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Abstract

The article presents the results of the first round of inter-laboratory comparisons of the measures of electric resistance
of 1 Q, 10 Q and 100 Q on a direct current. The reference laboratory has studied the measures of electrical resistance as
a means of comparison, defined the reference values of comparison with the calculation of their expanded uncertainties.
The comparison of the results of measurements obtained during the calibration of the measures of electrical resistance of
eight laboratories took place according to the radial scheme from 2018 to 2019.

The linking procedure of inter-laboratory comparisons is described and used for rounds of said inter-laboratory
comparisons. The deviations of the corrected results obtained by each laboratory were determined and their correctness
was evaluated taking into account the uncertainty of measurements by one of the criteria for performance statistics for the
selected electrical resistance ratings. A comparative analysis of the corrected results of the calibration of resistance measures

for laboratories that took part in the first and second rounds was carried out.
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1. Introduction

Measurement of small quantities of electrical
resistance is an urgent task not only in the field of
energy (measurement of the resistance of the protective
earth circuit, insulation resistance, etc.), but also in
biophysics and medicine (determination of the electrical
properties of biological objects, etc.) [1].

Now it is an important task to ensure the
recognition of the accreditation certificates issued
by the National Accreditation Agency of Ukraine
(NAAU) at the European and international level. In
this purpose it is necessary to introduce in Ukraine
an effective system of inter-laboratory comparisons
(ILC) and accreditation of their providers. The issue of
organizing and conducting the ILC is a rather pressing
issue for NAAU-accredited calibration laboratories
(CL) and testing laboratories (TL).

In order to confirm the competence of the CL and
TL in accordance with the requirements of national
standard DSTU ISO/IEC 17025 [2], accreditation in
the field of accreditation is necessary. ILC programs
are developed in accordance with the requirements of
national standards DSTU ISO/IEC 17025, DSTU EN
ISO/IEC 17043 [3] and DSTU ISO 13528 [4].
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It is important to conduct periodic ILC rounds
with the involvement of an increasing number of
calibration laboratories and, accordingly, to establish
their competence, which is now quite relevant. For
NAAU-accredited CL in Ukraine two rounds of ILC
calibration of DC measures of electrical resistance have
already been conducted [5, 6].

It is advisable to link all the results obtained in
order to compare the results obtained by the ILC of
the laboratories that participated in the different rounds
of the ILC. For this purpose it is necessary to choose
or propose a special method of linking the results of
all laboratories [7].

2. Evaluation of inter-laboratory comparisons results
The purpose of the ILC is to verify the quality
of the calibration of the measuring instruments by
the CL participating in the ILC when performing
measurements of the unit of electrical resistance
accordance with DSTU ISO/IEC 17025 [2].

At the initiative of the National Metrological
Institute of Ukraine SE “Ukrmetrteststandart” as a
reference laboratory (RL or Ref), two rounds of ILC
calibration of DC measures of electrical resistance for
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CLs were organized and conducted. These rounds were
performed radially in 2016 and in 2018—2019. Only
12 CLs including the RL participated in these rounds.

Measures of electrical resistance of the direct
current of the class of accuracy 0.01: P321 1 Q, P321
10 Q and P331 100 Q was chosen as the RL for
comparison. These measures were used in both the first
and second rounds of the ILC. Some characteristics
of electrical resistance measures P321 and P331 are as
follows: rated power of 0.1 W; maximum power value
of 1 W, operating temperature range from 15 °C to
30 °C. Measurements were made at 20 °C.

The deviation of laboratory measurement results
was determined by:
Dy, =Ry, = Ryy s (D

where R, is the value of the measured DC electrical
resistance; R,, is assigned value of direct current
electrical resistance, defined as the arithmetic mean
from measurements made by the RL.

