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A considerable number of primordial radioisotopes are present in almost all the samples ex-
tracted from the Earth’s crust, such as oil, rock, soil or other materials. Their concentrations
are often determined by gamma spectrometry. Although the relative concentrations of iso-
topes often fluctuate within a narrow range, it is not always the case. Some natural materials
(such as naturally occurring radioactive material) show unusual activity ratio between 238U
and 232Th, while technologically processed materials (technologically enhanced naturally oc-
curring radioactive material) might also introduce significant disequilibrium in radioactive
chains. Knowing that primordial radioisotopes emit in total more than a thousand gamma
and characteristic X-ray photons and that many of them interfere with each other, a question
arises whether for some activity ratios commonly used photopeaks become useless for quanti-
tative analysis, due to interferences with other photopeaks. A computer program was devel-
oped in order to calculate full energy photon interferences for any chosen photopeak. The cal-
culations are based on the inputs in the form of isotope activities and detector calibration

equations and its characteristics are presented in this paper.
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INTRODUCTION

NORM and TENORM are abbreviations for nat-
urally occurring radioactive material and technologi-
cally enhanced naturally occurring radioactive mate-
rial, respectively. While the natural radioactivity is
present everywhere, in some cases human activities
create greater chances for the exposure of general popu-
lation to particular natural radioactive material.
TENORM is a NORM material in which the natural
concentrations of radioactive materials are modified by
some technological process (oil extraction, combus-
tion, water treatment in water plants, efc.) [1].

Gamma spectroscopy is often used to examine
radioactive content of natural materials, in every day
practices as well as in science. Materials extracted
from the Earth’s crust are more or less isolated from
the atmosphere, so the content of artificial (and
cosmogenic) radionuclides is usually very low, mean-
ing that they can be classified as NORM materials. Pri-
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mordial radionuclides 233U, 23?Th, and 233U with prog-
enies, as well as *°K are always present in some quanti-
ties and all contribute to the gamma radiation levels.
There are three principal problems in assigning
the physical meaning to detector signals generated by
photons in gamma spectroscopy. First, not all the pho-
tons will deposit all of their energy in the detector [2].
This problem was addressed in a number of papers and
thus will not be further analyzed in this paper. Second,
even if the first problem were somehow avoided, a fi-
nite resolution of the detector remains a problem: the
photons that are within a certain energy window can-
not be distinguished. In the case of samples containing
several radionuclides with many gamma photons, the
spectrum can become very complex and many photons
can fall within a detector full width at half maximum
(FWHM) at certain energy. Quantitative analysis of
such photopeaks can be a troublesome job and in-
cludes using of deconvolution software, estimating in-
terferences based on other photopeaks of the same
radionuclide or quantitative analysis by other methods
[2]. Another approach might be radioche- mical sepa-


https://core.ac.uk/display/197929739?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

M. Z. Zivanovié, et al.: Analysis of Interferences from Full Energy Peaks in ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 4, pp. 380-387 381

ration of radionuclides [3]. Finally, several photons
may interact with the sensitive volume of the detector
during the time interval shorter than the resolving time
ofthe detector, and then the effect of summing will oc-
cur. This problem was also analyzed in literature [4]
and is usually insignificant for low count rates typical
for environmental samples, so it would not be dis-
cussed further.

Quantitative gamma analysis of NORM and
TENORM materials is often performed without
radiochemical separation. Even in the case of high
resolution germanium detectors (which have much
better resolution compared with Nal(Tl) detectors),
photopeaks that are used in quantitative analysis can
interfere with other photopeaks. This means that sev-
eral photopeaks are so close that they cannot be re-
solved by the detector system, and an overall
photopeak is detected instead. The contribution to the
overall photopeak by all the photons except for the
photon being analyzed is considered to be interfer-
ence. In this paper, the interferences were calculated
for most of the commonly used photopeaks and for
several realistic cases of natural radioactivity con-
tent. In some cases present in the environment, the
isotope activities deviate significantly from the “nor-
mal” cases and interferences might mask important
photopeaks to such extent to render them completely
useless for quantitative analysis. Knowing these
cases is particularly important for the laboratories
that perform routine gamma spectroscopic analysis.

