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Abstract

Evaluated cross-section data files were prepared for the stable tungsten isotopes
with the objective to provide reliable and sound nuclear data for activation and
inventory calculations of the European Spallation Source (ESS) which utilizes a
tungsten target irradiated by 2.5 GeV protons. The data files contain yields of
radionuclides produced by proton induced reactions with incident energies up to 3
GeV. The data were obtained from the analysis of calculations using advanced
nuclear models, available experimental data and systematics.

The calculations of cross-sections were performed using the intranuclear
cascade model, the pre-equilibrium exciton model, and the Hauser-Feshbach
model. The available experimental information, results of calculations and
systematics were applied for the evaluation of yields of residual nuclei using
statistical methods implemented in the computer code package BEKED developed
at KIT.
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1. Introduction

The improvement of activation and inventory calculations for materials irradiated
with intermediate and high energy particles requires the use of evaluated yields of
radionuclides obtained using results of advanced model calculations and available
experimental data. The use of nuclide yields obtained exclusively from model
calculations, for example using MCNPX models, meet a number of difficulties:
various models have different predictions, their results seem complement each
other, and the extensive experimental information about cross-sections, used as a
rule for the choice of the “best” model approximately describing experiments, is
explicitly left outside the activation calculations.

The positive experience of the use of evaluated nuclear data, obtained as a
proper statistical combination of results of model calculations and measurements
employing the covariance information, for reactor and fusion applications makes
the preparation and the use of such data an integral part of any reliable activation
and inventory calculations.

To improve activation calculations at intermediate and high energies,
especially for ESS applications [1,2], new evaluated data files were prepared for
stable tungsten isotopes irradiated with protons at energies up to 3 GeV. The
evaluation comprises the analysis of existing experimental data, calculations using
advanced nuclear model, the critical comparison of the content of ENDF/B-VII [3],
PADF-2007 [4], and JENDL-HE [5], calculations using systematics, and the
statistical combination of measured and calculated values.

In the present work, calculations of cross-sections were performed using the
pre-equilibrium exciton model and the Hauser-Feshbach model implemented in the
TALYS code [6] at relative low energies and the intranuclear cascade model
implemented in the CASCADE code [7-9] and Hauser-Feshbach model from
TALYS [6] at higher energies. The combination of TALYS and CASCADE-
TALYS calculations is discussed below.

The evaluated yields of nuclides were obtained for tungsten isotopes '*°W,



2w, "W, %W, and '*°W at primary proton energies from reaction thresholds up
to 3 GeV.
The data obtained were stored in data files using the ENDF/B format.

2. Description of methods of cross-section calculations

The yields of residual nuclei were calculated using advanced nuclear models
successful and well justified at intermediate and high energies of primary particles.
At proton energies from 20 MeV to 3 GeV the intranuclear cascade model
implemented in the CASCADE code [9] combined with the Hauser-Feshbach
model (HF) from the TALYS code [6] has been applied for calculations. To
increase the quality of predicted cross-sections at relatively low energies the
calculations in the energy range from several keV to 200 MeV were performed
using the pre-equilibrium exciton model and the HF evaporation model from
TALYS. The transition between CASCADE-TALYS and TALYS simulations
follows so called “hybrid” approach applied for example in the LAHET code [11].

The specific features of models used are briefly described below.

2.1 CASCADE-TALYS

The simulation of non-equilibrium nuclear processes is performed using the
intranuclear cascade model (INC) developed by Barashenkov and coauthors [7-9]
and based on the Monet Carlo method. The specific features of the model are the
explicit consideration of the time coordinate in the modelling of nucleon dynamics,
the simulation of realistic nucleon density distribution in nuclei and the depletion
of nuclear density due to the fast particle emission. The Woods-Saxon function

describes the nuclear density

_ Po
l+exp[(r—c)/a,]’

p(1) (1)

where ¢=1.07 A'” fm, a,=0.545 fm, po=0.17 fm™.

The experimental and evaluated nucleon-nucleon and n-nucleon cross-sections
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[11] are used for the modeling of intranuclear interactions. The Pauli exclusion
principle provides the correction of such cross-sections due to the nuclear matter.

The non-equilibrium emission of light clusters (d, t, *He, ) is simulated using
the coalescence model [12-14]:

dzﬁim 1 (Zt +1J2 [ (471:/3)1)03 J3 (Sn —EC )1/2 ( dzcgre J4

de dQ 16 | N s (2m’)" g |dedO

n

)

t
where Z; and N; are the number of protons and neutrons in the target nucleus, G,
is the cross-section of nonelastic interactions for protons and the target, m is the
nucelon mass, Ec is the Coulomb potential for outgoing x-particle, d*c",/de,dQ is
the double differential cross-section of non-equilibrium neutrons, P, is the
“coalescence” radius obtained from the comparison with the measured data.

The difference with Refs.[12-14] consists in the two step modeling of
intranuclear interactions to get an improved energy balance for the non-equilibrium
stage of nuclear reactions. The emission of heavy clusters (A > 4) is described
using the phenomenological “nuclear forces break down” model [15] discussed e.g.
in Ref.[16].

Final results of simulations are normalized to the experimental and evaluated
cross-sections of nonelastic proton interactions with nuclei 6,,, from Ref.[11].

The evaporation particle emission was modeled using the Hauser-Feshbach
model implemented in the TALYS code [6]. The computation proceeds in several
steps. The characteristics of residual nuclei formed after the non-equilibrium
emission of nucleons and light clusters simulated by INC model are sorted and
processed to get N number of TALYS input files, where N is the total number of
residuals produced before the equilibrium de-excitation. Each input file contains
the TALYS instruction “projectile 0” [6] and the set of excitation energies for a
given residual. After N number of performed TALYS calculations the results are
properly normalized and unified.

The successful use of the Monte Carlo based INC model from CASCADE in

the combination with deterministic evaporation algorithm was demonstrated using



the CASCADEX code [17] and the CASCADE-ASF code [18,19].
One of advantages of discussed calculations is the possibility to predict the
yields of nuclei in isomeric states in nuclear reactions induced by intermediate and

high energy particles.

2.2TALYS

To decrease the possible influence of the uncertainty of simulations with the “high
energy” INC model at energies below 100- 200 MeV on predicted cross-sections
the calculations at lower proton energies were performed using the TALYS code
[6]. Brief description of nuclear models implemented in the code is given below.

The pre-equilibrium particle emission is described using the two-component
exciton model discussed in Ref.[20]. The model implements expressions for
internal transition rates and parameterization of the average squared matrix element
for the residual interaction obtained using the optical model potential from
Ref.[21]. The particle-hole density is calculated taking into account the Pauli
correction, the pairing correction and the finite depth of nuclear potential well. The
special parameterization is applied for the depth of the potential well as a function
of the projectile energy and the mass of the target separately for incident neutrons
and protons, reflecting the influence of surface effects on the first stage of
interaction. The multiple pre-equilibrium emission is considered up to arbitrary
order of the particle escape.

The phenomenological model from Ref.[22] is used for the description of the
pre-equilibrium complex particle emission from nuclei. The contribution of direct
processes in inelastic scattering is calculated using the ECIS-97 code integrated in
the TALYS code. The coupled channel model or DWBA are selected by TALYS
using an available information about nuclear level schemes [6].

The equilibrium particle emission is simulated using the Hauser-Feshbach
model [6,23]. The code utilizes different approaches for the calculation of nuclear

level density: 1) the Fermi gas model with the energy dependent level density



parameter [24] combined with the “constant temperature” model [6,25] (GC-IST),
i1) the back-shifted Fermi gas model [26] (BSFM), iii) the generalized superfluid
model [27,28] (GSM), iv) microscopic approach of Goriely [6,29], and v) of
Hilaire [6,29]. All these models were applied for cross-section calculations. The
principles of their use are briefly discussed below.

Each set of calculations with TALYS assumes the use a quite large number of
model parameters, as well nuclear level density parameters (a) known with a
certain accuracy. The uncertainty of a-parameters ranges from several to tens of
percent, depending on the method of their production [30] implying the use of
experimental data or systematics. Just the use of systematics of nuclear level
density parameters results to the largest scattering of calculated reaction cross-
sections [31]. The uncertainty of values of a-parameters and the application of
different models for the calculation of nuclear level density lead to statistically
different results of cross-section calculations performed using different methods
(Fig. 1).

To reduce the uncertainty of predicted cross-sections the calculations were

performed as recommended in Ref.[31]

o(E) = ZWiGi(E) (Z Wij , 3)

9o
1

where o; is the cross-sections calculated using “i’-th nuclear models, w; is the
statistical weight of the model, M (=5) is the total number of different models for
the description of the nuclear level density applied for the calculation of
investigated cross-section.

The weight w; reflects the “quality” of the corresponding nuclear model in
describing experimental data pertaining to the kind of investigated reactions. The

values of w; defined as an inverse value of S —deviation factor (see Sect.3.5) were

discussed in Ref.[32].
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Fig.1 Example of cross-section calculated with the TALYS code using various models for the
description of nuclear level density. See explanations in the text.

2.3 Transition between TALYS and CASCADE-TALYS modeling

The transition between two different methods of simulation was made for
appropriate reactions according to the ‘“hybrid” approach similar to the one
described in Ref.[10]. The transition energies concerned the range from 150 MeV
and several hundreds MeVs.

As a result, at relatively low energies cross-sections were obtained mainly
using the TALYS code. The energy trend of TALYS cross-sections made an

influence on calculated values up to hundreds MeVs.

3. Data evaluation

The cross-section evaluation procedure includes the selection and analysis of
experimental data, cross-section calculations using nuclear models, the
computation of covariance matrices resulting from model calculations, the

estimation of cross-sections and covariances using available experimental



information and calculated cross-sections and covariance matrices.
Numerical calculations were performed using the BEKED code package [30]
developed at KIT/INR.

Covariance matrices for cross-sections predicted by nuclear models were
obtained using the Monte Carlo method described in Ref.[33]. The generation of
covariances proceeded several steps: 1) the definition of the “best” set of
parameters for nuclear models adopted for cross-section calculations, ii) the
definition of uncertainties of model parameters, ii1) the Monte Carlo sampling of N
number of input data sets for the code implementing selected models, iv) the
execution of calculations for obtained input data files, and v) the calculation of
covariance matrices for particular reactions

N
\/1] = N_1 kZ_I:(Gik _GiO)(ij _GJO) ’ (4)

-th primary neutron energy in

€6
l

where oy 1s the cross-section corresponding to the
the “k”-th Monte Carlo history, cj is the cross-section obtained using the “best* set
of model parameters as described below. The corresponding correlation matrix is
equal to
Cij =V; (Vi x ij)_m (5)
Details of the choice of model parameters the for Monte Carlo sampling are
discussed below.
The evaluation of cross-sections using available experimental data and model

calculations was performed applying the generalized least-squares method [34].

3.1 Selection and analysis of experimental data

Experimental data were taken from EXFOR [35]. The available measured data for
natural tungsten, By, Bw, W, and "W from Refs.[36-85] including the
measurements of independent and cumulative yields of residual nuclei were used
for present evaluations.

The EXFOR data were translated using the C5 format [35] and analyzed with



the help of the special code from the BEKED package [30]. The additional check
has been made using the information from original publications and other sources.
The goal of the analysis was

- to eliminate the cases of obviously incorrectly presented or measured data

- to exclude the data recognized as inconsistent by other authors and the data
containing an incomplete information, if the correction seems not possible

- to correct and clarify the data presented with incomplete details. Typical
examples concern the presentation of the identifier “SIG” in the “REACTION” line
without an indication on independent or cumulative yield of the residual nucleus
and the absence of detailed information about contributions of various isomers in
the measured cross-section.

The detected cases with obviously incorrect or doubtful information were
reported to IAEA Nuclear data Section.

The further use of selected and approved experimental data along with results
of model calculations concerned

- the evaluation of nuclide production cross-sections using measured
independent yields of residual nuclei for separate tungsten isotopes

- the evaluation of cumulative yields for separate tungsten isotopes using the
experimental information and the correction of calculated cross-sections for
individual nuclei from the cumulative “chain”

- the evaluation of independent yield of nuclides in reactions with the natural
mixture of tungsten isotopes using corresponding experimental information and the
correction of calculated cross-sections for separate isotopes, if possible

- the additional use of measured cumulative production cross-sections for
natural tungsten to check and improve obtained yields of nuclides considered as

hazardous [86].

3.2 Calculation of yields of residual nuclei

Before the main calculations, the preliminary work was done to obtain optimal



model parameters. It mainly concerns parameters of non-equilibrium models
responsible for the modeling of the light (d, t, *He, o-particle) and heavy (Z > 4)
cluster emission in nuclear reactions with tungsten isotopes, and parameters of
fission and evaporation models.

Calculations of production cross-sections for residual nuclei were performed
for proton induced reactions with tungsten isotopes with the mass number 180,
182, 183, 184, and 186 at proton energies up to 3 GeV using TALYS and
CASCADE-TALYS codes, as described in Section 2.

For the estimation of covariance matrices corresponding to calculated yields of
residuals the Monte Carlo sampling was made for a number of model parameters
including nuclear level density parameters and parameters describing free nucleon-
nucleon and m-nucleon cross-sections applied for the modeling of intranuclear
interactions. The calculations of covariances requiring an enormous computer
power were performed using the parallel computing in the Jiilich Supercomputing
Centre. The example of calculated matrices is given in Fig.2.

The energy dependence of obtained cross-sections was checked, obvious
inconsistencies resulting from the Monte Carlo sampling and from the numerical

integration were eliminated, where possible, as discussed in the next Section.

3.3 Smoothing and other corrections of calculated excitation functions

Special efforts were made avoiding the inconsistent energy dependence, as
discontinuous derivatives, of calculated excitation functions.

The smoothing of curves was made using a special code from the BEKED
package [30] applying also for the preparation of PADF-2007 files [4] and the
routine from the IMSL library [87] depending on their success for individual
reactions. In particularly problematic cases and for relatively small cross-sections,
lower than one millibarn, the excitation functions were obtained as a weighted sum
of calculated values and ones from the JENDL-HE evaluation [5]. To use JENDL-

HE data also for the estimation of production of residual nuclei in isomeric states



the sums of isomer yields (“g”+”m”) available in JENDL-HE were transformed to
yields of individual isomers using the information from TALYS and CASCADE-
TALYS calculations.

W(p,x)'®Re W(p,x)'"OHf
3000 (p.x) 3000 (P.x)
0,34
0,17
0
0,16
0,33
2000 p 0,50 2000
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1,0
1000 1000
20 > 75
20 1000 2000 3000 75 1000 2000 3000
MeV MeV
W(p,x)'®3Lu W(p,x)"3Yb
3000 3000
2000 2000
1000 1000
150 ‘ 150
150 1000 2000 3000 150 1000 2000 3000
MeV MeV
W(p,x)'2Xe W(p,x)*Tc
3000 3000
2500 2500
2000 2000
1500
1500
1000
1000
600 500
600 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
MeV MeV

Fig.2 Examples of calculated correlation matrices for proton induced reactions with natural
tungsten showing different types of correlations.
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Corrected excitation functions were used along with available experimental
data for the evaluation of nuclei yields in proton reactions with tungsten isotopes
and natural tungsten. The evaluation procedure proceeded the steps briefly

described in the next Sections.

3.4 Evaluation of fission cross-section and correction of fission product yields

Measured fission cross-sections for proton induced reactions (p,f) for tungsten
isotopes [66,67,81] and for the natural mixture of tungsten isotopes [60,61,63-
65,81,85], and calculated cross-sections were used to get evaluated values of (p,f)
reaction cross-sections.

Figures 3-6 shows the evaluated and calculated fission cross-sections for '**W,
3w, W, and "W, Fig.7 shows the values obtained for natural mixture of
tungsten isotopes. For the comparison the results of calculations using the TALYS
code with default, unmodified parameters and JENDL-HE data are shown.

Evaluated fission cross-sections (p,f) were used for the correction of
calculated yields of fission products. On the next step of the evaluation these cross-
sections and cross-section calculated for other reactions were applied along with
measured independent yields of radionuclides to get evaluated production cross-

sections for a number of residual nuclei.

3.5 Use of measured independent yields of radionuclides and results of

calculations for data evaluation

Measured yields of radionuclides in proton induced reactions available for
individual tungsten isotopes '"**W, "W, '®*W, and '*°W were used to get evaluated
values of nuclear reaction cross-sections. The correction of calculated curves were
made using codes from the BEKED package [30].

Figure 8 shows examples of the calculated and evaluated cross-sections for

"**W. For the comparison the JENDL-HE data are also shown.
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Fig.3 The fission cross-section for proton induced reactions with '**W calculated and evaluated
in the present work and measured in Ref.[81].
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Fig.4 The fission cross-section for proton induced reactions with "W calculated and evaluated
in the present work and measured in Refs.[67,81].
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Fig.5 The fission cross-section for proton induced reactions with "~ W calculated and evaluated

in the present work and measured in Refs.[66,81].
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Fig.6 The fission cross-section for proton induced reactions with '

in the present work and measured in Ref.[81].
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Fig.7 The fission cross-section for proton induced reactions with natural mixture of tungsten
isotopes measured in Refs.[ 60,61,63-65,81,85], taken from JENDL-HE and calculated
and evaluated in the present work.

Measured and evaluated independent radionuclide production cross-sections
for different reactions are shown in Appendix A.

A number of deviation factors has been applied for the quantification of the
gain in accuracy of evaluated cross-sections. The factors are usually used to

estimate deviations of measured data and results of calculations [32,88-91]:

2 1/2
1 & o —o,
H[EEL—AG;XP J] (6)

-2 5 (7)
1 &L g

REC = —_§ ' 2i
S ; - (8)

<F>=10""" ©)
N 1g(c-“">71g(oi>z N o il
3| Zi

_ |[i‘{ (acF? /o) } M”{(A"fx")u ’
S=10 (10)
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Cross section (mb)

Cross section (mb)

P

13— N1.3 /N

P,y =Ny, /N

(11)
(12)

where ;""" and Ao are the measured cross-section and its uncertainty, c; is the

calculated or evaluated cross-section, and N is the total number of experimental

points selected for each type of the comparison with the non-zero values of G;, N 3

is the number of points with the ratio 0.77 < ¢;/5;"" < 1.3, and N, 4 is the number of

points with the ratio 0.5 < 6;/c;"" < 2.0.

The meaning of the factors is discussed in Ref.[32].
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Fig.8. Examples of calculated and evaluated independent radionuclide production cross-sections

for %W,
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Tables 1-4 shows values of different deviation factors calculated using
measured independent yields of radionuclides with the atomic number Z > 3 for

: 182vx7 183vys 184 186
isotopes W, W, "W, and TW.

Table 1. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using
measured independent radionuclide production cross-sections and calculated, and
evaluated cross-sections. See details in the text.

Factors | Calculations | Evaluated data

H 5.5 0.25
R®" 0.88 1.00
R™ 3.6 1.01
<F> 2.9 1.1

S 2.24 1.03
Pi; 0.33 0.95
P,o 0.61 1.0

Table 2. Values of deviation factors, Eq.(6)-(12) for the target '*W obtained using
measured independent radionuclide production cross-sections and calculated, and
evaluated cross-sections. See details in the text.

