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This paper presents a comparison performed between two calibration laboratories in several
radiation qualities, using dosimeters of varying quality as transfer instruments. The goal of
this work was to investigate the viability of using field-class dosimeters for official compari-
sons and to determine if the calibration factors for field-class dosimeters are comparable be-
tween calibration laboratories within the stated measurement uncertainties.

The results of the comparison were acceptable for high-quality electronic personal dosimeters
in all radiation qualities, and such dosimeters could be used as transfer instruments. On the
other hand, comparison results for low-quality dosimeters were often not acceptable, either
due to pronounced energy dependence, low stability, or both. Such instruments are unreliable
even under well-defined laboratory conditions, and their use in routine measurements may
cause doubt in official data or influence public opinion. This problem is often hidden because
many dosimeters are calibrated or verified only in 13’Cs beams, where the deviations are the
smallest. The largest differences are found for low-energy X-ray radiation qualities, where
many dosimeters have significant overresponse.
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INTRODUCTION

Operational dosimetry is of great importance for
managing external exposures to ionizing radiation.
Three operational quantities that were defined in Inter-
national Commission on Radiation Units and Mea-
surements (ICRU) report 51 [1] are recommended by
International Commission on Radiological Protection
(ICRP) [2] and are used in most countries: personal
dose equivalent, ambient dose equivalent, and direc-
tional dose equivalent. The first two are commonly
used for photon radiation, which is the focus of this pa-
per, while the latter is used for weakly penetrating ra-
diation.

Radiation protection dosimeters can be classified
as active (provide direct readout) or passive (do not pro-
vide direct readout and can operate without a power
source), and are based on many different technologies,
producing dosimetry data of different quality [3]. Dosim-
eter characteristics, such as the energy dependence of the
response, greatly influence the uncertainty of operational
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measurements. Even though several International
Electrotechnical Commission (IEC) standards give re-
quirements for different types of dosimeters [4-6], which
in practice limit the uncertainty, there are many dosime-
ters in use that have inferior metrological properties. In
some cases, dosimeter response variations can be much
greater than the limits of variation defined in the stan-
dards [7, 8]. This is partly due to the fact that the type test-
ing is a long and expensive process, and that complete
extensive type testing is available only in a very small
number of specialized facilities, e. g. Physikalisch-
Technische Bundesanstalt, Germany [9], as well as that
type approval is not mandatory in all countries where ra-
diation protection dosimeters are regularly used (e. g
Serbia or Bosnia and Herzegovina) or not mandatory for
all end-users (e. g. non-governmental networks). Many
countries require regular calibrations or verifications of
dosimeters, which is of paramount importance for qual-
ity assurance in operational dosimetry, but calibrations
are often performed for one radiation energy or a limited
range of energies.

In this paper, the results of a comparison of cali-
bration factors for field-class dosimeters are pre-
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sented. The comparison was organized in this way to
investigate two questions. First, are calibration factors
for field-class dosimeters in different laboratories
comparable, considering measurement uncertainty
and appropriate statistical tests? This question is espe-
cially important for low-quality dosimeters and low
photon energies. Possible differences in calibration
factors can cause doubt in calibration data.

Second, can field-class dosimeters be used as
transfer instruments for comparisons between calibra-
tion laboratories, and if yes, under which conditions?
Such comparisons typically use high-quality ionization
chambers as transfer instruments, both for comparisons
in terms of air kerma and terms of operational quantities
[10-13]. These comparisons are long, expensive, and
complicated, due to the use of sensitive, bulky, and costly
equipment (ionization chambers and electrometers). The
use of field-class dosimeters would make the compari-
sons between calibration laboratories easier and could
increase the availability of comparisons. To the best
knowledge of the authors, this is the first time that the re-
sults of such an exercise are published.

SELECTION OF FIELD-CLASS
DOSIMETERS

The selection of dosimeters for comparison was
performed to sample both high-quality and low-qual-
ity field-class dosimeters. Dosimeter quality is most
apparent by examining the energy dependence of the
response. In this paper, it was considered that a dosim-
eter is ofhigh quality if it meets the requirements of the
relevant IEC standard for the examined property and
that it is of low quality in case it does not meet the re-
quirements.

Considering electronic personal dosimeters
(EPD), several studies have shown that most of them
fulfill the requirements of the IEC 61526:2010 stan-
dard [5] within a wide range of photon energies
[14-18]. This corresponds with the limits of variation
of the dosimeter response with a photon energy be-
tween +67 % and —29 %, compared to the reference ra-
diation quality — usually '¥’Cs (radiation quality code
S-Cs [19]). These limits of variations apply to the
changes in both angle and energy [5], but angular de-
pendence of dosimeter response is not examined here.

