u] =,

Bcmanosaeno cmyneni exsisaienmnocmi Hayio-
HAIbHO020 emaaony 00UHUYI eleKmpuuHOi eMHOCH
ons nominanie 10 n®@ i 100 n® na wacmomax 1 kl'y
i 1,592 xl'y i po3wupeni neeuznauenocmi, ompu-
Mamni 3a pe3yavmamamu Mi¥CHAPOOHUX 38ipeHb
HAUIOHANLHUX eMmANoHi6 00UHUUD eNeKMPUUHOT
emHocmi, ma npoeedeno ix NOPIBHANGHUU aAHALI3.
Bcmanoeneno cmyneni exeisaienmnocmi Hayio-
HAIbHO020 emanony 00uHuYl IHOYKMUBHOCMI O
nominanie 10 mI'n i 100 mI'n na wacmomi 1 xly i
Ppo3wupeni He6U3HAUEHOCMI, OMPUMAHI 34 Pe3Ylb-
mamamu MiscHapooHuUx 000amKoeux 36ipers Hauio-
HAHUX emanonie 00uHuub iHOYyKmMuenocmi, ma
npoeedeno ix nopienanvHUl ananiz. 36ipeHns npo-
8edeni pe2ionanbHUMU MEeMPOJI0LIMHUMU Op2aHi3a-
yiamu 3a yuacmi HAUiOHANILHOZ0 MempOoJl02iuHO20
iHcmumymy Yxpainu.

IIposedeno ananiz 3acmocosanux y 36imax npo
36ipenisa memodis 06pobenia danux 3 memoro adex -
6amH020 OUIHIOBAHHS Pe3Yybmamié, OMPUMAHUX
KOJCHUM 3 YuacHukie 36ipenv. Pezynvmamu nayio-
HAIbHO20 Mempo0ziunozo iHcmumymy Ykpainu
cmaau 0CHO8010 011 6CMAHOGIEHHI MEMmPONo2iu-
HOi mpocmedicysanocmi GuMiproeans napamempis
iMnedancy 6 kpaini ma 6USHAHHS Pe3YTbMaAMi6 UUX
BUMIpPIOBAND 8 THUMUX KpaiHax.

Poszpaxosani 3nauenns poawupenoi neeusnaue-
Hocmi euMiproéans enexmpuunoi emmocmi y oia-
nasoni snavenv 6i0 10 n@® do 10 n® npu eucoxo-
mouHoMY KaMiOpyeanni Mip erexmpuunoi eMHocmi.
Pospaxosani 3nanenns po3wupenoi neguznarenocmi
euMiprosans inoyxmuenocmi y 0ianazoni 3nauens
610 1 mxl'n do 10 I't npu éucoxomounomy xaniopy-
eanmi mip indyxmuenocmi.

Bcmanosaeni naikpawi 3nauenns po3wupenoi
HeBU3HAUEHOCMI 6UMIPIOBAHL napamempis imne-
dancy (enexmpuunoi emmocmi ma iHOYKMuUGHOC-
mi) 6 wupoxomy odianazoni 3nauenv 6 Ykpaiui.
IIposedenuii nopisnanvHull ananiz noxasas, w0
onyonixoeani dani w000 KANOPYSANLHUX MA BUMI-
P10BATILHUX MOJNCAUBOCHEU HAUIOHATIGHUX MEMPO-
N02iMHUX iHCmumymie Ykpainu 0ns eumiproeanns
eneKxmpuuHoOi EMHOCMI Ma iHOYKMUBHOCMI Nomen-
UTUNHO MONCYMb OYMU 3HAMHO NOKPAUEHI Y WUPOKUX
dianazonax 3nauenv

Kntouosi cnosa: 36ipenns emanonie, memposo-
2iuna npocmesicyeanicmo, imnedanc, HauioHATLHUL
MemponoiunHuil incmumym, pezioHaaibHa MempoJio-
2luHa opzanizauis

0 =,

1. Introduction

International and regional coordination, close coop-
eration of all countries on a global scale and ensuring the
equivalence of national standards of different countries are
an important element for modern metrology activities. To
implement, transfer the size of legal units of measurement
of various physical quantities and meet the needs of the
national economy, a system of national standards is created.
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In the case of independent implementation of units of mea-
surement by national standards, regular verification with
national standards of other countries is necessary to confirm
equivalence.