Factors | Calculations | Evaluated data
H 5.7 0.03
R 0.77 1.00
R 52.0 1.01
<F> 4.2 1.0
S 5.37 1.00
Pi; 0.21 1.0
Pyo 0.56 1.0

Table 3. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using
measured independent radionuclide production cross-sections and calculated, and
evaluated cross-sections. See details in the text.

Factors | Calculations | Evaluated data

H 5.8 0.21
R 0.85 1.00
R™ 2.0 1.01
<F> 23 1.1

S 2.19 1.02
Pi; 0.32 0.98
Pyo 0.59 1.0
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Table 4. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using
measured independent radionuclide production cross-sections and calculated, and
evaluated cross-sections. See details in the text.

Factors | Calculations | Evaluated data
H 7.2 1.4
R®" 1.1 1.0
R™ 4.4 1.1
<F> 3.2 1.4
S 2.16 1.21
Pi; 0.28 0.91
P,o 0.58 0.98

Figures 9-12 illustrate the statistical distribution of the ratios o;/c;"" for
calculated and evaluated values ;. Data from Tables 1-4 and Figs.9-12 show

noticeably better agreement of measured and evaluated cross-sections comparing

with calculated values.

3.6 Use of measured cumulative yields of radionuclides for correction of

calculated values

Available measured cumulative production cross-sections for proton induced
reactions with tungsten isotopes By, 8w, W, and ""*W were used for the
correction of calculated excitation functions. The evaluation included the
computation of cumulative cross-sections using calculated individual cross-
sections, the evaluation of cumulative cross-sections with the help of available
experimental data, and the correction of cross-sections for reactions contributing to
cumulative production cross-sections. The reaction cross-sections evaluated before
using measured independent yields of residuals were not changed in the described
evaluation procedure. In the case, if such cross-section contributes to the
considered cumulative chain, any other components of cumulative cross-sections

were properly normalized to get the value of evaluated cumulative cross-section.
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Fig.9. Ratio of calculated and evaluated independent production cross-sections for radionuclides
to measured cross-sections for the target '**W. Points are combined by histograms for the
best view. See details in the text.
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Fig.10. Ratio of calculated and evaluated independent production cross-sections for radionuclides
to measured cross-sections for the target '**W. See comments to Fig.9.
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Fig.11. Ratio of calculated and evaluated independent production cross-sections for radionuclides

to measured cross-sections for the target

'"W. See comments to Fig.9.
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to measured cross-sections for the target

'%0W. See comments to Fig.9.
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Figure 13 shows examples of the calculated and evaluated cumulative cross-

. 184
sections for
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Fig.13. Examples of calculated and evaluated cumulative radionuclide production cross-sections

for 84w,

Evaluated and measured cumulative radionuclide production cross-sections for
different reactions are shown in Appendix B.

Tables 5-8 show values of deviation factors calculated using measured
cumulative yields of radionuclides for various tungsten isotopes. Figs. 14-17 show

the statistical distribution of the ratios o™ /oY for calculated and evaluated values

of cumulative production cross-sections. Data presented illustrate the improvement

of the agreement between experimental and evaluated cross-sections comparing

with results of calculations.
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Table 5. Values of deviation factors, Eq.(6)-(12) for the target

W obtained using

measured cumulative radionuclide production cross-sections and calculated, and
evaluated cumulative cross-sections. See details in the text.

Factors | Calculations | Evaluated data
H 4.8 3.7
R 1.0 1.05
R™ 1.3 1.0
<F> 1.6 1.3
S 1.52 1.22
Pi; 0.70 0.92
Pyo 0.91 0.96

Table 6. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using
measured cumulative radionuclide production cross-sections and calculated, and
evaluated cumulative cross-sections. See details in the text.

Factors | Calculations | Evaluated data
H 5.0 3.8
R" 1.0 1.06
R™ 1.3 1.0
<F> 1.6 1.3
S 1.49 1.21
Pi; 0.59 0.94
P,o 0.92 0.97

Table 7. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using
measured cumulative radionuclide production cross-sections and calculated, and
evaluated cumulative cross-sections. See details in the text.

Factors | Calculations | Evaluated data
H 6.1 4.2
R 1.0 1.06
R 1.8 1.0
<F> 1.75 1.3
S 1.56 1.23
Pi; 0.68 0.93
P,o 0.89 0.97
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Table 8. Values of deviation factors, Eq.(6)-(12) for the target '**W obtained using

measured cumulative radionuclide production cross-sections and calculated, and
evaluated cumulative cross-sections. See details in the text.

Factors | Calculations \ Evaluated data

H 59 4.2

R®" 1.1 1.1

R™ 21. 0.99

<F> 33 1.3

S 1.71 1.28

Pi3 0.57 0.90

Pyo 0.82 0.98

CUMULATIVE YIELDS
182 calculations

0,6 P w 1 evlalulatted data |
0,4} |
0,2 i
0,0 -l

0,01 0,1 1 10 100

calc; exp
i Ici

Fig.14. Ratio of calculated and evaluated cumulative radionuclide production cross-sections to
measured cross-sections for the target '**W. Points are combined by histograms for the
best view. See details in the text.
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Fig.15. Ratio of calculated and evaluated cumulative radionuclide production cross-sections to
measured cross-sections for the target '**W. See comments to Fig.14.
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Fig.16. Ratio of calculated and evaluated cumulative radionuclide production cross-sections to
measured cross-sections for the target '**W. See comments to Fig.14.
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Fig.17.Ratio of calculated and evaluated cumulative radionuclide production cross-sections to
measured cross-sections for the target '**W. See comments to Fig.14.

3.7 Use of measured independent radionuclide production cross-sections for

natural tungsten for evaluation of cross-sections

Experimental data for independent yields of nuclides in (p,x) reactions with natural
mixture of tungsten isotopes were used for the correction of calculated reaction

cross-sections for individual tungsten isotopes.

3.7.1 The yields of radionuclides with Z > 3

The correction of calculated radionuclide production cross-sections implied the
evaluation of (p,x) reaction cross-section for natural tungsten using measured and
calculated independent nuclide production cross-sections with the subsequent
improvement of cross-sections for individual target isotopes. Reaction cross-
sections evaluated before using experimental data for separate tungsten isotopes

were not changed in the procedure because of its definite uncertainty. If such
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reaction contributes to the yield of definite residual by the irradiation of natural
tungsten the values evaluated before were fixed and the contribution for the rest of
isotopes was properly changed. In the most cases only measured independent
production cross-sections for natural tungsten were used for the preparation of the
present version of evaluated data files. The cumulative measured yields for "W
were applied as an additional information for the improvement of data for the

hazardous nuclides, Sect.3.7.3

exp
j

Figure 18 shows ratios of cross-sections for natural tungsten o, /c
corresponding to i) calculated o; values, ii) the cross-sections evaluated using data
for individual tungsten isotopes with the mass number 182, 183, 184, and 186, and
iii) the final results for o, obtained using all kind of experimental data including

data for natural tungsten. Data in Fig.Al show the gradual improvement of
agreement between experimental data for natural tungsten and data obtained in the

present work.
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020 | after evaluations |
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final data

0,15

0,10

Relative number

0,05

0,00
0,01 0,1 1 10 100

Fig.18. Ratio of calculated and evaluated independent radionuclide production cross-sections to
cross-sections measured for the natural tungsten. Points are combined by histograms for
the best view. See details in the text.
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3.7.

The evaluation of gas production cross-sections was performed using available
experimental data for natural tungsten and systematics predictions [92]. The values
obtained were applied to correct corresponding cross-sections for individual
tungsten isotopes. If the measurement at a certain incident proton energy did not
cover the full energy range of emitted particles, the experimental data were

corrected using results of model calculations. These data are marked as “corr” in

2 Gas production cross-sections

Figures below.
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Fig.19. Proton production cross-section for natural tungsten calculated using different codes.
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Fig.21. Deuteron production cross-section for natural tungsten calculated using different codes.
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Fig.22. Deuteron production cross-section for natural tungsten taken from various data libraries and
evaluated in the present work.
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Fig.23. Triton production cross-section for natural tungsten calculated using different codes.
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Fig.24. Triton production cross-section for natural tungsten

evaluated in the present work.
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Fig.25. *He- production cross-section for natural tungsten calculated using different codes.
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Fig.26. *He- production cross-section for natural tungsten from various data libraries and evaluated data.
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Fig.27. a-particle production cross-section for natural tungsten calculated using different codes.
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Fig.28. a-particle production cross-section for natural tungsten taken from various data libraries and
evaluated in the present work.

Figures 19-28 show the proton-, deuteron, triton-, ‘He-, and a-particle

production cross-sections for natural tungsten irradiated with protons taken from

different data libraries, cross-sections calculated using nuclear models implemented

in MCNPX, TALYS, ALICE/ASH [93], and CASCADE codes and evaluated

cross-sections. In all cases the evaluated data show the best agreement with

available measurements and systematics predictions comparing with the data of

other origin.
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3.7.3 Yield of hazardous nuclides

All types of available experimental data including independent and cumulative
measurements for individual tungsten isotopes and natural tungsten were used for
the evaluation of production cross-sections for hazardous nuclides. The list of such
nuclides was taken from Ref.[86]

[lustrations are given below.

Gadolinium-148. Figure 29 shows the calculated independent production cross-

section of '**Gd in p+"W reactions and the correlation matrix corresponding to the
calculated cross-sections. The calculated curve is shown with error bars resulting
from the calculations of covariances using the Monte Carlo method [33]. Strong
correlations are observed for calculated errors of presented cross-sections. The
cumulative production cross-section of '**Gd and the corresponding correlation
matrix are shown in Fig.30. Correlations here are weaker because of contributions
of various nuclides in the cumulative cross-section (Table 9). The final evaluated
cumulative cross-section and the correlation matrix obtained using measured and
calculated cross-sections with the help of BEKED programs are presented in
Fig.31. Fig.32 shows production cross-sections for radionuclides making main
contributions to the cumulative yield of "**Gd.

Rhenium-186g. Figures 33,34 show available experimental data for "*W(p,n)'***Re
reaction, data from ENDF/B-VII, JENDL-HE, results of calculations using

different codes and evaluated data. Fig.33 presents cross-sections at the energy
range corresponding to available experimental data. An evident spread of
experimental cross-sections is observed at proton energies up to 40 MeV. Fig.34
shows data at the whole energies from several MeV to 3 GeV. After the analysis of
measured data the experiments raising a doubts, also by other authors, were
removed from the consideration. The final evaluated curve follows at relative low
energies mainly TALYS results and reflects at higher energies the general energy

trend of the considered cross-section.
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Cross section (mb)

Table 9. Nuclides making main contributions to the calculated cumulative
production cross-section of '**Gd in proton induced reactions on natural tungsten.

20

Nuclide Average contribution to
cumulative yield (%)
5Gd 21
) 14
ST 14
148Dy 26
%2 o 0.52
48mHg 0.52
482 0.52
2o 2.3
132mHg 2.01
P2Er 16.
Pyh 1.9
1Ly 2.0
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Fig.29.
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Calculated independent production cross-section of '**Gd in proton induced reactions with natural
tungsten (left) and correlation matrix corresponding to calculations (right). Data from JENDL-HE

are shown for the comparison. See explanations in the text.
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Fig.30. Calculated cumulative production cross-section of '**Gd in proton induced reactions with natural
tungsten (left) and correlation matrix corresponding to calculations (right). See explanations in the

text.
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Evaluated cumulative production cross-section of '**Gd in proton induced reactions with natural

tungsten (left) and final correlation matrix. See explanations in the text.
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Fig.32. Evaluated cross-sections for reactions contributing to the cumulative yield of '**Gd in p+™W
reactions.
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Fig.33. Cross-sections for production of '**®Re in p+™'W reactions at energies up to 100 MeV calculated
using different codes, data taken from ENDF/B-VII and JENDL-HE, and the final evaluated data.
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Fig.34. Cross-sections for production of '®**Re in p+™W reactions at the energy range up to 3 GeV
calculated using different codes, data taken from ENDEF/B-VII and JENDL-HE, and final
evaluated data.

Tantalum-182g. Figures 35,36 show the cumulative production cross-section for

'%22Ta calculated and evaluated in the present work, measured data, and data taken
from ENDF/B-VII and JENDL-HE. Fig.35 presents details of the cross-section at
the proton energy below 200 MeV, and Fig.36 at higher energies. A rather large
deviations are observed for TALYS calculations and JENDL-HE data. Data from
ENDEF/B-VII show a general agreement with measurements of Michel et al [77] at
energies above 80 MeV. The comparison of data presented in Figs.35,36
demonstrates the relevance of new evaluated data, primarily due to the spread of
model predictions and deviations between calculated and measured data.

172

Hafnium-172. The cumulative production cross-section for '“Hf is shown in

Figs.37, 38. The evaluated curve presents the most adequate description of
experimental data keeping the energy trend of cross-section obtained using nuclear

models.
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Fig.35. Cross-sections for cumulative production of '**8Ta in p+"*W reactions at energies up to 200 MeV
calculated using different codes, data taken from ENDF/B-VII and JENDL-HE, and the final
evaluated data.
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Fig.36. Cross-sections for cumulative production of '**Ta in p+™W reactions at the energy range up to 3

GeV calculated using different codes, data taken from ENDF/B-VII and JENDL-HE, and final
evaluated data.

35



110

L e e L
nat, 172 1
100 - W(p,x) “Hf (cum) .
90
F O Asano (85)
80 - A Karamian (04)
9 9L @ Keley(04)
é 3 Vv Titarenko (03)
c 60_- O Michel (02)
s 50 |- TALYS-1.2
O 4l CASCADE
s L JENDL-HE
8 30 F —x—ENDF/B-VII
5 20 K evaluated data
10 |
0 i L 1 " Sl g d 1 N 1 N 1 N 1

0O 20 40 60 80 100 120 140 160 180 200
Proton energy (MeV)

Fig.37. Cross-sections for cumulative production of '"*Hf in p+™W reactions at energies up to 200 MeV
calculated using different codes, data taken from ENDF/B-VII and JENDL-HE, and the final
evaluated data.
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Fig.38. Cross-sections for cumulative production of '"Hf in p+"*W reactions at the energy range up to 3
GeV calculated using different codes, data taken from ENDF/B-VII and JENDL-HE, and final
evaluated data.
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Tungsten-185g. Only the limited experimental information [40] is available for the

yield of '®¥W and its precursors. The measured data [40] presenting apparently the
sum of production cross-sections for '**W and '"*™W were transformed to separate
yields of isomers '**W and '"®™W. The corrections were performed using the ratio
of yields of individual isomers calculated with TALYS and CASCADE-TALYS
codes. Obtained data were applied for the evaluation of the cross-section along
with results of model calculations. Fig.39 shows the evaluated production cross-
section for '*®*W and its precursors, and experimental data corrected as discussed

above.
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Fig.39. Evaluated cross-sections for reactions contributing to the cumulative yield of "*W in p+™'W
reactions. Experimental data [40] were corrected to get yields of '*W and "*™W.

4. Content and format of data

Prepared evaluated data files contain the information about 8283 reaction cross-
sections for stable tungsten isotopes at the proton energies from 0 to 3 GeV. Files

consist of the data for 1586 reactions for '**W, 1631 for '**W, 1668 for '**W, 1680

184 186

for "W, and 1718 reactions for "~ W. Data concerns the range of residual nuclei
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with atomic numbers from 1 to 75. The index of available reactions is given in
Appendix C.

Data are distributed in a “two-column” format and ENDF/B format. In the last
case the file MF=10 and the section MT=5 are used for data presentation. An

illustration is given in Appendix D.

5. Conclusion

New data files have been prepared containing cross-sections for the nuclide
production by proton induced reactions on the tungsten isotopes '°°W, "W, W,
"W, and "W at primary proton energies from 0 to 3 GeV. The data were
obtained from the analysis of calculations using advanced nuclear models,
available experimental data and systematics.

The calculations of cross-sections were performed using the intranuclear
cascade model, the pre-equilibrium exciton model, and the Hauser-Feshbach
model. The available experimental information, results of calculations and
systematics were applied for the evaluation of yields of residual nuclei using
statistical methods implemented in computer code package BEKED.

The prepared evaluated data files contain information about 8283 reaction
cross-sections for the production of residual nuclei with atomic numbers from 1 to
75 in proton induced reaction with stable tungsten isotopes.

The data are distributed in the ENDF/B format and a “two-column” format.
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Appendix A:  Independent radionuclide production cross-sections in proton
induced reactions with stable tungsten isotopes evaluated

using experimental data
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Appendix B:  Cumulative radionuclide production cross-sections in proton
induced reactions with stable tungsten isotopes evaluated using

experimental data
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Appendix C: Index of nuclear reactions available

The information for each reaction includes the mass number of target isotope, the
name of residual nucleus, the mass number of the residual, the lowest

energy (MeV) of primary protons appeared in the evaluated data files with the non-zero reaction
cross-section, the energy of projectile (MeV) corresponding to the maximal value of
cross-sections observed below 3 GeV, the maximal value of cross-section (mb), and
the brief information about the origin of the cross-section: “O” - results of calculations
using nuclear models including general correction of energy dependence of the cross-section; “I” -
the measured independent yields of residuals and results of calculations were used for the
evaluation; “C” - the available experimental information about cumulative yields and results of
calculations were used for the evaluation of reaction cross-section; “N” - measured independent
yields of residual nucleus for natural tungsten and calculated cross-sections were applied to get
evaluated data; “M” - experimental data, systematics, and results of calculations were used for the
evaluation.

