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Abstract

Radiation dosimetry is a critical aspect of medical, industrial, and scientific applications involving ionizing radiation.
Accurate measurements of radiation doses ensure the safety and effectiveness of radiological practices, which is essential for
protecting patients in medical procedures, maintaining safety in industrial applications, and ensuring accuracy in scientific
research.

Leading international organizations conduct research aimed at improving measurement accuracy and the dissemination
of measurement units. One of the methods contributing to this effort is various international projects. The National Scientific
Centre “Institute of Metrology” has participated in one such international project.

This international project, involving several National Metrology Institutes (NMIs), aimed to improve the accuracy and
consistency of radiation dosimetry across Europe. By standardizing measurement and calibration procedures, the project seeks
to create a unified system for measuring radiation doses, thereby improving the reliability of ionizing radiation dosimetry.

This project is particularly significant given the continuous increase in radiation-based technologies across various
fields. For example, precise measurements of ionizing quantities are crucial in the medical field, especially for radiotherapy,
to ensure that patients receive the necessary dose with minimal exposure to surrounding healthy tissues. Similarly,
in industrial radiography, accurate dosimetry is essential for meeting safety standards and preventing excessive radiation
exposure to workers.

The international project, with the Physikalisch-Technische Bundesanstalt (PTB) and the Central Office of Measures
(GUM) as leading organizations, aims to improve key factors in ionizing radiation dosimetry. These include developing
reliable calibration protocols for various types of radiation, establishing traceability chains to ensure measurement accuracy,
and sharing best dosimetry practices among project participants. Preliminary comparisons were performed between NMIs,
with two control participants serving as references while other NMIs participated anonymously (knowing only their number
and the numbers of the reference participants). Each participant had the opportunity to compare their obtained values with
the reference values and make adjustments for future measurements. The collaborative nature of such cooperation also
promotes knowledge and experience exchange, fostering innovation and improvement in dosimetry techniques.

The NSC “Institute of Metrology”, a leading organization in the field of the ionizing radiation metrology, has actively
participated in this project as a representative from Ukraine. The paper presents the results of international comparisons
for X-ray beams with the radiation qualities N-40, N-100, N-200.
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Materials and Methods

The participants of the international comparisons
focused on calibrating dosimeters for a wide range of
radiation qualities. Understanding and accurately mea-
suring these different radiation qualities are crucial
for ensuring the safety and effectiveness of various
radiological practices. Each type of radiation quality
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has specific characteristics and applications that re-
quire precise calibration to maintain measurement
accuracy [1].

As part of the project, international comparisons
were conducted among the participants for the ionizing
radiation qualities such as N-40, N-100, and N-200:
narrow-spectrum X-ray beams. The calibration of
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dosimeters for these X-ray beams involves accurately
measuring beam quality and energy spectrum. Dosi-
meters are exposed to controlled X-ray radiation of
a given quality, and their responses are compared
with reference measurement standards. This ensures
that dosimeters provide accurate readings for different
energy levels of X-ray beams. The radiation qualities
differ in their energy levels:

* N-40: Low-energy X-ray beams with a peak
energy of around 40 keV. These beams are typically
used in diagnostic radiology for imaging soft tissues,
providing high-contrast images essential for detecting
abnormalities such as tumours or fractures.

* N-100: Medium-energy X-ray beams with a peak
energy of around 100 keV. This energy range is used in
more complex diagnostic procedures, providing a ba-
lance between tissue penetration and image resolution,
making it suitable for visualizing deeper body structures.

* N-200: High-energy X-ray beams with a peak
energy of around 200 keV. High-energy X-ray beams
are necessary for imaging dense tissues and bones,
as well as for certain therapeutic applications requi-
ring deeper tissue penetration.

Accurate calibration of dosimeters for these va-
ried radiation qualities ensures that measurements are
reliable and consistent, regardless of the type of ra-
diation or its energy level. This is crucial for:

* medical imaging and treatment: Ensuring that
patients receive the correct dose during diagnostic
procedures and radiotherapy, minimizing the risk of
overdosing or under-treatment;

* occupational safety: Protecting workers from ra-
diation by accurately monitoring their exposure levels,
adhering to safety standards, and minimizing health
risks;

* environmental monitoring: Ensuring accurate
measurements of radiation levels in the environment,
which is important for assessing the impact of nuclear
facilities and ensuring public safety.