Expanded measurement uncertainty in determining
the true value of DC electrical resistance is defined as

U(Ryy) =2 P (Ry) + 13 (Ryy), o)

Results of calibration of electrical resistance measures for CLs, &2

Laboratory R, d, ud,,) E
1Q
Ref 1.0000210 0.000000 0.000006
Lab | 1.0005610 0.000540 0.002166 0.25
Lab 2 1.0000166 -0.000005 0.000021 0.23
Lab 3 0.9998200 -0.000201 0.023940 0.01
Lab 4 0.9999790 -0.000042 0.000007 4.56
Lab 5 1.0000200 -0.000001 0.000008 0.10
Lab 6 1.000059 0.000038 0.000015 2.35
Lab 7 0.999987 -0.000034 0.001600 0.02
Lab 8* 1.000030 0.000001 0.000002 0.16
Lab 9* 1.000032 0.000003 0.000009 0.28
Lab 3** 1.001508 0.001463 0.027500 0.05
Lab 4** 1.000273 0.000228 0.007440 0.03
10 Q
Ref 9.999420 0.000000 0.000050
Lab 1 9.998564 -0.000856 0.000435 1.95
Lab 2 9.999733 0.000313 0.000013 6.06
Lab 3 9.998900 -0.000500 0.029200 0.02
Lab 4 9.999350 -0.000070 0.000070 0.81
Lab 5 9.999440 0.000020 0.000060 0.26
Lab 6 9.999330 -0.000090 0.000130 0.65
Lab 7 9.998900 -0.000520 0.016000 0.03
Lab 8* 9.999430 0.000010 0.000036 0.16
Lab 9* 9.999423 0.000003 0.000061 0.04
Lab 3** 10.001600 0.002180 0.033500 0.07
Lab 4** 9.999806 0.000386 0.007583 0.05
100 Q
Ref 99.9988 0.0000 0.0007
Lab 1 99.9900 -0.0088 0.0098 0.90
Lab 2 100.0040 0.0052 0.0010 4.26
Lab 3 99.9950 -0.0038 0.0440 0.09
Lab 4 99.9990 0.0002 0.0009 0.18
Lab 5 99.9983 -0.0005 0.0008 0.47
Lab 6 100.0002 0.0014 0.0013 0.95
Lab 7 99.9950 -0.0038 0.0650 0.06
Lab 8* 99.9981 -0.0002 0.0007 0.20
Lab 9* 99.9982 -0.0001 0.0008 0.09
Lab 3%* 100.0046 0.0063 0.0510 0.12
Lab 4** 100.0003 0.0020 0.0076 0.26
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where u(R ) is standard uncertainty obtained from
calibration of electrical resistance measurements P321
and P331 by the RL for the appropriate nominal
(1 Q, 10 Q and 100 Q); u(R_, ) is standard uncertainty
from instability of electrical resistance measures P321
and P331 as comparison samples during comparisons:
u(Rstab) = ARmax /\/§ (3)

The evaluation of the results of each participating
laboratory was performed using a criterion based on

performance statistics — the £ number, which was
defined by:

En = |Dlab|/\/U(Rlab )2 + U(Rref )2 ’

where U(R) is expanded measurement uncertainty in
determining the value of DC electric resistance by the
participant; U(R ) is expanded uncertainty obtained
by calibrating electrical resistance measurements P321
and P331 by the RL for the appropriate nominal
(1 @, 10 Q and 100 Q).

In this case, if:

| E [ < 1 — the result does not require corrective
action or reaction;

|E [> 1 — the result requires corrective action
or reaction.

The first and second rounds of the ILC were
anchored in terms of expression:

C))

dyy, = Dy, + A, Q)
where the correction factor is determined by:
A = Rrefl - RrefZ b (6)

R, and R _, are measured values of direct current
electrical resistance by RL in the first and second
rounds respectively.

Expanded measurement uncertainty of correction

factor is determined by:

U(A)=2- \/”2(Rr¢f-1) +u*(R,,)
) 2

where u(Rreﬂ) and u(R ) are standard uncertainty
of measuring the value of electrical resistance by a
reference laboratory in the first and second rounds,
respectively.