180 H - 1 3.0 3000.0 1.41E+404 M 180 C - 14 100.0 3000.0 1.73E+00 O
180 H - 2 6.5 3000.0 3.47E+03 M 180 C - 15 100.0 3000.0 3.62E-01 O
180 H - 3 9.0 3000.0 1.98E+03 M 180 C - 16 100.0 3000.0 1.02E-01 O
180 He- 3 8.5 3000.0 4.28E+02 M 180 N - 12 100.0 3000.0 1.48E-01 O
180 He- 4 3.0 3000.0 2.93E+03 M 180 N - 13 100.0 3000.0 5.80E-01 O
180 He- 5 10.0 3000.0 1.70E+01 © 180 N - 14 40.0 3000.0 1.60E+00 O
180 He- 6 10.0 3000.0 3.55E+01 © 180 N - 15 35.0 3000.0 3.92E+00 O
180 He- 7 17.0 3000.0 2.13E+00 O 180 N - 16 50.0 3000.0 1.11E+400 O
180 He- 8 22.0 3000.0 2.36E-01 © 180 N - 17 100.0 3000.0 6.44E-01 O
180 He- 9 32.0 3000.0 1.25E-02 O 180 N - 18 100.0 3000.0 1.98E-01 O
180 He- 10 38.0 3000.0 3.93E-04 O 180 N - 19 100.0 3000.0 1.08E-01 O
180 He- 11 55.0 3000.0 5.22E-06 O 180 0O - 13 100.0 3000.0 4.83E-02 O
180 He- 12 65.0 3000.0 3.63E-08 O 180 O - 14 100.0 3000.0 3.85E-01 O
180 He- 13 85.0 3000.0 1.36E-10 O 180 O - 15 50.0 3000.0 2.13E+00 O
180 Li- 5 30.0 3000.0 1.15E+01 O 180 0O - 16 40.0 3000.0 9.04E+00 ©
180 Li- 6 35.0 3000.0 6.84E+00 O 180 0O - 17 40.0 3000.0 4.86E+00 O
180 Li- 7 35.0 3000.0 6.67E+00 O 180 0O - 18 40.0 3000.0 5.95E+00 ©
180 Li- 8 40.0 3000.0 2.19E+00 O 180 0O - 19 50.0 3000.0 2.95E+00 O
180 Li- 9 50.0 3000.0 1.29E+00 © 180 0O - 20 50.0 3000.0 3.25E+00 O
180 ©Li- 10 100.0 3000.0 2.13E-01 © 180 0©0 - 21 50.0 3000.0 1.45E+00 O
180 Li- 11 100.0 3000.0 5.04E-02 © 180 0O - 22 50.0 3000.0 1.35E+00 O
180 Be- 7 50.0 3000.0 8.98E+00 O 180 F - 15 100.0 3000.0 1.42E-02 O
180 Be- 8 30.0 3000.0 2.42E+01 O 180 F - 16 100.0 3000.0 8.85E-02 O
180 Be- 9 35.0 3000.0 1.73E+01 © 180 F - 17 100.0 3000.0 3.52E-01 O
180 Be- 10 35.0 3000.0 1.58E+01 O 180 F - 18 100.0 3000.0 8.86E-01 O
180 Be- 11 50.0 3000.0 4.60E+00 O 180 F - 19 50.0 3000.0 1.03E+00 O
180 Be- 12 50.0 3000.0 2.38E+00 O 180 F - 20 100.0 3000.0 6.70E-01 O
180 Be- 13 100.0 3000.0 2.38E-01 O 180 F - 21 50.0 3000.0 1.02E+00 O
180 B - 10 40.0 3000.0 8.63E+00 O 180 F - 22 100.0 3000.0 2.18E-01 O
180 B - 11 35.0 3000.0 1.74E+01 O 180 F - 23 100.0 3000.0 3.25E-01 O
180 B - 12 40.0 3000.0 7.56E+00 O 180 F - 24 100.0 3000.0 1.03E-01 ©
180 B - 13 50.0 3000.0 5.34E+00 O 180 Ne- 16 100.0 3000.0 8.74E-03 O
180 B - 14 50.0 3000.0 1.48E+00 O 180 Ne- 17 100.0 3000.0 3.24E-02 O
180 B - 15 100.0 3000.0 3.78E-01 O 180 Ne- 18 100.0 3000.0 1.73E-01 O
180 C - 10 100.0 3000.0 5.32E-01 O 180 Ne- 19 100.0 3000.0 4.47E-01 O
180 C - 11 100.0 3000.0 2.87E+00 O 180 Ne- 20 50.0 3000.0 3.71E+00 O
180 C - 12 35.0 3000.0 1.21E+400 O 180 Ne- 21 50.0 3000.0 2.03E+00 O
180 C - 13 100.0 3000.0 3.17E+00 © 180 Ne- 22 40.0 3000.0 7.76E+00 O
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.62E+00
.87E+00
.52E+00
.03E+00
.04E-02
.39E-02
.70E-01
.07E-01
.68E+00
.52E-01
.52E-01
.88E+00
.18E+00
.25E+00
.67E-01
.11E-04
.09E-03
.83E-03
.29E-02
.36E-01
.17E-01
.67E+00
.11E+00
.57E-01
.07E+00
.18E-01
.83E-01
.31E-01
.00E-06
.79E-05
.63E-04
.08E-03
.82E-03
.82E-03
.65E-01
.05E-01
.14E-01
.62E+00
.26E+00
.74E-01
.24E-01
.67E-01
.54E-02
.39E-02
.22E-02
.17E-05
.82E-04
.33E-03
.60E-02
.34E-01
.29E-01
.56E+00
.47E+00
.87E-01
.85E-01
.77E-01
.56E-01
.01E-01
.02E-06
.05E-05
.36E-05
.13E-03
.01E-02
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34g
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50.
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50.
40.
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35.
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50.
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.08E-01
.58E-01
.06E+00
.00E+00
.03E+00
.95E-01
.71E-01
.34E-01
.87E-01
.59E-02
.34E-04
.74E-04
.20E-03
.61E-02
.15E-01
.72E-01
.37E+00
.96E+00
.76E+00
.01E+00
.02E+00
.82E+00
.78E+00
.30E+00
.83E-01
.47E-05
.85E-04
.80E-03
.44E-02
.39E-01
.46E-01
.08E+00
.25E+00
.37E+00
.59E-01
.59E-01
.40E-01
.92E-01
.37E-01
.77E-01
.21E-04
.38E-04
.41E-03
.32E-02
.09E-02
.78E-01
.14E+00
.15E+00
.26E+00
.72E+00
.49E+00
.49E+00
.64E+00
.84E+00
.15E+00
.20E-02
.34E-01
.34E-01
.24E+00
.13E+00
.72E+00
.31E-01
.53E-01
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100.
100.
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100.
100.
100.
100.
100.
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100.
100.
100.
100.
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100.
100.
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100.
100.
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100.
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225.
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1200.
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2500.
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3000.
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.37E-01
.70E-02
.05E-02
.35E-02
.95E-01
.28E-01
.18E+00
.08E+00
.37E+00
.98E-01
.35E-01
.40E-02
.93E-02
.34E-03
.19E-02
.51E-02
.84E-02
.49E-01
.01E+00
.41E-01
.22E+00
.22E+00
.25E+00
.61E-01
.18E-01
.45E-01
.44E-01
.02E-02
.02E-02
.09E-03
.91E-03
.18E-02
.84E-01
.49E+00
.47E+00
.12E+00
.93E-01
.10E-01
.99E-02
.80E-02
.28E-03
.31E-03
.28E-02
.28E-02
.11E-01
.93E+00
.59E+00
.37E+00
.38E+00
.49E-01
.58E-01
.70E-02
.20E-02
.27E-03
.85E-02
.88E-01
.55E+00
.89E+00
.11E+00
.51E+00
.69E-01
.12E-01
.32E-02
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140.
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140.
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160.
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.32E-01
.41E+00
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.14E-01
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.33E-02
.56E-02
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.27E-03
.45E-03
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.38E-02
.38E-02
.26E-01
.26E-01
.67E+00
.25E+00
.32E+00
.49E+00
.37E+00
.17E-01
.69E-01
.23E-02
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.47E-02
.71E-02
.57E-01
.94E+00
.13E+00
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.10E+00
.46E-01
.78E-01
.47E-01
.12E-01
.18E-01
.88E-02
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.11E-03
.02E-02
.92E-01
.24E+00
.30E+00
.23E+00
.69E+00
.02E+00
.05E+00
.92E-01
.69E-01
.47E-02
.42E-03
.77E-03
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72g
72m
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100.
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100.
100.
100.
200.
140.

90.

70.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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100.
100.
100.
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100.
100.
160.
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90.
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100.
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1200.
1200.
2500.
2500.
3000.
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2500.
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1000.
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750.
1000.
2500.
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2500.
2500.
3000.
3000.
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3000.
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3000.
2000.
2000.
3000.
3000.
3000.
3000.
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.76E-04
.76E-04
.60E-03
.42E-02
.04E-01
.60E+00
.36E+00
.87E+00
.25E+00
.51E+00
.64E-01
.79E-01
.52E-02
.18E-02
.24E-02
.71E-04
.51E-03
.38E-06
.72E-04
.30E-04
.66E-03
.66E-03
.66E-03
.66E-03
.43E-01
.27E+00
.45E+00
.59E+00
.14E+00
.98E+00
.30E+00
.05E-02
.52E-01
.08E-01
.19E-02
.29E-03
.96E-03
.39E-04
.39E-04
.39E-04
.86E-04
.97E-03
.10E-02
.69E-01
.71E-01
.59E+00
.95E+00
.56E+00
.50E+00
.47E+00
.16E-01
.16E-02
.16E-02
.44E-02
.29E-03
.04E-03
.73E-03
.50E-04
.50E-04
.67E-02
.06E-01
.02E-01
.58E+00
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Br-
Br-
Br-
Br-
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73m
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76
77g
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78
67
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69
70
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75g
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76
77
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79
80
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73m
74
75
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77m
78
79g
79m
80
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72m
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77m
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160.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
120.

90.

80.
100.
100.
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100.
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100.
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100.
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100.
100.
100.
100.
100.
140.

90.
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100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
100.
100.

90.
100.
100.
100.
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3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

750.
2500.
2500.
3000.
3000.
3000.
3000.
2000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.

800.

500.
2500.
2500.
2000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1000.

900.
3000.

220.

220.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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P N, ONNDNRERPOOREPRPNDNOMNTTOORNORRFRPOODORNRERERERRERPRERPENOOODIPPRFRP WO WOONRERRERPRESMOODO WU OYWOUITONNNNRE R~ RFERP

.42E+00
.56E+00
.51E+00
.51E+00
.14E+00
.96E-01
.96E-01
.97E-01
.90E-03
.21E-02
.57E-02
.28E-03
.60E-04
.74E-03
.09E-03
.41E-02
.61E-01
.75E+00
.45E+00
.55E+00
.07E+00
.05E+00
.87E-01
.87E-01
.84E-01
.79E-01
.59E-02
.43E-02
.38E-03
.00E-04
.29E-03
.92E-02
.53E-01
.51E+00
.80E+00
.97E+00
.74E+00
.30E+00
.80E+00
.07E-01
.52E-01
.06E-01
.64E-01
.10E-02
.18E-02
.40E-03
.09E-02
.32E-03
.75E-04
.09E-04
.90E-03
.43E-02
.61E-01
.73E-01
.55E-01
.19E+00
.20E+00
.86E+00
.27E-01
.10E+00
.83E+00
.68E-01
.01E+00

ol eoNoNoNoNoNoNONONONONONONONONONONONONONONONONONONoNONONoNONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONG]



180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

80g
80m
81
82g
82m
83
84g
84m
85
73
74
75
76
77
78
79g
79m
80
81lg
81lm
82
83g
83m
84
85¢g
85m
86
87
88
75
76
77
78g
78m
79
80
81lg
81m
82g
82m
83g
83m
84qg
84m
85
869
86m
87
88
89
90g
90m
77
78
79
80
81
82
83g
83m
84
85g
85m

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
140.
100.
100.

70.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
110.
100.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
120.
140.
100.
100.

70.
100.

eNoNoNoNoNoNolNolohoNoNolBoNoloNoRoNohNolNololNolNoNoNoNoNolBolNoloNolBoNoNoNoNoNoNoloolNoNolNoNoBoNoloNoNoNoNoNoNolNolNololNololNololNelolNe]

3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

300.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.

300.
3000.
3000.
2500.
2000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1000.

900.

900.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.

ocNoNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoBoNoNoNoNoNoNoNoloNRoNoNoNoNoNoNoNolNoNoNoNoNoNoNolNo o]

NP JdFRPPOWDRR IR MMMNDRPRPRPNMNJOOODRRPRERE SRR IFRERPRERPPORPNMNNMMNMNRFRPRPONWRPRORRPRPRPORPRPORDNDNDREREOR SN SW

.49E-01
.69E-01
.54E-01
.68E-02
.54E-02
.30E-02
.46E-03
.22E-03
.82E-03
.50E-03
.30E-02
.30E-01
.94E-01
.17E+00
.54E+00
.13E-01
.17E+00
.17E+00
.95E+00
.21E-02
.63E+00
.30E-01
.23E-02
.09E-01
.18E-02
.83E-02
.60E-02
.18E-03
.96E-03
.03E-03
.28E-02
.83E-02
.69E-01
.69E-01
.07E+00
.36E+00
.30E-01
.25E+00
.99E-01
.12E+00
.30E+00
.30E+00
.70E-01
.20E-01
.53E-01
.40E-02
.54E-01
.64E-01
.71E-02
.65E-03
.14E-04
.55E-04
.00E-03
.76E-03
.54E-02
.05E-01
.06E-01
.67E+00
.66E+00
.71E-01
.89E+00
.17E+00
.66E-01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

K N nn n n nn n
R R A A

KRR K R K R K R K R R KR K R K R K K K K R K
|

86
87g
87m
88
89
90
91
92
93
79
80g
80m
81
82
83g
83m
84g
84m
85g
85m
86g
gém
87g
87m
88g
88m
89g
89m
90g
90m
91g
91m
92
93g
93m
94
82
83
84
85¢g
85m
86
87g
87m
88
89g
89m
90g
90m
91
92
93
94
95
96
97
85¢g
85m
86g
86m
87g
87m
88g

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
120.

90.

90.
100.

80.

10.

10.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
160.
100.
110.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.

140.
3000.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
2500.
2500.
1000.
3000.
2500.
2500.
2500.
2500.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
2500.
3000.
2500.

800.
2500.
2500.
2500.
2500.
2500.
2500.
2500.

cNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoBoNoNoNoNoNoNoNoloNRoNoNoNoNoNoNoNoNoNoNoNoNoNoNolNo o]

WRrRJOOWWwIJdJwkrkrbhbPRPWORLRNMDNNNMMRPRPNOFRRFEFEFRFRPWORERPRNMNWNRPRPORINMNRPRPEREPRERRERRPWORPRPRPRPWODONMNMNR WD IR OO WEMMOOE DN

.71E+00
.03E+00
.13E-01
.10E-01
.73E-02
.21E-02
.55E-02
.46E-03
.96E-04
.54E-03
.10E-03
.53E-03
.18E-02
.40E-01
.70E-01
.61E-01
.33E-01
.33E-01
.84E-01
.56E+00
.06E+00
.08E+00
.84E-01
.51E+00
.02E+00
.02E+00
.46E-01
.28E+00
.08E-01
.62E-01
.52E-02
.04E-01
.32E-02
.14E-02
.14E-02
.25E-03
.90E-03
.21E-02
.45E-01
.45E-01
.71E-01
.18E+00
.96E+00
.16E-02
.86E+00
.75E+00
.62E-01
.13E+00
.13E+00
.42E+00
.37E-01
.56E-01
.54E-01
.04E-02
.01E-02
.61E-03
.20E-03
.20E-03
.23E-02
.23E-02
.07E-02
.91E-01
.84E-01

ol eoNoNoNoNoNoNONONONONONONONONONONONONONONONONONONoNONONoNONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONG]



180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Nb- 88m
Nb- 89g
Nb- 89m
Nb- 90g
Nb- 90m
Nb- 90m2
Nb- 91g
Nb- 91m
Nb- 92g
Nb- 92m
Nb- 93g
Nb- 93m
Nb- 94g
Nb- 94m
Nb- 95g
Nb- 95m
Nb- 96

Nb- 97g
Nb- 97m
Nb- 98g
Nb- 98m
Nb- 99g
Nb- 99m
Nb-100g
Nb-100m
Mo- 87

Mo- 88

Mo- 89g
Mo- 89m
Mo- 90

Mo- 91g
Mo- 91m
Mo- 92

Mo- 93g
Mo- 93m
Mo- 94

Mo- 95

Mo- 96

Mo- 97

Mo- 98

Mo- 99

Mo-100

Mo-101

Mo-102

Mo-103

Mo-104

Tc- 88g
Tc- 88m
Tc- 90g
Tc- 90m
Tc- 91g
Tc- 91m
Tc- 92

Tc- 93g
Tc- 93m
Tc- 94g
Tc- 94m
Tc- 95g
Tc- 95m
Tc- 96g
Tc- 96m
Tc- 97g
Tc- 97m

100.
120.
100.
100.
100.
100.

60.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
200.
160.
100.
110.
100.

90.
100.
100.
100.
100.
100.

eNoNoNoNoNoNolNolohoNoNolBoNoloNoRoNohNolNololNolNoNoNoNoNolBolNoloNolBoNoNoNoNoNoNoloolNoNolNoNoBoNoloNoNoNoNoNoNolNolNololNololNololNelolNe]

2500.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

800.

800.
3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
2500.
3000.
2000.
1500.
2000.

900.

900.
3000.
3000.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
3000.
2500.
3000.
3000.
2500.
2500.

ocNoNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoBoNoNoNoNoNoNoNoloNRoNoNoNoNoNoNoNolNoNoNoNoNoNoNolNo o]

ORFRP WNEFEFRFRPENMNNMNMNWRPRPRPRORFRPRPRPJIIPRP, WO ISP P WNDNNDOWWLONOR P WO IR RPNOR SRR WORORPRRPRPORRERERERESONEDNDW

.84E-01
.11E+00
.57E-01
.72E+00
.95E-01
.89E-03
.47E+00
.18E+00
.61E+00
.21E-01
.33E+00
.14E-01
.30E-01
.64E-01
.56E-01
.24E-02
.43E-01
.97E-02
.26E-02
.66E-03
.86E-03
.38E-03
.08E-03
.73E-04
.35E-04
.72E-03
.64E-02
.01E-01
.01E-01
.43E-01
.42E+00
.59E-01
.86E+00
.36E+00
.36E+00
.43E+00
.97E+00
.26E+00
.94E-01
.32E-01
.29E-02
.74E-02
.88E-03
.33E-03
.55E-04
.10E-04
.51E-04
.51E-04
.34E-02
.34E-02
.22E-02
.13E-02
.13E+00
.50E+00
.43E-01
.26E+00
.12E-01
.49E+00
.70E-01
.58E+00
.69E-01
.71E+00
.84E-02

cNoNoNoNoNoNoNoNONONONONoNONONONONONONONONONONONONoNONONONONONONONONONONONONONONONoNoNONONONONONoNONONoNoNONONONONONONONONONG]
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Tc- 98
Tc- 99g
Tc- 99m
Tc-100
Tc-101
Tc-102g
Tc-102m
Tc-103
Tc-104
Tc-105
Ru- 92
Ru- 93g
Ru- 93m
Ru- 94
Ru- 95
Ru- 96
Ru- 97
Ru- 98
Ru- 99
Ru-100
Ru-101
Ru-102
Ru-103g
Ru-103m
Ru-104
Ru-105
Ru-106
Ru-107
Rh- 94g
Rh- 94m
Rh- 95¢g
Rh- 95m
Rh- 96g
Rh- 96m
Rh- 97g
Rh- 97m
Rh- 98g
Rh- 98m
Rh- 99g
Rh- 99m
Rh-100g
Rh-100m
Rh-101g
Rh-101m
Rh-102g
Rh-102m
Rh-103g
Rh-103m
Rh-104g
Rh-104m
Rh-105g
Rh-105m
Rh-106g
Rh-106m
Rh-107
Rh-108g
Rh-108m
Rh-109
Rh-110g
Rh-110m
Pd- 96
pd- 97
Pd- 98

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
200.
180.
140.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
100.
140.
100.
110.
110.
100.
110.
110.
110.
100.

