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The spectrometric systems, especially based on NalI(Tl) and HPGe detectors, are used for nu-
clide identification and calculation of their activities from the ground measurements and air-
borne monitoring. The determination of the air kerma (dose) rates is also very important for
environmental measurements. In such cases, the detectors should be calibrated for air kerma
(dose) rates in nGyh! or uGyh-1. A simple calibration of NaI(T1), HPGe as well as plastic de-
tectors for the low-level air kerma rates is presented in this contribution. This calibration is
based on comparing the relative absorbed energy rate in detectors (MeVs-!) calculated from
spectra with the air kerma rates calculated by the Monte Carlo simulation and supplementary
to the data from the RSS Reuter&Stokes high pressure ion chamber. This method also elimi-
nates the conversion from the non-air kerma rates in crystals to the air kerma rates. Three dif-
ferent types of small cylindrical detectors were calibrated for the air kerma rates from the
background of 26 nGyh! to some tens of wGyh-! in the energy range to the maximum of 3
MeV. The results of calibrations of the 3" x 3" NaI(T1), HPGe detector and a small plastic de-
tector (made of polystyrene) including some examples of environmental measurements are
presented.
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INTRODUCTION

Many papers have been devoted to Nal(Tl) and
HPGe spectrometric detector calibration, especially
determination of their efficiencies, for example in [1,
2]. The determination of the air kerma rates was also
described for Nal(TI) detectors in many publications,
[3-6] and others.

Beck et al. [3, 4] have shown, with their spectro-
metric methods using Nal(Tl) crystals, that the total en-
ergy absorbed in the crystal, ranging from 0.15 MeV to
3.4 MeV, is closely proportional to the total dose rate
determined with a high pressure ion chamber in various
field locations. Moreover, for purposes of determining
the contributions of natural and man-made gamma-ray
emitters to the total terrestrial exposure-dose-rate, they
introduced the conversion factors. The factors were de-
termined for each gamma peak individually.

The experimental method [5] converted informa-
tion deposited in gamma spectra from a 3" x 3" Nal(TI)
crystal with dimensions of 7.6 cm x 7.6 cm to the air
kerma rate. The calibration procedure was based on the
measurements of energy deposited in a detector using 10
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radioactive sources with well-known activity in an en-
ergy range from 60 keV to 1836 keV. For different kinds
of radioactive sources, the spectra for different angular
positions were acquired with respect to the longitudinal
axis of the detector. The spectra were acquired for differ-
ent types of radioactive sources and different angular po-
sitions with respect to the longitudinal axis of the detec-
tor. The total energy which was deposited in the detector
was also calculated by the Monte Carlo calculations. The
calibration factors for each from 10 energy areas were
calculated based on well-known air kerma rates from the
sources. The calibration procedure was verified by com-
paring results using '3’Cs and %°Co collimated beams and
the calibrated high pressure ion chambers.

The paper [6] describes the method of air dose
rate determination in a 3" x 3" Nal(Tl) crystal. Two
quantities, i. e., absorbed energy rate and average ab-
sorbed energy ina 3" x 3" Nal(Tl) crystal were deter-
mined. The crystal response was corrected by the con-
version factors which were determined as a function of
the average gamma energy represented by gamma en-
ergy in a place to be measured and which can be ob-
tained by the measurement of average absorbed en-

ergy.
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Other sophisticated methods of air kerma rate
calculation based on the conversion factors between
the non-air kerma rate in the detector and the air kerma
rate were presented in [7-9]. These methods are appli-
cable to environmental and airborne measurements.

The calibration procedure described in this con-
tribution eliminates both the energy dependence of
nuclides used for calibration and the non-air-kerma
rate to air kerma rate conversion in the detectors used.
On the other hand, the method is partly limited. It is not
suitable for the nuclides with lower gamma energies
only such as >*'Am, *’Co, '**Ba, efc. (energy below
300 keV).

