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Ilpedcmasneno dani mixcaabopamoprux nopie-
HANb pe3ybmamie Kaniopyeanns zeiepamopis cuz-
Hanié 6 mpvLox mouxax kaniopyeanns. 3odilicreno
eubip memooonozii 06podaens pe3yrbmamie migic-
aadopamopHux nopieHAHbL pesyavmamie 3 ypaxy-
BaAHHAM 00820MPUBAN020 Opelipy 3pasKa nopieHsH-
na. Ilpoeedeno mooepuizauiro i docniodicenns sapasxa
nopieuanna 0N MixncAadOpamMopHux nopieHANs
pesyavmamis 3 KaniOpyeanus seHepamopie cuzna-
6. Busnaueni npunucami 3nauenns 0as mpvox
mouox Kanidpyeanns ma ix poswupeni Hesusnaye-
Hocmi. Ompumano eupasu 05 anpoxcuMayii 00620-
mpueanozo opeiipy 3paska nopieHAHHA i CKAAOEHO
010021cemu nesusnauenocmeil 01 6Cix 1020 npunu-
Canux 3nauenv 3pasKa NOPIBHAHHA HA UACMOMAX
130 MTiy, 168 MTiyi 223 M.

Busnaueni miscnabopamopii eioxunenns ompu-
Manux aabopamopiamu pesyavmamie ma ouiHeno
Y32000CEHICM® OMPUMAHUX HUMU OAHUX 3 00NOMO-
2010 noxasnuxie En ma z. Ile xapaxmepusye docmo-
GipHiCMb Ma MOUHICMbL Pe3yNbmamis GUMIPIO6AHD
Jnabopamopiil, a maxoic € 6asCAUGUM 0J1 niomeep-
Oxicenna mexniunoi xomnemernmmocmi. Ilpeocmaeneni
Pe3yaomamu MincaabopamopHux nopieHANb Pesyiv-
mamis KaniopyeanHs zeHepamopie cuzHalié noKasy-
10mv, W 6Ci 1AGOPamopii-y1acuuui 3a0060abHAIOMb
eumozam w000 noxasnuxa En-indexcy. B moii sce uac
06i labopamopii 3 decamu nompedyromo ax cymme-
8uUxX, MAaK i NEGHUX 3aX00i6 KOpe2YBaHHs, MAK K He
3a0060TbHAIOMb BUMO2AM U000 NOKASHUKA Z.

Bcmanoeneno, wo noxasnux En ne 3aezcou
€ camodocmamnim. Bin 6 Ginvwii mipi xapaxmepu-
3Y€ ume 00CMosIPpHICMb Pe3yIbmantie 6UMIpI06as
nabopamopii. JIna uvozo Ginvu indopmamuenum
€ NoKasHux z, axuil 0ae Kpauy ingopmamusnicmo
w000 mounocmi eumiproéans 6 aabopamopisix,
moomo HabAUNCEHOCMI Pe3yNbmamic 6UMIPI06aHL
00 icmMuHH020 3HAMEHHS

Kmouosi cnoea: mixcaabopamopui nopiensi-
na, Kaaibpyeanvita nabopamopis, neeusnauenicmo
BUMIPIOBANHDL, 2eHEPAMOpP CUZHATIB, 3PA30K NOPIE-
HAHHA

