sensitivity. Its value becomes critical during measuring the
extreme isotope ratios (higher than 10°), uranium isotopes being an example [8, 9].

Polyatomic interferences is caused by the formation of 4r", H*, O" ions in plasma, which in their transit through
the interface part of the mass spectrometer enter into the plasma-chemical reactions with the result that polyatomic ions
©D.V. Kutnii, D.D. Burdeynyi, S.A. Vanzha, N.V. Rud, 2020
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are produced. In this case, to estimate the m =236 peak intensity, it is necessary to take into account the contribution

of the **U'H" hydride ions formation [10, 11].

With due regard for the above-mentioned peculiarities in the application of ICP-SFMS for the uranium isotope
analysis the following research tasks were formulated:
- to study the influence of ion interaction processes in the ICP SFMS (mass bias effect, isobaric and polyatomic

interferences) on the measurement results for the **U/**U , *U/*U and **U/**U isotope ratios in uranium
oxide;

- to estimate metrological characteristics of the measured data with regard to the applicability of the ICP-SFMS
method for the quality control and certification of uranium products in nuclear power industry.

MATERIALS AND METHODS
Studies were carried out using uranium isotopic standards based on triuranium octoxide (U,0,) CRM U100 and

CRM U200, made by the U.S. National Bureau of Standards (since 1988 — National Institute of Standards and
Technology of the U.S. Department of Commerce). Each standard represents 10 mg of highly purified U,0, powder,

certified values of the isotope ratios were obtained using multi-collector TIMS and are given in Table 1.

Table 1. Certified isotope ratio in uranium isotopic standards CRM U100 and CRM U200

234U/ 1877 ‘ 235U/ 2387 ‘ 236U/ 2387
CRM U100
0.00075359 +£0.00000223 | 0.11359+£0.00011 | 0.00042250 £0.00000112
CRM U200
0.00156432 +£0.00000378 | 0.25126 =+ 0.00026 | 0.00265659 £ 0.00000757

The isotope ratios were measured using single-collector mass spectrometer ICP-SFMS ELEMENT 2 (Thermo
Fisher Scientific GmbH, Germany), technical characteristics are given in Table 2.

The mass spectrometer resolution represents the value equal to M / AM , where AM is the minimum distance (in
a.m.u.) between two adjacent peaks at their overlapping at 10 % peak height. For example, the resolution of 1000 means
that the peaks with masses of 100.0 a.m.u. and 100.1 a.m.u. are resolved, i.e., not overlapped up to 10 % of their height.

Table 2. Technical characteristics of ICP-SFMS ELEMENT 2

Mass range from 2 to 264 a.m.u.
Sensitivity ~10° cps for 1 ppb '"°In
Detection limit 1 ppq for non-interfering elements
Dark noise <0.2 cps
Dynamic range > 10’
Mass resolution low (300), middle (4000), high (10000) at 10 % peak height
Signal stability better than 1 % for 10 min.

The ions were registered at two modes of mass-spectrometer detecting system operation, namely, in the counting
mode with the maximum counting rate of < 10° cps for the measurements of signal intensities from the *U , U,
20U isotopes; and in the analog mode with the maximum counting rate of < 10° cps for the measurements of signal
intensities from the **U, 28U isotopes. The comparison between the analytical signal values, measured in both the
counting and analog modes of detector operation, was performed by means of cross-calibration according to the
multielement standard ICP-MS-68A.

The aliquots for the analysis were prepared with the use of deionized water (HIGH PURITY STANDARDS, High
Purity DI 18 MQ Water) and nitric acid solutions (HIGH PURITY STANDARDS, Subboiled Distilled Nitric Acid). For
preparation of the basis solution with 10 ppm **U content, 2.4 mg U;05 CRM U100 and 2.8 mg U303 CRM U200 in
powder form were dissolved in 15 % HNO; under heated in a boiling-water bath. The final aliquots with the 50 ppb

U content were obtained through the basis solution dilution with 2 % HNO;. The aerosols of final solutions were
introduced into the ionization region of the mass spectrometer with the speed-controlled peristaltic pump.