International comparisons are carried out by the Consul-
tative Committees (CC) of the International Committee of
Weights and Measures (CIPM) or regional metrology orga-
nizations (RMO) [1, 2]. Confirmation of the equivalence of
national standards with the standards of other countries is
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carried out in accordance with the procedures established at
the international level in the framework of the multilateral
“Mutual recognition of national measurement standards and
of calibration and measurement certificates issued by nation-
al metrology institutes” (MRA CIPM Agreement) [3].

According to the International Vocabulary of Metrology
(VIM), metrological traceability is a property of the result
of measurements, by which the result can be compared with
the value of the standard through a documented continuous
chain of calibrations, which determine the uncertainty of
measurements [4]. According to VIM, metrological trace-
ability is defined as an inalienable parameter characterizing
a dispersion of a quantitative value that can be attributed to
a measurable value based on the information used.

The practical application of the concept of metrological
traceability allows us to compare the accuracy of the mea-
surements carried out using a standardized procedure of
measurement uncertainty assessment [5, 6]. The basis for
measuring measurement uncertainty at the international
level is the “Guide to the expression of uncertainty in mea-
surement” (GUM) [7]. The requirements of regional organi-
zations for measuring the uncertainty of measurements are
based on the provisions of the GUM.

Calibration and Measurement Capabilities (CMC) are
the highest level of calibration and measurement, which is
guaranteed by National Metrology Institutes (NMI) [8].
CMC is published in the form of tables in the Key Com-
parison Database (KCDB) of the International Bureau of
Measures and Weights (BIPM). CMC contain the signifi-
cance of the increased uncertainty of the results of the NMI
measurements performed for the confidence level of 0.95 and
characterize the quality of the metrological services provid-
ed on a constant basis to consumers [9].

Carrying out of relevant comparison in the framework of
the RMO is necessary to ensure the metrological traceability
of measurements of the impedance parameters (electric capac-
itance and inductance) in Ukraine to the international level:

— Euro-Asian Cooperation of National Metrological In-
stitutions (COOMET), of which Ukraine is a member;

— European Association of National Metrology Insti-
tutes (EURAMET).

The role of the NMI in ensuring the mutual recognition
of the results of measurements received by the NMI itself
and the effective functioning of national metrology services
has significantly increased in the context of the globalization
of the world economy and the international division of labor.

2. Literature review and problem statement

In [10], an analysis of common international guidelines
and standards that are used to provide and evaluate ele-
ments of metrological traceability is shown. The procedures
used to evaluate CIPM international key comparisons
(KC) data are designed to provide linkage with CIPM KC
data with low uncertainty. These procedures must be in
accordance with the procedures used to assess the data of
the RMO KC.

During the conduct of the KC, both the CC CIPM and
the RMO use the agreed method (general rules) for mea-
suring the results of measurements, which is reflected, in
particular, in the following works:

—a general approach for evaluating the results of the
KC is presented in [11];

— clarification of the general approach for determining
the largest consecutive subset is given in [12];

— a general approach for evaluating the results of all KC
and an example of a model of choice in the average size of
inconsistent data is presented in [13].

However, in the majority of cases, when processing the
results of comparisons, applying these generalized approach-
es is rather difficult in practice, and sometimes impossible.
Therefore, the clarification of these approaches to determine
the largest consecutive subset [14] and special examples,
such as the model of choice in the average value of incon-
sistent data are developed [15]. Nevertheless, the task of
processing the results of comparisons is still completely
not solved. This is due to the fact that the general rules for
processing the measurement results when comparing na-
tional standards and modifying these rules can not provide
satisfactory results for an extremely wide range of measured
values. Therefore, there is an urgent need for a detailed anal-
ysis of the approaches to assessing the results of comparisons
presented in the final reports on the comparison of the stan-
dards for specific units of measurement.

The real state of the metrological traceability of mea-
surements of any value can not be estimated without carry-
ing out a detailed analysis of the results of the comparison
of the standard units of this magnitude and the calibration
of the corresponding measuring instruments (MI). It is im-
possible to carry out such an analysis without conducting a
practical assessment of the corresponding uncertainties of
measurements.