u] =,

1. Introduction

The role of measurement and metrology in scientific re-
search, testing of measuring instruments (MI) and other di-
versified products is constantly increasing. Requirements for
the accuracy and reliability of the results of measurements
and tests-are significantly increased and their ranges are ex-
panded. The achievement of the competitiveness of national
commodity producers in the world market is impossible
without taking into account modern metrological norms and
rules, rules of conformity assessment of products, set forth in
modern regulatory legal acts and normative documents. At
the present stage of the development of society, the mutual
international recognition of the results of measurements
carried out in different countries becomes critical for the
removal of technical barriers to trade and, as a consequence,
for participation in multilateral trade agreements.
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Metrological traceability is extremely important for ap-
plied metrology [1]. It allows comparing the accuracy of mea-
surements in accordance with the standardized procedure for
estimating measurement uncertainty [2]. For the implemen-
tation of metrological traceability in accordance with [3], an
important role is played by calibration laboratories (CL).
Interlaboratory comparisons (IC) are one form of experi-
mental verification of the activities of accredited laborato-
ries. IC must meet the requirements of national standards
DSTU ISO/IEC 17025 [4] and DSTU EN ISO/IEC 17043 [5],
which are harmonized with the relevant international and
European standards. DSTU ISO/IEC 17025 [4] regulates
the provisions regarding the technical competence of ac-
credited laboratories and traceability of measurements. The
purpose of IC is to establish interlaboratory differences
among their participants [6]. Successful results of IC are
confirmation of the laboratory competence in carrying out




certain types of measurements by a particular specialist on
specific equipment [7].

The use of appropriate methods for processing results is
important for obtaining reliable data about IC of accredited
laboratories. These methods are based on various data pro-
cessing algorithms in accordance with the requirements of
international and regional guidelines and standards [8, 9].
However, in addition to the data processing method, other
factors that may influence IC should be taken into account.
In particular, unsatisfactory results of IC may be related to:
a large time drift of the comparison sample (CS); deviation
from the normal state of the laboratory’s competence; prob-
lems with the laboratory equipment; insufficient competence
of the specialist who worked with it, etc. [7].

IC are conducted by competent coordinators of such tests,
reference laboratories (RL). The results of participation in
a particular IC are assessed using the criteria set by the 1C
coordinators. The IC coordinator: sets the assigned value of
the measured quantity; determines the uncertainty of the
assigned value; carries out the necessary processing of the
results obtained; establishes interlaboratory deviations and
formulates conclusions for all participating laboratories. The
choice of a particular method for processing the IC results
depends on the type of the studied comparison sample, the
characteristics of the tests or calibrations, and the number of
IC participating laboratories. The stability of the CS is a qua-
litative characteristic that reflects the immutability of its me-
trological characteristics (MC) over time. Instability of the
CS means a change in the measurement result at a given value
of the environmental characteristic, which includes drift and
fluctuations as a result of the change of a calibration function
during the period of absence of constant maintenance. More-
over, drift and fluctuations over time determine, respectively,
the monotonous and stochastic changes in the output signal.

The urgency of the study is due to the need for IC to en-
sure recognition of the results obtained both at the national
and international levels. Publications devoted to the organi-
zation of IC, methods for processing the obtained data and
increasing the reliability are of considerable interest. This
question is extremely relevant in view of the lack of conduc-
ted IC for calibrating signal generators.

2. Literature review and problem statement

A thorough analysis of normative documents concerning
the processing of data obtained in IC, based on statisti-
cal methods, is made in [6-9]. In particular, a procedure
for linking the results of IC of national standards and IC
at the national level, using the example of AC/DC volt-
age standards was proposed in [6]. This will improve the
identification of interlaboratory differences and the level
of certainty for statements of equivalency of participating
laboratories. In [7], a universal algorithm for processing the
primary data of IC, obtained during calibration of a time me-
ter, which allows the RL to take into account all the features
of reporting on conducted IC was proposed. [8] analyzed
the international and regional guidelines and standards on
which the methods for processing of IC results are based.
In [9], the application of a data processing method that has
a minimal number of restrictions and allows for reliable
results was justified. It should be noted that the available
scientific publications on the topic of the study cover the
peculiarities of conducting IC for analytical (physical and

chemical) test laboratories or the issues of the specificity of
IC for CL for specific types of measurements [6, 7].

In work [10], two methods of IC data processing are
considered, but they are based on the application of the same
procedure. In the works [11-13], the algorithms and results
of IC for assessing the measurement capabilities of laborato-
ries and obtaining highly accurate and precise data are given.
However, these works do not take into account such an
important element as the time and temperature drifts of CS,
which significantly affects the results of the test.