‘We primarily modified previously described meth-
ods [5, 6] according to our available means. The pro-
posed calibration method was successfully applied for
calibrating both small cylindrical Nal(Tl) detectors,
HPGe detectors and even small cylindrical plastic detec-
tors. All detectors had small volumes (<1000 cm?) and
the ratio of diameter/length was about 1.0. Some exam-
ples of environmental measurements are also presented.

THEORY

The air kerma rates determined from total cps are
energy dependent. Figure 1 shows the relationship be-
tween cps (counts per second) and the air kerma rates K,
for three different nuclides (1*’Cs, '32Eu, and °°Co) in a
3" x 3" Nal(TI) detector (AGRS Pico Envirotec, Inc.).
We defined the relative absorption energy rate £, , based
on the output spectrum to eliminate this effect.

The relative absorption energy rate £, , in a crys-
tal was determined as

[E,-N(E,)dE,
E ma— ., (1)
t
where E,, is the relative absorption energy rate in the
crystal in MeV per second, the value of £, is energy in
MeV in the interval dE,, and N(E,) are the number of
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Figure 1. Example of the air kerma rate vs. total cps for
137Cs, *Co, and ' *Eu measured in the 3" x 3" Nal(TI)
detector

counts corresponding to E, in the interval E,, E, + dE,
and t is the life (real) time in seconds.

Because multi-channel analysers were always
used, then the aforementioned formula can be modi-
fied accordingly

SE,-N(E,)

Eo= % (2)
where E,, [MeVs '] is the relative absorption energy
rate, ¢ —the live (real) time, j — the initial channel num-
ber and n — the final channel number and N(E)) is the
number of counts with an energy E, in the interval E,,
E,+ AE, in a channel over the measuring time ¢.

The E,, value can be calculated from the energy
calibrated spectra. Based on the spectra measured in
Nal(TI) detectors, HPGe or plastic detectors the air
kerma rates should be determined in the place of the
detector (on condition that kerma is equal to dose).

We assumed according to [3] and [4] that the rel-
ative absorbed energy, respectively the relative ab-
sorbed energy rate £, in MeVs™! characterized by the
output energy spectrum, is closely proportional to the
air kerma rate K, in the place of the detector.

When calibrating a detector, we needed a set of
pairs of relative absorbed energy rates E,, and air
kerma rates K, in the required range of air kerma rates
to determine the relationship between both quantities

SE, N,

Ka:f(Ema):f % 3)

In the Monte Carlo simulation, the detector vol-
ume in question was replaced by the air and the air
kerma rates were calculated for specific source-detec-
tor distances. This approach is more appropriate be-
cause we could simulate the detector volume more
precisely. The reference measurement system can also
be used if the Monte Carlo simulation is not available.
In such case, for example, the RSS Reuter&Stokes
high pressure ion chamber can be used.

In case of the RSS high pressure ion chamber,
the exposure rate! X was measured in the traditional
unit Rh'!. Therefore, all data were converted to SI
units, in our case to the air kerma rate K, in pGyh™'.
The following conversion formulae were applied to
convert the exposure rate X to the air kerma rate K.

“1p -1 -1
X ogsqp2 ke h s Ry
K, Gyh ™ Gyh ™

" Obsolete dosimetric quantity defined as the exposure dX/dz is

the quotient of dX by dz, where d.X is the increment of exposure
in the time interval d¢
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K -1 -1
2 3385 M _g73.403 G (5)
Ckg'h™! Rh™'

Finally, the regression curves were calculated for
the pairs of air kerma rates K, vs. the relative absorbed
energy rates £, for the appropriate energy range

ma

a :kiAn '(E)IFI zAl +A2 'Ema +
=1
+A3 (Epg ) + Ay (Epy )’ (6)

MATERIALS AND METHODS
Calibration rooms

The detectors were usually calibrated from 0.026
uGyh™ to some 0.15 pGyh™ (in some cases up to 3
uGyh™) in the low-background chamber (hereinafter re-
ferred to as the LBC chamber) at the National Radiation
Protection Institute in Prague (hereinafter referred to as
SURO). This chamber is routinely used for the whole-body
counting of the internally contaminated persons.