Overall, the calibration of dosimeters for different
radiation qualities within the project improves the
accuracy of radiation measurements, promoting safer
and more effective use of radiation across various fields.

Calibration coefficients

Calibration coefficients are crucial for converting
the primary readings of dosimeters into accurate dose
measurements. These coefficients are determined
through meticulous calibration procedures and are
specific to the type of radiation, energy levels, and
characteristics of the dosimeter. The project was fo-
cused on obtaining precise calibration coefficients to
ensure the reliability and accuracy of radiation dose
measurements across various applications [2].

Steps in Determining Calibration Coefficients

1. Standardized Radiation Sources: For the ca-
libration procedure, standardized radiation sources
were used, such as narrow-spectrum X-ray beams

(N-series), cesium-137 (Cs-series), and cobalt-60
(Co-series). These sources provided controlled and
reproducible ionizing radiation fields necessary
for accurate calibration. High-precision reference
dosimeters, traceable to primary measurement
standards, were used to measure the radiation dose.
These reference measurements served as the basis
for calibrating working dosimeters. Calibration was
performed in a controlled environment to minimize
exposure to external factors such as temperature,
humidity, pressure, and background radiation. This
ensured the determination of calibration coefficients
under optimal conditions.

2. Calibration Process: Dosimeters were exposed
to known amounts of radiation from the standard
sources. The exposure was carefully controlled to ensure
consistency and reproducibility. The response of the
dosimeters was measured and recorded. This response
is directly related to the radiation dose received by
the dosimeter. Calibration coefficients were calculated
by comparing the dosimeter readings with the refe-
rence measurements.

Factors Affecting Calibration Coefficients

Several factors may influence the determina-
tion of calibration coefficients, and these variables
shall be considered during the calibration process [3]:

1. Energy Dependence. Dosimeters respond
differently to radiation of various energy levels.
Calibration coefficients shall account for this energy
dependence to ensure accurate dose measurements
across the spectrum of radiation qualities. For example,
the response of a dosimeter calibrated for low-energy
X-ray beams (N-40) will differ from its response to
high-energy gamma rays (S-Co). Separate calibration
coefficients are developed for each energy level to
account for these differences.

2. Type of Detectors. Different types of detec-
tors (e.g., ionization chambers, thermoluminescent
dosimeters, semiconductor detectors) have unique
characteristics that affect their response to radiation.
Calibration coefficients are specific to the type of
a detector used. For instance, ionization chambers
have a linear response to radiation dose over a wide
range, while thermoluminescent dosimeters may
exhibit nonlinear responses at high doses. Calibra-
tion coefficients are accordingly adjusted to ensure
accurate dose measurements.

3. Environmental Conditions. Calibration pro-
cedures shall account for the influence of environ-
mental conditions such as temperature, pressure,
and humidity. These factors may affect the response
of the dosimeter and, consequently, the calibration
coefficients. A controlled calibration environment
helps to minimize these effects, but it is still important
to consider potential deviations in environmental
parameters when applying calibration coefficients
in real-world conditions.
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Method for Calculating the Reference Value and Esti-
mating the International Comparison Results

To estimate the comparison results, a Compari-
son Reference Value (CRV) was calculated for
each radiation quality as the weighted mean of the
calibration coefficients (NH) reported by the primary
measurement standard laboratories. These laboratories,
participants in the study, traced their measurements
to their own primary measurement standards for air
kerma (Ka) or ambient dose equivalent (H*(10)).
The reference participants were numbers 2 and 8 for
all the radiation qualities.

According to the equations provided in [4, 5], the
CRYV was calculated as follows:

CRV:;, (1)

where n is the number of laboratories with traceable
calibration to their own primary measurement stan-
dard,

Ny, is is the i-th calibration coefficient,

u; is the uncertainty of the i-th calibration
coefficient.