Some works [14—19] are devoted to the study of the
features of IC. In particular, [14] considers approaches to
improving the methods for measuring and estimating the
uncertainty of the laboratories participating in IC for ac-
tive power measurement, and [15] evaluates the IC data of
laboratories with further calculation of the uncertainty of
measurement results. The data of each participating labo-
ratory was evaluated using a criterion such as the z-index.
However, the paper [14] does not substantiate the advantage
of choosing the z-index criterion in comparison with other
statistical performance criteria. In [16—19], approaches to
establishing a long-term drift of the comparison standard for
international comparisons of national standards was presen-
ted. This approach can also be applied to IC, determining the
long-term CS drift. In addition, it is also advisable to define
a short-term CS drift to establish an appropriate component
of the general uncertainty for the calibration of the CS.

The studies have shown the urgent need to develop and
improve available processing techniques of IC data taking
into account the CS drift. This will contribute to enhancing
the accuracy of the CS study to reduce the uncertainty of
measurements conducted by IC participating laboratories.

3. The aim and objectives of the study

The aim of the study is to improve the available methods
of IC data processing taking into account the time and tem-
perature drift of the CS. It is necessary during processing
of data received from participating laboratories to take into
account the provision of metrological traceability of different
levels in relation to the CS used, minimization of the uncer-
tainty of the assigned value when conducting IC.

To achieve the aim, the following objectives were set:

—to create a special CS to participate in IC for calib-
rating signal generators;

— to investigate the CS for IC to calibrate signal generators,
determine the assigned value and expanded uncertainty for IC;

— to evaluate the results of the CS study by IC partici-
pating laboratories for calibrating signal generators;

— to evaluate the consistency of the obtained IC results
on the calibration of signal generators.

4. Materials and methods of researching approaches
to estimating IC for calibrating the signal generator

Calculation of the interlaboratory deviation of measure-
ment results and consistency verification of the data are
carried out during processing the primary data from IC par-
ticipating laboratories. To verify the consistency of the data,
a comparative analysis of the relevant statistical performance
criteria is made and the most effective one for use in data
processing is chosen.



Interlaboratory deviations of measurement results of IC
participating laboratories are determined by:

Dlabj = Xiapy - X 1)

where x,5; — frequency value measured by the IC partici-
pating laboratory; X4, — assigned frequency value calculated
by the RL.

An evaluation of the results of each IC participant is tra-
ditionally carried out using a modified statistical performance
criterion by the E, indicator, which is defined by the expression:

— Dlab
\/Uz(xluh) -U*(X,)

E (2)

where U(xy,,) — expanded uncertainty of measurements in
determining the frequency values by the IC participating
laboratory; U(X4y) — expanded uncertainty of measurements
in determining the assigned value frequency by the RL.

At the same time, if:

—|E<1.0 - the result does not require correction or
response measures;

—|E,|>1.0 — the result requires correction or response
measures.

The consistency assessment of the data of IC participating
laboratories can also be carried out using the statistical per-
formance criterion by the z indicator which is determined by:

z=(D,ub]. —x*)/s*, 3)

where Dy, — deviation of laboratory measurement results;
x" and s” — correspondingly robust mean value and robust
standard deviation calculated in accordance with the algo-
rithm A of DSTU ISO 13528 [20].

At the same time, if:

—2|<2.0 — the result does not require correction or re-
sponse measures;

—2.0<[z|<3.0 — the result requires some correction or
response measures;

—z|>3.0 - the result needs substantial correction or
response measures.

To calculate the robust mean x* and the robust standard
deviation s*, their initial values x, ., and s, for i=1,2,.,p
(where p — the number of IC participants) are calculated
initially by the expressions:

.

init

=median x,, (4)

s, =1.483 median .

init

X, —X

init |7 (5)
where x; — deviation of frequency measurement results of IC
participants from the assigned frequency value calculated by
the reference laboratory.