The situation with ambient dosimeters is differ-
ent: while many professional dosimeters show good
performance, in compliance with the relevant stan-
dards, some of them exhibit poor energy dependence
or fail other tests [20]. Some detectors used by end-us-
ers as ambient dosimeters are purpose-built for con-
tamination measurements or search for lost sources,
and dose indication (if available) is only of secondary
importance [21]. Low-cost dosimeters, which in most
cases have inferior metrological properties (e. g.,
overresponse at low energies of several hundred per-

cent due to poor energy compensation) and are rarely
calibrated or tested, are often used by laymen or in
non-governmental networks [7, 22]. Such unreliable
and unchecked measurement data are often available
online to the general public and can cause unsubstanti-
ated fear, which is especially important in case of ra-
diological or nuclear emergencies when confidence in
official data and decisions can be critical. Low-cost
dosimeters are sometimes also used by professionals,
as evidenced by the calibration requests received by
the authors of this study.

Finally, passive dosimeters are used for both ambi-
ent and individual monitoring. Extensive tests on differ-
ent types of dosimeters used by specialized professional
technical services have shown a similar situation as with
active dosimeters: some dosimeter types have properties
corresponding with the standard requirements, while
others can have inferior metrological properties. In the
most extreme case, an overresponse of more than 800 %
was recorded at low energies for thermoluminescent do-
simeters used as ambient dosimeters [8, 23-25].

Based on the previous discussion and based on
the available field-class dosimeters and their manufac-
turers' specifications, four field-class dosimeters were
selected: one EPD and one ambient dosimeter which
meet [EC requirements [4, 5] regarding energy de-
pendence (marked EPD and ADI in the following
text), and two ambient dosimeters that do not meet the
IEC requirements. One of the latter is occasionally
used by professionals in Serbia, as evidenced by the
authors (marked AD2) and one is used in non-govern-
mental networks (marked AD3). Passive dosimeters
were not used for this comparison. Basic information
about the selected dosimeters is presented in tab. 1.

In addition, an ionization chamber of the quality
typically used for comparisons was included in the
comparison (marked IC). The rationale for including
the ionization chamber was to check whether the dis-
crepancies between calibration factors for field-class
dosimeters (if any) are due to the dosimeters them-
selves or possible errors of the calibration laboratories
for one or more radiation qualities.

Table 1. Field-class dosimeters selected for comparison

Reference Energy dependence of the response
Dosimeter | radiation gy dep ) . Sp
- (manufacturers' specifications)
quality
17 keV to 1.5 MeV, response
EPD S-Cs deviation 20 %
60 keV-1.3 MeV, response deviation
ADI §-Cs between +67 % and —29 %*
Detects gamma radiation from
AD2 S-Cs 30 keV**
Detectable energy range:
AD3 N/A 0.1-3.0 MeV**

* energy dependence is provided graphically in technical
specifications, **no statement regarding deviations
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METHODS

The comparison was performed in two calibra-
tion laboratories, Vinca Institute of Nuclear Sciences
(VINS) and the Institute of Metrology of Bosnia and
Herzegovina (IMBIH).

All calibrations and tests were performed ac-
cording to International Organization for Standardiza-
tion (ISO) standard ISO 403719, 26, 27]. The ioniza-
tion chamber was calibrated in terms of air kerma,
free-in-air. The electronic personal dosimeter was cal-
ibrated in terms of personal dose equivalent, using a
standard ISO slab phantom. Ambient dosimeters were
calibrated in terms of ambient dose equivalent,
free-in-air.

Energy dependence of dosimeter response was
investigated before the comparison in VINS, in
collimated fields of ®°Co (S-Co), *’Cs, and X-ray ra-
diation qualities from the N-series. The properties of
the used radiation qualities are presented in tab. 2.

Radiation quality S-Co was not used for the
comparison, because it was not available in both cali-
bration laboratories. The calibrations were performed
first in VINS, then in IMBIH, and finally again in
VINS to check dosimeter stability. The results of the
last calibration are marked "VINS2".