RESULTS AND DISCUSSIONS
The ion current contribution of uranium hydrides to the intensity of analytical signals from the isotopes ‘U ,
U, U, U was estimated by measuring the mass spectra of the uranium ore concentrate CRM 124-1 with the use
of the masses m =236 (ion current contribution from **U'H" ) and m =239 (ion current contribution from **U'H")
on the assumption that there are no **U and **Pu isotopes in the measured sample. The efficiency of hydride ion
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formation was calculated as the intensity ratios of **U'H"/*U and **U'H"/**U . Then the analytical signal
intensities of the isotopes in CRM U100 and CRM U200 were corrected and the isotope ratios R, were calculated

with and without regard for the hydride ion current contribution. Obtained data were compared with the certified
isotope ratio values R, given in Table 1.

The efficiency of the uranium hydride ion formation was found to be 3.54x107, this corresponding to the *°U'H*
hydride ion current of 1 cps at the **U analytical peak current intensity of 3.54 x 10° cps.

In the studies of the sample CRM U100, the analytical peak intensities were determined to be 8.53 x 10° ¢ps and
3.16 x 10* cps for **U and *°U , respectively, then the ion current contribution of **U'H* hydride to the analytical
signal intensity at m =236 (polyatomic interference effect) was determined to be 24 cps or ~ 0.1 %.

Fig. 1 shows the calculated isotope ratios R, /R ... as a functions of the difference of the isotope mass numbers

cert. meas.

(Am) in the CRM U100 isotope standard, with and without regard for the ion current contribution of the **U'H"
hydride.
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Figure 1. Isotope ratios versus their mass number difference Am in the isotope standard CRM U100: 1 — initial value R, /R .

without regard for the ion current contribution from **U'H " hydride; 2 — corrected value R / R” with due regard for the ion

cert. meas.

current contribution from **U'H* hydride

From the data given at Fig. | it is evident that the polyatomic interference effect is the most significant during
measuring the 2°U/**U isotope ratios, i.e., at Am =2 a.m.u.; for the ratios **U/**U (Am=4amu.)and *°U/>U

(Am =3 am.u.) the given effect is less pronounced. Nevertheless, the values of all measured isotope ratios R appear

underestimated by 1...3 % relative to their certified values (the underestimating increases with increase in Am ), this
bearing witness to the influence of other factors on the measurement results, one of which is mass bias effect.

To investigate the influence of the mass bias effect on the determinations of uranium isotope ratios, the external
standardization calibration was used with three models (linear, power, exponential) describing the behavior of the
specific discrimination coefficient f versus the mass of measured isotopes. The external standardization calibration
implies that on measuring the ion signal ratios of isotopes in the probe, the parallel measurement of ion signals from the
certified isotope standard is performed. After that, based on the measured isotope ratio and the exactly known isotope
ratio in the standard the mass discrimination factor B and the specific discrimination coefficient § is calculated and the
correction for the mass bias effect is introduced [12].

The mass discrimination factor characterizes the magnitude of the mass bias effect, and in the case of light-to-
heavy isotope ratio measurements is determined as:

B=R_ /R (1)

cert. meas. *

In addition to the mass discrimination factor, for quantitative description of the mass bias effect (the degree of ion
mass discrimination in % a.m.u.™) the specific discrimination coefficient £ is also used:

B=[(B-1)-100]/Am. (2)
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Formula (2) describes the linear model dependence of the specific discrimination coefficient § from the measured
isotope masses. Then the isotope ratio value in the sample under study, corrected for the mass bias effect, is determined
as:

R™ =R ..(+p-Am). (3)

corr.

For the power and exponential models, the dependence of the specific discrimination coefficient f from the
measured isotope masses is written as:

B=InB/Am 4)
and the isotope ratios in the sample, corrected for the mass bias effect, are given by equations (5) and (6), respectively:

R =R, A+, (5)

corr.

RO =R .. -exp(f-Am).(6)

corr.