In 1996-1998 in the framework of the CIPM CC of the
Electricity and Magnetism (CCEM), international KC of the
national standards of units of electric capacitance of 10 pF
of CCEM-K4 [14] was conducted. The aforementioned com-
parison became the basis for conducting similar assessments
within the framework of various RMO in 2003-2013. In
the framework of the RMO of the European countries, there
were checks for the capacitance of 10 pF [15], the RMO of
the Americas — for a capacity of 10 pF [16] and a capacitance
of 100 pF [17]. In the framework of COOMET, the NMI
of Ukraine participated in the surveys: for a capacitance of
10 pF at frequencies of 1 kHz and 1.592 kHz [18], for a ca-
pacitance of 100 pF at frequencies of 1 kHz and 1.592 kHz
[19] and for capacitances of 10 pF and 100 pF at a frequency
of 1 kHz [20].

The analysis of the processing methods of the results
used in the above-mentioned comparisons showed that the
reports on the comparisons of all RMO used the same pro-
cedure as described in [15]. This allows an adequate assess-
ment of the results obtained by each of the NMI participants
of the surveys. The result of the NMI of Ukraine is the basis
for establishing the metrological traceability of measure-
ment of electrical capacitance in the country and recognition
of the results of these measurements in other countries.

In 1989-1999 within the framework of the CIPM CCEM,
international KC of the national standards for the induc-
tance unit of 10 mH CCEM-K3 [21] was conducted. These
comparisons became the basis for similar comparisons be-
tween different RMO in 2002-2014. Within the framework
of the RMO of European countries, comparisons were
made for inductances of 10 mH in 2006 [22] and 100 mH
at a frequency of 1 kHz in 2002-2003 [23] and 20062008
[24], RMO of the Americas — inductance of 10 mH at a fre-
quency of 1 kHz [25] in 2013-2014. The NMI of Ukraine in
2013-2014 within the framework of COOMET participated



in comparisons for inductances with the nominal values of
10 mH and 100 mH at a frequency of 1 kHz [26].

The analysis of the processing methods of the results
used in the above-mentioned comparisons has shown that
in the reports of comparisons of all RMO, although several
different procedures were used, consistency results were ob-
tained. This allows an adequate assessment of the results ob-
tained by each of the NMI participants of the comparisons.
The result of the NMT of Ukraine is the basis for establishing
the metrological traceability of the measurement of imped-
ance in the country and recognition of the results of these
measurements in other countries.

3. The aim and objectives of the study

The research was aimed to evaluate all the main compo-
nents of the metrological traceability of impedance measure-
ment in Ukraine.

To achieve this aim, the following objectives were set:

— to establish the degrees of equivalence of the national
standard of the unit of electrical capacitance for the values of
10 pF and 100 pF at frequencies of 1 kHz and 1.592 kHz and
the expanded uncertainties received by the results of interna-
tional comparisons of national standards of units of electrical
capacitance and to carry out the corresponding analysis;

— to establish the degrees of equivalence of the national
standard of the unit of inductance for the values of 10 mH and
100 mH at a frequency of 1 kHz and the expanded uncertain-
ties received by the results of international comparisons of the
national standards of units of inductance, and to conduct an
appropriate analysis;

—to calculate the value of the expanded uncertainty of
measurements of the electrical capacitance in the range of
values from 10 pF to 10 nF, obtained by a precision calibration
of the measures of electrical capacitance;

—to calculate the value of the expanded uncertainty of
inductance measurements in the range of values from 1 mH
to 10 H, obtained by a precision calibration of the measures
of inductance;

— to establish the best values of the expanded uncertainty
of measurements of impedance parameters (electrical capac-
itance and inductance) in a wide range of values in Ukraine
and to carry out the corresponding comparative analysis.

4. Materials and methods of research in the framework of
international comparisons of national standards

International key and additional comparisons of the na-
tional standards of the unit of electrical capacitance of 10 pF
and 100 pF at 1 kHz and 1.592 kHz were carried out during
2006-2009 under the project COOMET 345/UA/05
(COOMET.EM-K4, COOMET.EM-S4) [18, 19]. Seven NMI
participated in the surveys: Ukrmetrteststandard (UMTS,
Ukraine — pilot laboratory); PTB (Germany); NMIJ/AIST
(Japan); BIM (Bulgaria); VNIIM (Russia); KazInMetr (Ka-
zakhstan); BelGIM (Belarus).