The chamber is made from special low-back-
ground material made of steel plates with a thickness
of 3 x 6 cm plus 3 cm steel free of man-made nuclides,
in total 21 cm steel with an extremely low natural nu-
clide contents. The complete inner surface is covered
with copper with a thickness of 1 mm. The inner di-
mensions of the chamber are 248 cm x 201 cm % 200
cm (D x W x H). The background inside the LBC
chamber achieves 26 nGyh! [10].

All other measurements and calibrations for
higher air kerma rates were performed at the calibra-
tion room of the NBC Defence Institute, University of
Defence in Vyskov, CZ which offered the experimen-
tal area of approximately 4 m x 10 m.

This area allowed exposing the detectors from a
natural background of 0.125 pGyh ' to 65 uGyh™! de-
pending on the source-detector distances used from
2.0 up to 8.0 m and the sources used.

Sources

The low-activity '>2Eu, ®Co, and '*’Cs sources
produced by the Czech Metrological Institute (activi-
ties in a range of hundreds kBq) were applied in the
low-background chamber for calibration.

The sources of '*?Eu (50.2 MBq), ®°Co (100 MBgq,
500 MBq and 2 GBq), **°Ra (175 MBq) and *’Cs
(102.1 MBgq, 455.1 MBq and 3.145 GBq) were used in
the NBC calibration room to achieve the air kerma rates
up to 65 uGyh.

Reuter&Stokes high
pressure ion chamber

The RSS Reuter&Stokes high pressure ion
chambers were also used to compare the results from

the simulation. The Reuter&Stokes high pressure ion
chambers RSS-112 or RSS-131 were utilized in our
experiments while the RSS-112 chamber was certifi-
cated by the Czech Metrological Institute, Certificate
No. 9051-PS-8541-12. These devices use high pres-
sure chambers with a volume of 7.9 litres. The measur-
ing range is from approximately 2 uRh™" to 10 Rh~!. It
is nearly independent in an energy range from 0.07 to
10 MeV. The chamber is not sensitive to electrons
(beta). Exposure rates X in Rh™! coming from the RSS
were transformed into air kerma rates K, in nGyh'.

Detectors and analyzers

The air-kerma rate calibration of the three differ-
ent types of detectors is presented: 3" x 3" Nal(TI)
(Saint Gobain Crystals), HPGe GEM100P4-95
(ORTEC) portable semiconductor detector with a
crystal dimension of 81.6 mm x 76.7 mm (D x L), rela-
tive efficiency of 100 %, and SPD plastic detector
(NUVIA, CZ) 90 mm x 90 mm (D x L) based on poly-
styrene (CgHg)n, 92.2 % C and 7.8 % H, with a density
of 1.03 gem 3. All detectors presented in this paper had
a ratio of D/L near to 1.0.

The AGRS Spectrometer (Pico Envirotec, Inc.
Canada) with a resolution of 512 channels and energy
range adjusted from 35 keV up to 3.0 MeV was used in
configuration with a 3" x 3" Nal(T1). This spectrome-
ter provides an automatically real time stabilized spec-
trum based on the peak of “°K (1.46 MeV) and 29Tl
(2.61 MeV).

The semiconductor detector ORTEC GEM100P4
-95 (100 % efficiency, resolution of 2.0 keV at 1.33
MeV) was operated with digiDART ORTEC MCB. The
HPGe detector was calibrated in an energy range from
35 keV to 3.008 MeV.

Finally, a 90 mm x 90 mm SPD plastic detector
was also operated both with an AGRS spectrometer
(Pico Envirotec, Inc. Canada) and ORTEC digiBASE.
The energy calibration of the SPD plastic detector was
based on determining the Compton maximum and
Compton edges according to [11].

Monte Carlo simulation

The MCNP 6.1 code was applied, which is a gen-
eral purpose Monte Carlo radiation transport code de-
veloped at the Los Alamos National Laboratory, and
which was used to calculate the air kerma rates in the
different source-detector positions in both the NBC
calibration room and LBC chamber and for the differ-
ent types of ionizing radiation sources.