Samples with roughly equal activity of 28U and
232Th are commonplace [5]. If radioactive equilibrium
is assumed as well as natural uranium isotopic compo-
sition, it is possible to calculate emission and detection
rates for all the emitted photons, along with the inter-
ferences that they cause to the photons important in
quantitative analysis. In this case, all the important
photons are either nearly free of interferences, or the
extent of those interferences is well known. However,
environmental samples such as zircon ore with 233U to
232Th activity ratio of 10:1, or phosphate rock samples
with 238U to 23?Th activity ratio of 1:3 are not rare, and
even higher imbalances can be found. Radioactive
chains might also be significantly disturbed, espe-
cially in TENORM materials. In these cases, some low
yield photons that can be normally neglected during
gamma spectroscopic analysis make significant con-
tribution to the spectrum, and in some cases they might
even completely mask photons that are normally free
from interferences.

An extensive literature research resulted in a set
of important photons commonly used in quantitative
gamma spectroscopic analysis. A further research re-
sulted in some extreme cases of significant disruption
of radioactive equilibrium and/or extreme values for
the 233U to 2*2Th ratio. In the last step, a computer pro-
gram was developed and used to analyze all the col-
lected data.

MATERIALS AND METHODS

A computer program INCA (interference calcu-
lator) currently under development was used for the
calculations. The program uses a custom photons da-
tabase that includes the photons of all isotopes listed
in tab. 1. For simplicity, only photons with emission
probability higher than 0.1% were included in the da-
tabase. Important gamma photons in the context of
this paper are photons commonly used in quantitative
analysis of NORM and TENORM materials. In order
to determine such photons, an extensive literature re-
search was made [6-13]. All the selected photons are
listed in tab. 1, and the papers in which they were
used are indicated with x. The values for photon ener-
gies and yields, for branching ratios and other data
are obtained from BIPM monograph [14]. The pro-
gram inputs are the detector energy and efficiency
calibration data and the specific activities of all
radionuclides existing in a sample. The interferences
can be estimated for real samples before the gamma
spectrometry measurement is started if the calcula-
tions are performed with expected or typical values
of activities for the type of material (phosphate, zir-
con ore, etc.) that is being measured. The program
combines the input data with the data from the photon
database to calculate the number of detected photons
for each gamma line and isotope for specific sample.
Then, a set of photons selected by the user is checked
for full energy peak interferences. The user is free to
choose the energy window within which he wishes to
investigate for possible interferences. This window
can be the detector FWHM or FWTM calculated
from detector calibration curves or an arbitrary en-
ergy window defined by the user.

Ahypothetical “typical” case was created in order
to have a standard or reference sample, suitable for
comparison with TENORM material spectra. For this
purpose, UNSCEAR report for year 2000 was used [5].
According to this report, the values around 500 Bg/kg,
40 Bg/kg, and 40 Bq/kg can be considered as very likely
activities of “°K, 28U, and 2*2Th in soil around the
world, respectively. For this typical sample, radioactive
equilibrium was further assumed. The case of the “typi-
cal sample” is important for the illustration of how the
interferences might significantly differ if radioactive
equilibrium is disturbed or the 233U to 23?Th ratio takes
extreme values.

The other cases were chosen in such fashion that
the gamma emitting isotopes relative activities are as
different from the reference case as possible.

The first case was taken from [ 15]. Phosphogypsum
produced in a sulphuric acid process is doubly interesting:
232Th activity is much lower than 28U activity, and**°Ra is
concentrated 4 times compared to 2**U. Since only the ac-
tivities for 28U, 22°Ra, 232Th, and ?'°Pb were given, it was
assumed that the other radioisotopes are in equilibrium
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Table 1. List of photons commonly used in gamma spectroscopic analysis of natural radionuclides

Reference [6] [7] [8] [9] [10] [11] [12] [13]
Isotope | Energy [keV]

K 1460.822 X X X X X
4Th 63.3 X X

Z4Th 92.8 X
B4mpy 1001.026 X X

2tU 53.2 X

OTh 67.67 X

26Ra 186.211 X X

214pp 295.224 X X X

214pp 351.932 X X X X
214Bj 609.312 X X X

214B;j 1120.287 X X

214Bj 1764.494 X X X X

210py, 46.539 X X

Ac 338.32 X

BAc 911.196 X X X X
Ac 968.96 X

2*Ra 240.986 X

212pp 238.632 X X
2087] 583.187 X

2087 2614.511 X X X

By 143.767 X

3y 163.356 X

3y 185.72 X

with their parents, and that the uranium isotopic composi-
tion is natural.