Field-class dosimeters were calibrated using
methods that are routinely used for such equipment in
respective laboratories. In the case of *’Cs, both labo-
ratories used a reference radionuclide source unit
(known radiation field calibration method) [28], i.e.,
sources are calibrated using a secondary standard and
reference values are calculated taking into account
source decay and calibration distance. In the case of
X-ray radiation qualities, IMBIH used the substitution
method without a monitor chamber, and VINS used a
reference monitor chamber (i.e., the monitor chamber
is calibrated by using a secondary standard for speci-
fied source-detector distance and field size) [28].

The ionization chamber was calibrated using the
substitution method [28], which is used in official
comparisons and which provides the best measure-

Table 2. Radiation qualities used for comparison. Data are
taken from ISO 4037-1 [19], actual values in calibration
laboratories differ within the limits defined by the standard

Radiation | X-ray tube Mean 1" HVL at
quality voltage [kV] | energy [keV] | 2.5 m [mm]
N-40 40 33,3 2.63 Al
N-60 60 47,9 0.235 Cu
N-80 80 65,2 0.580 Cu
N-100 100 83,3 1.09 Cu
N-120 120 100 1.67 Cu
N-150 150 118 2.30 Cu
N-200 200 165 3.92 Cu
S-Cs - 662 -
S-Co - 1250 -

ment uncertainty. The third calibration of IC was per-
formed in VINS using the methods for field-class do-
simeters, to check if there is a significant difference
between the substitution method and methods used for
field-class dosimeters (other than the increased mea-
surement uncertainty). Methods used for field-class
dosimeters rely on several approximations and pre-
sumptions (dose rate is assumed to follow inverse
square law, scattered radiation is neglected, spectral
changes with distance are neglected, and good
reproducibility of the setup is assumed...). A compari-
son of the calibration results obtained for IC in the first
and second calibration in VINS checks the validity of
these assumptions and therefore checks if the calibra-
tion methods are implemented correctly.

One dose rate was chosen for each field-class do-
simeter in the part of the measurement range where good
measurement statistics can be achieved, but no signifi-
cant non-linearity is noticed. The dose rate was kept as
constant as possible for all radiation qualities and in all
three calibrations. Small deviations from the selected
dose rate are not expected to influence the overall con-
clusions of the comparison exercise. The following dose
rates were selected: 6 mSvh™! for EPD, 500 uSvh! for
ADI, and 150 pSvh™! for AD2 and AD3.

The comparison results were evaluated by calcu-
lating Z-score according to eq. 1

_ ‘NHI _NHZ‘
0.5\JU? +U?

where Z represents the Z-score, Ny, and Ny, are cali-
bration factors (IMBIH and VINS in the graphs in the
Results and discussion section, respectively), and U,
and U, are the corresponding measurements uncer-
tainties, with coverage factor k = 2. The Z-scores be-
low 2 were considered acceptable and above 3 as not
acceptable. The values between 2 and 3 were consid-
ered warning values. Dosimeter stability was evalu-
ated in the same way, based on two calibrations in
VINS.

The measurement uncertainty was evaluated ac-
cording to usual procedures. Examples can be found in
the comparison report for VINS [13], which is corre-
sponding to the uncertainty budget for calibrations in
terms of air kerma. Calibration methods for field-class
dosimeters include additional uncertainty compo-
nents, most importantly uncertainty of the conversion
coefficient from air kerma to operational quantities,
the uncertainty of using different calibration distances
(in the case of radionuclide sources), the uncertainty of
field inhomogeneity, and uncertainty components
arising from the use of reference monitor chamber (en-
ergy dependence of the response of the monitor cham-
ber, reproducibility of the measurement setup, efc.).
Correlations in measurement uncertainty between lab-
oratories were not evaluated but are expected to be
small. VINS and IMBIH have traceability to the same

z (1)
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primary laboratory, but the contribution of the refer-
ence chambers' calibration factors' uncertainty to the
overall uncertainty is small. Principal uncertainty
components are not correlated.

RESULTS

Energy dependence of dosimeter response was
investigated before the comparison and is shown in
fig. 1. The IC and EPD show excellent performance,
with maximum deviations of the response of 8 % and
20 % over the whole energy range, compared to the
reference radiation quality. The AD1 does not perform
according to specifications within the rated energy
range, with a maximum deviation of —48 % (N-80 ra-
diation quality). Therefore, this specific unit of the do-
simeter is not according to IEC standard requirements
[4]. Finally, dosimeters AD3 and AD4 show maxi-
mum deviations of +336 % and +422 %, respectively.