The uncertainty of CRV, u(CRV), was calculated

according to the equation [4, 5]:

|
u’(CRV) = (Z} ) (2)

By calculating the deviation from the Compa-
rison Reference Value (d,) and the expanded uncer-
tainty of this deviation, the degrees of equivalence
with the Comparison Reference Value were assessed.
The deviation was calculated according to the for-
mula d, =N, —CRV. Considering that the indivi-
dual calibration coefficients were compared with
the CRV, and that the CRV was calculated based on
the calibration coefficients provided by the primary
measurement standard laboratories, it is necessary
to account for the correlations between the primary
measurement standard laboratories and the CRV.
If a laboratory contributes to the CRV, the covariance
is estimated using the method described in [5],
resulting in the equation u(d,)’ =u’ —u(CRV)’. In
this comparison, the uncertainty due to the stability
of the transfer chamber, evaluated as the standard
deviation of at least four calibrations performed
in VINS (U,,), is added to the uncertainty.

In the case of primary measurement standard
laboratories, the uncertainty d; is calculated accor-
ding to equation [5]:

u(d,)’ =u’ —u(CRV)* +u,,. 3)

Any possible correlations are ignored in the case
of laboratories with secondary measurement stan-
dards, and u(d,) is estimated according to equation [5]:

u(d)? =u} +u(CRV)’ +u’,,. 4)

Relative deviation and the associated uncer-
tainty were used to present the results, denoted as
D, =100-d,/CRV and u(D,)=100-u(d,)/CRV.

Laboratories use the same conversion coeffi-
cients, which does not cause correlation, as each
laboratory has its own realizations of standard
radiation qualities with different “true” values of the
conversion coefficients. Thus, the difference between
the true values of the conversion coefficients and
the recommended values of the conversion coefficients
is randomly distributed. The conversion coefficients
for monoenergetic radiation are considered to have
no uncertainty [6].

As for the tracking of air kerma, several secondary
measurement standard laboratories are traceable to
the PTB directly or through the IAEA. Generally,
the contribution of the calibration coefficient uncer-
tainty of the reference measurement tandard to the
uncertainty of the device calibration coefficient
is insignificant due to the high uncertainty of the
conversion coefficient. In most cases, this contribution
is less than 10%, which can be calculated based on
the uncertainty budgets of the measurements reported
by the participants.

During the comparisons, some participants were
unable to achieve the dose rate for certain radiation
qualities within the recommended range. These results
are shown in Tables 1-6, but were not corrected.
Due to the high linearity of the ionization chamber
readings, it is expected that any impact of the dose
rate on the calibration coefficient will be minor even
outside the studied range.

Results of the comparisons of low-energy X-rays with
a peak energy of about 40 keV (N-40)

The results obtained and calculated by the NSC
“Institute of Metrology” are presented in Table 1.
The NSC “Institute of Metrology” is represented in
the final results as participant number 13. The com-
parison results for the radiation quality N-40 are
presented in Table 2. The uncertainties shown in the
Tables are expanded uncertainties with a coverage
factor of k=2. For the purposes of this comparison,
it is considered that the uncertainty reported by the
participant is confirmed if the following statement
is true: |D|<U(D,) [7]. Fig. 1 shows a graphical
representation of the results. If the uncertainty band
for a specific result crosses the zero value of D,
the uncertainty is considered confirmed.

The X-ray beam quality with a peak energy of
around 40 keV (N-40) was mandatory. Two partici-
pants could not perform the calibration because of
technical problems with the X-ray equipment.

As a reference value for the project, the average
value, with the calculated uncertainty, among the
primary measurement standard laboratories, was used,
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Table 1
Results obtained by the NSC “Institute of Metrology”

Radiation quality: N-40
Focus-detector-distance FDD (cm): 200

Field diameter (cm): 34

K, . (mGy/h): 31.566

H*(10), . (mSv/h): 37.248

N, (uSv/nC) (comparison result): 26.588

Reference H*(10) determination

Uncertainties in this Table are stated with k=1

Source of uncertainty U, U U

Calibration coefficient of the

national/reference measurement 0.11% 1.50% 1.50%
standard

Collected charge 0.11% 0.22% 0.25%
Air density correction - 0.05% 0.05%
Source to chamber distance - 0.05% 0.05%
Conversion coefficient - 2.00% 2.00%