International supplementary comparisons of the national
standards of the unit of electrical capacitance of 10 pF and
100 pF at a frequency of 1 kHz under the COOMET 554/
UA/12 project (COOMET.EM-S13) [20] were conducted
with the participation of three NMIs during 2012-2013.
Participants of these comparisons are NMI: Ukrmetrteststan-

dard (UMTS, Ukraine — pilot laboratory); GUM (Poland);
BelGIM (Belarus).

In all of these comparisons, Ukraine presented the State
primary standard of Ukraine units of electrical capacitance
and loss factor (DETU 08-06-01), which is stored in the
State Enterprise (SE) “Ukrmetrteststandard” since 2001.
The analysis of comparison results showed that the degrees
of equivalence D at frequencies of 1 kHz and 1.592 kHz of
this standard with the expanded uncertainties U(D) (k=2)
in the sense of the reference value of the comparisons are
shown in Table 1 [18-20] and Fig. 1, 2.

Table 1

Degrees of equivalence of the DETU standard 08-06-01 for
both surveys with expanded uncertainty, uF /F

10 pF 100 pF

1 kHz 1.592 kHz 1 kHz 1.592 kHz

D |um| b |[um| b |[um| b [um)

COOMET.EM-K4! COOMET.EM-S4°

0.051 | 0382 | 0.194 | 0.692 | 0.278 | 0.398 | 0.069 | 0.693

COOMET.EM-S132

0101 [ 1125 - [ - Joa2[1427] - | -

WE/F DoE for 10 pF
1,50

UMTSI1 UMTS1* UMTS2

Fig. 1. Degrees of equivalence of the DETU standard
08-06 01 for 10 pF at frequencies of 1 kHz and 1.592 kHz (*)
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Fig. 2. Degrees of equivalence of the DETU standard
08-06-01 for 100 pF at frequencies of 1 kHz and 1.592 kHz (¥*)

The degree of equivalence of the standard of the i-th NMI
Di and the expanded uncertainties in the sense of the refer-
ence value U(D;) are determined by the expressions [27-29]:
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where x; is the i-th result of the NMI participant of compar-
isons; &yef is the reference value of comparisons; u(x;) is the
standard uncertainty of the result of the i-th NMI partici-
pant of the comparisons; u(x,) is the standard uncertainty
of the reference value of comparisons; u(D;) is the standard
uncertainty of the degree of equivalence of the i-th NMI
participant of comparisons.

International supplementary comparisons of national stan-
dards of the unit of inductance with the nominal values of
100 mH at a frequency of 1 kHz under the EURAMET 816
project (EURAMET.EM-S26) were carried out with the par-
ticipation of 16 NMIs during 2006—2008 [24]. In these com-
parisons, SE “Ukrmetrteststandard” participated (UMTS, Uk-
raine). In comparisons, 2 transported standards were applied.

International additional comparisons of national stan-
dards of units of inductance with the nominal values of 10 mH
and 100 mH at a frequency of 1 kHz for 2 and 3-terminal con-
nections of measures within the framework of the COOMET
584/UA/12 project (COOMET.EM-S14) were conducted
with the participation of 4 NMIs during 2013-2014 [26].
NMI participants of these comparisons: Ukrmetrteststan-
dard (UMTS, Ukraine — pilot laboratory); GUM (Poland);
KazInMetr (Kazakhstan); BelGIM (Belarus).

The State primary standard of Ukraine for inductance
and tangent angles of losses (DETU 08-09-09) was present-
ed for comparisons from Ukraine, which is stored in the SE
“Ukrmetrteststandard”. The analysis of comparison results
has shown that the degrees of equivalence D for the frequen-
cy of 1 kHz of this standard with the expanded uncertainties
U(D) (k=2) in the sense of the reference value of the compar-
isons are shown in Table 2 [24, 26] and Fig. 3, 4.