Comparison results for the ionization chamber
are presented in fig. 2. Results of the comparison are
satisfactory for all radiation qualities, with Z-scores
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Figure 1. Relative energy response of dosimeters used in
the comparison (normalized to S-Cs)
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Figure 2. Comparison results for ionization chamber
calibration in terms of air kerma free in the air

below 0.75. Such good agreement is expected for
comparisons between calibration laboratories and
VINS previously achieved similar results participat-
ing in a key comparison [13]. The third measurement
was made using the calibration method for field do-
simeters. The agreement between the third calibration
and the first two is excellent, showing that the method
for field-class dosimeters is equivalent to the substitu-
tion method, with an expected increase in the measure-
ment uncertainty. It should be noted that IC stability is
very good, compared to other dosimeters, and there-
fore it was not considered.

Comparison results for field-class dosimeters
are shown in fig. 3.

In the case of EPD, all Z-scores were acceptable
and comparable to Z-scores for IC, with the maximum
value below one. Results of the stability test are also
good, and no significant differences were found.

Dosimeter AD1 has a relatively flat energy de-
pendence of the response in the rated energy range,
compared to the other two ambient dosimeters, but the
Z-score values are larger than two for almost all radia-
tion qualities. The only acceptable result was for S-Cs
radiation quality, with a Z-score value of 0.03, three re-
sults were in the warning category of the statistical test,
and two were not acceptable (N-80 and N-150). The
third measurement showed that the dosimeter has good
stability, so the differences between calibration factors
are most likely due to the differences in X-ray spectra.
Radiation qualities below 60 keV (below N-80) are not
in the measurement range of this dosimeter and were
not included in the comparison.

The largest Z-scores were obtained for AD2,
which is a dosimeter based on a non-compensated
Geiger-Miiller tube. The only acceptable result was re-
corded for S-Cs radiation quality, with Z-score for
other radiation qualities being as high as 5.6. The third
calibration was in several cases significantly different
than the first calibration (even for S-Cs), suggesting
bad stability. Thus, the reason for the poor results, in
this case, is a very pronounced energy dependence of
the response, as well as bad long-term stability.

Finally, results for AD3 are surprisingly good,
even though the dosimeter has a very pronounced en-
ergy dependence of the response, similar to AD2. The
only non-acceptable Z-test result is for N-40 radiation
quality. The third measurement shows good stability
during the comparison.

DISCUSSION

Comparison results suggest that at least some
high-quality active field-class dosimeters can be used
as transfer instruments for comparisons between cali-
bration laboratories. It is important to stress that com-
parisons in terms of operational quantities do not auto-
matically validate the calibration capabilities for air
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Figure 3. Comparison results for field-class dosimeters calibration in terms of personal dose equivalent (EPD) and

ambient dose equivalent (AD1, AD2, and AD3)

kerma, because of the large differences in measure-
ment uncertainty. High-quality passive dosimeters are
already used for calibration laboratory audits by the
International Atomic Energy Agency (in terms of air
kerma) [29].

The most significant dosimeter property that
should be evaluated before using field-class dosime-
ters as transfer instruments is long-term stability,
which can cause significant differences between cali-
bration factors. This effect can be addressed by per-
forming several calibrations or tests before the com-
parison, and estimating the uncertainty due to
long-term stability, which can be considered when cal-
culating Z-scores (e. g., by increasing measurement
uncertainty). In case of significant instability, dosime-
ters cannot be used for comparisons. This problem can
arise even for dosimeters that are type-approved be-
cause there is no requirement in the IEC standards to
test long-term stability, so it should always be checked
[4, 5].

Pronounced energy dependence (or more pre-
cisely, rate of change of dosimeter response in the vi-
cinity of the chosen radiation quality) can also affect
comparison results. Low-cost, low-quality or special
purpose dosimeters are especially prone to pro-