60.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
250.
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3000.
3000.
3000.
3000.
3000.
2000.
2000.
2500.
1000.

700.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
3000.
2000.
2000.
2000.
2000.
2000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
2500.
2500.
2000.
2000.
2000.
2000.
2500.
2000.
2500.
1500.
1500.
1200.
1000.
1000.
3000.
3000.
3000.
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.05E+00
.87E-01
.61E-01
.19E-01
.21E-02
.50E-02
.50E-02
.31E-02
.82E-03
.50E-04
.64E-02
.11E-01
.09E-02
.90E+00
.59E+00
.17E+00
.55E+00
.46E+00
.07E+00
.08E+00
.82E-01
.94E-01
.76E-02
.76E-02
.11E-02
.41E-02
.75E-03
.94E-03
.85E-03
.85E-03
.28E-01
.56E-02
.84E+00
.39E-01
.06E+00
.92E-02
.83E+00
.83E+00
.99E-01
.60E+00
.02E+00
.02E+00
.27E-01
.09E+00
.20E+00
.05E+00
.36E-01
.22E+00
.19E-01
.46E-01
.64E-01
.69E-02
.01E-02
.68E-02
.19E-02
.69E-03
.69E-03
.65E-03
.13E-04
.13E-04
.86E-02
.09E-01
.42E+00

ol eoNoNoNoNoNoNONONONONONONONONONONONONONONONONONONoNONONoNONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONG]



180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Pd- 99
Pd-100
Pd-101
Pd-102
Pd-103
Pd-104
Pd-105
Pd-106
Pd-107g
Pd-107m
Pd-108
Pd-109g
Pd-109m
Pd-110
Pd-111g
Pd-111m
Pd-112
Ag- 97
Ag- 98
Ag- 99g
Ag- 99m
Ag-100g
Ag-100m
Ag-101g
Ag-101m
Ag-102g
Ag-102m
Ag-103g
Ag-103m
Ag-104g
Ag-104m
Ag-105g
Ag-105m
Ag-106g
Ag-106m
Ag-107g
Ag-107m
Ag-108g
Ag-108m
Ag-109g
Ag-109m
Ag-110g
Ag-110m
Ag-1l1llg
Ag-111m
Ag-112
Ag-113g
Ag-113m
Ag-11l4g
Ag-114m
Ag-115g
Ag-115m
Ag-1ll6g
Ag-ll6m
Cd- 99
Cd-100
Cd-101
Cd-102
Cd-103
Cd-104
Cd-105
Cd-106
Cd-107

160.
160.
140.
100.

80.

80.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
100.
250.
100.
160.
100.
140.
100.
110.
100.
100.

80.
100.

60.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
350.
275.
200.
160.
160.
140.
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3000.
3000.
3000.
3000.
3000.
3000.
2000.
2500.
3000.
2000.
2500.
2000.
2000.
1500.
1000.
1000.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
3000.
2500.
3000.
2500.
2500.
2500.
2500.
3000.
2500.
2000.
2000.
1500.
1500.
3000.
3000.
3000.
1000.
1000.
2000.
2000.
1000.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.03E+00
.75E+00
.42E+00
.36E+00
.84E+00
.01E+00
.32E+00
.75E-01
.36E-01
.68E-01
.51E-01
.93E-02
.16E-02
.74E-02
.97E-03
.69E-04
.11E-03
.43E-03
.25E-02
.44E-01
.16E-03
.39E+00
.35E-01
.91E+00
.87E-01
.90E+00
.11E-01
.40E+00
.03E-01
.25E+00
.05E-01
.47E-01
.41E+00
.30E-01
.26E+00
.19E-02
.12E+00
.23E-01
.91E-01
.70E-01
.04E-01
.80E-02
.58E-02
.48E-02
.59E-02
.37E-02
.43E-03
.37E-03
.49E-04
.49E-04
.57E-04
.97E-04
.67E-04
.04E-05
.07E-03
.29E-02
.50E-01
.67E+00
.81E+00
.88E+00
.61E+00
.64E+00
.16E+00
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Cd-108
Cd-109
Cd-110
Cd-111g
Cd-111m
Cd-112
Cd-113g
Cd-113m
Cd-114
Cd-115g
Cd-115m
Cd-116
In-101g
In-101m
In-102
In-103g
In-103m
In-104g
In-104m
In-105g
In-105m
In-106g
In-106m
In-107g
In-107m
In-108g
In-108m
In-109g
In-109m
In-109m2
In-110g
In-110m
In-111g
In-111m
In-112g
In-112m
In-113g
In-113m
In-114g
In-114m
In-114m2
In-115g
In-115m
In-116g
In-116m
In-116m2
In-117g
In-117m
In-118g
In-118m
In-118m2
In-119g
In-119m
Sn-104
Sn-105
Sn-106
Sn-107
Sn-108
Sn-109
Sn-110
Sn-111
Sn-112
Sn-113g

80.

70.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
300.
300.
225.
225.
200.
200.
180.
180.
160.
100.
100.
110.
110.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
275.
225.
200.
160.
140.
100.
100.
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3000.
3000.
2000.
3000.
2000.
2000.
2000.
2000.
2000.
1500.
1500.
3000.

750.

750.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
2000.
2000.
3000.
3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.59E+00
.45E+00
.83E+00
.34E-01
.81E-01
.17E-01
.76E-02
.33E-02
.73E-02
.47E-02
.87E-03
.48E-03
.33E-05
.33E-05
.44E-04
.78E-02
.33E-04
.08E-01
.79E-02
.16E+00
.18E+00
.47E+00
.37E+00
.22E+00
.03E+00
.12E+00
.62E+00
.90E+00
.09E-01
.81E-03
.59E+00
.50E+00
.20E+00
.39E-01
.67E-01
.02E-01
.45E-01
.80E-02
.05E-02
.75E-01
.95E-04
.30E-01
.23E-02
.77E-03
.15E-02
.38E-02
.09E-02
.18E-02
.02E-03
.67E-03
.11E-03
.91E-03
.09E-04
.43E-03
.22E-02
.71E-01
.90E+00
.33E+00
.07E+00
.00E+01
.38E+00
.05E+00
.05E-01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Sn-113m
Sn-114
Sn-115
Sn-116
Sn-117g
Sn-117m
Sn-118
Sn-119g
Sn-119m
Sn-120
Sn-121g
Sn-121m
Sn-122
Sb-108
Sb-109
Sb-110
Sb-111
Sb-112
Sb-113
Sb-114
Sb-115
Sb-116g
Sb-116m
Sb-117
Sb-118g
Sb-118m
Sb-119g
Sb-119m
Sb-120g
Sb-120m
Sb-121
Sb-122g
Sb-122m
Sb-123
Sb-124g
Sb-124m
Sb-124m2
Sb-125
Te-110
Te-111
Te-112
Te-113
Te-114
Te-115g
Te-115m
Te-116
Te-117g
Te-117m
Te-118
Te-119g
Te-11%m
Te-120
Te-121g
Te-121m
Te-122
Te-123g
Te-123m
Te-124
Te-125g
Te-125m
Te-126
I -113
I -114g

80.

80.

70.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
400.
225.
250.
140.

80.
100.
100.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
300.
400.
180.
100.
140.
120.
120.
100.
100.
120.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
2000.
3000.
3000.
2000.
2500.
2500.
3000.
2000.
2000.
2000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2500.
2500.
2000.
2000.
3000.
1200.
1500.
3000.
1000.
1000.
1000.
1500.
2500.
2500.
2500.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
2000.
2000.
2000.
1500.
1500.
2000.
1200.
1200.
2000.
2500.
3000.
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.52E+00
.55E+00
.72E+00
.19E-01
.28E-02
.87E-01
.38E-01
.56E-02
.43E-02
.55E-02
.79E-04
.07E-03
.57E-03
.24E-03
.22E-02
.64E-01
.7T7E+00
.68E+00
.94E+00
.09E+00
.51E+00
.21E+00
.44E+00
.99E+00
.15E-01
.99E-01
.53E-01
.53E-01
.83E-02
.83E-02
.43E-02
.23E-03
.14E-02
.46E-02
.11E-03
.13E-04
.52E-03
.75E-04
.92E-03
.71E-02
.90E-02
.14E+00
.95E+00
.38E+00
.26E-01
.31E+00
.30E+00
.30E+00
.21E+00
.24E-01
.21E+00
.50E+00
.46E-02
.82E-01
.70E-01
.83E-02
.43E-02
.73E-02
.95E-03
.19E-03
.49E-02
.80E-03
.50E-02
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

-114m
-115
-116
-117
-118g
-118m
-119
-120g
-120m
-121
-122
-123
-124
-125
-126
-127
-128
-129
Xe-115
Xe-116
Xe-117
Xe-118
Xe-119
Xe-120
Xe-121
Xe-122
Xe-123
Xe-124
Xe-125g
Xe-125m
Xe-126
Xe-127g
Xe-127m
Xe-128
Xe-129g
Xe-129m
Xe-130
Xe-131g
Xe-131m
Xe-133g
Xe-133m
Cs-117g
Cs=-117m
Cs-118g
Cs-118m
Cs-119g
Cs-119m
Cs-120g
Cs-120m
Cs-121g
Cs-121m
Cs-122g
Cs-122m
Cs-122m2
Cs-123g
Cs-123m
Cs-124g
Cs-124m
Cs-125g
Cs-125m
Cs-126
Cs-127
Cs-128

HHHHHHHHH HH H H H H H H H

100.
100.
225.
275.
140.
140.
180.
100.
100.
160.
160.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
300.
250.
180.
250.
160.
140.
120.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
500.
500.
350.
350.
180.
180.
100.
225.
225.
275.
275.
225.
225.
180.
300.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
1500.
2000.
3000.
2500.
1500.
3000.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
2000.
2500.
2500.
1000.
3000.
3000.

750.

750.
2500.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
2500.
2500.
3000.
2500.
2000.
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.93E-03
.36E-01
.63E+00
.47E+00
.07E+00
.07E+00
.01E+00
.68E+00
.68E+00
.59E+00
.84E+00
.01E+00
.58E-01
.10E-01
.29E-01
.38E-02
.35E-03
.01E-03
.80E-03
.74E-02
.19E-01
.00E+00
.78E+00
.27E+00
.52E+00
.97E+00
.91E+00
.84E+00
.05E-01
.83E-01
.25E-01
.21E-02
.39E-01
.04E-01
.62E-02
.24E-02
.15E-02
.17E-03
.15E-03
.27E-05
.77E-04
.04E-02
.18E-03
.18E-02
.18E-02
.38E-01
.38E-01
.02E+00
.02E+00
.37E+00
.95E+00
.09E+00
.47E+00
.68E-03
.24E+00
.36E+00
.59E+00
.59E+00
.66E+00
.66E+00
.51E+00
.80E+00
.32E-01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Cs-129
Cs-130g
Cs-130m
Cs-131
Cs-132
Cs-133
Cs-134g
Cs-134m
Ba-119
Ba-120
Ba-121
Ba-122
Ba-123
Ba-124
Ba-125
Ba-126
Ba-127g
Ba-127m
Ba-128
Ba-129g
Ba-129m
Ba-130g
Ba-130m
Ba-131g
Ba-131m
Ba-132
Ba-133g
Ba-133m
Ba-134
Ba-135g
Ba-135m
Ba-136g
Ba-136m
La-120
La-121
La-122
La-123
La-124g
La-124m
La-125g
La-125m
La-126g
La-126m
La-127g
La-127m
La-128g
La-128m
La-129g
La-12%m
La-130
La-131
La-132g
La-132m
La-133
La-134
La-135
La-136g
La-136m
La-137
Ce-123
Ce-124
Ce-125
Ce-126

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
650.
550.
250.
250.
140.
140.
140.

90.
100.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
600.
600.
600.
600.
600.
600.
250.
250.
500.
500.
550.
275.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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2000.
2000.
2000.
1000.
1200.
3000.
3000.
3000.
2500.
3000.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
2500.
3000.
2000.
3000.
1500.
1500.
1500.
1500.
2000.
1500.
1500.
1500.
3000.
3000.
2000.
2000.
3000.
2500.
2500.
2700.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2000.
2000.
1200.
2000.
1500.
1200.
1200.
1500.
3000.
2500.
2500.
2500.
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N WhdhRFRP W DPPNPPOOOWDDWWRNR PR ONNMNRPRRPRPRPRPRORFRPOROOREPOODP OWOULRPOONO_NDNWOIIWRFRFORRRESOOND O S JIW

.15E-01
.71E-02
.66E-02
.29E-02
.19E-02
.69E-03
.44E-04
.00E-03
.94E-03
.89E-02
.97E-02
.48E+00
.81E+00
.06E+00
.82E+00
.06E+00
.76E+00
.89E+00
.82E+00
.05E-01
.10E+00
.66E-01
.66E-01
.85E-01
.23E-01
.87E-01
.61E-02
.08E-02
.99E-02
.94E-03
.81E-02
.29E-04
.29E-04
.34E-03
.68E-04
.01E-02
.94E-02
.28E-01
.28E-01
.38E+00
.38E+00
.69E+00
.69E+00
.59E+00
.91E+00
.06E+00
.06E+00
.73E+00
.73E+00
.80E+00
.00E+00
.60E-01
.14E-01
.76E-01
.18E-01
.02E-01
.30E-02
.30E-02
.60E-02
.41E-03
.10E-03
.10E-02
.30E-01

cNoNoNoNoNoNoNoNONONONONoNONONONONONONONONONONONONoNONONONONONONONONONONONONONONONoNoNONONONONONoNONONoNoNONONONONONONONONONG]

328

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Ce-127g
Ce-127m
Ce-128
Ce-129
Ce-130
Ce-131g
Ce-131m
Ce-132g
Ce-132m
Ce-133g
Ce-133m
Ce-134
Ce-135g
Ce-135m
Ce-136
Ce-137g
Ce-137m
Ce-138g
Ce-138m
Ce-139g
Ce-139m
Pr-126
Pr-127g
Pr-127m
Pr-128
Pr-129g
Pr-129m
Pr-130g
Pr-130m
Pr-131g
Pr-131m
Pr-132g
Pr-132m
Pr-133
Pr-134g
Pr-134m
Pr-135
Pr-136
Pr-137
Pr-138g
Pr-138m
Pr-139
Pr-140
Pr-141
Pr-142g
Pr-142m
Pr-143
Nd-129
Nd-130
Nd-131
Nd-132
Nd-133g
Nd-133m
Nd-134
Nd-135g
Nd-135m
Nd-136
Nd-137g
Nd-137m
Nd-138
Nd-139g
Nd-139m
Nd-140

500.
500.
600.
500.
225.
110.
110.
450.
450.
450.
450.
500.
500.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
550.
550.
450.
450.
160.
160.
450.
400.
400.
450.
400.
450.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
600.
550.
500.
500.
450.
400.
400.
400.
350.
350.
400.
100.
450.
100.
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3000.
3000.
2500.
2500.
2500.
2500.
2500.
2000.
2000.
2000.
2500.
2000.
2000.
2000.
1200.
1000.
1000.
1000.
1000.
1000.
1000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
1500.
1200.
1200.
3000.
3000.
3000.
2000.
1200.
2500.
2500.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
1000.
2000.
1000.
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.09E+00
.09E+00
.98E+00
.66E+00
.10E+01
.17E+00
.17E+00
.69E+00
.69E+00
.11E+00
.47E+00
.72E+00
.04E+00
.59E-01
.47E-01
.96E-02
.90E-01
.53E-02
.53E-02
.72E-02
.04E-02
.97E-03
.23E-03
.23E-03
.23E-01
.27E-01
.27E-01
.55E+00
.55E+00
.43E+00
.89E+00
.07E+00
.07E+00
.84E+00
.96E+00
.96E+00
.7T6E+00
.52E+00
.59E+00
.40E-01
.86E-01
.82E-01
.16E-01
.87E-02
.57E-03
.22E-03
.42E-03
.33E-02
.02E-01
.03E+00
.36E+00
.66E+00
.30E+00
.68E+00
.73E+00
.29E+00
.06E+01
.27E+00
.57E+00
.65E+00
.57E-01
.10E+00
.53E+00
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Nd-141g
Nd-141m
Nd-142
Nd-143
Nd-144
Nd-145
Nd-146
Nd-147
Pm-131
Pm-132
Pm-133g
Pm-133m
Pm-134g
Pm-134m
Pm-135g
Pm-135m
Pm-136g
Pm-136m
Pm-137g
Pm-137m
Pm-138g
Pm-138m
Pm-139g
Pm-139m
Pm-140g
Pm-140m
Pm-141
Pm-142g
Pm-142m
Pm-143
Pm-144
Pm-145
Pm-146
Pm-147
Pm-148g
Pm-148m
Pm-149
Sm-133
Sm-134
Sm-135g
Sm-135m
Sm-136
Sm-137g
Sm-137m
Sm-138
Sm-139g
Sm-139m
Sm-140
Sm-141g
Sm-141m
Sm-142
Sm-143g
Sm-143m
Sm-143m2
Sm-144
Sm-145
Sm-146
Sm-147
Sm-148
Sm-149
Sm-150
Sm-151
Sm-152

100.
100.
100.
100.
100.
1200.
100.
100.
100.
100.
100.
100.
100.
100.
450.
450.
450.
450.
400.
400.
350.
350.
350.
350.
400.
400.
350.
100.
100.
100.
100.
100.
100.
400.
1500.
1500.
2500.
100.
100.
100.
100.
500.
400.
400.
400.
400.
400.
350.
350.
350.
300.
300.
300.
100.
250.
100.
100.
100.
100.
400.
600.
450.
2000.
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800.

800.
1000.
1200.
3000.
2500.
1200.
1200.
2500.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
1500.
1500.
1500.
1500.
1500.
1000.
1000.
1000.

800.
1000.

900.
1500.
2000.
2000.
3000.
1500.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
2000.
1500.
1500.
1500.
1500.
1500.
1500.
1000.
1500.
1000.
1000.
1000.

800.
1200.
3000.