The Tallies 6 (air kerma) and Tallies 8 (spec-
tra) were calculated in the Monte Carlo simulation
[12].
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RESULTS AND DISCUSSION fg i

The sets of pairs E,, and K, were established ’; 18 E\
from the Monte Carlo simulation and from compara- 2 o \
tive measurements with a RSS high pressure ion P G \ %= Meaauraiman
chamber for 137Cs, ©°Co, 22°Ra, and !3Eu for different W \g\ - MCNP
detector-source distances and activities. 2'2 N

The polynomial functions (3) describing the fit- oi i
ted correlation function between the relative absorbed o |
energy rate £, , and air kerma rate K, were calculated 004 | |
by the LinRegGUI software (NUVIA, CZ). 0.0 2.0 4.0 6.0 8.0 10.0

Figure 2 shows the air kerma rates vs. distances
for 37Cs 102.1 MBq calculated by the Monte Carlo
simulation and measured by the RSS chamber. Similar
curves were measured and calculated for other
nuclides 1*7Cs, 9°Co, 22°Ra, and '5?Eu and their differ-
ent activities.

Comparison of air kerma rates from the RSS high
pressure ion chamber and MCNP calculation for 1¥’Cs
with 455 MBq reference activity is shown in tab. 1.

The relationships of E,_, vs. K, for the three
above mentioned detectors, their settings and other pa-
rameters are given in tab. 2 and their calibration curves
are shown in fig. 3.

This approach worked quite well for available
wide-energy range nuclides (e. g., natural nuclides,

Source-detector distance [m]

Figure 2. The RSS air dose rate measurements and
MCNP air dose rate calculation for '*’Cs with a reference
activity of 102.1 MBq in the NBC calibration room

132Eu) and high energy nuclides (e. g., *’Cs, ®Co,
etc.). Low energy nuclides were not available for cali-
brations.

Additionally, for 37Cs, %°Co, 2*°Ra, and '*’Eu,
the relationship of the air kerma rates K, and the rela-
tive absorbed energy rates £, , was also calculated for
other nuclides, e. g. >*' Am, °>’Co, 3, etc. The results
based on the Monte Carlo simulation in the NBC cali-
bration room for the 3" x 3" Nal(Tl) detector com-
pared with measurements are also presented in fig. 4. It

Table 1. Exposure rates X, air kerma rates K, and their uncertainties for *’Cs 455.1 MBq measured in the NBC calibration
room and calculated by the Monte Carlo simulation for different detector-source distances

RSS high pressure ion chamber MCNP Differences between

Disance | yiri') | AvRN') | K[y K 6] | KOy '] AKInGyh T | SRoma tes [0
7.50 9.06-10° +4.0-107 791 +0.4 771 +0.5 2.6
6.50 1.08-107 +2.0-107 944 42.0 975 +0.6 32
6.00 1.23-10°* +7.0-107 1071 +0.6 1100 +0.5 2.6
5.00 1.66-107* +5.0-107 1453 +0.3 1452 +0.6 0.1
4.00 2.44.10° +1.0-10° 2128 +0.4 2109 +0.7 0.9
3.00 4.01-10° +1.5:10°° 3504 0.4 3576 +0.7 2.0
2.50 5.54.107* +1.4.10° 4833 +0.3 5029 +0.8 -3.9
2.00 8.30-107* +2.0-10° 7246 +0.3 7519 +0.8 -3.6

Table 2. Main calibration features of Nal(Tl), HPGe, and SPD plastic detectors

Ortec HPGe GEM100P4-95 S/N

SPD 90 mm x 90 mm

Detector type 3" x 3" Nal(T) 50-TP50739A (efficiency 100 %) plastic detector
. Pico Envirotec Inc. AGRS /512 . ORTEC digiBASE / 1024
Analyser/resolution channels ORTEC digiDART / 8192 channels channels

Radiation beam direction

Alongside the longitudinal
detector axis, angular dependence
is tested and is insignificant

Alongside the longitudinal detector
axis, angular dependence is tested
and is insignificant