nounced energy dependence. As was seen in the case
of AD1, even in cases when the dosimeter fulfills IEC
requirements according to specifications, specific
units of dosimeter type can be outside of specifications
(e. g.,due to damage, aging, or other reasons). The rea-
son for discrepancies in calibration factors is the fact
that radiation qualities, although nominally the same
(regarding the spectra) differ between laboratories.
X-ray radiation qualities are strongly dependent on
and defined by X-ray tube voltage, filtration thickness,
and material and other parameters, but the differences
are relatively small considering the ISO 4037 standard
requirements [19]. Differences in radionuclide radia-
tion qualities are even smaller. These small differences
are not significant when using high-quality instru-
ments, but in the case of pronounced energy depend-
ence, even small differences in spectra can cause large
changes in calibration factors. For example, for AD2,
the response increases around 250 % between subse-
quent radiation qualities, N-40, and N-60, see fig. 1.
The differences in calibration factors do not arise in all
cases, because there are several random effects in play.
For example, the energy dependence of the response
of a specific dosimeter can be relatively flat in the vi-
cinity of one radiation quality, but still be very steep in
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the vicinity of another radiation quality, or between ra-
diation qualities. Also, the magnitude of spectral dif-
ferences between laboratories is randomly distributed,
so it is different for different radiation qualities and
different pairs of laboratories. Finally, spectral differ-
ences are also a function of time. For example, small
variations in X-ray tube voltage on different time
scales (even during single exposure) cause spectral
changes, as well as tube aging, movement or replace-
ment of filters, use of different radiation distances, etc.

From the point of view of the end users, good
comparability of calibration factors can be expected
for high-quality instruments, but the comparability is
not guaranteed for low-quality dosimeters. Lack of
comparability can cause doubt in the results provided
by the calibration laboratories or cause other problems
—e. g., atesting laboratory can fail in comparison, even
when measurements are done in well-characterized ra-
diation fields. This further means that low-quality in-
struments have a high probability of producing errone-
ous results, even when calibrated in radiation qualities
of similar energy to the intended use, which could in-
fluence public confidence in official data and deci-
sions in case of radiological or nuclear events. The im-
pact of poor energy dependence is even bigger when
performing measurements in unknown radiation
fields.

Comparability is worse for low-energy X-rays
than for higher photon energies. In the case of S-Cs,
the results are acceptable for all four dosimeters. There
are several reasons for that: first, the spectra of 13’Cs
sources do not depend strongly on laboratory setup,
second, the energy dependence of conversion coefti-
cient from air kerma to the operational dosimetry
quantity is very small in this region [26], and third, the
energy dependence of dosimeter response is usually
small in the region around 662 keV, as can be seen
from fig. 1 and the recent research [3, 7, 14, 20, 21].
The common practice of calibrating or verifying
field-class dosimeters in only one radiation quality
(S-Cs) can therefore conceal the problem that is dis-
cussed in this paper. If type test data are absent, or do-
simeter specifications are not dependable, relying only
on '¥7Cs radiation field for calibration or verification
can cause exceptionally high measurement uncertain-
ties (or measurement errors) in real unknown poly-en-
ergetic fields.

The effects of energy dependence (based on type
tests or calibration results) and long-term stability
(based on stability checks performed by the user)
should be included in the uncertainty budgets for field
measurements.

Finally, a question arises what action should be
taken by calibration laboratories when asked to cali-
brate low-quality instruments. Calibrations using reg-
ular procedures may produce dubious results, even for
stable instruments, as demonstrated by this research.
One solution can be to increase the overall measure-

ment uncertainty to reflect the changes in instrument
sensitivity within the permissible variations of energy
spectra for the reference radiation quality — because
there is an inherent uncertainty in the definition of the
radiation qualities. Another solution can be to refuse to
calibrate low-quality instruments or instruments that
are non-compliant with relevant IEC standards.

The research presented in this paper has several
limitations. The number of dosimeters that were used
is relatively small, and only one field-class dosimeter
was [EC-compliant. Only two laboratories partici-
pated in the comparison. Stability checks of field-class
dosimeters were based on two measurements. Further
research should include more high-quality dosimeters,
with more rigorous testing and extended long-term
stability checks. Such research will help to produce
well-defined requirements for field-class dosimeters
to be used as transfer instruments in comparisons. At
this moment it is not clear if such requirements would
coincide with relevant IEC standards, or if they would
be stricter, but at least the requirement for long-term
stability should be included.

This comparison was performed only with ac-
tive dosimeters but considering the pronounced en-
ergy dependence of the response of some types of pas-
sive dosimeters [8, 23], the conclusions can also be
applied to them.

CONCLUSIONS

Field-class dosimeters can be used as transfer in-
struments for comparisons between calibration labo-
ratories, providing that their long-term stability and
energy dependence of the response are satisfactory.
Low-quality dosimeters cannot be used for this pur-
pose, because the comparability between calibration
laboratories cannot be guaranteed, even when the lab-
oratories meet the requirements of the relevant stan-
dards and have good performance in official compari-
sons. Additional work is needed to determine the exact
criteria for transfer instruments, i. e., to draw the bor-
der between high-quality and low-quality dosimeters.
Requirements that are given by appropriate IEC stan-
dards can be used as a starting point.