In the present studies, the isotope standard CRM U200 was chosen as an external standard for taking into account
the mass bias effect in the CRM U100 sample (conditionally unknown).

Table 3 lists the values of measured isotopic ratios in the sample CRM U100, which were corrected for the mass
bias effect with the use of the linear, power and exponential dependence models of the specific discrimination
coefficient S from the measured isotope masses (eqgs. (3), (5) and (6), respectively). The table also gives the calculated
values R_. /R__ and the relative measurement error 9.

cert. corr.

Results of isotope ratio determinations in the CRM U100 adjusted for mass bias effect fables
234U/ 238U 235U/ 238U 236U/ 238U

R.,. 0.00075359 0.11359 0.00042250

R™ 0.00076296 0.11444 0.00042583

R 0.00075613 0.11361 0.00042371

R 0.00075647 0.11364 0.00042380
R, /R™ 0.988 0.993 0.992
R | R 0.997 0.999 0.997
R, |R™ 0.996 0.999 0.997
s % 1.243 0.746 0.788
5P % 0.338 0.015 0.287
5%, 0.382 0.047 0.308

The degree of ion mass discrimination calculated by formula (2) varies from ot 6.00 x 107 (0.6 %) at
Am=4 amu. to 1.20 x 10% (1.2%) at Am =2 a.m.u. Dependences of the specific discrimination coefficient A
versus Am , calculated by formulas (2) and (4), as well as the results of their approximation by linear and exponential
functions are shown at Fig. 2.

It can be seen that at determining the uranium isotope ratios the mass bias effect can be compensated through their
correction by means of the linear, power and exponential models of the f = F'(Am) relationship. Nevertheless, taking

into account the need for fulfillment of the conditions (R, /R, )—1 and & —0, the application of the
power/exponential models is preferable. Besides, the approximation data in Fig.2 confirm the advantage of the

exponential function by the coefficient of determination R> = 1, that can be treated as full correspondence of the
regression model to the experimental data.
Fig. 3 a-c shows the results of isotope ratio determination in the CRM U100 during seven consecutive

measurements. The relative error of **U/**U, *U/*U isotope ratio measurements was < 0.5 %, while for the

BY[PMU ratio it was less than 0.1 %.

Mass spectra of the uranium ore concentrate CRM 124-1 on the mass m =237 (contribution of the **U" ion peak
“tail””) were measured to estimate the effect of isobaric overlapping of the “tail” of the high-intensity peak of mass m on
the intensities of the peaks of masses (m—1), (m—2), (m—3). The estimated value was found to be 8.17 x 107, this

cert.

being in agreement with the data [13]. Thus, the contribution of scattered **U" ions to the intensities of less abundant
U™ and **U™ is insignificant and can be neglected.
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Fig. 2. Specific discrimination coefficient £ versus mass numbers difference of the measured isotopes Am : 1 — linear model

calculated data; 2 — exponential model calculated data; 3 — approximation of points 1 by the linear function; 4 — approximation of
points 2 by the exponential function
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Fig. 3 a, 3 b, 3 c. Isotope ratios By / By, By / By, By / 81 in the CRM U100, corrected for the mass bias effect using
exponential model for = F(Am): 1 — experimental data; 2 — mean value of experimental data; 3 — certified value; 4 — certified
value uncertainty bounds

Fig. 3 d. Measurement uncertainty budget for the U / U isotope ratio in the CRM U100: 1 — contribution of the certified

value U / =y uncertainty; 2 — contribution of intensity measurement uncertainty for the analytical U and U peaks in the

CRM U100; 3 —contribution of intensity measurement uncertainty for the analytical U and PU peaks in the external standard

CRM U200
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In addition to the relative error, another metrological characteristic of the measurements is uncertainty, i.e., the
parameter, which characterizes the spread of measured values. The calculated standard uncertainty u of the *U/**U ,

By/BU, PU/PU isotope ratio measurements in the CRM U100 was 0.563, 0.322 and 0.856 %, respectively.
These are reasonable estimates in comparison with the uncertainties of certified values of 0.296, 0.097 and 0.265 %.
Finally, the uncertainty budgets of the *U/*U, *U/*U, *U/* U isotope ratios measurements were
calculated for the CRM U100, i.e., the contribution values of the uncertainty components (see Fig. 3 d).
The major contribution to the measurement uncertainty of the *°U / U isotope ratio comes from the intensity

measurement uncertainties for the analytical **U and **U peaks. For the other ratios under study, the measurement
uncertainty budget is similar to that given at Fig. 3 d.