Alongside the longitudinal

detector axis, angular

dependence is tested and is

insignificant

Energy range

20 keV to 3 MeV

40 keV to 3.008 MeV

20 keV to 2.4 MeV

Air kerma rate K, —
calibration range

0.026 uGyh™' to 30uGyh™
(DTmax ~ N/A)

0.026 uGyh™' to 1.5 uGyh™'
(DTypax ~ 15 %)

0.026 uGyh™' to 17 uGyh™

(DT ~ 4.5 %)

Relative absorbed energy
rate £,

5 MeVs™ to 56500 MeVs™

2.0 MeVs™ to 3200 MeVs ™!

4 MeVs™ to 21300 MeVs™

Total counts per second

15 cps to 160000 cps

Up to 7800 cps

13 cps to 42000 cps

Calibration equation
K, [uGyh ]

K,=2.095x 102 +4.7141 x 10
X B+ 4.1934 x 107 % (B ) —
6.4 x 10 x (Epa)’

K, =-6.465 x 1072+ 5.729 x 107 x
Epma—3.247 x 107 x (Epa)

K,=22719 x 10* + 8.3965 x
107 X Epa — 6.0469 x 107 x

(Ema)’ = 1.1 x 107" (Eppo)’

Uncertainty of calibration

—54%to+4.7%

-3.3%to+3.7%

+7.3%
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Figure 3. Detail on the calibration curves K, in pGyh™ vs.
En, in MeVs™ for NaI(Tl) 3” x 3”, ORTEC HPGe
GEM100P4-95 and plastic 90 x 90 mm detector based on
measurements in the LBC chamber and NBC calibration
room

seemed that the approach described above does not
work properly for the nuclides only with low gamma
energies.

In the next steps, we focused on the verification
of the calibration approach with wide energy ranges
and high gamma energy. The spectra calculated in the
Monte Carlo simulation in different conditions were
also used.

The separate models of Nal(T1) and HPGe detec-
tors were also compiled in the Monte Carlo code. The
documentation of the Engineering Sales Drawing de-
livered by the Saint Gobain producer was used to con-
struct the model of scintillation of the 3" x 3" Nal(TI)
detector. Additionally, based on the basic data sheet in-
formation, many X-ray pictures were taken to specify
the inner dimension of the ORTEC HPGe GEM100P4
-95 detector, see fig. 5. Both detector models in the
MCNP6.1 code were verified using different point
sources. The simulation models of the NBC calibration
room and the LBC chamber at SURO were also com-
piled in the Monte Carlo code with all accessories.

Figure 5. The X-ray picture of the ORTEC GEM100P4
-95 HPGe detector

Plastic detectors were not simulated in the
Monte Carlo code due to poor spectroscopic features
and hence difficult GEB calculation [12].

Additionally, for Tallies 6 [12] used in the stan-
dard calibrations, Tallies 8 [12] in the Monte Carlo
simulation giving spectra deposited in the individual
tested detectors were calculated. Furthermore, the
contribution of natural nuclides contained in the sur-
rounding walls at the NBC calibration room was in-
volved into the calculation. Simulated spectra were
transformed to the relative absorbed energy rate £, in
the GAMWIN (NUVIA, CZ) spectroscopy software
[13] and the relationships of the air kerma rates versus
the relative absorbed energy rates were calculated for
comparison based on the eq. (3). It was proved in many
cases that the proposed approach works well for the
specific high gamma radiation. The 2" x 2" Nal(TI)
detector calibration is an example of such verification,
see below.

This methodology has been applied to the cali-
bration of many other Nal(Tl) detectors with different
small volumes, HPGe detectors as well as some
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Figure 4. Monte Carlo simulation Y T R —— — o
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18000 +——— been received in all cases when simulated spectra were
£ 6000 calculated and converted to the air kerma rates for such
3
S 14000 - ——MCNP Cs-137 d = 3.015 m types of spectra. ) ) )

— | Measurement Cs-137 d = 3.015 m The second example is shown in fig. 7. The air

i | kerma rates in 32 points were measured at the NBC ref-

e erence area in Vyskov, Czech Republic. This reference
area is used for the airborne gamma-spectrometers veri-

6000 - T i . . . . .. .
to | 1 fication and calibration. The individual ground points
b ’ \j ‘ | form a grid with a distance of 60 m from each other. The
hy air kerma rates were calculated from the spectra taken
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Figure 6. The 2” x 2” NaI(Tl) spectra of *'Cs 102.1 MBq
measured and Monte Carlo simulated in the NBC

calibration room at the detector — source distance
0of 3.015 m

small-volume plastic detectors used in environmental
measurements. Two examples follow.