In second case, a sample with naturally depleted
uranium (DU) was considered. 23°U isotopic fraction
as low as 0.44% was found in samples from Oklo mine
[16]. The reason for the disturbance of isotopic com-
position is the natural nuclear reactor that was active in
Oklo at least 2 billion years ago. Radioactive equi-
librium has been achieved again since. This is a hypo-
thetical sample. It was assumed that it is completely
analogous to the reference case, with the exception of
uranium composition. 2*3U and 2*?Th activities were
set to 40 Bq/kg, *°K activity to 500 Bq/kg and the
other isotopes activities were calculated having in
mind altered uranium isotopic composition.

Activities for the third case were obtained from
[17]. Phosphate rock activities were interesting be-
cause 2*?Th activity was three times higher than 238U
activity. Radioactive equilibrium was also disturbed to
some extent. 233U chain activities were calculated as-
suming natural isotopic composition.

The last case was Zircon ore. Zircon is an inter-
esting example of NORM material. 23®U activities are
typically higher up to an order of magnitude than >3>Th
activities, and *°K activities are usually lower than ei-
ther 238U or 232Th activities [11, 18]. The case that was
studied was of a zircon ore originating from the USA.
238U chain activities were around 8 times higher than
232Th chain activities, with some equilibrium distur-
bances. 23U chain activities were calculated assuming
natural isotopic composition.

For all the samples, several assumptions were
made: all the radionuclides are in radioactive equilib-
rium with their respective parents, unless another ac-
tivity is specified. 238U and 23U activities are calcu-
lated according to natural isotopic composition,
except for the Oklo mine case. In all the cases, concen-
trations of all the isotopes were calculated according
to these ad hoc rules, but the “°K concentration is set to
0 if the data is not available.

Since all the calculations require a known detec-
tor efficiency and FWHM, depending on energy, or
otherwise set energy window, an actual detector cali-
bration equations were used. Because of the very rich
spectrum, the detector that was chosen is an extended
range germanium detector, with 105% relative effi-
ciency and FWHM of 1.03 keV at 122 keV and
FWHM of 2.04 keV at 1332 keV. For calibration pur-
poses, IAEA spiked soil sample was used. Admittedly,
three of the samples that were studied have somewhat
different matrix and density then the soil sample used
for calibration, so the detector efficiency will be differ-
ent. However, using of the same calibration equation is
justified by the fact that the interferences that are cal-
culated depend on the ratio of the count rates of the in-
terfering photopeaks and do not depend on the abso-
lute value of efficiency. Density effects on efficiency
will have the same influence on all the interfering pho-
tons, because the efficiency will drop linearly with
density [19]. Matrix effects will not be significant, es-
pecially considering that the photons that interfere
with each other have similar energies. Any uncertain-
ties introduced this way will be small compared to the
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other sources of uncertainties, above all, values for ac-
tivities of the samples.

RESULTS AND DISCUSSION

The activities of all the radioisotopes of all the
samples were calculated where these activities were
not previously available, and are presented in tab. 2.
Isotopes were grouped to indicate sub-chains within
the main radioactive chains. Sub-chains were identi-

fied according to the time needed for radioactive equi-
librium to be achieved between two subsequent
radionuclides.

The interferences were calculated using INCA
program for 23 peaks for 4 samples and the reference
sample. The energy window used is calculated from
the calibration formula for an extended range germa-
nium detector. The example of calculated values for
FWTMis 3.05keV at 100 keV and 4.65 keV at 1 MeV.
Two tables are given, one for the energy window equal
to | FWHM and another for the energy window equal