Table 2

Degrees of equivalence of the DETU standard 08-09-09 for
both comparisons with expanded uncertainty, mH/H

10mH | 100 mH 10mH | 100 mH
2-terminal connection 3-terminal connection *
D [um][ b Juomy|[ b Judy][ b Tum)

EURAMET.EM-S5261

| 00450049 - [ - | - | -
0.012 | 0013 | 0.007 | 0.010 | 0.013 | 0.013 | 0.004 | 0.010

COOMET.EM-S142

mH/H
0,030

DoE for 10 mH

0,025

0,020

0,015

0,010

0,005

0,000

-0,005

UMTS2 UMTS2*

Fig. 3. Degrees of equivalence of the DETU standard
08-09-09 for 10 mH at a frequency of 1 kHz for 2- and
3-terminal connections (*)
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Fig. 4. Degrees of equivalence of the DETU standard
08-09-09 for 100 mH at a frequency of 1 kHz for 2- and
3-terminal connections (¥*)

5. Assessment of uncertainty of calibration of measures of
electrical capacitance and measures of inductance

The DETU 08-06-01 standard includes the Andeen-Ha-
gerling (USA) model AH11A with a nominal value of elec-
trical capacitances of 10 pF and 100 pF calibrated in such
NMIs: NIST (USA), PTB (Germany) and NPL (UK). The
values of these measures contain the expanded uncertainty
Usp=7.4-10"8 pF with probability P=0.95 with the coverage
factor k=2.

The procedure for transmitting the size of a unit of elec-
trical capacitance in a wide range of values (from 10 pF to
10 nF) using the universal automated precision compara-
tor, which is part of the DETU 08-06-01 standard, in detail
was described in [30]. Also, in [30] uncertainty in the cal-
ibration of measures of electrical capacitance is estimated
and an example of a budget of uncertainty of measurements
of the value of electrical capacitance during calibration of
these measures is given [31]. Relative expanded uncertain-
ty in the calibration of measures of electrical capacitance
was U=7.52 pF/F with probability P=0.95 with a coverage
factor £=2. The calibration of the measures of the electrical
capacitance was carried out at an ambient temperature of
(22+24) °C, relative humidity of (30+45) % at the frequen-
cy of the test signal of 1 kHz.

According to the results of the analysis and calculations
under to the requirements [7], the best expanded uncertain-
ties in the measurement of electrical capacitance at frequen-
cies of 1 kHz and 1.592 kHz with a probability P=0.95 with
a coverage factor k=2 are shown in Table 3.

Table 3

Expanded uncertainties in the measurement of electrical
capacitance, obtained by comparison of standards and
calibration of measures of electrical capacitance, uF /F

10 pF 100 pF 1 nF [10 nF

1 kHz 1.592 kHz 1 kHz 1.592 kHz 1 kHz

1 2 1 2 1 2 1 2 2 2

0.382]0.768(0.692(0.768|0.398|0.792|0.693 | 0.792 | 2.531 | 3.487

Notes: 1 — according to the comparison of the standards; 2 — ac-
cording to the results of calibration of the measures of electrical
capacitance



The data of Ukraine for measuring electrical capaci-
tance published in KCDB BIPM [2] contain the expand-
ed uncertainty of measurements with probability P=0.95
with the coverage factor £=2 at frequencies of 1 kHz and
1.592 kHz in the range of values:

— from 10 pF to 100 pF — 1 pF/F;

— from 1 pF to 1000 pF — 12 pF/F;

— from 1 nF to 10 nF — 14 pF/F.

To calibrate high-precision inductance measures, it
is necessary to provide traceability from a calibrated
high-precision measure of electrical capacitance of 100 pF
or 10 pF with a corresponding uncertainty. Such measures
are part of the DETU standard 08-06-01 as a group of four
high-precision measures of electrical capacitance [30].

The procedure for transmitting the size of the inductance
unit in the range of values from the measures of electrical
capacitance using the universal automated precision com-
parators included in the standards of both DETU 08-06-01
and DETU 08-09-09 was described in detail in [32].

In [31, 32], the uncertainty for the calibration of mea-
sures of inductance is estimated and examples of uncertainty
budgets are given:

— capacities for calibration of a measure of electrical ca-
pacitance of 100 pF;

— inductance for calibrating the measure of inductance
with a support on the basis of a capacitance of a nominal
value of 100 pF.