CONCLUSIONS
The influence of the ion interaction processes in the sector-field mass spectrometer (ICP-SFMS) on the

measurements of **U/**U , ®*U/**U and **U/**U isotope ratios in uranium oxide was studied.

It has been demonstrated that the mass bias effect has most influence on the results of uranium isotope ratios
determination. The degree of discrimination has been found to vary from 6.00x10~ to 1.20x10, and the grounds have
been given for the use of the power/exponential models of the relationship f = F(Am) for correction of the
measurement results.

Consideration has been given to the influence of the effects of isobaric and polyatomic interferences on the results
of uranium isotope ratios determination. The efficiency of uranium hydride ion (**U'H") formation has been
calculated to be 3.54 x 10, while the contribution of scattered **U™ ions to the intensities of less abundant **U and
U reached 8.17 x 107,

Metrological characteristics of analytical results have been analyzed, in particular, the relative measurement error
for 2*U/*U, ®°U/*U isotope ratios has made < 0.5 %, while for the **U/**U ratio it was less than 0.1 %. This

points to the applicability of the ICP-SFMS method for the quality control and certification of uranium products in
nuclear power industry.
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BU3HAYEHHS I30TONMHUX CNIBBIIHOWIEHD 2U/*%U, 250/2%U, 26U/3%0 B OKCUI YPAHY METOJIOM MAC-
CHEKTPOMETPII 3 MOJABIMHUM ®OKYCYBAHHSM (ICP-SFMS)
J.B. Kyrnii, I.1. Bypaeiinuii, C.O. Banxka, H.B. Pyan
Hayionanvuuii naykosutl yenmp «Xapkiecokuii gpizuxo-mexniunuil incmumymy HAH Yxpainu
JocnimkeHo BILIMB e()eKTiB JUCKPUMiHAIIS 10HIB MO Macax, i300apHUX 1 MOJiaTOMHUX iHTepdepeH i Ha pe3yIbTaTH BUMIPIOBAHb
isorommux cmiBBimHOomens U/PU, PU/PU, PU/U B oxcumi ypaHy MeTOZOM Mac-CIIEKTPOMETpil 3 MOABifHIM
¢doxycyBaHHsaM. [{j1s1 MpoBEAEHHS TOCIIKEeHb BUKOPUCTOBYBAIU cepTH(iKOBaHi i30TOMHI CTaHIAPTH HA OCHOBI OKTAOKCi/Ia TpiypaHa
(U,0;) CRM U100, CRM U200 i oxnoxomnexropuuit mac-cuekrpomerp ICP-SFMS ELEMENT 2. IlokazaHo, 1m0 OCHOBHHM
eeKToM, IO BIUIMBAE HA PE3YJIbTATH BH3HAYEHHS i30TOMHUX CIIBBITHOIIEHb ypaHy, € OUCKPHMiHAIs iOHIB mo Macax. Jis
BHUBYCHHS BIUIMBY €QEKTy OUCKpPHMiHAIii 1OHIB MO Macax Ha pe3yJlbTaTH BH3HAYEHHS 130TONMHHUX CIIBBIAHOIICHb YpaHY,
3aCTOCOBYBAJH CHOCI0 30BHIIIHBOTO CTaHAAPTY 3 TPhOMA MOJEISIMHU (JIiHIHOI, CTENICHEBOI Ta EKCIIOHEHIIATbHOI) 3aJIeKHOCTI
nuToMoro koedilieHta AucKpuMiHanii f BiJ Mac BUMIpIOBaHHX i30ToriB. Po3paxoBaHuii Koe(illi€eHT CTYHeHs AMCKPUMIHALIT ISt
JHIHHOT, CTENEeHEeBOi Ta EKCIOHCHINANBLHOI MOJeNeil 3ale)KHOCTI MUTOMOro KoedillieHTa JMCKpPUMIHALII Bil Mac i30TOMiB
BapiroeThest Bin 6,00 x 10° 10 1,20 x 102 OBIpyHTOBaHO IepeBary BUKOPHCTAHHS CTEIEHEeBOi abo eKCIOHEHIitHOI Mozeneil
3anexxHOCTiT S = F(Am) pans KOpPUTYBaHHS 130TONMHHX CHIBBiAHOLICHb, IIO BHUMIpIOIOTECS. [IpM BHHHKHEHHI MOJTIaTOMHHUX
inrepdepenuiii edexTHBHICT, yTBOPeHHs ioHIB Timpumy ypany (Z°U'H™) craHoButh 3,54 x 107, a Bemmunua edexty i306apHHX
HAKIAJCHb BHACIINOK BKJIady po3cisuux iomis U’ B inTeHcuBHOCTI MeHm posmpocTopernx >°U* i U’ — 8,17 x 10,
[IpoananizoBaHO METPOJIOTIUHI XapaKTEPUCTUKN aHATITHYHHUX PE3YJbTaTiB, 30KpeMa, BiIHOCHA MOXHOKA BHMIPIOBAHb 130TOITHHUX
criBBinnomens FU/*U, PU/™*U cknana <0,5%, a mis cnissimmomenns °U/*U — menme 0,1 %. Pospaxosana