Then the value of the correlated robust mean x,,., for
each x; (i=1, 2,..,, p) is calculated by the expression:
x;ori - 8’ lf xi < x;niz - 5’
x:or = x:ori + 8’ lf xi > x:m'[ + 8’ (6)
x...  inother cases,
where & — clarified value s,,,, calculated by:
8 = 1'58;7111 . (7)

The final values x"and s" are calculated by:

(8)

(e =
s =1.134, |y el ) 9)

where ¥, — the average value of all x,, ., i=1, 2,..., p.
If the data are inconsistent, an analysis is made with
a view to their rejection or further concordance by clarifying

the applied indicators.

5. Results of the interlaboratory comparison of signal
generator calibration

5. 1. Creating a comparison sample for interlaboratory
comparisons of results

The RL (Ukrmetrteststandart, Kyiv, Ukraine) upgraded the
BPSG6 OEM signal generator from Aaronia AG (Germany) for
the technical support of IC by the type of time and frequency
measurement. The purpose of the modernization was to create
a compact CS for IC based on a panel device. The CS is a stable
trinominal measure of high frequency with autonomous power
and resistance to external mechanical and climatic factors.

The block diagram of the CS for IC is shown in Fig. 1.

Reference | £, ‘ Managed :f;lom
frequency . multimodal fre- ——>
generator quency measure

Control

unit
External power Internal power | |

supply supply

Interface

Personal

computer

Fig. 1. Block diagram of the CS for IC

A special program file was created to set necessary gene-
rating regimes with a sequential change of the nominal
frequency 130 MHz—168 MHz—223 MHz (every hour).
This program file from a personal computer (with Aaronia
software installed) via the USB interface is written to the
internal memory of the controlled multi-valued frequency
measure — upgraded BPSG6 OEM signal generator. This
generator is powered by an external power supply or an in-
ternal rechargeable backup power supply with the controller.
The controller allows charging the battery, both from the
external power supply and from the USB interface.

Basic technical characteristics (TC) of the BPSG6 OEM
signal generator, regarding its use as a CS for IC:

— frequency range from 130 MHz to 223 MHz;

— output signal level - 1.5V;

— interface — USB;

— power — 12 V from the power supply or USB.



During upgrading the BPSG6 OEM signal generator, the
following changes were made:

—a new ergonomic compact body of aluminum alloy,
resistant to external mechanical factors under the conditions
of IC was made;

— all the elements of switching and control required for
IC were placed on the front panel,

— connectors and interfaces — USB required for IC were
placed on the back panel;

— the external switching power supply was replaced with
the transformer one to reduce the effect of high-frequency
noise during the study by IC participants;

— aspecial program control file for the generator was created
to specify the required frequency generation modes with suc-
cessive frequency changes 130 MHz—168 MHz—223 MHz.

The standard SMA connector was replaced with the out-
put of the measuring signal with the type N connector for the
possibility of using the BPSG6 OEM signal generator in IC
as a CS. The use of the standard SMA connector complicated
its connection in many IC laboratories that use the N connec-
tor for high-frequency measurements. In this case, the use of
various adapters introduces an additional component of the
overall uncertainty to the measurement result. The generator
also uses the BNC connector instead of the SMA connector
to input the synchronization signal from an external reference
frequency source, which allowed IC laboratories to imple-
ment their own CS study procedure.

5. 2. Results of researching a comparison sample for IC

During 2018, the RL organized and conducted IC for
calibrating the upgraded BPSG6 OEM signal generator in ac-
cordance with the requirements of DSTU ISO/IEC 17025 [4],
DSTU EN ISO/IEC 17043 [5] and DSTU ISO 13528 [20].
The main purpose of IC was to conduct a qualification check of
the CL based on the type of time and frequency measurement.
The qualification check program was implemented in accor-
dance with the requirements of DSTU EN ISO/IEC 17043 [5].

11 laboratories that conducted calibration according to
their own calibration techniques participated in IC with the
radial scheme. The RL prepared a transported CS, defined its
value before, during, and after comparisons, determined the
CS drift and relevant uncertainties.