Relative expanded uncertainty in the calibration of
measures of inductance is 0.035 pH/H with probability
P=0.95 with the coverage factor £=2. The calibration of the
measures of inductance was carried out at an ambient tem-
perature of (22+24) °C, relative humidity of (30+45) % at
the frequency of the investigated signal of 1 kHz.

The data of Ukraine for inductance measurement pub-
lished in KCDB BIPM [2] contain the expanded uncertain-
ty of measurements with probability P=0.95 with the cover-
age factor £=2 at a frequency of 1 kHz in the range of values:

— from 1 uH to 1,000 pH - 10 uH/H;

— from 1 mH to 1,000 mH — 10 pH/H;

—from 1 Hto 10 H — 10 pH/H.

According to the results of the analysis and calcula-
tions under to the requirements [7], the best expanded
uncertainties of the inductance measurement at a frequen-
cy of 1 kHz with a probability P=0.95 with a coverage
factor k=2, obtained by comparing the standards (1) and
calibration of the measures of inductance (2) are shown
in Table 4.

6. Discussion of the results of the metrological
traceability measurement of impedance parameters

The analysis of the results of international key and sup-
plementary comparisons of the national standards of units
of electrical capacitance of 10 pF and 100 pF allowed to es-
tablish the degrees of equivalence of the standard of the unit
of electrical capacitance DETU 08-06-01 at frequencies of
1 kHz and 1.592 kHz. These degrees of equivalence for the
specified electrical capacitance ratings contain expanded
uncertainties of 0.382 uF/F and 0.693 pF/F, respectively,
at frequencies of 1 kHz and 1.592 kHz with a probability
P=0.95 with a coverage factor k=2.

Calculations of the values of the expanded uncertainty of
measurements of electrical capacitance in the range of values
from 10 pF to 10 nF in the calibration of the corresponding
measures were carried out. These calculations showed that
the expanded uncertainties of measurements ranged from
0.015 uF/F to 0.024 uF/F with probability P=0.95 and the
coverage factor k=2.

The comparative analysis of the best values of the expand-
ed uncertainty of electrical capacitance measurements in
the range of values from 10 pF to 10 nF obtained in Ukraine
both in the comparisons of the standards, and with a pre-
cision calibration of the measures of electrical capacitance,
showed the following. It has been established that the data
for Ukraine on CMC for an electrical capacitance unit pub-
lished in KCDB BIPM [2] in the range of values of electrical
capacitance from 10 pF to 10 nF at frequencies of 1 kHz and
1.592 kHz can be improved from 1.9 to 2.6 times (Fig. 5).
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Comparison of uncertainties in electrical capacitance measurements
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10 pF 10 pF* 100 pF 100 pF* 1 nF 10 nF

Fig. 5. Comparison of uncertainties of measurements of
electrical capacitance in the range from 10 pF to 10 nF at
frequencies of 1 kHz and 1.592 kHz (*)

Table 4

Expanded uncertainties in the measurement of inductance, obtained
by comparison of the standards and calibrating the measures of

inductance, mH/H

In Fig. 5, thin red strip lines with planks marked the
expanded uncertainty, which was published in KCDB
BIPM in the tables of CMC for Ukraine in the field

of electricity and magnetism for measuring electrical

1 pH|10 pH (100 pH|1 pH| 10 mH 100 mH 1 1 H |10 H 100 H|  c3nacitance. The blue thick lines marked the expanded
uncertainty of measurement of electrical capacitance,

2 2 2 2 1 2 1 2 2 2 2 . . . .
obtained by comparing the standards and with a preci-

0.024] 0.023 | 0.022 [0.021/0.013| 0.02 [0.010[0.0150.015(0.024| 0.023 | sion calibration of the measures of electrical capacitance.

The expanded uncertainty of measuring the impedance
parameters (electrical capacitance and inductance) obtained
in Tables 3, 4 can be used for the comparative analysis of
metrological traceability of measurements of impedance
parameters in Ukraine.