450.
2000.
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.94E-01
.26E-01
.05E-01
.83E-01
.14E-02
.79E-03
.23E-02
.81E-03
.62E-03
.63E-02
.25E-02
.25E-02
.47E-01
.47E-01
.03E+00
.03E+00
.20E+00
.20E+00
.96E+00
.96E+00
.17E+00
.65E+00
.48E+00
.48E+00
.81E+00
.81E+00
.53E+00
.23E+00
.23E+00
.63E+00
.32E-01
.60E-01
.44E-01
.65E-03
.85E-03
.53E-04
.69E-03
.60E-03
.27E-02
.67E-02
.67E-02
.94E+00
.54E+00
.54E+00
.45E+00
.43E+00
.73E+00
.37E+01
.31E+00
.04E+01
.49E+00
.57E+00
.20E+00
.78E-03
.30E+00
.81E+00
.01E+00
.07E-01
.40E-01
.52E-03
.27E-03
.50E-03
.35E-03
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Eu-135
Eu-136g
Eu-136m
Eu-137
Eu-138
Eu-139
Eu-140g
Eu-140m
Eu-141g
Eu-141m
Eu-142g
Eu-142m
Eu-143
Eu-144
Eu-145
Eu-146
Eu-147
Eu-148
Eu-149
Eu-150g
Eu-150m
Eu-151
Eu-152g
Eu-152m
Eu-152m2
Eu-153
Eu-154g
Eu-154m
Eu-155
Eu-156
Gd-136
Gd-138
Gd-139g
Gd-139m
Gd-140
Gd-141g
Gd-141m
Gd-142
Gd-143g
Gd-143m
Gd-144
Gd-145g
Gd-145m
Gd-146
Gd-147
Gd-148
Gd-149
Gd-150
Gd-151
Gd-152
Gd-153
Gd-154
Gd-155¢g
Gd-155m
Gd-156
Gd-158
Tb-140
Tb-141g
Tb-141m
Tb-142g
Tb-142m
Tb-143g
Tb-143m

100.
100.
100.
100.
100.
400.
350.
350.
350.
350.
275.
275.
300.
350.
275.
275.
100.
100.
100.
100.
100.
275.
550.
600.
500.
500.
100.
100.
100.
100.
130.
100.
100.
100.
100.
100.
100.
400.
300.
300.
300.
300.
300.
275.
275.
250.
275.
100.
100.
100.
250.
300.
300.
300.
750.
3000.
110.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
2500.
2500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1200.
1200.
1000.

800.

700.

800.

800.
2000.
2000.
2000.
2000.

500.
1200.
1200.
3000.
1200.

800.
3000.
2500.
2500.
2000.
1500.
1500.
1500.
1500.
1500.
1500.
1200.
1200.
1200.
1200.
1200.
1200.
1000.
1000.
1000.
2500.
2000.
2000.
2000.
2000.
3000.

750.
2500.
2500.
1500.
1500.
1500.
1500.
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.77E-03
.26E-03
.26E-03
.83E-02
.37E-01
.99E+00
.32E+00
.32E+00
.44E+00
.79E+00
.30E+00
.30E+00
.34E+01
.02E+01
.49E+00
.39E+00
.49E+00
.98E-01
.64E-01
.29E-02
.44E-02
.73E-02
.89E-03
.28E-03
.15E-06
.08E-03
.81E-03
.81E-03
.07E-03
.35E-03
.11E-05
.18E-03
.10E-03
.10E-03
.55E-01
.62E-01
.40E-01
.58E+00
.88E+00
.50E+00
.26E+01
.03E+01
.46E+00
.03E+01
.44E+00
.32E+00
.50E+00
.94E+00
L42E-01
.85E-01
.56E-02
.13E-02
.19E-03
.19E-03
.21E-03
.69E-03
.79E-04
.01E-03
.01E-03
.82E-02
.82E-02
.82E-01
.82E-01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Tb-144g
Tb-144m
Tb-145g
Tb-145m
Tb-146g
Tb-146m
Tb-146m2
Tb-147g
Tb-147m
Tb-148g
Tb-148m
Tb-149g
Tb-149m
Tb-150g
Tb-150m
Tb-151g
Tb-151m
Tb-152g
Tb-152m
Tb-153
Tb-154¢g
Tb-154m
Tb-154m2
Tb-155
Tb-156g
Tb-156m
Tb-156m2
Tb-157
Tb-158g
Tb-158m
Tb-159
Tb-160
Tb-161
Dy-142
Dy-143g
Dy-143m
Dy-144
Dy-145g
Dy-145m
Dy-146g
Dy-146m
Dy-147g
Dy-147m
Dy-148
Dy-149g
Dy-149m
Dy-150
Dy-151
Dy-152
Dy-153
Dy-154
Dy-155
Dy-156
Dy-157g
Dy-157m
Dy-158
Dy-159
Dy-160
Dy-161
Dy-162
Dy-163
Dy-164
Dy-165g

100.
300.
300.
300.
300.
300.
300.
225.
225.
275.
275.
100.
225.
100.
225.
200.
100.
100.
225.
100.
100.
100.
100.
100.
225.
200.
225.
300.
500.
500.
650.
130.

10.
130.
110.
110.
100.
100.
100.
350.
350.
160.
160.
225.
250.
250.
250.
200.
225.
200.
180.
160.
180.
180.
180.
225.
225.
225.
100.

85.

80.

10.
100.
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1500.
1500.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1000.
1000.
1200.
1000.
1000.
1000.
1000.
1200.
1200.
1200.
1200.
3000.
3000.
3000.
900.
2000.
2000.
3000.
130.
1200.
1500.
2000.
2000.
1500.
1500.
1500.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1500.
1500.
2000.
2000.
3000.
1200.
95.
95.
1200.
1200.
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.21E-01
.74E+00
.93E+00
.93E+00
.51E+00
.51E+00
.51E+00
.48E+00
.57E+00
.32E+00
.78E+00
.39E+00
.18E+00
.84E-01
.50E+00
.12E+00
.20E+00
.03E-01
.08E+00
.65E+00
.47E-01
.47E-01
.47E-01
.12E-01
.10E-02
.00E-03
.60E-05
.91E-03
.40E-03
.11E-04
.64E-03
.00E-08
.97E-03
.07E-03
.25E-03
.25E-03
.43E-02
.55E-02
.11E-01
.94E+00
.94E+00
.24E+00
.50E+00
.63E+01
.70E+00
.70E+00
.26E+01
.00E+01
.83E+00
.84E+00
.38E+00
.17E+00
.85E-01
.18E-01
.18E-01
.00E-02
.06E-02
.32E-02
.75E-02
.00E-08
.00E-08
.81E-03
.59E-04
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Dy-165m
Ho-145g
Ho-145m
Ho-146
Ho-147
Ho-148g
Ho-148m
Ho-148m2
Ho-149g
Ho-149m
Ho-150g
Ho-150m
Ho-151g
Ho-151m
Ho-152g
Ho-152m
Ho-153g
Ho-153m
Ho-154g
Ho-154m
Ho-155
Ho-156g
Ho-156m
Ho-156m2
Ho-157
Ho-158g
Ho-158m
Ho-158m2
Ho-159g
Ho-159m
Ho-160g
Ho-160m
Ho-160m2
Ho-161g
Ho-161m
Ho-162g
Ho-162m
Ho-163g
Ho-163m
Ho-164g
Ho-164m
Ho-165
Ho-166g
Ho-166m
Ho-167
Er-146
Er-147g
Er-147m
Er-148
Er-149g
Er-149m
Er-150
Er-151g
Er-151m
Er-152
Er-153
Er-154
Er-155
Er-156
Er-157g
Er-157m
Er-158
Er-159

100.
120.
120.
110.
100.
100.
100.
100.
250.
250.
225.
225.
225.
225.
160.
160.
180.
180.
180.
180.
160.
160.
160.
160.
150.
160.
160.
160.
150.
150.
130.
130.
130.
130.
130.
130.
130.
130.
130.

60.

60.

70.
100.
100.
100.
160.
150.
150.
130.
120.
120.
275.
250.
250.
225.
225.
200.
160.
180.
160.
160.
140.
140.
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1200.
2000.
2000.
2500.
1500.
1200.
1200.
1200.
1000.
1200.
900.
1000.
1000.
1000.
1000.
1000.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
1000.
1000.
3000.
800.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
130.
1200.
1200.
1200.
1200.
900.
900.
1500.
1200.
1200.
1000.
1000.
1000.
1000.
900.
900.
800.
800.
800.
800.
800.
800.
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.45E-04
.58E-04
.58E-04
.80E-03
.25E-01
.24E-01
.24E-01
.24E-01
.67E+00
.75E+00
.52E+00
.20E+00
.47E+00
.19E+00
.98E-01
.00E+01
.66E+00
.94E+00
.30E+00
.30E+00
.15E+00
.07E-01
.66E+00
.17E-03
.05E+00
.78E-01
.47E-01
.07E-01
.06E-01
.07E-01
.11E-01
.66E-02
.27E-04
.24E-02
.12E-02
.46E-02
.81E-02
.47E-02
.57E-03
.14E-03
.24E-03
.95E-07
.72E-03
.50E-03
.23E-03
.09E-05
.80E-04
.80E-04
.31E-02
.02E-02
.15E-01
.62E+00
.07E+00
.07E+00
.09E+01
.63E+01
.66E+01
.52E+01
.34E+01
.7T4E+00
.74E+00
.05E+00
.91E+00
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Er-160
Er-161
Er-162
Er-163
Er-164
Er-165
Er-166
Er-167g
Er-167m
Er-168
Er-169
Er-170
Er-171
Tm-148
Tm-149
Tm-150g
Tm-150m
Tm-150m2
Tm-151g
Tm-151m
Tm-152g
Tm-152m
Tm-153g
Tm-153m
Tm-154g
Tm-154m
Tm-155g
Tm-155m
Tm-156
Tm-157
Tm-158
Tm-159
Tm-160g
Tm-160m
Tm-161g
Tm-161m
Tm-162g
Tm-162m
Tm-163
Tm-164g
Tm-164m
Tm-165
Tm-166g
Tm-166m
Tm-167
Tm-168
Tm-169
Tm-170
Tm-171
Tm-172
Tm-173
Tm-174
Tm-175
Yb-151g
Yb-151m
Yb-152
Yb-153
Yb-154
Yb-155
Yb-156
Yb-157
Yb-158
Yb-159

130.
140.
120.
110.
100.

90.

55.

50.

50.

50.
120.
100.
100.
180.
180.
150.
150.
150.
140.
140.
250.
250.
225.
225.
200.
200.
200.
200.
180.
160.
140.
140.
140.
140.
130.
130.
110.
110.

95.

95.

95.

80.

65.

65.

60.

28.

28.

75.

75.
100.
100.
100.
100.
180.
180.
180.
250.
225.
200.
180.
180.
180.
160.
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900.
1000.
800.
2000.
1500.
2500.
1500.
3000.
3000.
2500.
2000.
1500.
1200.
800.
3000.
2500.
2500.
2500.
1000.
1000.
1000.
1000.
1000.
1000.
900.
900.
800.
900.
750.
750.
700.
750.
700.
700.
750.
750.
800.
800.
800.
900.
900.
250.
250.
250.
275.
2500.
2500.
3000.
3000.
1500.
140.
120.
100.
1000.
1000.
900.
1000.
800.
750.
800.
800.
700.
650.
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.34E+00
.15E+00
.02E-01
.43E-01
.24E-01
.01E-02
.12E-02
.41E-02
.68E-03
.01E-03
.54E-03
.58E-03
.95E-03
.90E-05
.35E-03
.79E-03
.79E-03
.79E-03
.60E-01
.60E-01
.02E+00
.02E+00
.28E+00
.73E+00
.35E+00
.35E+00
.7T7E+00
.86E-01
.44E+01
.59E+01
.50E+01
.33E+01
.48E+00
.23E+00
.40E+00
.40E+00
.12E+00
.12E+00
.48E+00
.74E-01
.74E-01
.95E-01
.01E-01
.01E-01
.37E-01
.10E-01
.45E-02
.48E-02
.86E-02
.10E-02
.32E-03
.93E-03
.14E-03
.24E-03
.24E-03
.87E-01
.97E-01
.71E+00
.86E+00
.67E+00
.32E+01
.84E+01
.96E+01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Yb-160
Yb-161
Yb-162
Yb-163
Yb-164
Yb-165
Yb-166
Yb-167
Yb-168
Yb-169g
Yb-169m
Yb-170
Yb-171g
Yb-171m
Yb-172
Yb-173
Yb-174
Yb-175g
Yb-175m
Yb-176g
Yb-176m
Lu-153g
Lu-153m
Lu-154g
Lu-154m
Lu-155¢g
Lu-155m
Lu-155m2
Lu-156g
Lu-156m
Lu-157g
Lu-157m
Lu-158
Lu-159g
Lu-159m
Lu-160g
Lu-160m
Lu-l6lg
Lu-161m
Lu-162g
Lu-162m
Lu-162m2
Lu-163
Lu-164
Lu-165
Lu-166g
Lu-166m
Lu-166m2
Lu-1l67g
Lu-167m
Lu-168g
Lu-168m
Lu-169g
Lu-169m
Lu-170g
Lu-170m
Lu-171g
Lu-171m
Lu-172g
Lu-172m
Lu-173
Lu-174g
Lu-174m

150.
140.
130.
120.
110.
100.
85.
80.
70.
60.
60.
55.
50.
50.
15.
75.
75.
100.
100.
100.
100.
180.
180.
180.
180.
160.
160.
160.
150.
150.
140.
200.
160.
160.
160.
140.
140.
140.
140.
140.
140.
140.
130.
120.
100.
90.
90.
90.
75.
75.
65.
65.
60.
60.
45.
45.
32.
32.
11.
11.

50.
50.
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650.
650.
650.
650.
600.
650.
800.
225.
225.
250.
250.
275.
400.
400.
250.
2500.
3000.
3000.
3000.
100.
100.
3000.
3000.
900.
900.
800.
800.
800.
800.
800.
750.
750.
700.
650.
650.
650.
650.
600.
600.
600.
600.
600.
600.
600.
550.
160.
550.
550.
600.
600.
180.
600.
650.
650.
750.
750.
160.
225.
750.
750.
250.
300.
300.
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.19E+01
.97E+01
.55E+01
.16E+01
.15E+00
.85E+00
.06E+00
.02E+00
.63E+00
. 76E+00
.06E+00
.08E+00
.15E+00
.15E+00
.99E-01
.81E-02
.08E-02
.15E-03
.15E-03
.94E-03
.14E-03
.60E-04
.60E-04
.47E-03
.47E-03
.33E-02
.33E-02
.33E-02
.17E-01
.17E-01
.37E-01
.55E+00
.23E+00
.07E+00
.07E+00
.74E+00
.74E+00
.54E+00
.54E+00
.66E+00
.66E+00
.66E+00
.19E+01
.17E+01
.92E+01
.65E+00
.38E+00
.27E+00
.7T7E+00
.7T7E+00
.07E+00
.52E+00
.05E+00
.67E+00
.62E+00
.62E+00
.13E+00
.43E+00
.90E-01
.21E-01
.21E+00
.15E+00
.80E-01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Lu-175
Lu-176g
Lu-176m
Lu-177g
Lu-177m
Lu-177m2
Lu-178g
Lu-178m
Hf-154
Hf-155
Hf-156
Hf-157
Hf-158
Hf-159
Hf-160
Hf-161
Hf-162
Hf-163
Hf-164
Hf-165
Hf-166
Hf-167
Hf-168
Hf-169
Hf-170
Hf-171g
Hf-171m
Hf-172
Hf-173
Hf-174
Hf-175
Hf-176
Hf-177g
Hf-177m
Hf-177m2
Hf-178g
Hf-178m
Hf-178m2
Hf-179g
Hf-179m
Hf-179m2
Ta-158g
Ta-158m
Ta-159g
Ta-15%m
Ta-160g
Ta-160m
Ta-161g
Ta-161m
Ta-162
Ta-163
Ta-164
Ta-165
Ta-166
Ta-167
Ta-168
Ta-169
Ta-170
Ta-171
Ta-172
Ta-173
Ta-174
Ta-175

50.
80.
80.
80.
80.
80.
550.
550.
180.
180.
180.
160.
150.
200.
180.
140.
140.
150.
140.
120.
110.
95.
85.
75.
65.
60.
60.
45.
40.
30.
28.

50.
50.
50.
50.
50.
50.
300.
300.
300.
100.
100.
100.
100.
100.
100.
100.
100.
160.
140.
120.
130.
120.
100.
95.
80.
70.
60.
50.
38.
30.
19.
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2500.
1000.
1000.
3000.
3000.
3000.
550.
550.
650.
700.
700.
800.
750.
650.
650.
600.
550.
550.
550.
500.
450.
450.
400.
225.
400.
450.
450.
450.
250.
225.
800.
900.
800.
800.
800.
900.
800.
1500.
1500.
900.
1500.
3000.
3000.
700.
700.
550.
550.
550.
550.
600.
500.
400.
450.
450.
400.
200.
200.
160.
160.
150.
180.
200.
140.
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.49E-01
.05E-01
.60E-01
.09E-01
.21E-03
.14E-04
.19E-03
.99E-04
.54E-04
.59E-03
.32E-02
.44E-02
.18E-01
.51E+00
. 74E+00
.95E+00
.30E+01
.71E+01
.28E+01
.50E+01
.90E+01
.94E+01
.07E+01
.43E+01
.74E+01
.84E+01
.62E+00
.47E+01
.99E+00
.35E+00
.90E+00
.06E+00
.36E+00
.25E-02
.46E-03
.40E+00
.17E-01
.80E-03
.46E-02
.08E-03
.01E-05
.73E-04
.73E-04
.30E-03
.30E-03
.47E-02
.47E-02
.26E-02
.26E-02
.51E+00
.93E+00
.72E+00
.70E+00
.10E+01
.32E+01
.75E+01
.02E+01
.22E+01
.54E+01
.58E+01
.86E+01
.7T4E+01
.94E+01
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180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
182
182

11.
11.
11.

28.
28.
28.
24.
24.
24.
200.
200.
180.
180.
160.
150.
180.
160.
120.
130.
120.
110.
95.
85.
75.
65.
50.
45.
32.
24.
15.
11.
11.

180.
225.
225.
225.
225.
180.
180.
160.
160.
140.
140.
140.
120.
120.
110.
95.
80.
80.
70.
60.
50.
40.
30.
22.

.
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120.
120.
120.
110.
600.
600.
600.
800.
800.
800.
3000.
2000.
3000.
600.
500.
500.
450.
250.
225.
400.
400.
225.
250.
275.
120.
100.
85.
70.
75.
65.
55.
45.
38.
24.
180.
2500.
2500.
275.
275.
300.
300.
275.
275.
200.
200.
650.
450.
450.
130.
120.
110.
110.
95.
80.
60.
60.
45.
30.
22.
17.
17.
3000.
3000.
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.62E+01
.62E+01
.62E+01
.92E+01
.80E+00
.80E+00
.80E+00
.46E+01
.46E+01
.46E+01
.77E-01
.84E-01
.32E-03
.93E-03
.23E-02
.14E-01
.25E+00
.27E+00
.48E+00
.08E+01
.75E+01
.61E+01
.41E+01
.09E+01
.67E+01
.18E+02
.17E+02
.52E+02
.58E+02
.36E+02
.81E+02
.22E+02
.75E+01
.56E+01
.66E-03
.38E-04
.38E-04
.53E-04
.53E-04
.15E-03
.67E-03
.06E-02
.06E-02
.26E-01
.26E-01
.15E-01
.20E-01
.20E-01
.68E+00
.31E+00
.84E+01
.84E+01
.87E+01
.86E+02
.34E+01
.86E+02
.83E+02
.11E+03
.19E+03
.49E+02
.32E+00
.39E+04
.51E+03
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182
182
182
182
182
182
182
182
182
182
182
182
182
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182
182
182
182
182
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182
182
182
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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182
182
182
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10.
10.
le6.
22.
32.
36.
55.
65.
80.
35.
35.
35.
40.
40.
100.
100.
50.
30.
35.
35.
50.
50.
100.
50.
40.
40.
50.
50.
100.
100.
100.
35.
100.
100.
100.
100.
100.
100.
50.
40.
50.
100.
100.
100.
100.
100.
50.
40.
50.
40.
50.
50.
50.
50.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2800.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2800.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.00E+03
.23E+02
.96E+03
.70E+01
.60E+01
.19E+00
.45E-01
.31E-02
.15E-04
.57E-06
.92E-08
.48E-10
.41E+00
.10E+00
.26E+00
.21E+00
.51E+00
.28E-01
.85E-02
.25E+00
.14E+01
.66E+01
.56E+01
.78E+00
.60E+00
.76E-01
.53E+00
.58E+01
.34E+00
.39E+00
.63E+00
.28E-01
.79E-01
.57E+00
.02E+00
.11E+00
.86E+00
.83E-01
.04E-01
.49E-01
.35E-01
.19E+00
.17E+00
.02E+00
.18E+00
.15E-01
.21E-01
.40E-02
.86E-01
.59E+00
.97E+00
.20E+00
.47E+00
.86E+00
.30E+00
.58E+00
.52E+00
.11E-02
.02E-02
.81E-01
.04E-01
.31E+00
.68E-01
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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21
22
23
24
16
17
18
19
20
21
22
23
24
25
26
27
19
20
21
22
23
24g
24m
25
26
27
28
19
20
21
22
23
24
25
26
27
28
29
30
31
20
21
22
23
24qg
24m
25
269
26m
27
28
29
30
31
32
33
34
23
24
25
26
27
28

100.
100.
100.
100.
100.
100.
100.
100.