Table 2. Overview of the activities of all the isotopes in the studied cases

Tsotope Activity [Bgkg ']
Reference sample Phosphogypsum Natural DU Phosphate rock Zircon ore
28y 40 200 40 140 1320
24Th 40 200 40 140 1320
Z4mpy 40 200 40 140 1320
2ipy 0.06 0.3 0.06 0.21 1.98
s} 40 200 40 140 1320
0Th 40 200 40 140 1320
2Ra 40 850 40 140 1500
*2Rn 40 850 40 140 1500
218pg 40 850 40 140 1500
214py 39.99 849.81 39.99 139.97 1499.67
2I8AL 0.01 0.19 0.01 0.03 0.33
214Bj 40 850 40 140 1500
214pg 39.99 849.82 39.99 139.97 1499.69
2107y 0.01 0.18 0.01 0.03 0.32
210py, 40 200 40 120 1500
210B; 40 200 40 120 1500
210pq 40 200 40 120 1500
BT 40 17 40 470 190
28Ra 40 17 40 550 190
28A¢ 40 17 40 550 190
28T 40 17 40 550 190
2*Ra 40 17 40 550 190
20Rn 40 17 40 550 190
216pg 40 17 40 550 190
212pp 40 17 40 550 190
22g; 40 17 40 550 190
212p, 25.63 10.89 25.63 352.39 121.73
20871 14.37 6.11 14.37 197.62 68.27
2y 1.8 9 1.10 6.28 59.19
BITh 1.8 9 1.10 6.28 59.19
Bipy 1.8 9 1.10 6.28 59.19
2TAc 1.8 9 1.10 6.28 59.19
21Th 1.78 8.88 1.08 6.19 58.38
23Fy 0.02 0.12 0.02 0.09 0.82
2Ra 1.8 9 1.10 6.28 59.19
2Rn 1.8 9 1.10 6.28 59.19
23pg 1.8 9 1.10 6.28 59.19
21py, 1.8 9 1.10 6.28 59.19
2Bj 1.8 9 1.10 6.28 59.19
2po 0.005 0.02 0.003 0.02 0.16
207 1.80 8.98 1.09 6.26 59.03
K 500 0 500 0 0
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to 1 FWTM (tabs. 3 and 4). Detection rates are also -

calculated based on the actual detector calibration and

the known activities. The interferences thus calculated

are approximate and the calculations are valid given -

that the following assumptions are true:

— only the isotopes listed in tab. 2 are present in the
sample,

contribution of gamma photons and characteristic
X-rays with yield lower than 0.1 per 100 disinte-
grations is negligible, and

bremsstrahlung, Compton continuum, X-ray es-
cape peaks, single and double escape peaks and
electron escape peaks are deducted from the spec-
trum or are negligible to begin with.

Table 3. Interferences given as the percentage of the photopeak calculated for energy window equal to 1 FWHM of the

simulated XtRa germanium detector

Isotope Interferences in the photopeak [%]
Energy [keV] |Reference sample| Phosphogypsum Natural DU Phospate rock Zircon ore
YK 1460.822 0.68 n. a. 0.68 n. a. n. a.
P4Th 63.3 6.73 0.88 6.65 19.05 1.28
24Th 92.8 76.79 63.37 76.06 89.89 62.71
24mpy 1001.026 0 0 0 0 0
26Ra 186.211 42.01 14.56 30.63 41.93 38.85
214pp 295.224 0.22 0.12 0.18 0.22 0.20
214pp 351.932 1.63 0.39 1.00 1.63 1.44
214Bj 609.312 0 0 0 0 0
214Bj 1120.287 0.0025 0.0006 0.0025 0.0025 0.0022
214Bj 1764.494 0 0 0 0 0
210pp 46.539 0.20 0.20 0.12 0.23 0.18
A 338.32 1.11 11.69 0.68 0.28 7.23
BAC 911.196 0.00 0.12 0.00 0.00 0.02
A 968.96 0.00 0.00 0.00 0.00 0.00
Ra 240.986 63.76 98.88 63.76 30.93 93.28
212pp, 238.632 0 0 0 0 0
20871 583.187 0.39 0.40 0.39 0.39 0.40
2087 2614.511 0 0 0 0 0
35y 143.767 23.53 23.53 23.57 23.54 23.54
2y 163.356 2.98 2.98 2.98 2.98 2.98
3y 185.72 58.04 85.45 69.43 58.12 61.19