Other sources of uncertainty — — —

fﬁ:éff;ﬁy H*(10) - - 2.51%
Transfer chamber measurements
Source of uncertainty Ui o Up U
Collected charge 0.23% 0.22% 0.32%
Air density correction - 0.05% 0.05%
Source to chamber distance - 0.14% 0.14%
Other sources of uncertainty - - -
Combined uncertainty, Q = = 0.35%
Combined standard u= 2 (”ZA + ”ZB ) 2.54%

uncertainty, NV, -
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Table 2
Results of N-40 radiation quality comparison
(all uncertainties are reported with k=2)
.. H*(10) h, o o
Participants N, (uSv/nC) (mSv/h) (Sv/Gy) D, (%) U(D,) (%)
1 26.34 |+ 1.16 6.15 1.18 0.43 5.07
2 (control 2619 |+| 0.80 5.98 1.197 -0.15 1.84
participant)
3
4 26.01 + 1.20 6.60 1.18 -0.83 5.21
5
6 26.38 |+ 1.23 6.43 1.20 0.58 5.31
7 26.76 | + 1.14 6.14 1.20 2.03 5.01
8 (control 2630 |+| 1.09 5.88 1.197 0.27 3.37
participant)
9 2625 |+ 1.06 1.31 1.18 0.08 4.74
10 26.69 | + 1.19 6.17 1.20 1.76 5.17
11 26.00 |+ 1.45 6.01 1.20 —0.87 6.06
12
13 26.59 |+ 1.36 37.25 1.18 1.38 5.75
10.00
o) 8.00
g
<
85 6.00
2
2] 4.00
g 2 200 4 <+ 3
g3 ¢
S £ 000 ; ; ; ; ; ; ; ;
£3 4 4
—qz) g -2.00
o -4.00
o -6.00
] -8.00
-10.00

1 2 3 4 5] 6 7 8 9 10 11 12 13

Serial numbers of comparison participants

Fig. 1. Relative degrees of equivalence for N-40 radiation quality
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calculated according to equations (1—4) mentioned
above:
CRV = (26.23 £+ 0.64) uSv/nC (k=2),
U, = 0.094 uSv/nC (k=2).
All comparison results for N-40 radiation quality
are consistent within the reported measurement

uncertainty.

Comparison results for medium-energy X-ray beams
with a peak energy of around 100 keV (N-100)

The results obtained and calculated by the NSC
“Institute of Metrology” are presented in Table 3.
The comparison results for the radiation quality
N-100 are presented in Table 4. The uncertainties
shown in the Tables are expanded uncertainties with
a coverage factor of k=2. For the purposes of this

is considered confirmed if the following statement
is true: |D|<U(D,) [7].

Fig. 2 shows a graphical representation of the
results. If the uncertainty band for a specific result
crosses the zero value of D, the uncertainty is con-
sidered confirmed.

The X-ray beam quality with a peak energy
of around 100 keV (N-100) was mandatory. Two
participants could not perform the calibration because
of technical problems with the X-ray equipment.

As a reference value for the project, the average
value, with the calculated uncertainty, among the
primary measurement standard laboratories, was used,
calculated according to equations (1—4) mentioned
above:

CRV = (29.12 £ 0.72) uSv/nC (k = 2),

calculation, the uncertainty reported by a participant U,, = 0.21 uSv/nC (k = 2).
Table 3
Results obtained by the NSC “Institute of Metrology”
Radiation quality: N-100
Focus-detector-distance FDD (cm): 200
Field diameter (cm): 34
K, . (mGy/h): 5.712
H*(10),_. (mSv/h): 9.768
N, (uSv/nC) (comparison result): 30.199
Reference H*(10) determination
Uncertainties in this table are stated with £=1
Source of uncertainty U U U
E;tlilcl:;zﬁ?:f;zﬁ; lrfllc:;;)lfrzzhrlelent standard 0.22% 1:50% 1:52%
Collected charge 0.22% 0.10% 0.24%
Air density correction - 0.05% 0.05%
Source to chamber distance - 0.05% 0.05%
Conversion coefficient - 2.00% 2.00%
Other sources of uncertainty — — —
Combined uncertainty, H*(10) — — 2.52%
Transfer chamber measurements

Source of uncertainty Ui o U U
Collected charge 0.15% 0.10% 0.18%
Air density correction - 0.05% 0.05%
Source to chamber distance — 0.14% 0.14%
Other sources of uncertainty - - -
Combined uncertainty, Q — — 0.23%
Combined standard uncertainty, N, u= z (uiz,A + uiz,B ) 2.53%
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Serial numbers of comparison participants