CTaH/JapTHAa HEBH3HAUYCHICTh BHMIpIOBaHb i30TONMHMX cmiBBiaHOmeHb # B ctanaapti CRM U100 cknana 0,563; 0,322 i 0,856%
BIJIIIOBIIHO, 1[0 BUIJISAZA€ 3aJOBUIBHO B IMOPIBHSHHI 3 BEJIMYMHAMU HEBU3HAYCHOCTI cepTUdikoBaHMX 3HaveHb: 0,296; 0,097 i
0,265%.

KJIFOYOBI CJIOBA: Mac-ClIeKTpOMETpist 3 iHAYKTUBHO-3B'SI3aHOI0 MJIa3MOI0, OKCHU]T ypaHy, eeKT TUCKpUMIHAIIT I0HIB 10 Macax,
noniaToMHi iHTepdepeHIii, i300apHi HaKJIaIeHHs], CIiBBIIHOIICHHS 130TOIIB ypaHy

OINPEJIEJIEHUAE U30TOITHBIX OTHOINEHUM 24U/2%U, 25U/48U, 2%U/7%U B OKCHJIE YPAHA METOJ/IOM MACC-
CIIEKTPOMETPUH C IBOUHOU ®OKYCHPOBKOMU (ICP-SFMS)
A.B. Kytunii, /I./l. Bypaeiinblii, C.A. Banxka, H.B. Pyan
Hayuonanvnwiti nayuneiii yenmp «Xapvrosckuii gpusuxo-mexnuyeckuti uncmumymy HAH Yxpaunu
HUccnenosano BiusiHKe 3()(GEKTOB TUCKPUMHUHALIUS HOHOB 110 MaccaM, M300apHBIX U IOJHMATOMHBIX HHTep(EpeHINI Ha Pe3yJIbTaThl
U3MepeHu U30TONHBIX OTHOmEHuH U / U, Pu / Uy, U / U B okcujie ypaHa METOIOM Macc-CIIEKTPOMETPHH C JBOIMHOM
(okycupoBkoi. st pOBeACHUS HCCIEIOBAHUN HCIONB30BAIN CEPTUHHUIUPOBAHHBIC H30TOIHBIE CTAHAAPTH HA OCHOBE OKTAOKCHa
tpuypana (U,0,) CRM U100, CRM U200 u oxHokonnektopHslii macc-criekrpomerp ICP-SFMS ELEMENT 2. Iloka3ano, uTo
OCHOBHBEIM 3((eKTOM, BIHSIONNM Ha Pe3yJIbTAThl ONPE/IEICHUs] H30TOIMHBIX OTHOIICHUH ypaHa, SBISIETCS AUCKPUMUHAINS HOHOB II0
maccam. [yt u3ydenns BiaustHUSA dd¢dexra TUCKPUMHUHAIME HOHOB II0 MaccaM Ha pPe3yJIbTaThl ONpe/e]IeHHs] H30TOMHBIX OTHOIIECHHH
ypaHa, NPUMEHSUI CIOCO0 BHEIIHEro CTaHJapTa ¢ TpeMs MOJCSIMU (JIMHEHHOH, CTENeHHOW M AKCIOHEHIMAJIBHOI) 3aBUCUMOCTH