50.

50.

50.

50.

40.

50.

50.
100.
100.
100.
100.
100.

50.
100.
100.

50.

50.

50.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.44E-01
.23E-01
.37E-01
.03E-02
.63E-03
.41E-02
.46E-01
.46E-01
.87E+00
.71E+00
.59E+00
.28E+00
.25E+00
.65E+00
.17E+00
.89E-04
.91E-03
.08E-02
.25E-01
.84E-01
.34E+00
.64E-01
.64E-01
.64E+00
.13E+00
.21E+00
.43E-01
.21E-04
.77E-04
.58E-03
.63E-02
.89E-01
.31E-01
.58E+00
.45E+00
.91E-01
.21E-01
.23E-01
.75E-01
.16E-01
.52E-06
.68E-05
.03E-04
.56E-03
.71E-03
.71E-03
.32E-01
.56E-01
.87E-01
.49E+00
.36E+00
.22E-01
.33E-01
.36E-01
.7T7E-02
.92E-02
.57E-02
.20E-05
.07E-04
.23E-04
.21E-02
.03E-01
.02E-01
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29
30
31
32
33
34
35
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
30
31
32
33
34g
34m
35
36
37
38g
38m
39
40
41
42
31
32
33
34
35
36
37
38
39
40
41

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

50.

50.

50.

40.

40.

40.

40.

40.
100.
100.
100.
100.
100.
100.
100.

50.

50.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

60.
100.
100.

40.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.44E+00
.56E+00
.65E-01
.04E-01
.58E-01
.83E-01
.20E-02
.62E-07
.55E-05
.80E-05
.60E-04
.38E-03
.07E-02
.26E-01
.34E+00
.95E+00
.09E+00
.27E-01
.25E-01
.53E-01
.45E-01
.60E-02
.84E-05
.20E-04
.86E-03
.79E-02
.06E-02
.83E-01
.17E+00
.42E+00
.17E+00
.97E+00
.32E+00
.99E+00
.33E+00
.75E+00
.93E-01
.32E-05
.51E-04
.12E-03
.75E-02
.21E-01
.14E-01
.04E+00
.21E+00
.46E+00
.94E-01
.94E-01
.77E-01
.37E-01
.66E-01
.66E-01
.24E-05
.66E-04
.26E-03
.36E-03
.95E-02
.92E-01
.00E+00
.06E+00
.67E+00
.15E+00
.22E-01
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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182
182
182
182
182
182
182
182
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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42
43
44
45
37
38g
38m
39
40
41
42
43
44
45
46
47
39
40
41
42
43
44
45
46
47
48
49
42g
42m
43
44g
44m
45g
45m
469
46m
47
48
49
50g
50m
51
43
44
45
46
47
48
49
50
51
52
53
54
45
469
46m
47
48
49
50
51
52

35.

35.

35.

35.
100.
100.
100.
300.
200.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
200.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
100.
100.
100.
100.
100.
100.
225.
180.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
200.
160.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1600.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1200.

900.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
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.67E+00
.42E+00
.15E+00
.41E+00
.64E-02
.23E-01
.23E-01
.16E+00
.14E+00
.83E+00
.01E+00
.95E-01
.46E-01
.03E-02
.71E-02
.22E-03
.12E-02
.83E-01
.08E-01
.15E+00
.11E+00
.50E+00
.88E-01
.36E-01
.08E-02
.82E-02
.99E-03
.10E-02
.81E-02
.43E-01
.10E+00
.33E-01
.24E+00
.24E+00
.66E+00
.46E-01
.05E-01
.29E-01
.13E-01
.75E-02
.75E-02
.21E-03
.19E-03
.42E-02
.00E-01
.49E+00
.61E+00
.29E+00
.65E-01
.40E-01
.03E-01
.25E-02
.21E-03
.21E-03
.92E-03
.75E-02
.75E-02
.17E-01
.13E+00
.61E+00
.35E+00
.47E+00
.19E-01
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

53
54
55
56
48
49
50
51
52
53
54
55
56
57
58
49
50g
50m
51
52g
52m
53
54
55
56
57
58g
58m
59
60g
60m
629
62m
52g
52m
53g
53m
54
55
56
57
58
59
60
6l
62
63
54g
54m
55
56
57
58g
58m
59
60g
60m
6l
629
62m
63
64
65

100.
100.
100.
100.
100.
100.
250.
140.
160.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
100.
180.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
650.
100.
100.
100.
180.
160.
120.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
250.
120.
150.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
1000.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1500.
2000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1200.
1200.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

550.

900.
3000.
3000.
3000.
3000.
3000.
2600.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

650.
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PR R OBRRPRWRORENRPRPORWRORNMNENRERRERPOOWORNDNDS  OND ONRPENNAERFRFWOWBNRE JdR JdFR dFR 2R 2 0D Wk o

.63E-01
.21E-02
.64E-02
.33E-03
.11E-02
.79E-01
.53E+00
.93E+00
.10E+00
.67E+00
.66E-01
.89E-01
.70E-02
.87E-02
.02E-03
.38E-03
.70E-02
.05E-02
.22E-01
.30E+00
.75E-01
.28E+00
.65E+00
.24E+00
.26E-01
.23E-01
.67E-02
.38E-02
.76E-02
.63E-03
.17E-02
.91E-04
.91E-04
.20E-01
.05E-02
.04E-01
.04E-01
.67E+00
.16E+00
.34E+00
.68E+00
.45E+00
.89E-01
.97E-01
.53E-02
.46E-02
.15E-03
.14E-02
.33E-02
.27E-01
.93E+00
.93E+00
.42E-01
.21E+00
.63E+00
.14E+00
.61E-01
.21E-01
.73E-01
.32E-01
.08E-01
.56E-02
.03E-02
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Co-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Ni-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Cu-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Zn-
Ga-
Ga-
Ga-
Ga-
Ga-
Ga-
Ga-
Ga-

66
55
56
57
58
59
60
6l
62
63
04
65
66
67
68
69g
69m
58
59
60
ol
62
63
64
65
66
67
689
68m
69
709
70m
70m2
71
72
6lg
61lm
61lm2
61m3
62
63
64
65
66
67
68
69g
69m
70
71lg
71lm
72
73g
73m
73m2
63
04
65
66
67
68
69
70

100.
100.
100.
100.
250.
160.
160.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
140.
100.

80.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
140.
110.
100.
100.
100.

80.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
120.
100.
100.
100.
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3000.
3000.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

140.

140.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

800.
1000.
1000.
1000.

275.

500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
1600.
3000.
3000.
3000.
1500.

550.

550.

550.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
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.08E-03
.95E-04
.32E-02
.53E-01
.10E+00
.16E+00
.11E+00
.57E+00
.03E+00
.08E+00
.17E-01
.73E-01
.53E-02
.18E-02
.42E-03
.20E-03
.20E-03
.95E-03
.19E-02
.83E-01
.47E+00
.24E+00
.83E+00
.31E+00
.61E+00
.30E-01
.41E-01
.26E-02
.74E-02
.98E-02
.38E-03
.38E-03
.7T7TE-06
.10E-03
.14E-03
.97E-03
.97E-03
.97E-03
.97E-03
.20E-01
.09E+00
.28E+00
.37E+00
.08E+00
.07E+00
.44E+00
.67E-02
.19E-01
.67E-02
.08E-02
.25E-02
.23E-02
.12E-03
.12E-03
.12E-03
.30E-02
.08E-01
.45E-01
.43E+00
.91E+00
.48E+00
.81E+00
.39E+00
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Ga-
Ga-
Ga-
Ga-
Ga-
Ga-
Ga-
Ga-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
Ge-
As-—
As-
As-
As-—
As-
As-
As-
As-
As-—
As-
As-—
As-
As-
As-—
As-
As-
Se—
Se—
Se-
Se—
Se—
Se-
Se-
Se-
Se—
Se—
Se-
Se—
Se-
Se—
Se—
Se—
Se—
Se-
Se—

71
72g
72m
73
749
74m
75
76
65
66
67
68
69
70
71g
71lm
72
73g
73m
74
75g
75m
76
779
77m
78
79g
79m
67
68
69
70
71
72
73
74
75g
75m
76
77
78
79
80
81
70
71
72
73g
73m
74
75
76
779
77m
78
79g
79m
80
81lg
81m
82
83g
83m

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
120.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
120.

80.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.

160.

550.
2500.
2500.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

800.

350.

350.

450.

200.

200.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
1600.
3000.
3000.
3000.
3000.
3000.
3000.

800.

275.
2500.
2000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
1000.
1000.
3000.

275.

275.
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.00E-01
.72E-01
.72E-01
.53E-02
.15E-02
.20E-03
.37E-03
.17E-03
.01E-02
.82E-02
.33E-01
.19E+00
.28E+00
.32E+00
.63E+00
.63E+00
.23E+00
.97E-01
.97E-01
.73E-01
.24E-02
.11E-02
.66E-02
.46E-03
.24E-04
.33E-03
.80E-04
.29E-04
.01E-03
.87E-02
.10E-01
.41E+00
.24E+00
.14E-01
.03E+00
.21E-01
.02E-01
.02E-01
.29E-01
.01E-01
.01E-02
.09E-02
.51E-03
.91E-03
.58E-02
.65E-01
.17E+00
.50E+00
.66E+00
.48E+00
.12E+00
.94E+00
.12E-01
.97E-01
.66E-01
.75E-01
.17E-02
.51E-02
.65E-03
.23E-02
.24E-02
.45E-03
.12E-04
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

84
72g
72m
73
749
74m
75
769
76m
779
77m
78
79g
79m
80g
80m
81
82g
82m
83
84g
84m
85
73
74
75
76
77
78
79g
79m
80
81lg
81m
82
83g
83m
84
85g
85m
86
87
88
89
76
77
78g
78m
79
80
81lg
81m
82g
82m
83g
83m
84qg
84m
85
86g
86m
87
88

100.
100.
100.
100.
100.
100.
200.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
140.
100.
100.
100.
100.

70.

70.
100.
100.
100.
100.
100.
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3000.
2500.
2500.
2000.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

500.

500.
3000.
3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

400.

100.

160.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
2600.
3000.
3000.
1600.
1600.
3000.
3000.
3000.
3000.
3000.
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WwowNOPPWRRPRPPORP JIWLNPRPRPRPOIPERPRERPNNMESASNWRAPRRONMPPRORPNPPORREPOODOR G ONOO® WEREONWOONNDE WNDRE OWwDN

.90E-03
.91E-03
.64E-03
.10E-01
.33E-01
.27E-01
.08E+00
.17E+00
.84E+00
.70E-01
.95E+00
.81E+00
.74E-01
.04E+00
.18E-01
.29E-01
.30E-01
.29E-01
.59E-02
.42E-02
.75E-03
.88E-03
.95E-03
.71E-03
.17E-02
.89E-02
.95E-01
.37E+00
.30E+00
.11E-01
.07E+00
.03E+00
.08E+00
.65E-02
.88E+00
.48E-01
.36E-02
.41E-01
.66E-02
.65E-02
.07E-02
.32E-01
.62E-03
.68E-03
.22E-03
.25E-02
.11E-01
.11E-01
.99E-01
.33E+00
.83E-01
.06E+00
.18E-01
.64E+00
.31E+00
.31E+00
.27E-01
.05E-01
.23E-01
.72E-01
.42E-01
.08E+00
.31E-02
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182
182
182
182
182
182
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182
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182
182
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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182
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182
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89
90g
90m
77
78
79
80
81
82
83g
83m
84
85g
85m
86
87g
87m
88
89
90
91
92
93
94
80g
80m
81
82
83g
83m
84g
84m
85¢g
85m
86g
86m
87g
87m
88g
88m
89g
89m
90g
90m
91g
91m
92
93g
93m
94
95
96g
96m
82
83
84
85¢g
85m
86
87g
87m
88
89g

100.
100.
100.
100.
100.
100.
100.
100.
200.
160.
100.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
140.
100.
100.
100.

75.

40.

40.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
160.
100.
120.

80.
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3000.
275.
275.

2000.

2500.

3000.

3000.

2500.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.
160.
750.
225.
350.

3000.

3000.

2500.

2500.

2500.

2500.

2500.

2500.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

2500.

2500.

2500.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

2500.

2500.

3000.

3000.

3000.

3000.

3000.

3000.

3000.

3000.
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.00E-02
.00E-03
.09E-03
.21E-04
.07E-03
.16E-02
.25E-01
.95E-01
.27E+00
.09E+00
.32E-01
.40E+00
.86E+00
.56E-01
.79E+00
.13E+00
.22E-01
.64E-01
.49E-01
.24E-02
.44E-02
.25E-03
.25E-03
.62E-04
.44E-03
.51E-03
.68E-02
.78E-02
.69E-01
.62E-01
.93E-01
.93E-01
.97E-01
.18E+00
.17E+00
.23E+00
.50E-01
.29E+00
.73E-01
.73E-01
.64E-01
.45E+00
.28E-01
.04E+00
.75E-02
.12E-01
.90E-02
.37E-02
.37E-02
.01E-03
.25E-03
.66E-04
.66E-04
.21E-03
.84E-03
.03E-01
.13E-01
.05E-01
.33E+00
.51E+00
.36E-02
.32E+00
.44E+00
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182
182
182
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182
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182
182
182
182
182
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Zr— 89m
zr- 90g
Zr— 90m
Zr—- 91
Zr— 92
Zr— 93
Zr—- 94
Zr—- 95
Zr— 96
Zr— 97
zZr— 98
Z2r-100
Nb- 84
Nb- 85g
Nb- 85m
Nb- 86g
Nb- 86m
Nb- 87g
Nb- 87m
Nb- 88g
Nb- 88m
Nb- 89g
Nb- 89m
Nb- 90g
Nb- 90m
Nb- 90m2
Nb- 91g
Nb- 91m
Nb- 92g
Nb- 92m
Nb- 93g
Nb- 93m
Nb- 94g
Nb- 94m
Nb- 95g
Nb- 95m
Nb- 96
Nb- 97g
Nb- 97m
Nb- 98g
Nb- 98m
Nb- 99g
Nb- 99m
Nb-100g
Nb-100m
Mo- 86
Mo- 87
Mo- 88
Mo- 89g
Mo- 89m
Mo- 90
Mo- 91g
Mo- 91m
Mo- 92
Mo- 93g
Mo- 93m
Mo- 94
Mo- 95
Mo- 96
Mo- 97
Mo- 98
Mo- 99
Mo-100

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
100.
120.
100.
100.

95.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
100.
140.
100.
120.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.

100.

225.

800.
2000.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
2500.
3000.
3000.
2000.
2000.

900.

900.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
2500.
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.80E-01
.28E+00
.28E+00
.61E+00
.58E-01
.26E-01
.88E-01
.73E-02
.19E-02
.14E-03
.91E-03
.28E-05
.03E-04
.23E-03
.23E-03
.59E-02
.59E-02
.46E-02
.30E-01
.39E-01
.39E-01
.95E+00
.53E-01
.26E+00
.63E-01
.67E-03
.24E+00
.86E-01
.87E+00
.93E-01
.51E+00
.29E-01
.54E-01
.01E-01
.28E-01
.69E-01
.86E-01
.98E-02
.54E-02
.41E-02
.49E-03
.28E-03
.70E-03
.76E-03
.55E-04
.97E-04
.42E-03
.08E-02
.80E-02
.80E-02
.56E-01
.08E+00
.07E-01
.33E+00
.58E+00
.40E+00
.95E+00
.12E+00
.39E+00
.43E-01
.29E-01
.79E-02
.96E-02

[cNcNoNONONONON _NONONONCOHOINOINONOINONONONONONONONONONONONON-HONONONONONOI- - HONONONONONONOINONONONONOINOINONONONONONONONONONONCONO N



182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Mo-101
Mo-102
Mo-103
Tc- 89g
Tc- 89m
Tc- 90g
Tc- 90m
Tc- 91g
Tc- 91m
Tc- 92
Tc- 93g
Tc- 93m
Tc- 94g
Tc- 94m
Tc- 95g
Tc- 95m
Tc- 96g
Tc- 96m
Tc- 97g
Tc- 97m
Tc- 98
Tc- 99g
Tc- 99m
Tc-100
Tc-101
Tc-102g
Tc-102m
Tc-103
Tc-104
Tc-105
Ru- 91g
Ru- 91m
Ru- 92
Ru- 93g
Ru- 93m
Ru- 94
Ru- 95
Ru- 96
Ru- 97
Ru- 98
Ru- 99
Ru-100
Ru-101
Ru-102
Ru-103g
Ru-103m
Ru-104
Ru-105
Ru-106
Ru-107
Ru-108
Ru-109
Rh- 94g
Rh- 94m
Rh- 95g
Rh- 95m
Rh- 96g
Rh- 96m
Rh- 97g
Rh- 97m
Rh- 98g
Rh- 98m
Rh- 99g

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
180.
100.
160.
100.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
200.
180.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
350.
100.
180.
100.
180.
180.
100.
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3000.
1000.

130.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
2500.
2000.
3000.
3000.
2500.
2500.
2500.
1000.

900.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
1000.
1000.

900.