The first example gives the results from the cali-
bration of 2" x 2" Nal(Tl) in the NBC calibration
room. The detector was calibrated from 125 nGyh ™' to
20 uGyh™! with 1¥7Cs (102.5 MBq and 3.145 GBq)
and °®Co (100 MBq and 500 MBq) sources. Addition-
ally, for the standard method, the air kerma was calcu-
lated from the simulated spectra and compared with
the air kerma rate calculated from measured spectra.
The measured and simulated spectrum for the detec-
tor-source distance of 3.015 m in the NBC calibration
room with '37Cs 102.1 MBq is shown in fig. 6.

Comparison of relative absorbed energy rates
and air kerma rates based on both the MCNP calcula-
tion and measurements in three different distances and
for 137Cs and ®°Co are given in tab. 3. Similar data has

140
120 |

100
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20
0
8RR IQ

-0~ ©O 3 O = N @ w0 -
FFFFFFFFFF N~

K, [nGyh™]

-]
o

by in-situ gamma-spectrometry measurements. The
ORTEC HPGe GEM100P4-95 S/N 50-TP50739A was
used and the calibration curve from fig. 3 was applied.
The data of air kerma rates was compared with the air
kerma rates determined from both natural nuclide activ-
ities and the data measured by the RSS Reuter&Stokes
chamber. The air kerma rate calculated from the spectra
of the ORTEC HPGe detector was (89 + 4) nGyh™! on
average at the whole reference area. The air kerma rate
calculated from the natural nuclide activities plus '3’Cs
surface activities in all 32 points was (82 + 5) nGyh™' on
average. The RSS air kerma rates were measured in 12
selected points by the RSS high pressure ion chamber.
The RSS data was compensated by the contribution of
cosmic radiation [14]. The value of (99 + 5) nGyh'on
average was achieved.

CONCLUSION

The method of air kerma rate calibration de-
scribed in this contribution was applied to different de-
tector types Nal(Tl), HPGe and plastic scintillation
detectors.

¥ Ka (spc)

W Ka (act) Figure 7. Air kerma rates K, at

1 m above the ground (terrestrial
component only) at the NBCrefer-
ence area in VySkov. K; ) are the
air kerma rates from the spectra
of ORTEC HPGe GEM100P4 -95
semiconductor detector calcu-
lated by the method described in
this contribution; K, ;. are the air
kerma rates calculated from nat-
ural nuclide activities plus the
7Cs surface activity

wp

Table 3. Comparison of air kerma rates from spectra measured by the 2" x 2" Nal(T1) detector with values calculated in

Monte Carlo simulated spectra (NBC calibration room)

Source S%?Srtc;riggtfnit]or Enna (meas) IMEVS '] | Epna uene) IMeVS '] | Kameay [RGYR'] | Kawiene) [MGyh™'] | A [%]
¥7Cs 3.015 2588 2687 3.79 3.94 -3.8
BICs 5.017 1083 1065 1.55 1.53 +1.3
OCo 6.014 863 827.6 1.23 1.18 +42
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All calibrations were verified by Monte Carlo
simulations in different calibration conditions as well
as compared with results of the Reuter&Stokes RSS
high pressure ion chambers.

The method of calibration described in this con-
tribution works well for a wide range of energies, . e.
environmental gamma-ray spectra from some tens of
keV to 3 MeV overlapped with man-made nuclide
spectra with energies higher than 300 keV.

It was proved that this approach can be used for
calibrating small symmetrical detectors for the mea-
surement of air kerma rates from low level background
of 26 nGyh™! up to 50 uGyh ™.