Fig. 2. Relative degrees of equivalence for the radiative quality of N-100

Table 4
Results of N-100 radiation quality comparison
(all uncertainties are reported with k=2)
.. H*(10) h, o o
Participants N, (uSv/nC) (mSv/h) (Sv/Gy) D, (%) U(D,) (%)
1 29.66 |+ 1.30 6.11 1.71 1.84 5.15
2 (control participant) | 29.31 |+ 0.90 5.99 1.707 0.64 1.98
3 +
4 29.05 + 1.34 7.20 1.71 -0.25 5.27
5 +
6 2937 |+ 1.35 6.93 / 0.85 5.30
7 2984 |+ 1.27 5.81 1.71 2.46 5.06
8 (control participant) | 28.79 | £ 1.20 5.71 1.710 -1.14 3.37
9 30.00 |+ 1.22 0.99 1.71 3.01 4.92
10 29.19 |+ 1.29 5.90 1.71 0.23 5.12
11 28.84 |+ 1.27 5.96 1.71 -0.97 5.06
12 28.62 |+ 1.40 6.58 1.71 -1.73 5.45
13 30.20 |+ 1.53 9.77 1.71 3.70 5.85
10.00
< 8.00
g
2% 6.00
Q
2 4.00
g i -
B e 200 94— *
= .5 * 23
o 8 0.00 - - —— —
5 8 I . .
> g -2.00 3
v =
=
‘E -4.00
S 600
e
S -8.00
-10.00
1 2 3 4 5 6 7h 8 9 10 11 12 13
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Comparison results for high-energy X-ray beams with
a peak energy of around 200 keV (N-200)

The results obtained and calculated by the NSC
“Institute of Metrology” are presented in Table 3.
The comparison results for the radiation quality N-200
are presented in Table 6. The uncertainties shown
in the Tables are expanded uncertainties with a co-
verage factor of k=2. For the purposes of this com-
parison, the uncertainty reported by a participant
is considered confirmed if the following statement

Fig. 3 shows a graphical representation of the
results. If the uncertainty band for a specific result
crosses the zero value of D, the uncertainty is con-
sidered confirmed.

As a reference value for the project, the average
value, with the calculated uncertainty, among the
primary measurement standard laboratories, was
used, calculated according to equations (1—4) mentio-
ned above:

CRV = (29.35 £ 0.72) uSv/nC (k=2),

is true: |D|<U(D,) [7]. U,, = 0.19 uSv/nC (k=2).
Table 5
Results obtained by the NSC “Institute of Metrology”
Radiation quality: N-200
Focus-detector-distance FDD (cm): 200
Field diameter (cm): 34
K, . (mGy/h): 9.157
H*(10) . (mSv/h): 13.37
N, (uSv/nC) (comparison result): 30.354
Reference H*(10) determination
Uncertainties in this table are stated with =1
Source of uncertainty Ui o U U
rcljz:ltlii(l));:s?:fgro;feciliI;;:ir?lflent standard 0.22% 1:50% 1.52%
Collected charge 0.22% 0.07% 0.23%
Air density correction — 0.05% 0.05%
Source to chamber distance — 0.05% 0.05%
Conversion coefficient — 2.00% 2.00%
Other sources of uncertainty - - -
Combined uncertainty, H*(10) — — 2.52%
Transfer chamber measurements

Source of uncertainty U o U U
Collected charge 0.14% 0.07% 0.16%
Air density correction - 0.05% 0.05%
Source to chamber distance - 0.14% 0.14%
Other sources of uncertainty - - -
Combined uncertainty, Q - — 0.22%
Combined standard uncertainty, NV, u= 2 (uiz,A + uiz,B ) 2.53%
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Table 6
Results of N-200 radiation quality comparison
(all uncertainties are reported with k=2)
.. H*(10) h, o o
Participants N, (uSv/nC) (mSv/h) (Sv/Gy) D, (%) U(D,) (%)
1 2995 |+ 1.32 6.02 1.46 2.03 5.16
2 (control 2934 || 090 5.97 1.46 ~0.05 1.93
participant)
3 +
4 +
5 +
6 29.12 | = 1.34 6.64 / -0.80 5.22
7 29.79 | = 1.27 5.60 1.46 1.48 5.02
8 (control 2938 |+ | 121 5.85 1.460 0.09 3.37
participant)
9 29.74 | = 1.21 1.30 1.46 1.31 4.84
10 2920 |+ 1.29 6.04 1.46 -0.53 5.08
11 2052 |+ 1.30 5.95 1.46 0.56 5.10
12 29.63 |+ 1.45 6.23 1.46 0.94 5.55
13 3035 |+ 1.54 13.37 1.46 3.39 5.83
10.00
E 8.00
<
o 6.00
2
z 4.00
< »
§.§ 200 T4 + e i
S £ 0.00 - - —G— .4
g8 d *
_qz g 200
k= -4.00
s
',T_)‘ -6.00
Q -8.00
-10.00