YACNBHOTO KO3 GUIIHEeHTa TUCKPUMUHAIIMKA £ OT Macc U3MepseMbIX U30TOmoB. Paccuntan kodpPUIIEHT CcTeNeHn TUCKPUMHHAIINN
JUIsl TMHEHHOM, CTENEeHHOH M JKCHOHEHLIHATbHOW MOJeJell 3aBHCUMOCTH YAEIbHOTO KOd((HUIHEHTa AUCKPUMHHALMK OT Macc
H3MepAEMBIX H30TONOB, KOTOPbIH Bapbupyercs oT 6,00 x 107 mo 1,20 x 102 OGOCHOBaHO HPEMMYLIECTBO HCIIOIb30BAHHE
CTENEeHHOH JMO0 OSKCHOHEHIMANbHOW Mojenel 3aBucuMoctd [ = F(Am) Uil KOPPEKTHPOBAHHS H3MEPSEMBIX H30TOIHBIX
oTHomeHuit. TIpy BO3HUKHOBEHUH TIONMATOMHBIX MHTepdepentumii 3 eKkTHBHOCTL 06pa3oBaHus HOHOB ruapuaa ypana (U 'H™)
cocraBmsier 3,54 x 10°, a Bennumna spdexta M306apHBIX HANOKEHHIl BCIEACTBHE BKJIANA PACCESHHBIX HOHOB U’ B
HHTCHCHBHOCTH MEHee pacmpocTpaHeHHsX ‘U™ u **U* — 8,17 x 10°°. IIpoaHannsupoBaHbl METPOIOTHIECKHE XapaKTEPUCTHKH

AHATHTHYCCKMX PE3y/IbTaTOB, B YACTHOCTH, OTHOCHTEIBHAS IOFPEIIHOCTh H3MEPEHHH H30TOMHBIX orHomenmi ~*U/>*U,
3
BU/PU  cocrasuma < 0,5 %, a mis otsomenns U/ U — menee 0,1 %. PaccunTanuas CTaHIApTHas HEOMPEICTCHHOCTb U

U3MEPEHUI U30TOMHBIX OTHOLICHUN 2y / Py, PUu / 2y, Bu / U B cragaapre CRM U100 cocraBuna 0,563; 0,322 u 0,856 %
COOTBETCTBEHHO, YTO BBITVIIANT YAOBICTBOPHUTENHHO II0 CPAaBHEHHIO C BEIMYMHAMH HEONPEICICHHOCTH CepTH(UIMPOBAHHBIX
3Hauenuit: 0,296; 0,097 u 0,265 %.

KJIIOYEBBIE CJIOBA: Macc-clieKTpoMeTpHsl ¢ HHIYKTHBHO-CBSI3aHHOH ITa3MOM, OKCHJ ypaHa, 3 (eKT AUCKPUMUHAILIMN HOHOB
I10 MaccaMm, IOJIMATOMHBIE HHTEP(EePEeHINN, H300apHbIe HaJOKEHNUS, OTHOLIEHHS H30TOIIOB ypaHa