Three calibration frequencies were selected as calibration
points: 130 MHz, 168 MHz and 223 MHz.

Frequency values were programmed by the RL and were
not subject to changes throughout the IC.

The CS signals of a given frequency were fed through the
same CS output permanently after switching it on, replacing
one another every hour in the order of 130 MHz, 168 MHz
and 223 MHz.

Calibration was carried out under normal conditions in ac-
cordance with the requirements: air temperature (23+3) °C;
relative humidity (50+20) %.

Similar approaches to the establishment of long-term CS
drift, which are presented in [16—19], can also be used for IC.
So, this task was entrusted to the IC RL.

Graphs of the long-term drift of frequencies received by
the RL are shown in Fig. 2—4.

The values of the frequency difference Af (Fig. 2—4) on
the vertical axis are given and calculated by:

A= Fav = Foom (10)

where [y — frequency value (assigned value) measured by
the RL; f,om — nominal frequency value (calibration point).
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Fig. 2. Long-term drift of assigned value

for 130 MHz frequency
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Fig. 3. Long-term drift of assigned value
for 168 MHz frequency
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Fig. 4. Long-term drift of assigned value
for 223 MHz frequency

To calculate the assigned frequency, the RL performed
10 calibrations during IC (after each IC participant). The
expressions for the drift of the assigned CS value for all three
calibration points are defined. The assigned frequency values
for the date of calibration of each participant are approxi-
mated.

The expressions obtained by the RL for long-term drift
approximation are:

y1=—0.0162x+709.15, (11)
>=—0.0205x+900.39, (12)
y3=—0.0291x+1276.5, (13)

where y1, ys, y3 — the corresponding approximated assigned
values of 130 MHz, 168 MHz and 223 MHz; x — the natural
number corresponding to the date of approximation. For the
first participant x=43.225, which corresponds to 05.05.2018
(beginning of IC). Every next day adds one to the number x.



Frequency drift values are calculated by:

fdr :fmax_fmin’ (14)
where [ and fiin — respectively, the maximum and mini-
mum frequency values calculated by the RL for the entire
duration of IC.

Calculated by the expression (14), the frequency drift va-
lues for the corresponding calibration point are: 130 MHz —
fdr=>5Hz; 168 MHz — fdr=6 Hz; 223 MHz — fdr=9 Hz.

The frequency drift of the CS for a short time (less than
10,000 s), as well as its short-term frequency instability, is
shown in Fig. 5.

As an example of short-term instability, measurement
results of the RL at the 168 MHz calibration point are taken.
The CS has short-term instability with a value close to 1 Hz
as can be seen from Fig. 5. For other calibration points, short-
term instability charts are of the same character, therefore,
are not given.

In order to evaluate the specified instability, it is neces-
sary to investigate the CS at each calibration point within
a certain time interval, which corresponds to at least one
complete period of growth or decrease of frequency. The labo-
ratories that took into account the short-term instability of
the CS have got better measurement accuracy.
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Fig. 5. Comparison sample frequency drift for a short time
interval and short-term instability for a frequency of 168 MHz

3. 3. Assessment of measurement uncertainty of as-

signed value
The measurement model has the following form:

fx=f+6fs+8f5*{+

The uncertainty budget of the assigned value is shown
in Table 1. Extended uncertainties that are defined by the
expression U = ku( /.) are for the frequency: 130 MHz —
U=0.24 Hz; 168 MHz — U=0.34 Hz; 223 MHz — U=0.38 Hz.
Measured values are respectively: 130000011.5+0.24 Hz;
168000014.9+0.34 Hz; 223000020.7£0.38 Hz. These values
are used by the RL to establish interlaboratory deviations of
IC participants.