Expanded measurement uncertainty in the
corrected deviation of laboratory measurement results
is determined by:

+u* (Ryy)» (D

U(dyy) =2 \* (D) +12(A). @®)

3. Evaluation of results of inter-laboratory comparisons

The related results of calibration of electrical
resistance measures (resistance measures P321
and P331) for electrical resistance of 1 Q, 10 Q
and 100 Q by participating CLs of two rounds of
ILC (obtained value of electrical resistance R,
deviation of measurement results of 4, laboratories,
their the uncertainties U(d,) and the values of the
E_number) are indicated, which are denoted respectively
by RL and Lab i (i = 1...9) is shown in Table and
Fig. 1-3. Second-round participating CLs are marked
with “*” and two-round participating CLs are marked
with “**” The drawings in the red dashed lines show
the boundaries that are set in view of the expanded

Resistance 1 Ohm
Degrees of equilence [d,,, and its expanded uncertainty (k = 2), U(d,,;)]
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Red diamonds: participants in 1st ILC only; Blue circles: participants in 2nd ILC only

Fig. 1. Results of the calibration of the comparison sample
by CLs for electrical resistance of 1 Q
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Fig. 2. Results of the calibration of the comparison sample
by CLs for electrical resistance of 10 Q
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Fig. 3. Results of the calibration of the comparison sample
by CLs for electrical resistance of 100 Q

uncertainty of the assigned value for each of the
denominations.

To analyze the results of the ILC and to formulate
conclusions regarding the CLs participating in the
ILC calibration of electrical resistance measures of all
determined denominations, the E number (Fig. 4—6)
determined by (4) was used.

Studies of the RL showed that the participating
CLs in ILC used their own measurement methods and
their own working standards. The obtained values of
E_ numbers for both rounds show that for all the CLs

participating in the ILC they satisfy the established
criterion, except for the results of the next CLs from
first round (£, > 1.00):

Lab 4 (E, = 4.56) and Lab 6 (£,
electrical resistance of 1 Q;

Lab 1 (E, = 1.95) and Lab 2 (E, = 6.06) for
electrical resistance of 10 Q;

Lab 2 (E = 4.26) for electrical resistance of
100 Q.

Although Lab 1 and Lab 6 received satisfactory
results in the first round of the ILC for electrical

2.35) for
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En for resistance 1 Ohm
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Fig. 4. Value E_ number of CL for 1 Q electrical resistance
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Fig. 5. Value E_ number of CL for 10 Q electrical resistance

resistance of 100 €2, their values of E, numbers were
on the brink the established requirements.

An analysis of the comparison of Lab 3 and
Lab 4, which participated in both the first [5] and
second [6] rounds of ILC, showed the following:

Lab 3 showed satisfactory results in both rounds
of TLC for all electrical resistance values;

Lab 4 showed more accurate measurement results
in the second round of the ILC, compared to the first
round of the ILC, for electrical resistance of 1 & and
10 Q;

Lab 4 received satisfactory results from both
rounds of ILC for electrical resistance of 100 Q

only. Lab 4 and Lab 6 should use more accurate
measurement methods and working standards to
obtain less uncertainty for electrical resistance of 1 Q.
Lab 1 and Lab 2 for electrical resistance of 10 & and
100 @Q need to use more accurate measurement
methods and working standards that have significantly
less measurement uncertainty.

4. Conclusion

On the whole, the results of the second round of
the ILC demonstrated a sufficient level of competence
of the CLs and confirmed the qualification of the
participating CLs to perform their calibration in
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En for resistance 100 Ohm
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Fig. 6. Value E_ number of CL for 100 Q electrical resistance

accordance with the requirements of DSTU ISO/IEC
17025, with some exceptions.

Labs 1 and Lab 6 meet the requirements for the
E numbers for all electrical resistance par values,
confirming their qualification when performing
calibration in accordance with the requirements of
DSTU ISO/IEC 17025. However, Lab 1 and Lab 6
are recommended to use more accurate measurement
methods and working standards.

Lab 1 calibration results meet the requirements for
En number for electrical resistance of 1 Q and 100 €,
but do not meet this indicator for electrical resistance
of 10 Q. Uncertainty for Lab 1 for electrical resistance
of 1 Q and 100 Q is very large. Therefore, Lab 1
needs to use more accurate measurement methods and
working standards that have much less measurement
uncertainty.