The analysis of the results of international sup-
plementary comparisons of national standards of in-
ductance units of 10 mH and 100 mH at a frequency of
1 kHz allowed to establish the degrees of equivalence of the
standard of the inductance unit DETU 08-09-09 with the
corresponding expanded uncertainties from 0.010 mH/H to
0.013 mH/H for the indicated inductance values.



The results of the calculations of the values of the ex-
panded uncertainty of inductance measurements in the
range of values from 1 uH to 10 H showed that the increased
uncertainty of measurements during the calibration of the
measures of inductance is 0.035 mH/H with probability
P=0.95 with the coverage factor £=2.

The comparative analysis of the best values of the ex-
panded uncertainty of inductance measurements in the
range of values from 1 pH to 10 H, obtained in Ukraine both
in the comparison of standards, and with high-precision cal-
ibration of the measures of inductance, showed the following.
On the basis of the analysis, it was established that the data
on the CMC for the inductance unit in KCDB BIPM |[2]
published for Ukraine in the range of inductance values from
1 uH to 10 H at a frequency of 1 kHz can be improved from
285 to 1,000 times (Fig. 6).

traceability of any measurements. It is known that according
to the requirements [33], the owner of the MI voluntarily
orders calibration. Usually, for the purpose of choosing a
calibration agent, MI owners use well-known databases, in
particular [2]. Such bases should contain the best calibration
capabilities and be constantly updated. The NMIs should
ensure this relevance in accordance with the procedures
and the requirements [8]. In view of this, it is advisable to
use such studies for other types of measurements. This will
determine the best values of the expanded uncertainty of the
corresponding measurements in a wide range of values.

7. Conclusions

1. The degree of equivalence of the na-

uH/H Comparison of uncertainties in inductance measurements
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capacitance for the values of 10 pF and

0,060

0,040

100 pF at frequencies of 1 kHz and
1.592 kHz and the expanded uncertainties

obtained on the basis of international com-

0,020

0,000

parisons of the national standards of units
of electrical capacitance was established,;

and their comparative analysis was carried

0,020

out. The degree of equivalence of the na-
tional standard of the unit of inductance

-0,040

-0,060

for the nominals of 10 mH and 100 mH at
the frequency of 1 kHz and the expand-

1yH  10pH  100yH  1H

IpH  10pH 100 pH

10H 100H ed uncertainties obtained on the basis of

Fig. 6. Comparison of uncertainties of measurements of inductance in the range

from 1 pH to 100 H at a frequency of 1 kHz

In Fig. 6, thin red lines marked the expanded uncertain-
ty, which is published in KCDB BIPM in the tables of CMC
for Ukraine in the field of electricity and magnetism for mea-
suring inductance. The blue thick lines indicate an expanded
uncertainty in the measurement of the inductance obtained
by comparison of the standards and in the high-precision
calibration of the measures of inductance.

The results of the comparative analysis show that Uk-
raine’s NMIs can significantly improve their CMC. A signif-
icant decrease in the uncertainty of measurements of imped-
ance parameters for CMC of Ukraine will allow customers of
calibration of the appropriate measures to order calibration
with improved characteristics in NMI. This will indirectly
contribute to improving the metrological traceability of the
relevant measurements.

The considered approach has no limitations and can be
used to evaluate all the main components of the metrological

the results of international supplementary
comparisons of the national standards of
the units of inductance was established, and
their comparative analysis was carried out.

2. Values of the expanded uncertainty of measurements
of electrical capacitance in the range of values from 10 pF
to 10 nF with high accuracy calibration of measures of elec-
trical capacitance were calculated. Values of the expanded
uncertainty of inductance measurements in the range of
values from 1 pH to 10 H in the high-precision calibration of
the measures of inductance were calculated.

3. The best values of the expanded uncertainty of mea-
surements of impedance parameters (electrical capacitance
and inductance) in the wide range of values in Ukraine were
established. The comparative analysis has shown that the
data on CMC published in KCDB can be greatly improved:

— for electrical capacitance in the range of values of elec-
trical capacitance from 10 pF to 10 nF at frequencies of 1 kHz
and 1.592 kHz from 1.9 to 2.6 times;

— for inductance in the range of values of inductance from
1 pH to 10 H at a frequency of 1 kHz from 285 to 1,000 times.
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