Table 1
The uncertainty budget of the assigned value
Quan- . Standard . S.e r}si- Cbﬁ?ltorrll-
. Estimate uncer- Distri- tivity
tity, . . . to uncer-
x;, Hz tainty, bution ratio, .
X; u(xy), HZ o tainty,
ui(y), HZ
Frequency 130 MHz
/| 1300000115 0.12 normal 1.0 0.12
&fs —-0.009 0.0013 normal 1.0 0.0013
&/ sy 0 0.01 normal 1.0 0.01
8fsp 0 0.00000006 | rectangular | 1.0 |0.00000006
&fx 0 0.01 normal 1.0 0.01
fe [130000011.5 - - - 0.12
Frequency 168 MHz
/ |168000014.9 0.17 normal 1.0 0.17
8fs —-0.009 0.0013 normal 1.0 0.0013
Sfsy 0 0.01 normal 1.0 0.01
8fsp 0 0.00000006 | rectangular | 1.0 |0.00000006
8f: 0 0.01 normal 1.0 0.01
Jv | 168000014.9 — - - 0.17
Frequency 223 MHz
7 1223000020.7 0.19 normal 1.0 0.19
Sfs —-0.009 0.0013 normal 1.0 0.0013
&fsy 0 0.01 normal 1.0 0.01
&fsp 0 0.00000006 | rectangular| 1.0 {0.00000006
Ly 0 0.01 normal 1.0 0.01
Je 223000020.7 = = = 0.19

3. 4. Results of the study of the comparison sample by
IC participating laboratories

Table 2 and Fig. 6—8 show the results of IC: deviation of
laboratory measurement results, extended uncertainty, E,
and z indicators.

Table 2
CS calibration results

* 85+ (15) Laboratoryl Ref | Lab 1 | Lab 2 | Lab 3 | Lab 4 | Lab5 | Lab 6 | Lab7 | Lab 8 | Lab9 |Lab 10

Frequency 130 MHz
where /. — unknown actual value ["p,, "z [0.00] 350 | 869 | —1.81 | —1.34] 421 | 1.37 | 0.57 | 0.66 | 2.82 | 1.81
of frequency; f — average value [ "H, [ 0.27 | 80.09 | 13.01 | 30.99 | 80.42 | 430 | 242 | 494 | 52.10 | 32.00 | 11.33
of the measured quantity (indi- E, ~ 004 | 067 | 0.06] 002] 098 | 056 | 0.12 | 0.01 | 0.09 | 0.16
cations of the standard frequency 2 ~ [ 083 | 298 | 136] 117 112 | 0.05] 038 | 034] 055 | 0.13

metgr); ofs — cgrrgcthn due to Frequency 168 M7
deviations of the indications of the - =5 =0 176659 T 548 [ 530 | —4.64 | 2.40 | 132 | 2.83] —393 | 1.44 | 0.67
iﬁaenfjlrlﬁrafgc?ﬁi%f::;g éff“”f Uin Hz_ | 045 [ 82.63 | 12.22 [ 40.06 | 80.42 | 4.30 | 3.13 | 6.70 [ 67.26 | 30.00 | 12.27
cortontion due to the deifs OfStYhC E, — [ 003 ] 069 [-0.13]-0.06] 0.56 | -0.42 [-0.42] —0.06 | 0.05 | 0.05
O z — 070 | 237 [-1.25[-1.07 | 0.77 | -0.20 [-0.60| —0.89 | 052 | 0.32

standard frequency meter since its

last calibration; 8fsp — correction Frequency 223 MHz
due to the discretencss of the indi- | DavHz_[ 000 [ 115 [ 1142 [-631]-6.24] 017 [ -0.73[~1.74] —058 | 204 | 112
cations of the standard frequency | _Uin Tz | 045 | 8680 | 1281 [ 5321 | 80.42 [ 510 | 416 | 450 [ 51.56 [ 32.00 | 13.54
meter; 8f; — correction due to the E, — |00t | 089 [-0.12|-0.08] 0.03 | -0.17 [-0.38] —0.01 | 0.06 | 0.08
environmental impact. z — | 042 | 507 |-295|-292[-0.02] 043 |-0.88| -0.36 | 0.83 | 0.41
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result, and Lab 3 and Lab4 have a satisfactory
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Fig. 6. Calibration results at a frequency of 130 MHz
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result. Accordingly, Lab 2 requires more significant
correction measures to implement calibration of
signal generators than Lab 3 and Lab 4, which also
require some correction. That is, the indicated