Lab 2 calibration results meet the requirements
for the E number only for electrical resistance of

1 Q, but do not meet the requirements for this number
for electrical resistance of 10 @ and 100 Q values.
However, the expanded uncertainty of calibration does
not correspond to the measurement result, so these
CLs are advised to make adjustments to the calibration
methodology in terms of calculating the required
corrections when measuring electrical resistance.

The uncertainties for Lab 7, Lab 4 in the second
round and Lab 3 in both rounds are very large for
all denominations of electrical resistance. These CLs
need to use more accurate measurement methods and
working standards that have much less measurement
uncertainty.

Comparison of the results of Lab 3 and Lab 4,
which participated in both rounds of ILC, showed
satisfactory results. However, for these CLs are
recommended by the RL to use more accurate
measurement methods and working standards to obtain
less measurement uncertainty.
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AHoTais

BuMmiproBaHHSI HEBEIMKUX KiJIBKOCTEH €JIEKTPUYHOTO OINOpPY € aKTyaJbHUM 3aBIAHHSIM HE TiJIbKU B Tajly3i eHepreTuKu
(BUMipIOBaHHSI OIOPY 3aXMCHOTO 3a3eMJICHHSI, OIOpPY i30JIA1lil TOIo), ajie i1 y 6iodi3ulli Ta MenUIMHI (BU3HAYEHHS eJeK-
TPUYHUX BJACTUBOCTEI OiONIOTiYHUX OO’€KTIB TOLIO).

s minTBepIKeHHST KOMITIETEHTHOCTI KaJliOpyBaJIbHUX i BUITPOOYBaJIbHUX J1TA00paTOpiii BiAIIOBIIHO O BUMOI CTAaHIAPTY
ISO/IEC 17025 HeoOximHa BimmoBimHa akpemuTairis. [IutaHHs opraHizailii Ta TpOBeIeHHS MikJIabopaTOPHUX TMOPIiBHIHB
pe3yabTaTiB € JOCUTh HaraJbHUM MUTAHHSIM JUISI aKpPeIUTOBAHUX KaJliOpyBaJIbHUX i BUMIPOOYBaJIbHUX JlabopaTopiii. Baxinso
MPOBOJUTHU MEPIONUYHI payHIU MiXJIa00paTOPHUX MOPIBHSIHD PE3YJbTaTIB i3 3aAJly4eHHSIM BCe OiIbIIOI KiJTbKOCTI Jaboparopiii
Ta, BiAMOBIAHO, BCTAHOBUTU iX KOMIETEHTHICTb.

Y crarTi HagaHO pe3yJibTaTU JAPYroro payHay MixJ1abopaTOpHUX MOPIBHSAHbL pe3yJibTaTiB KajaiOpyBaHHS Mip ejleK-
TpuuHoro omnopy HomiHaiiB 1 Om, 10 Om T1a 100 OM Ha noctiitHomy ctpymi. PedepentHoro nabopatopiero (AIT “Ykp-
METPTECTCTaHAapT”) 3MilICHEHO MOCHTIIKEHHS Mip €JIeKTPUIHOTO OIOPY SIK 3ac00y MOPiBHSIHHS, BUSHAUYCHI OMOPHI 3HAYCHHS
MOPIBHSIHHS i3 PO3paXyHKOM iXHiX pO3IIMPEHUX HeBU3HaueHocTell. [1opiBHSIHHSA pe3ysibTaTiB BUMipIOBaHb, OTPUMaHUX
M yac KaJliOpyBaHHSI Mip €JEKTPUYHOIO OMOpy IT’SIThbMa JIabopaTopisiMu, BimOyBajocs 3a padialbHOI CXEMOIO MPOTSTOM
2018—2019 pp.