900.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
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.62E-02
.39E-03
.36E-04
.65E-03
.45E-04
.81E-03
.81E-03
.73E-02
.24E-03
.63E-01
.77E+00
.97E-01
.99E+00
.35E-02
.32E+00
.34E-01
.37E+00
.96E-01
.21E+00
.28E-01
.19E+00
.64E-01
.50E-01
.53E-01
.41E-01
.62E-02
.62E-02
.46E-02
.24E-03
.15E-03
.43E-04
.43E-04
.04E-03
.94E-02
.90E-03
.32E+00
.12E+00
.79E+00
.33E+00
.43E+00
.38E+00
.33E+00
.01E+00
.70E-01
.00E-01
.00E-01
.12E-01
.58E-02
.19E-03
.92E-03
.83E-04
.27E-04
.24E-03
.24E-03
.85E-01
.11E-02
.55E+00
.90E-01
.62E+00
.73E-02
.55E+00
.55E+00
.66E-01

OO O0OO0OO0ODO0DO0OO0ODO0DO0ODOO0ODO0ODOO0DODOO0ODODOODO0ODODODODLODOODLODOODLODLOOLOLLOLOLOLOLZZO0O0OHHZZOOOOODODOOXMOOOOOOO

338

182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Rh- 99m
Rh-100g
Rh-100m
Rh-101g
Rh-101m
Rh-102g
Rh-102m
Rh-103g
Rh-103m
Rh-104g
Rh-104m
Rh-105g
Rh-105m
Rh-106g
Rh-106m
Rh-107

Rh-108g
Rh-108m
Rh-109

Rh-110g
Rh-110m
Pd- 96

Pd- 97

Pd- 98

Pd- 99

Pd-100

Pd-101

Pd-102

Pd-103

Pd-104

Pd-105

Pd-106

Pd-107g
Pd-107m
Pd-108

Pd-109g
Pd-109m
Pd-110

Pd-111g
Pd-111m
Pd-112

Pd-113g
Pd-113m
Ag- 97

Ag- 98

Ag- 99g
Ag- 99m
Ag-100g
Ag-100m
Ag-101g
Ag-101m
Ag-102g
Ag-102m
Ag-103g
Ag-103m
Ag-104g
Ag-104m
Ag-105g
Ag-105m
Ag-106g
Ag-106m
Ag-107g
Ag-107m

140.
100.
100.
100.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
225.
225.
200.
160.
120.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
300.
100.
300.
100.
180.
100.
160.
100.
110.
100.
100.
120.
100.
100.
100.
100.
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3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2000.
2000.
2000.
2000.
1500.
2500.
2500.
1000.

900.

900.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2000.
3000.
2000.
2000.
2500.
2500.
2000.
1000.
1000.
1000.

900.

900.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
2500.
3000.
2500.
2500.
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.28E+00
.78E+00
.72E+00
.39E-01
.00E+00
.27E+00
.02E+00
.80E-01
.44E+00
.85E-01
.34E-01
.20E-01
.05E-01
.02E-02
.74E-02
.26E-02
.02E-03
.02E-03
.67E-03
.90E-04
.90E-04
.67E-02
.56E-01
.04E+00
.26E+00
.22E+00
.04E+00
.00E+00
.85E+00
.35E+00
.52E+00
.02E+00
.60E-01
.05E-01
.92E-01
.44E-02
.90E-02
.22E-02
.61E-03
.67E-03
.04E-03
.7TTE-04
.7T7TE-04
.28E-04
.21E-02
.27E-01
.80E-03
.02E+00
.712E-02
.33E+00
.44E-01
.53E+00
.64E-01
.04E+00
.80E-01
.02E+00
.60E-01
.75E-01
.38E+00
.51E-01
.34E+00
.88E-02
.23E+00
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Ag-108g
Ag-108m
Ag-109g
Ag-109m
Ag-110g
Ag-110m
Ag-1l1llg
Ag-111m
Ag-112

Ag-113g
Ag-113m
Ag-11l4g
Ag-114m
Cd- 98

Cd- 99

Cd-100

Cd-101

Cd-102

Cd-103

Cd-104

Cd-105

Cd-106

Cd-107

Cd-108

Cd-109

Cd-110

Cd-111g
Cd-111m
Cd-112

Cd-113g
Cd-113m
Cd-114

Cd-115g
Cd-115m
Cd-116

Cd-117g
Cd-117m
In-101g
In-101m
In-102

In-103g
In-103m
In-104g
In-104m
In-105g
In-105m
In-106g
In-106m
In-107g
In-107m
In-108g
In-108m
In-109g
In-109m
In-109m2
In-110g
In-110m
In-111g
In-111m
In-112g
In-112m
In-113g
In-113m

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
400.
275.
225.
180.
180.
140.
110.

70.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
400.
400.
250.
250.
180.
100.
180.
180.
140.
100.
100.
100.
100.
100.
100.
100.

90.
100.
100.
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3000.
3000.
3000.
2500.
2000.
2000.
1500.
1500.
1500.
1500.
1500.
2500.
2500.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
3000.
2000.
2000.
3000.
3000.
1500.
2000.
2000.
3000.
3000.
2500.
2000.
2000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
2500.
2500.
3000.
2500.
2500.

ocNoNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoBoNoNoNoNoNoNoNoloNRoNoNoNoNoNoNoNolNoNoNoNoNoNoNolNo o]
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.39E-01
.68E-01
.28E-01
.74E-01
.23E-01
.09E-02
.33E-02
.17E-02
.23E-02
.43E-03
.89E-03
.31E-03
.31E-03
.39E-03
.44E-04
.95E-03
.13E-01
.21E+00
.09E+00
.78E+00
.72E+00
.53E+00
.88E+00
.65E+00
.49E+00
.93E+00
.63E-01
.65E-01
.37E-01
.03E-01
.72E-02
.10E-01
.63E-02
.56E-03
.09E-02
.27E-03
.59E-03
.42E-05
.42E-05
.45E-03
.60E-02
.00E-04
.78E-01
.37E-02
.58E+00
.62E+00
.25E+00
.87E+00
.64E+00
.66E-01
.96E+00
.05E+00
.7T7E+00
.74E-01
.67E-03
.33E+00
.62E+00
.32E+00
.48E-01
.05E-01
.04E+00
.02E-01
.98E-02
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

In-114g
In-114m
In-114m2
In-115g
In-115m
In-116g
In-116m
In-116m2
In-117g
In-117m
In-118g
In-118m
In-118m2
In-119g
In-119m
Sn-104
Sn-105
Sn-106
Sn-107
Sn-108
Sn-109
Sn-110
Sn-111
Sn-112
Sn-113g
Sn-113m
Sn-114
Sn-115
Sn-116
Sn-117g
Sn-117m
Sn-118
Sn-119g
Sn-119m
Sn-120
Sn-121g
Sn-121m
Sb-108
Sb-109
Sb-110
Sb-111
Sb-112
Sb-113
Sb-114
Sb-115
Sb-11l6g
Sb-116m
Sb-117
Sb-118g
Sb-118m
Sb-119g
Sb-119m
Sb-120g
Sb-120m
Sb-121
Sb-122g
Sb-122m
Sb-123
Sb-124g
Sb-124m
Sb-124m2
Te-110
Te-111

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
275.
250.
225.
225.
160.
140.
100.
100.
100.

90.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
275.
160.
180.
140.
225.
100.
100.
110.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
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2000.
2000.
2000.
1500.
3000.
3000.
1500.
1500.
1500.
1500.
1200.
1200.
3000.
1200.
1000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
2500.
2000.
3000.
1500.
1500.
1500.
1500.
2000.
2000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2000.
2500.
2000.
2000.
2500.
2600.
3000.
2000.
2000.
2500.
2000.
2000.
2000.
2500.
2500.
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.64E-02
.79E-01
.05E-04
.63E-01
.89E-02
.45E-03
.39E-02
.62E-02
.69E-02
.43E-02
.24E-03
.12E-03
.05E-03
.30E-03
.25E-04
.80E-03
.45E-02
.14E-01
.52E+00
.59E+00
.19E+00
.33E+00
.63E+00
.39E+00
.95E-01
.03E+00
.87E+00
.83E+00
.54E-01
.07E-01
.28E-01
.89E-01
.28E-02
.34E-02
.65E-02
.92E-04
.18E-03
.78E-03
.51E-02
.04E-01
.45E+00
.96E+00
.58E+00
.87E+00
.65E+00
.22E+00
.50E+00
.22E+00
.71E-01
.34E-01
.93E-01
.93E-01
.27E-01
.50E-01
.18E-01
.31E-02
.42E-02
.79E-02
.35E-01
.75E-01
.48E-01
.08E-03
.65E-03
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Te-112
Te-113
Te-114
Te-115g
Te-115m
Te-116
Te-117g
Te-117m
Te-118
Te-119g
Te-11%m
Te-120
Te-121g
Te-121m
Te-122
Te-123g
Te-123m
Te-124
Te-125g
Te-125m
Te-126
Te-127g
Te-127m
Te-129g
Te-12%m
-113
-114g
-114m
-115
-116
-117
-118g
-118m
-119
-120g
-120m
-121
-122
-123
-124
-125
-126
-127
-128
Xe-114
Xe-115
Xe-116
Xe-117
Xe-118
Xe-119
Xe-120
Xe-121
Xe-122
Xe-123
Xe-124
Xe-125¢g
Xe-125m
Xe-126
Xe-127g
Xe-127m
Xe-128
Xe-129g
Xe-129m

—
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100.
100.
250.
250.
100.
160.
140.
140.
120.
100.
140.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
275.
180.
250.
250.
140.
200.
200.
160.
180.
250.
100.
100.
100.
100.
100.
100.
100.
100.
100.
450.
250.
180.
225.
200.
140.
225.
100.
100.
100.
100.
100.
100.
100.
100.
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3000.
3000.
3000.
3000.
2500.
3000.
3000.
3000.
3000.
2000.
3000.
3000.
2000.
2500.
2500.
2000.
2000.
2000.
1200.
1200.
2500.
2500.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
2000.
2000.
3000.
2000.
3000.
2000.
2500.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2500.
3000.
2500.
2500.
2500.
2000.
2000.
2000.
2500.
2500.
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.29E-02
.51E-01
.57E+00
.94E+00
.08E-01
.75E+00
.06E+00
.06E+00
.17E+00
.08E-01
.41E+00
.58E+00
.08E-01
.80E-01
.65E-01
.72E-02
.35E-02
.04E-01
.18E-02
.44E-02
.09E-02
.45E-03
.28E-03
.30E-05
.00E-05
.31E-03
.11E-02
.05E-03
.75E-01
.31E+00
.64E+00
.99E+00
.99E+00
.17E+00
.24E+00
.79E+00
.50E+00
.97E+00
.14E+00
.46E-01
.86E-01
.78E-01
.44E-02
.73E-02
.49E-04
.61E-03
.35E-02
.49E-01
.76E+00
.21E+00
.25E+00
.40E+00
.18E+00
.07E+00
.18E+00
.65E-01
.7T7E-01
.63E-01
.08E-02
.17E-01
.22E-01
.94E-02
.50E-02
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Xe-130
Xe-131g
Xe-131m
Cs-117g
Cs=-117m
Cs-118g
Cs-118m
Cs-119g
Cs-119m
Cs-120g
Cs-120m
Cs-121g
Cs-121m
Cs-122g
Cs-122m
Cs-122m2
Cs-123g
Cs-123m
Cs-124g
Cs-124m
Cs-125g
Cs-125m
Cs-126
Cs=-127
Cs-128
Cs-129
Cs-130g
Cs-130m
Cs-131
Cs-132
Cs-133
Ba-119
Ba-120
Ba-121
Ba-122
Ba-123
Ba-124
Ba-125
Ba-126
Ba-127g
Ba-127m
Ba-128
Ba-129g
Ba-129m
Ba-130g
Ba-130m
Ba-131g
Ba-131m
Ba-132
Ba-133g
Ba-133m
Ba-134
Ba-135g
Ba-135m
Ba-136g
Ba-136m
La-121
La-122
La-123
La-124g
La-124m
La-125g
La-125m

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
400.
400.
275.
275.
100.
160.
160.
200.
200.
180.
180.
140.

80.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
650.
550.
450.
350.
250.
160.
160.
140.
100.
180.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
700.
700.
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2000.
2000.
2000.
2500.
2500.
2000.
2000.
2500.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
2500.
2500.
3000.
3000.
3000.
3000.
2500.
2500.
2000.
2000.
2500.
2000.
1000.
2500.
2000.
3000.
3000.
2500.
3000.
2500.
3000.
2500.
3000.
2500.
2500.
2500.
2000.
2500.
2000.
2000.
1600.
2000.
2000.
1200.
1200.
2000.
2000.
2500.
2500.
2500.
3000.
3000.
2500.
2500.
2500.
2500.
2500.
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.72E-02
.48E-03
.59E-03
.17E-02
.35E-03
.88E-02
.88E-02
.74E-01
.74E-01
.20E-01
.20E-01
.37E+00
.06E+00
.92E+00
.15E+00
.35E-03
.82E+00
.68E+00
.72E+00
.72E+00
.07E+00
.07E+00
.68E+00
.19E+00
.49E-01
.15E-01
.13E-01
.93E-02
.47E-02
.21E-02
.10E-02
.82E-03
.16E-02
.62E-02
.29E+00
.67E+00
.26E+00
.37E+00
.87E+00
.36E+00
.36E+00
.63E+00
.07E-01
.87E+00
.00E+00
.00E+00
.14E-01
.89E-01
.55E-01
.15E-01
.85E-02
.20E-02
.55E-03
.45E-02
.77E-03
.77E-03
.59E-03
.99E-03
.81E-02
.78E-02
.78E-02
.32E+00
.32E+00
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

La-126g
La-126m
La-127g
La-127m
La-128g
La-128m
La-129g
La-12%m
La-130
La-131
La-132g
La-132m
La-133
La-134
La-135
La-136g
La-136m
La-137
La-138
Ce-123
Ce-124
Ce-125
Ce-126
Ce-127g
Ce-127m
Ce-128
Ce-129
Ce-130
Ce-131g
Ce-131m
Ce-132g
Ce-132m
Ce-133g
Ce-133m
Ce-134
Ce-135¢g
Ce-135m
Ce-136
Ce-137g
Ce-137m
Ce-138g
Ce-138m
Ce-139g
Ce-139m
Ce-140
Pr-126
Pr-127g
Pr-127m
Pr-128
Pr-129g
Pr-129m
Pr-130g
Pr-130m
Pr-131g
Pr-131m
Pr-132g
Pr-132m
Pr-133
Pr-134g
Pr-134m
Pr-135
Pr-136
Pr-137

650.
650.
500.
500.
180.
180.
275.
275.
120.
180.
550.
550.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
650.
600.
200.
600.
600.
500.
500.
500.
500.
500.
450.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
600.
600.
550.
550.
500.
500.
500.
450.
450.
400.
450.
450.
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3000.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
1600.
2500.
2500.
2500.
2000.
1500.
2000.
1000.
1000.
1500.

900.
2500.
3000.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2500.
2000.
2500.
2000.
2500.
2000.
2000.
1000.
1000.
1200.
1200.
1000.
1000.
1500.
3000.
3000.
3000.
2000.
2500.
2500.
3000.
3000.
2500.
2500.
2500.
2500.
2000.
2000.
2000.
2000.
1600.
2000.
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.29E+00
.29E+00
.74E+00
.97E+00
.25E+00
.25E+00
.40E+00
.40E+00
.30E+00
.59E+00
.43E-01
.02E-01
.23E+00
.07E-01
.66E-01
.14E-02
.14E-02
.96E-02
.30E-02
.79E-04
.29E-03
.47E-02
.79E-01
.29E-01
.29E-01
.66E+00
.12E+00
.02E+01
.41E+00
.41E+00
.61E+00
.61E+00
.18E+00
.74E+00
.07E+00
.20E+00
.02E-01
.34E-01
.38E-02
.52E-01
.82E-02
.82E-02
.05E-02
.31E-02
.13E-02
.83E-03
.10E-02
.10E-02
.14E-02
.93E-01
.93E-01
.32E+00
.32E+00
.34E+00
.60E+00
.60E+00
.60E+00
.04E+00
.97E+00
.97E+00
.34E+00
.00E+00
.88E+00
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Pr-138g
Pr-138m
Pr-139
Pr-140
Pr-141
Pr-142g
Pr-142m
Pr-143
Nd-128
Nd-129
Nd-130
Nd-131
Nd-132
Nd-133g
Nd-133m
Nd-134
Nd-135g
Nd-135m
Nd-136
Nd-137g
Nd-137m
Nd-138
Nd-139g
Nd-139m
Nd-140
Nd-141g
Nd-141m
Nd-142
Nd-143
Nd-144
Nd-145
Nd-147
Nd-148
Pm-131
Pm-132
Pm-133g
Pm-133m
Pm-134g
Pm-134m
Pm-135g
Pm-135m
Pm-136g
Pm-136m
Pm-137g
Pm-137m
Pm-138g
Pm-138m
Pm-139g
Pm-139m
Pm-140g
Pm-140m
Pm-141
Pm-142g
Pm-142m
Pm-143
Pm-144
Pm-145
Pm-146
Pm-147
Pm-148g
Pm-148m
Pm-149
Pm-150

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
550.
550.
550.
500.
450.
450.
500.
450.
450.
450.
100.
450.
450.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
500.
500.
500.
500.
450.
450.
400.
400.
400.
400.
400.
400.
350.
100.
100.
100.
450.
100.
100.
100.
100.
100.
550.
100.
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2000.
2000.
2000.
1200.
2500.
2500.
2500.
3000.
3000.
1600.
2000.
2000.
2500.
2500.
2500.
2000.
2000.
2000.
2000.
1600.
1600.
2000.
1200.
2000.
2000.
1000.
1000.
1000.
1000.
1000.
2500.
3000.
1200.
1500.
3000.
3000.
3000.
3000.
3000.
2500.
2500.
2000.
2000.
1600.
1600.
2000.
2000.
2000.
2000.
2000.
1500.
1500.
1000.
1000.
1000.
1600.
1000.
1200.
1000.
1200.

500.

550.
1200.
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.24E-01
.90E-01
.28E-01
.43E-01
.25E-02
.44E-03
.42E-02
.22E-03
.00E-03
.34E-02
.93E-01
.81E-01
.67E+00
.29E+00
.05E+00
.76E+00
.51E+00
.05E+00
.15E+01
.48E+00
.14E+00
.92E+00
.86E-01
.60E+00
.13E+00
.61E-01
.60E-01
.74E-01
.64E-01
.18E-01
.57E-02
.66E-03
.25E-03
.44E-03
.31E-02
.45E-02
.45E-02
.15E-01
.15E-01
.72E+00
.72E+00
.00E+00
.00E+00
.94E+00
.94E+00
.16E+00
.64E+00
.04E+00
.04E+00
.98E+00
.55E+00
.89E+00
.54E+00
.54E+00
.70E+00
.69E-01
.12E-01
.19E-01
.02E-01
.41E-02
.51E+00
.61E-03
.96E-02
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Pm-151
Sm-133
Sm-134
Sm-135g
Sm—-135m
Sm-136
Sm-137g
Sm-137m
Sm-138
Sm-139g
Sm-139m
Sm-140
Sm-141g
Sm-141m
Sm-142
Sm-143g
Sm-143m
Sm-143m2
Sm-144
Sm-145
Sm-146
Sm—-147
Sm-148
Sm-149
Sm-150
Sm-151
Sm-152
Sm-153g
Sm-153m
Sm-154
Eu-136g
Eu-136m
Eu-137
Eu-138
Eu-139
Eu-140g
Eu-140m
Eu-141g
Eu-141m
Eu-142g
Eu-142m
Eu-143
Eu-144
Eu-145
Eu-146
Eu-147
Eu-148
Eu-149
Eu-150g
Eu-150m
Eu-151
Eu-152g
Eu-152m
Eu-152m2
Eu-153
Eu-154g
Eu-154m
Eu-155
Eu-158
Gd-138
Gd-139g
Gd-139m
Gd-140

100.
100.
100.
100.
100.
450.
450.
450.
450.
350.
350.
400.
400.
400.
350.
350.
350.
100.
350.
100.
100.
100.
100.
100.
100.
550.
100.
550.
550.
100.
100.
100.
100.
100.
450.
450.
450.
400.
400.
350.
350.
300.
300.
350.
300.
100.
350.
100.
100.
100.
100.
100.
100.
100.
550.
100.
100.
1200.
100.
120.
110.
110.
100.
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1200.
2000.
2000.
2000.
2000.
2000.
1600.
1600.
2000.
2000.
2000.
2000.
1500.
2000.
1500.
1500.
1500.
1000.
1500.
1000.
1000.
1000.
1000.
1200.
1200.
3000.
1200.