1 2 3 4 S 6 7 8 9 10 11 12 13

Serial numbers of comparison participants

Fig. 3. Relative degrees of equivalence for the radiative quality of N-200
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All comparison results for N-200 radiation qua-
lity are consistent within the reported measurement
uncertainty.

Conclusions

The conducted international comparison revealed
some shortcomings and approaches for improving
international cooperation and standardization in ra-
diation dosimetry. A thorough review of the protocols
of all the NMIs participating in this study and
adjustments to the calibration protocols will further
improve the reliability and validity of the calibration
procedures. The project comprehensive approach to
calibration, measurement accuracy, and statistical ana-

tion and improvement of the project procedures will
ensure that dosimetric measurements remain the foun-
dation of protection and safety from the exposure to
radiation.

The participation in this project and the data
obtained by the NSC “Institute of Metrology”
compared to other participants indicate a probable
presence of systematic error. These errors will be
further studied and accounted for in subsequent works.

The harmonization of measurement practices
and the development of standardized protocols have
contributed to the global consistency of dosimetric
measurements. These efforts ensure the comparability
of measurements conducted in different laboratories,

enhancing the reliability of dosimetric data used for
regulatory and safety purposes.

lysis has significantly advanced the field, providing
a model for future initiatives. Continued applica-

JlocJIizKeHHsI TOYHOCTI Ta JOCTOBIPHOCTI
J03UMETPUYHUX BUMIPIOBAHb PEHTTE€HIBCHKMX IYYKIiB
3 gKicTio BunpominenHsa N-40, N-100, N-200
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HauioHanbHul Haykosul ueHmp ‘“lHcmumym memponogii”, 8yn. MupoHocuubka, 42, 61002, Xapkis, YkpaiHa
pystovyias@gmail.com

AHoTais

Jlo3uMeTpisi BUIIPOMiHIOBAaHHSI € KPUTUYHO BaXJIMBUM acCMEKTOM MEIUYHUX, MPOMUCIOBUX Ta HAyKOBUX 3aCTOCYBaHb,
1110 BKJIIOYAIOTh 10Hi3yloue BUIIPOMiHIOBaHHS. To4yHe BUMIpIOBaHHSI /103 BMIIPOMIHIOBaHHSI 3a0e3reuye Oe3rneky Ta
e(eKTUBHICTh PANiONOriYHUX MPAKTUK, L0 € HAI3BUYAWHO BaXJIMBUM [UISl 3aXUCTY MALiEHTIB Y MEIMYHUX MPOLEIypax,
0e3meKy B MPOMUCIIOBUAX 3aCTOCYBAaHHSIX Ta TOYHOCTI B HAyKOBUX MOCITIIKEHHSIX.

ITpoBinHi MiXHapoAaHi opraHizauii MPOBOASTb AOCHIIXKEHHSI, HaNpaBjJeHi Ha MiABUILIEHHS TOYHOCTI BUMipIOBaHb.
OpHUM i3 MeTomiB, SIKMil BUKOPUCTOBYETHCSI B LILOMY HAMPSMKY, € MiXKHapoAHi MpoekTu. B omHOMYy 3 HUX y35B y4acTb
HHL “Inctutyt MerpoJorii”.

MixHaponHUI TPOEKT, MO SKOTO OylI0 3alydyeHO JMAeKibKa HalliOHATbHUX MeTpojoriyHux iHcTuTyTiB (NMI),
MaB Ha MeTi MiABUIIMTU TOYHICTh Ta Y3TOKEHICTh NO3MMETPil BUMPOMiHIOBaHHS MO Bciii €Bpomni. CTaHAapTU3yIOUU
METOIMKM BMMIpIOBaHHSI Ta MPOLENYPU KasliOpyBaHHS, MPOEKT MParHyB YIOCKOHAJIUTU CHUCTEMY IJisi BUMIpPIOBAaHHS 103
BUIIPOMiHIOBaHHSI, TUM CaMUM ITiJIBUIILYIOUYU HAIAHICTh JO3UMETPil i0HiI3yH0OUOro BUIIPOMiHIOBAHHS.