Dosimeters with pronounced energy depend-
ence of the response or bad long-term stability, which
are used by nonprofessionals and even by profession-
als in some cases, can produce erroneous results and
can cause doubt in the results provided by calibration
laboratories or by official authorities. Calibration fac-
tors obtained by different calibration laboratories for
such dosimeters are often not comparable. This prob-
lem rarely presents in S-Cs radiation quality, which is
commonly used for comparisons, calibration, and ver-
ification, which stresses the importance of using addi-
tional radiation qualities. This is especially important
for dosimeters that do not have type testing data and
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which are used for measurements in fields with low
photon energies.

Future work is planned to address some ques-
tions that arose during the work presented in this pa-
per. There is not much data on the long-term stability
of field-class dosimeters, and this question is impor-
tant for operational measurements. Another question
is the uncertainty budget for measurements using
field-class dosimeters in different scenarios, including
known and unknown radiation sources. Finally, a fur-
ther comparison of field-class dosimeters under realis-
tic field conditions and laboratory conditions is
planned, to extend this study.
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Munom 3. XKUBAHOBUh, Ampa ®. IIABETA, Hukoaa Jb. KP2KAHOBU,
Benpana [I. MAKAPWUh, Munom B. BAJTETUh, Mumuna P. CTYIIAP,
Cpo6omyo J. CTAHKOBHUh

MNOPEBEBE KAJIMBPAIIMOHUX ®AKTOPA 3A ONEPATUBHE JO3UMMETPE

Y oBOM pajy OpefcTaBbeHa je MHTepKoMIapalnyja usMeby aBe nabopaTopuje 3a eTaJOHUPamke
y HEKOJUKO KBAaJHUTEeTa 3pauca, KOopHcTehu AO3MMETpe Ppas3iIuuUTOr KBalIWTETa Kao TpaHcdep
uHcTpyMeHTe. Lluib oBor pajia 010 je fa ce UCTpaku OIlpaBAaHOCT Kopulthekha onepaTUBHUX JO3UMETapa
y 3BaHUYHUM MHTEPKOMIIapalujaMa, Kao 1 ia ce UCINTA Jia JH Cy KaauOpanuoHu (pakTOPH 3a ONepaTHUBHE
[03UMETpE y pa3IndUuTUM Ja00paTOpHjaMa 3a €TAIOHUPaE YIIOPEJUBH Y OKBUPY MEPHE HECUT'YPHOCTH.

PesynTatu nHTepKOMIaparnuje 61iIu cy IPUXBATIHUBHY 32 IMYHU O3UMETAP BUCOKOT KBAJTUTETA
y CBUM KBAJIUTETUMA 3payetba U TaKBU JO3UMETPHU Cy IOrOJHU 3a TpaHcep uHcrpymenTe. C gpyre crpase,
pE3yNTaTH 32 AO3MMETPE HUCKOI KBAJUTETA YECTO Cy OMJIM HENPUXBATIbUBU, 300T JIOLIE €HEPreTcKe
3aBUCHOCTH, JIOIIE CTAaOUIHOCTU UM 360r 00a pasznora. OBakBU MHCTPYMEHTHU HENOY3/aHU Cy YaK U Yy
106po iebHUCAHUM J1a6OPATOPHUjCKUM YCIIOBUMA U BbUXOBO KOpHUIIThemhe y pyTUHCKUM MEpPEHIMa MOXKe
u3a3BaTU CyMbbY Y 3BaHMYHE NOJaTKe WIM YTULATH HA jJaBHO MHewe. OBaj Ipo0IIeM 4ecTo je IPUKPUBEH
360r TOra MITO Ce MHOTH JIO3UMETPH €TAJIOHMPajy WK OBepaBajy camo y nosbuma 3’Cs, rjae cy ofcrynarma
HajMama. Hajsehe pasnuke nmpoHanase ce 3a HUCKOeHeprercke X-3pake, rjie MHOTH 03MMETpU UMajy
3Hau4ajHO NoBehame 0CeTILUBOCTH.

Kwyune peuu: 0o3umeilipuja, unitiepxomiapayuja, eHepzeiicka 3a8UcHOCill, CitlabuiHoCi,
eiaroHUparbe, amoujeHillarHu 003HU eK8UBANCHIN, AUYHU O03HU eKBUBANEHIT