Table 4. Interferences given as the percentage of the photopeak calculated for energy window equal to 1 FWTM of the

simulated XtRa germanium detector

Tsotope Interferences in the photopeak [%]
Energy [keV] |Reference sample| Phosphogypsum Natural DU Phosphate rock Zircon ore
K 1460.822 0.68 n. a. 0.68 n. a. n. a.
4Th 63.3 6.73 0.88 6.65 19.05 1.28
4Th 92.8 86.10 82.71 85.74 94.66 74.42
B4mpy 1001.026 0 0 0 0 0
22°Ra 186.211 42.01 14.56 30.63 41.93 38.85
214pp 295.224 0.22 0.12 0.18 0.22 0.20
24pp 351.932 1.97 0.73 1.34 1.96 1.77
214Bj 609.312 0.0012 0.0003 0.0012 0.0012 0.0011
214Bj 1120.287 0.0025 0.0006 0.0025 0.0025 0.0022
214Bj 1764.494 0 0 0 0 0
21%pp 46.539 0.41 0.41 0.25 0.48 0.36
2Ac 338.32 4.52 14.96 4.09 3.70 10.56
Ac 911.196 0.00 0.12 0.00 0.00 0.02
BAc 968.96 23.94 23.97 23.94 23.94 23.96
2%Ra 240.986 92.54 99.00 92.54 91.73 96.08
212pp 238.632 9.65 19.73 9.24 8.86 15.49
2087 583.187 1.58 37.89 1.58 0.70 9.06
20871 2614.511 0 0 0 0 0
3y 143.767 40.46 26.83 47.37 62.76 27.90
35y 163.356 2.98 2.98 2.98 2.98 2.98
By 185.72 58.16 85.47 69.49 58.24 61.30
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A conservative approach during gamma-ray
spectrometry is that two lines can be resolved if their
separation is higher than ~1 FWHM. It is clear from
tab. 3 that many photons have a significant and vari-
able interference from other photons within the energy
window of 1 FWHM. For the energy window of 1
FWTM, interferences are higher, as expected.

The photons in these tables can be divided in
three groups: photons with significant and variable in-
terferences, photons with significant but constant in-
terferences and photons with negligible interferences.
The first group is the most interesting for the topic of
this paper.

As can be seen from the tables, a large interfer-
ence is present in case of 2*Ra in all the samples. Also, a
considerable interference can be found at the 186 keV
photopeak that belongs to *?Ra and 233U, which was
expected. Three photons are especially interesting:
208T1 photon at 583 keV and ?'?Pb photon at 239 keV
have significant interferences when the window is set to
1 FWTM, and the extent of interferences is very much
dependent on the case that is examined. However, if the
window is set to 1 FWHM, no interferences are re-
corded. 228 Ac photon at 338 keV has significant inter-
ferences at both energy window settings, and they are
affected by the case that is studied. All these lines are of-
ten used for quantitative analysis.

The reason for such behaviour of these
photopeaks can be found by analysing other photons
with similar energies, which is another option avail-
able in the INCA program. Within 1 FWTM of the
212Pb photon at 239 keV, there are the contributions of
two other photons. One is emitted by 2*’Th, and the
other by 2?*Ra. ?2*Ra and 2!?Pb are in the same radioac-
tive chain, and the radioisotopes between them have
short half-lives (3.6 days at most). Since most of the
laboratories wait up to 30 days to perform the mea-
surements, it is very likely that 2'?Pb and **Ra activi-
ties are equal within the experimental error margin.
Th-227, on the other hand, belongs to 23°U chain. As
the 233U activity is connected to 233U activity in most
of the samples, so is the 22’Th activity. This photon
proves to be the reason for the difference in interfer-
ences to 212Pb photon between the cases.

If the same process is repeated with 20°T1
photopeak at 583 keV, it can be seen that in its vicinity
there are 3 photopeaks. Again, one photon is emitted
by an isotope in the same radioactive chain, >2®Ac, and
its contribution to the photopeak should not vary by
much. Another photon is emitted by 23*Pa, and due to
its low yield and low 2**Pa activity due to the branch-
ing ratio, it is insignificant. The third photon is emitted
by 2!4Pb, which belongs to 23%U radioactive chain. Its
contribution to the overall photopeak ranged from un-
der 1% to over 30%.

Finally, 2*Ac photopeak at 338 keV also has 3
photopeaks in its vicinity. One of them also belongs to
228 A¢, and hence does not represent any problems. The
other is a low yield photon of 3!Pa, and can be ne-

glected in all the cases. The third photon belongs to
223Ra and is shifted less than 0.1 keV from the *8Ac
photon. These two peaks are irresolvable by conven-
tional gamma spectrometers. It also proves that this
photon’s contribution to the overall photopeak can
vary by the factor 10 at least. In the different cases
studied, it was less than 1% and more than 10%.

Similar discussion can be repeated for all the
listed photons, or any other photon that is available to
the INCA program through the database.