Lleit Mpo€eKT € 0CcOOIMBO 3HAUYIIUM 3 OIJISIIY Ha MOCTiliHe 30iIbIIEHHS BMKOPUCTOBYBAHUX TEXHOJIOTIM, 3aCHOBAHUX
Ha BUIIPOMIiHIOBaHHI, y pi3HUX cdepax. Hampukian, BUCOKOTOYHE BUMIpIOBAaHHSI iOHI3yIOUMX BEJIWYUH € BaxKJIWBUM
y MEIUYHIl rany3i, ocobJMBO B paaiorepartii, 11100 MalieHTU OTPUMYBAJIM HEOOXiIHY 103y 3 MiHIMaJbHUM OMPOMiHEHHSIM
HaBKOJIMUIITHIX 30POBUX TKAaHWH. AHAJIOTIYHO, Y TPOMUCIIOBIH pamiorpadii TouHa HO3UMETPIisl € BaXJIMBOIO IS BUKOHAHHS
CcTaHAapTiB Oe3IMeKu Ta 3aro0iraHHsI MepeBUILEHHIO 1031 OMPOMiHEHHS MpaliBHUKIB.

MixXHapogHUIT TIPOEKT, y aKomMy Dizuko-texHiyHnit denepanbHuii iHctutyT (PTB, HimMeuunna) ta [omoBHe ympaBiiHHS
Mip (GUM) Gpasiu y4yacThb SIK MPOBiIHI opraHizalii [uisl MiABULIEHHS PiBHS KOHTPOJIIO, CTABUB 32 METY MOJIMIIUTH KJIIOYOBI
dakTOpu B HO3MMETpii iOHi3yrouoro BumpoMiHioBaHHs. Cepen HMX — po3poOKa HAmifHMX MPOTOKOJIIB KaliOpyBaHHS ISt
pi3HUX TUIMIB BUIIPOMiHIOBAHHS, BCTAHOBJICHHS JIAHLIOTIB MPOCTEXYBAHOCTI MJIs1 3a0e3MeYeHHs] TOYHOCTI BUMIipIOBaHb Ta
MOIIMPEHHS HalKpalldx METOMIB JO3MMETPii cepel yJ4acHUKIB MpoeKTy. s 1boro Oy/au IpoBelaeHi mornepeaHi 3BipeHHs
Mixx NMI, B sikux Oynu ABa KOHTPOJBbHUX YYACHUKM SIK OMOpHi, iHii NMI Opanu yyacTp aHOHIMHO (3HaJIM TiIbKM CBiit
HOMEp Ta HOMEPM OIOPHUX yyacHUKiB). KoxkeH 3 yJyacHUKIB MaB 3MOTY 3BipUTM OTPMMaHi 3HAYEHHS 3 KOHTPOJIbHUMMU
3HAYEHHSIMM Ta BHECTU KOPEKTUBM IUIS y4acTi B MONAIbIIMX 3BipeHHsX. Takuil popmar criBmpalili TaKoX CHpUsiB OOMiHY
3HAHHSMU Ta JOCBIIOM, CTUMYJIOIOYM iHHOBAIlil Ta BIOCKOHAJIEHHSI B TeXHiKaxX MO3UMETPii.

46 Ukrainian Metrological Journal, 2024, No 3, 37-47



A. Pustovyi

Bin Ykpainu B 1boMy Mpo€eKTi akTUBHY yuacThb Y38 HHLI “IHcTuTyT MeTposorii” sk TpoBigHa opraHizallisi 3 METpOJIOTii
B rajiy3i iOHi3yl04oro BUIIPOMiHIOBAHHS. Y CTaTTi HaBeIEHi pe3yJbTaTH MiKHAPOMHUX 3BipeHb /IS PEHTTEHIBCbKUX MYYKiB
3 sgxictio BunpomiHeHHsT N-40, N-100, N-200.

KumrouoBi cioBa: paniairiiiHa Oe3reka; 3BipeHHs; JO3UMETPIisI; i0Hi3yl0ue BUITPOMiIHIOBAHHS; PEHTICHIBCHKi ITyYKU.
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