550.

550.
1200.
2000.
2000.
1600.
2500.
2000.
2000.
2000.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1600.
1000.
1000.

800.
1200.
1200.

750.

700.

750.

750.
1200.
1200.
1200.
1200.
1200.
1200.
2000.
2000.
2000.
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.71E-03
.03E-04
.97E-02
.17E-02
.17E-02
.64E+00
.86E+00
.86E+00
.49E+00
.49E+00
.75E+00
.30E+01
.23E+00
.06E+01
.87E+00
.44E+00
.16E+00
.30E-03
.66E+00
.19E+00
.23E+00
.58E-01
.41E-01
.88E-02
.29E-02
.43E-03
.32E-02
.30E-04
.30E-04
.55E-03
.93E-03
.93E-03
.66E-02
.30E-01
.08E+00
.94E+00
.94E+00
.05E+00
.75E+00
.89E+00
.89E+00
.07E+01
.07E+01
.18E+00
.22E+00
.45E+00
.45E+00
.29E-01
.28E-01
.67E-01
.35E-01
.46E-02
.45E-02
.90E-05
.68E-05
.19E-03
.19E-03
.08E-03
.57E-04
.34E-03
.67E-03
.67E-03
.84E-01
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

Gd-141g
Gd-141m
Gd-142
Gd-143g
Gd-143m
Gd-144
Gd-145g
Gd-145m
Gd-146
Gd-147
Gd-148
Gd-149
Gd-150
Gd-151
Gd-152
Gd-153
Gd-154
Gd-155¢g
Gd-155m
Gd-156
Gd-157
Gd-158
Tb-140
Tb-141g
Tb-141m
Tb-142g
Tb-142m
Tb-143g
Tb-143m
Tb-144g
Tb-144m
Tb-145¢g
Tb-145m
Tb-146g
Th-146m
Tb-146m2
Tb-147g
Tb-147m
Tb-148g
Th-148m
Tb-149g
Tb-149m
Tb-150g
Tb-150m
Th-151g
Tb-151m
Tb-152g
Tb-152m
Tb-153
Tb-154g
Tb-154m
Tb-154m2
Tb-155
Tb-156g
Tb-156m
Tb-156m2
Tb-157
Tb-158g
Tbh-158m
Tb-159
Tb-160
Tb-161
Tb-162

100.
100.
400.
350.
350.
350.
350.
350.
300.
275.
275.
275.
100.
100.
100.
100.
100.
300.
300.
550.
1000.
2000.
140.
120.
120.
110.
110.
100.
100.
100.
400.
350.
350.
350.
350.
350.
300.
300.
300.
300.
100.
250.
100.
225.
250.
250.
100.
250.
100.
100.
100.
100.
100.
100.
100.
100.
250.
450.
450.
275.
650.
2500.
10.
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2000.
2000.
1500.
1500.
1500.
1500.
1200.
1200.
1500.
1200.
1000.
1500.
1000.

800.

800.

800.
1200.
2000.
2000.

800.
1500.
2000.
1200.
3000.
3000.
2500.
2500.
2500.
2500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.
1200.

800.
1000.
1000.
1200.
1200.
1200.
1200.

420.

420.

420.
2500.
2000.
2000.
1500.
1500.
2500.
1200.
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.63E-01
.49E-01
.52E+00
.44E+00
.18E+00
.16E+01
.44E+00
.99E+00
.08E+01
.40E+00
.94E+00
.31E+00
.51E+00
.04E+00
.23E-01
.40E-01
.04E-01
.68E-03
.68E-03
.33E-03
.09E-03
.37E-03
.01E-04
.13E-03
.13E-03
.43E-03
.43E-03
.29E-02
.29E-02
.18E-02
.94E+00
.44E+00
.44E+00
.97E+00
.97E+00
.97E+00
.59E+00
.58E+00
.12E-01
.30E+00
.64E-01
.01E+00
.22E-01
.36E+00
.39E+00
.07E+00
.11E-01
.76E+00
.62E+00
.00E-01
.00E-01
.00E-01
.12E-01
.50E-01
.71E-02
.98E-04
.61E-02
.60E-03
.52E-04
.39E-03
.45E-03
.57E-03
.72E-03
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182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
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Tb-163
Dy-142
Dy-143g
Dy-143m
Dy-144
Dy-145g
Dy-145m
Dy-146g
Dy-146m
Dy-147g
Dy-147m
Dy-148
Dy-149g
Dy-149m
Dy-150
Dy-151
Dy-152
Dy-153
Dy-154
Dy-155
Dy-156
Dy-157g
Dy-157m
Dy-158
Dy-159
Dy-160
Dy-161
Dy-162
Dy-163
Dy-164
Dy-166
Ho-145g
Ho-145m
Ho-146
Ho-147
Ho-148g
Ho-148m
Ho-148m2
Ho-149g
Ho-149m
Ho-150g
Ho-150m
Ho-151g
Ho-151m
Ho-152g
Ho-152m
Ho-153g
Ho-153m
Ho-154g
Ho-154m
Ho-155
Ho-156g
Ho-156m
Ho-156m2
Ho-157
Ho-158g
Ho-158m
Ho-158m2
Ho-159g
Ho-159m
Ho-160g
Ho-160m
Ho-160m2
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140.
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120.
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300.
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275.
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200.
100.
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500.
100.
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120.
400.
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1000.
1000.
1000.
1000.
1000.
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1200.
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1200.
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1200.
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1200.
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.54E-03
.23E-05
.57E-03
.57E-03
.14E-02
.69E-02
.15E-01
.47E+00
.47E+00
.38E+00
.42E+00
.51E+00
.67E+00
.67E+00
.00E+01
.06E+01
.01E+01
.27E+00
.04E+00
.81E+00
.25E+00
.96E-01
.96E-01
.69E-01
.02E-02
.46E-02
.36E-02
.48E-03
.76E-03
.00E-08
.55E-03
.98E-04
.98E-04
.38E-03
.22E-02
.74E-01
.74E-01
.74E-01
.99E+00
.65E+00
.01E+00
.49E+00
.14E+00
.53E+00
.09E-01
.24E+00
.66E+00
.64E+00
.87E+00
.87E+00
.12E+00
.16E+00
.44E+00
.60E-03
.19E+00
.69E-01
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.20E-01
.21E-01
.14E-01
.60E+00
.45E-02
.88E-03
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Ho-161g
Ho-161m
Ho-162g
Ho-162m
Ho-163g
Ho-163m
Ho-164g
Ho-164m
Ho-165
Ho-166g
Ho-166m
Ho-167
Ho-168g
Ho-168m
Er-147g
Er-147m
Er-148
Er-149g
Er-149m
Er-150
Er-151g
Er-151m
Er-152
Er-153
Er-154
Er-155
Er-156
Er-157g
Er-157m
Er-158
Er-159
Er-160
Er-161
Er-162
Er-163
Er-164
Er-165
Er-166
Er-167g
Er-167m
Er-168
Er-169
Er-170
Er-171
Er-172
Er-173
Tm-149
Tm-150g
Tm-150m
Tm-150m2
Tm-151g
Tm-151m
Tm-152g
Tm-152m
Tm-153g
Tm-153m
Tm-154g
Tm-154m
Tm-155g
Tm-155m
Tm-156
Tm-157
Tm-158

150.
150.
140.
140.
140.
140.
140.
140.
130.

75.

75.

75.
100.
100.
180.
180.
150.
140.
140.
300.
300.
300.
275.
250.
225.
225.
200.
180.
180.
160.
160.
140.
140.
140.
120.
120.
110.

95.

90.

90.

85.

85.

55.
100.
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200.
180.
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160.
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150.
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250.
250.
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225.
100.
200.
180.
180.
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1000.
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2500.
3000.
3000.
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2000.
3000.
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130.
1500.
1500.
2000.
2000.
1200.
1200.
1200.
1200.
1200.
1200.
1000.
900.
900.
900.
800.
900.
900.
900.
800.
800.
900.
1200.
1500.
275.
225.
2500.
3000.
3000.
2000.
3000.
3000.
1500.
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3000.
1200.
900.
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1200.
1200.
1200.
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1000.
1000.
1000.
1000.
900.
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800.
800.
750.
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.50E-01
.74E-02
.80E-02
.75E-02
.80E-02
.83E-03
.15E-02
.12E-03
.23E-02
.20E-03
.23E-03
.73E-08
.60E-03
.12E-04
.76E-04
.76E-04
.60E-02
.67E-02
.90E-02
.22E+00
.66E+00
.66E+00
.97E+00
.7T4E+01
.55E+01
.65E+01
.66E+01
.90E+00
.90E+00
.47E+00
.71E+00
.04E+00
.61E+00
.79E-01
.52E-01
.41E-01
.51E-01
.28E-02
.86E-02
.31E-02
.61E-02
.09E-02
.14E-03
.88E-03
.70E-03
.94E-04
.31E-05
.51E-03
.51E-03
.51E-03
.04E-02
.04E-02
.34E-01
.34E-01
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Tm-159
Tm-160g
Tm-160m
Tm-161lg
Tm-161m
Tm-162g
Tm-162m
Tm-163
Tm-164g
Tm-164m
Tm-165
Tm-166g
Tm-166m
Tm-167
Tm-168
Tm-169
Tm-170
Tm-171
Tm-172
Tm-173
Tm-174
Tm-175
Tm-176
Yb-150
Yb-151g
Yb-151m
Yb-152
Yb-153
Yb-154
Yb-155
Yb-156
Yb-157
Yb-158
Yb-159
Yb-160
Yb-161
Yb-162
Yb-163
Yb-164
Yb-165
Yb-166
Yb-167
Yb-168
Yb-169g
Yb-169m
Yb-170
Yb-171g
Yb-171m
Yb-172
Yb-173
Yb-174
Yb-175g
Yb-175m
Yb-176g
Yb-176m
Yb-177g
Yb-177m
Yb-178
Lu-152
Lu-153g
Lu-153m
Lu-154g
Lu-154m

160.
140.
140.
140.
140.
140.
140.
120.
120.
120.
95.
85.
85.
80.
80.
75.
34.
34.
85.
130.
100.
100.
100.
220.
200.
200.
180.
180.
250.
250.
240.
225.
180.
180.
160.
160.
150.
140.
130.
120.
110.
95.
85.
75.
75.
70.
65.
65.
55.
55.
30.
90.
90.
100.
100.
100.
100.
100.
200.
200.
200.
180.
180.
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600.
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900.
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800.
750.
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275.
2000.
350.
130.
2500.
3000.
3000.
1200.
3000.
120.
600.
2000.
2000.
1200.
1200.
1000.
900.
800.
800.
750.
800.
750.
700.
700.
750.
700.
750.
700.
225.
225.
275.
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300.
3000.
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1500.
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700.
2500.
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3000.
3000.

ocNoNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoBoNoNoNoNoNoNoNoloNRoNoNoNoNoNoNoNolNoNoNoNoNoNoNolNo o]

PR NMNNMNRPRPOOOUONWWENWRROOODRRERS IJRPEPRERPEPNMNNDMERERPRPNMNDMENMINDNNNRE IO NMNWORNRPRRERRERRERRERSMEPR S DSRERERE

.82E+01
.18E+01
.74E+00
.09E+00
.09E+00
.15E+01
.15E+01
.16E+00
.06E+00
.06E+00
.33E+00
.89E+00
.89E+00
.30E+00
.19E-01
.19E-01
.97E-02
.54E-02
.45E-02
.93E-02
.93E-03
.82E-03
.81E-04
.96E-06
.80E-03
.80E-03
.98E-02
.44E-01
.43E+00
.89E+00
.71E+00
.18E+01
.54E+01
.23E+01
.44E+01
.91E+01
.79E+01
.53E+01
.03E+01
.44E+00
.60E+00
.13E+01
.78E+00
.50E+00
.54E+00
.13E+00
.09E+00
.09E+00
.08E-01
.02E-01
.18E-01
.42E-02
.42E-02
.76E-02
.29E-03
.51E-03
.27E-04
.58E-03
.62E-06
.65E-06
.65E-06
.17E-03
.17E-03
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Lu-155¢g
Lu-155m
Lu-155m2
Lu-156g
Lu-156m
Lu-157g
Lu-157m
Lu-158
Lu-159g
Lu-159m
Lu-160g
Lu-160m
Lu-1l6lg
Lu-161m
Lu-162g
Lu-162m
Lu-162m2
Lu-163
Lu-164
Lu-165
Lu-166g
Lu-166m
Lu-l66m2
Lu-1l67g
Lu-167m
Lu-168g
Lu-168m
Lu-169g
Lu-169m
Lu-170g
Lu-170m
Lu-171g
Lu-171m
Lu-172g
Lu-172m
Lu-173
Lu-174g
Lu-174m
Lu-175
Lu-176g
Lu-176m
Lu-177g
Lu-177m
Lu-177m2
Lu-178g
Lu-178m
Lu-179g
Lu-17%m
Lu-180g
Lu-180m
Lu-180m2
Hf-154
Hf-155
Hf-156
Hf-157
Hf-158
Hf-159
Hf-160
Hf-161
Hf-162
Hf-163
Hf-164
Hf-165

180.
180.
180.
160.
160.
150.
150.
180.
200.
200.
180.
180.
160.
160.
140.
140.
140.
140.
140.
120.
110.
110.
110.
95.
95.
90.
90.
80.
80.
65.
65.
50.
50.
50.
50.
45.
12.
12.

45.
45.
55.
55.
55.
90.
90.
85.
85.
700.
700.
700.
220.
200.
180.
180.
180.
160.
200.
200.
160.
140.
120.
150.
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900.
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800.
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650.
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600.
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650.
600.
600.
600.
600.
600.
650.
650.
650.
650.
800.
800.
800.
800.
200.
225.
800.
800.
1000.
275.
300.
275.
300.
300.
3000.
700.
3000.
3000.
3000.
2500.
2500.
1000.
1000.
1000.
650.
2500.
700.
900.
900.
800.
700.
650.
600.
600.
550.
550.
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.79E-02
.79E-02
.79E-02
.52E-02
.52E-02
.67E-01
.33E-01
.52E+00
.71E+00
.27E+00
.17E+00
.15E+00
.72E+00
.72E+00
.43E+00
.43E+00
.43E+00
.42E+01
.22E+01
.25E+01
.58E+00
.09E+01
.10E+00
.29E+00
.29E+00
.74E+00
.81E+00
.70E+00
.97E+00
.11E+00
.11E+00
.53E+00
.08E+00
.55E+00
.13E+00
.68E+00
.12E+00
.32E+00
.73E+00
.90E-01
.91E-01
.62E-01
.09E-02
.79E-04
.40E-01
.87E-02
.00E-02
.00E-02
.96E-03
.96E-03
.96E-03
.49E-07
.06E-06
.46E-03
.96E-02
.36E-01
.36E-01
.72E+00
.51E+00
.95E+00
.54E+01
.96E+01
.45E+01
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Hf-166
Hf-167
Hf-168
Hf-169
Hf-170
Hf-171g
Hf-171m
Hf-172
Hf-173
Hf-174
Hf-175
Hf-176
Hf-177g
Hf-177m
Hf-177m2
Hf-178g
Hf-178m
Hf-178m2
Hf-179g
Hf-179m
Hf-179m2
Hf-180g
Hf-180m
Hf-181
Ta-158g
Ta-158m
Ta-159g
Ta-15%m
Ta-160g
Ta-160m
Ta-161g
Ta-161m
Ta-162
Ta-163
Ta-164
Ta-165
Ta-166
Ta-167
Ta-168
Ta-169
Ta-170
Ta-171
Ta-172
Ta-173
Ta-174
Ta-175
Ta-176g
Ta-176m
Ta-176m2
Ta-177
Ta-178g
Ta-178m
Ta-178m2
Ta-179g
Ta-17%m
Ta-179m2
Ta-180g
Ta-180m
Ta-181
Ta-182g
Ta-182m
Ta-182m2
W -159

130.
120.
100.
95.
85.
80.
80.
60.
60.
50.
45.
30.
30.
30.
30.

11.
11.
45.
45.
45.
50.
50.
275.
100.
100.
110.
110.
100.
100.
100.
100.
100.
180.
160.
120.
150.
130.
120.
100.
90.
80.
65.
60.
50.
36.
30.
30.
30.
18.
12.
12.
12.

28.
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28.
200.
200.
200.
220.
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450.
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400.
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160.
275.
225.
800.
750.
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800.
800.
800.
900.
3000.
800.
750.
750.
900.
900.
1500.
900.
900.
1000.
1000.
750.
750.
600.
600.
600.
550.
550.
450.
450.
450.
400.
400.
200.
225.
180.
250.
750.
160.
140.
140.
140.
150.
400.
350.
400.
120.
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100.
800.
1600.
1600.
1600.
600.
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.7T6E+01
.29E+01
.08E+01
.06E+01
.85E+01
.48E+01
.14E+00
.22E+01
.62E+00
.04E+01
.21E+00
.33E+00
.32E+00
.83E-01
.61E-03
.95E+00
.86E-01
.86E-02
.56E+00
.95E-01
.72E-01
.40E+00
.15E+00
.89E-01
.15E-04
.15E-04
.37E-03
.89E-03
.34E-03
.34E-03
.26E-02
.48E-02
.99E-01
.98E+00
.54E+00
.64E+00
.11E+00
.16E+01
.08E+01
.11E+01
.39E+01
.97E+01
.49E+01
.15E+01
.83E+01
.64E+01
.04E+00
.04E+00
.04E+00
.55E+01
.10E+00
.41E+01
.10E+00
.99E+01
.99E+01
.99E+01
.98E+01
.01E+01
.20E+01
.17E-01
.17E-01
.17E-01
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200.
180.
180.
160.
150.
160.
130.
140.
150.
130.
120.
110.
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900.
600.
550.
700.
600.
500.
300.
250.
400.
400.
300.
2