It is also interesting to identify the photons such
as 228 Ac photon at 969 keV, which has almost constant
interferences for all the cases studied. Other photons
have no interferences within used energy windows. It
is impractical and even impossible to predict and ana-
lyse all the possible scenarios, but it was shown con-
clusively that performing quantitative gamma analysis
of NORM and TENORM materials might be errone-
ous without estimating the contribution of the photons
with similar energies.

CONCLUSIONS

In this paper, it was shown that some photons
commonly used for NORM and TENORM quantita-
tive analysis can get interferences so large that they be-
come useless for the analysis, only by varying isotopes
concentrations. This is true even if a germanium detec-
tor with FWHM of 1.03 keV at 122 keV and FWHM of
2.04keV at 1332 keV was used. The influence of inter-
ferences becomes much more significant if a Nal(Tl)
detector is used, due to its inferior resolution.

Five different cases were studied, all of which
represent realistic examples of what any laboratory
can come across. It was shown that not only in cases
when the equilibrium in radioactive chains is dis-
turbed, but also when the ratio between 23*Th and 238U
changes, unexpected interferences may occur. *’Th
and 2*8U activity ratio can vary in NORM materials by
more than one order of magnitude, which could cause
some important photons to be completely masked.

While the analyzed cases illustrate the change in
interferences, they are far from the most extreme. An-
other important addition to this work may be identifica-
tion of summation and escape peaks that might interfere
with photopeaks commonly used in quantitative analy-
sis. Also, NORM and especially TENORM samples
can be contaminated by artificial or cosmogenic
radionuclides. If the study was extended to the
photopeaks of these radionuclides, additional valuable
data might have been acquired.
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Munom 3. XXKUBAHOBUR, Jenena 1. HUKOJINh,
Amngpeu . AITOCTOJL, Mapuoc J. AHATHOCTAKHUNC

AHAJ/IN3A UHTEP®EPEHIIMJA ®OTOIIUKOBA Y T'AMA
CIIEKTPOMETPUIA NORM U TENORM Y30PAKA

3Havajan Opoj IpUMOpP/ANjaTHUX PaIMOHYKIIUIa HAla3! Ce€ Y CKOPO CBUM Y30plMa MOPEKIOM
u3 3eMIbiHE KOpPe, OUIIo ia ce pafiu 0 HapTu, KaMeHy, 3eMJbULITY WM HEKOM ApyroM Marepujany. lbbuxose
KOHIIEHTpauuje ce yecTto ofpebyjy rama cnektpomerpujcku. Mako ce penaTUBHE KOHIEHTpaluje
pafMOHYKJINAA YIJIAaBHOM Kpehy y pellaTMBHO yCKOM OICEry, TO HHje yBeK ciy4daj. Hexu mpupopHu
matepujanun (NORM) cagpxke U u 2 Th ca Heyo6uYajeHMM OZHOCOM aKTHBHOCTH, a TEXHOJOIIKH
nm3meean Matepujamu (TENORM) mory Takobe nmaTi pafinoakTHBHE HI30BE Y 3HAUAjHOj HEPABHOTEXKM.
AKO ce 3Ha 1a IpUMOP/UjaTHi PaJuOHYKIUaAK eMuTyjy Buie of 1000 rama ¢poToHa 1 KapaKTEPUCTUYHUX
X-3paka U fja MHOTH Off BuX MehycoO6HO nHTepdepupajy, MocTaBba ce MUTAKE 1a U 3a HEKe OfHOCE
KOHIIEHTpaluuja yecTo KopuiitheHu (poTOHU 110CTajy HeYNOTPeOJbUBY 32 KBAHTUTATUBHY aHANIN3Y. Y LUIbY
HallaXkema TaKBUX CIlIydajeBa pa3BHjeH je padyHapCKH MPOorpaM KOju MOXe Jia padyHa uHTepgepeHImje
KoOje moTu4y oj (poTOHa KOjU Cy NMpefaiu Lelly eHeprujy AeTeKTopy, 3a OMiI0 Koju ogabpaHu (hOTOH.
N3pauyHaBama ce 3aCHUBAjy Ha YHETHM AaKTHBHOCTMMA M30TONA U KalnUOPAalMOHMM jefHauMHAMa
feTeKTOpa.

Kwyune peuu: zama ciiexiipomeitipuja, unitieppeperyuja, NORM, TENORM, paouoaxitiusrocii