30.00

laboratories are advised to reconsider their cor-

20.00

rections when calculating the measured frequency

10.00

value and to take them into account in their own
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calibration methodologies.
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Thus, it can be stated that the E, indicator
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more closely characterizes the reliability of la-
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boratory measurement results but is not always
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sufficient for determining the accuracy of measure-
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ment results, that is, the proximity of measurement
results to the true value.

For this, the z indicator is more suitable, which
compares measurement results of all laboratories
and gives more information regarding the accuracy

40.00
30.00

of laboratory measurements.

The assessment of data consistency using the E,
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and z indicators is important not only for con-
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. firming the technical competence of IC partici-
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pating laboratories in calibration in accordance
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with the requirements of DSTU ISO/IEC 17025.

This will also contribute to enhancing the accu-
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racy of the CS study for reducing the uncertainty
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Fig. 8. Calibration results at a frequency of 223 MHz

IC results (Table 2 and Fig. 6—8) allow the development
of specific recommendations for improving the performance
of each IC participating laboratory.

6. Discussion of the results of the interlaboratory
comparison of the calibration of the signal
generator

Special BPSG6 OEM signal generator from Aaronia AG
(Germany) was upgraded and calibrated as a CS in IC. The
values of frequency drifts obtained by the expression (14)
completely satisfy the requirements for these IC, since they
do not exceed 3.4-1076-4.0-1076 % of the frequency value of
the calibration point (extremely small value). The long-term
frequency drift for all three calibration points is negative
(Fig. 2—4), insignificant and can be neglected when proces-
sing the IC results. The CS has short-term instability with
a value close to 1 Hz (Fig. 5).

The coherence of the data obtained with the E, and
z indicators was evaluated. All IC participants, Lab 1-10
(Table 2) meet E, indicator performance requirements at
all calibration points (130 MHz, 168 MHz, and 223 MHz).
This confirms the qualification of IC participants when
performing calibration in accordance with the requirements
of DSTU ISO/IEC 17025 [4].

Lab9 Lab 10

of measurements carried out by IC participating
laboratories.

7. Conclusions

1. The choice of methodology for processing the IC re-
sults based on long-term CS drift was made. The moderniza-
tion and research of the CS are carried out by the RL for IC
on the calibration of signal generators. Assigned values and
their extended uncertainties for IC were determined. Expres-
sions were obtained for the approximation of the long-term
CS drift and uncertainty budgets for all assigned values of
CS at 130 MHz, 168 MHz and 223 MHz were compiled.

2. The RL selected the necessary statistical perfor-
mance criteria and evaluated the results of the CS study
by IC participating laboratories. This is necessary to con-
firm the technical competence of IC participating labora-
tories in calibration in accordance with the requirements of
DSTU ISO/IEC 17025.

3. The IC results on the signal generator calibration show
that all IC participating laboratories meet the requirements
of the E, indicator. At the same time, one laboratory at one
calibration point has a completely unsatisfactory result,
while the other two — satisfactory result for the z indicator.
This laboratory needs certain substantial corrective measures
to implement calibration of signal generators. The other two
laboratories at the same calibration point have a satisfactory
result by the z indicator but need some correction to calibrate
signal generators.



4. By the results of IC, we can conclude that the E, the proximity of measurement results to the true value.
indicator is not always self-sufficient. The E, indicator  For this, the z indicator is more informative, which com-
more closely characterizes the reliability of laboratory  pares the results of measurements of all laboratories and
measurement results, but is not always sufficient for de-  gives more information about the accuracy of laboratory
termining the accuracy of measurement results, that is,  measurements.
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