JlouinbHO TIOB’sI3aTM BCi pe3ysibTaTH KOXHOI jabopaTopii, sika Opajia y4acThb y JABOX payHIaX MiXJ1abopaTOpHUX I10-
PiBHSIHB pe3ysbTaTiB. OnucaHo NpoLeaypy NMPUB’I3KU MiXJIa0OpaTOPHUX MOPiBHSHb, SIKY BUKOPUCTAHO JUIS PayH[iB 3a3Ha-
YEeHUX MiXJIabopaTOPHUX TMOPIBHSIHb. BU3HaueHi ckoperoBaHi BiIXWJIEHHSI OTPUMaHUX pe3y/abTaTiB KOXHOIO JlabopaTopielo.
OlLliHeHO IXHIO KOPEKTHICTh 3 ypaXyBaHHSIM HEBU3HAUE€HOCTI BUMipIOBaHb 3a JIOIIOMOIOI0 OJHOTO i3 KPUTEpiiB 3a CTaTHUC-
TUKOIO (PYHKIIIOHYBaHHS 1JIsi 0OpaHUX HOMiHaMiB eneKTpuuHux omnopiB. [IpoBeaeHo aHali3 MiXJ1ab0paTOPHUX MOPiBHSIHb
pe3yabTaTiB KajaiOpyBaHHSI Mip €JIeKTPUUYHOIO OIOpY BCix JabopaTopiii.

Knrouosi cioBa: MixiabopaTOpHi MOPIBHSIHHS; NMPUIIMCAHE 3HAYEHHS; Mipa €JIEKTPUYHOTO OMNOpYy; HEBU3HAUYEHICTh
BUMipIOBaHb; HalliOHAJbHUIA METPOJIOTIYHUI IHCTUTYT; 3B’SI3yBaHHSI Pe3yJIbTaTiB.
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AHHOTAUMSA

IIpencraBneHsl pe3yabTaTbl BTOPOTO payHIa MeXJIabopaTOpHBIX CPaBHEHUU Mep 3JIEKTPUUYECKOTO COMPOTUBICHUS
1 Om, 10 Om u 100 OM Ha MOCTOSTHHOM TOKe. PedepeHTHOI 1abopaTopueil TpoBeIeHO UCCIeI0BaHUE MEP JIEKTPUUECKOTO
COMPOTUBJIEHMSI KaK CPE/ICTBA CPAaBHEHUsI, OTPeesIEeHbl OMOPHbIE 3HAUEHMSI CPABHEHUI ¢ PacUeTOM MX PACLIMPEHHBIX HEO-
npeneneHHOcTell. CpaBHEHUE Pe3yTbTaTOB M3MEPEHUI, TIOTYUYeHHBIX TIPU KATUOPOBKE Mep 3JIEKTPUIECKOTO COMTPOTUBIICHMS
MAThIO JJAOOPATOPUSIMU, MPOXOAWIO MO panuaibHoil cxeMe B TeyeHue 2018—2019 rr.

OmnucaHa Tpolieaypa TMPUBI3KA MEXJIa00paTOPHBIX CPaBHEHWI, KOTOpasi MCIOJb30BaHA ISl PAayHOOB YKa3aHHBIX
MeX1ab0paTopHbIX cpaBHeHUU. OmnpenesieHbl OTKOPPEKTUPOBAHHbBIE OTKJIOHEHUSI MOJYYEHHBIX Pe3yJbTaTOB KaxIoil j1abo-
patopueii. OlieHeHa MX KOPPEKTHOCTb C YYETOM HEOMPEAeIeHHOCTU M3MEPEHUil MPU MOMOIIU OJHOTO U3 KPUTEPUEB IO
CTaTUCTUKE (DYHKIIMOHUPOBAHUS I U30PAaHHBIX HOMUHAJIOB 2JIEKTPUYECKUX CONMPOTUBIeHUU. [IpoBeneH cpaBHUTEIbHbBIM
aHaJu3 pe3ybTaTOB KaJUOPOBKU Mep COMPOTUBICHUS ISl J1abopaTOpuil, KOTOpble MPUHUMAIU y4acTUe B MEPBOM U BTO-
pOM payHIax.

KioueBble clioBa: MexxiabopaTOpHBIE CpaBHEHMS; TPUITMCAHHOE 3HAUYCHUE, Mepa DJIEKTPUYECKOTO COMPOTUBIICHMS,
HEOMpeAeJIEHHOCTh U3MEPEHU; HAIMOHAIbHBIN METPOJIOTMUECKUT MHCTUTYT; CBSI3bIBAHUE PE3YJIbTaTOB.
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