This calibration method showed energy inde-
pendence in the tested energy ranges in all cases.

Uncertainties of calibrations were up to £10 %,
which is acceptable for the intended detectors applica-
tion in portable, mobile and airborne systems. The
measurement uncertainties of obtained results were
about 7 % which agrees with the expectations [15, 16]

The method was also tested to for standalone
2Am (59.5 keV),3"Co (122 keV), 131 (364 keV)
and other spectra only with energies in a range below
400 keV, see fig. 4.

This area calls for detailed investigation because
the reliable results have not been achieved for low en-
ergy nuclides. The conversion factors shall be needed
in case of low energy nuclides. Also, the calibration of
non-symmetrical detectors should be investigated in
the future.

Among others, the method is characterized by a
couple of advantages. The conversion of the non-air
kerma rate to the air kerma rate in detectors was elimi-
nated, energy dependence was nearly eliminated and
the dead time (DT) was involved in the calibration
when it is not auto-corrected by the spectrometer.
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Mapuen OXEPA, Haunjen CAC, Ilerp:xxk CTAJEK

KA/INBPAIINJA CIIEKTPOMETPUICKUX NETEKTOPA 3A JAUNHY
KEPME BA3AYXA Y MOHUTOPUHI'Y KUBOTHE CPEIMHE

CrnekTpoMeTpujcku cucremn, nmocebno onm 3acHoBannm Ha Nal(Tl) m HPGe merexkTopmma,
KOpHCTE ce 3a UeHTU(UKAIH]Y HYKIUJa U MPOpauYyH HUXOBUX aKTUBHOCTH MPU MEpEwY Tiia U MOHHU-
TOPHHTY Ba3gyxa. OnpebuBaH)e jaunHe KepMe Ba3fyxa Takobe je BeoMa BakHO 3a MEpema y )KI/IBOTHO]
cpeauHu. Y TaKBUM CllydajeBUMa JIETEKTOpe Tpeba KanuOpucaTy 3a jaundy Kepme Basayxa y nGyh™! wim
mGyh. Jennocrasna kanmu6panuja Nal(Tl), HPGe Kao 1 miacTHIHHEX IETEKTOPA 32 HUCKE HUBOE KEPMU Y
Ba3yXy, IPEACTaB/LEHU Cy Y OBOM pafy.
KanuGpanuja ce 3acHuBa Ha ynopebuBamwy jaurHe pellaTUBHE ancopOOBaHE €HEpTHje y JeTEeKTOpUMa
(MeVs™) uspauynaTe u3 crekTpa, ca jauMHama Bas[ylliHe KepMe m3pauyHaTum Monte Kapio cumy-
JIaljoM ¥ JIOMYHCKUM TOfialiiMa M3 jOHCKe KoMope Bucokor mputncka RSS Reuter&Stokes. OBom
METOJIOM TaKobhe ce enrMMUHUIIIE KOHBEP3Uja jaunHa HeBa3[yIIHUX KEPMH KPUCTaJa y jaulHe Ba3AyIIHe
kepme. Tpu paznuuure BpcTe ManuxX IUIMHAPUYHMX AEeTeKTOpa KalnuOpucaHe cy 3a jaunHe BasAyllIHE
KepMme oj nosagunckux 26 nGyh~! o nekonuko gecetnna mGyh™!, y enepreTckom omcery 10 MaCKUMaHe
enepruje onx 3 MeV. TlpeacraBmbenu cy pesyaratu kamuGparnuja Nal(Tl) numensmuja 3" x 3", HPGe
IEeTeKTOpa U MaJIOT IUTACTHIHOT JIeTeKTopa (HalpaBIbeHOT Off MOJIMCTAPEHA ), YKIbYUyjyhu HeKe mpuMepe
Mepema Y SKUBOTHOj CPE/IUHU.

Kwyune peuu: kaaubpayuja jauune xepme y 6a3oyxy, Nal(Tl), HPGe u iiaaciiuqHu OeitieKiiop,
Momniue Kapao cumyaayuja




