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Abstract

The COOMET.EM-K35 Key Comparison of Power was carried out in the CIPM—MRA framework from 2016 to 2018.
The main aims of this project were to compare national measurement standards of low-frequency 50/60 Hz power and to
link with the CCEM-KS5 Key Comparison. This comparison was carried out between 13 National Metrology Institutes which
are the members of five Regional Metrology Organisations: COOMET, EURAMET, APMP, GULFMET and AFRIMET.
The selected travelling standard of low-frequency 50/60 Hz power was compared at: UMTS (Ukraine), BelGIM (Belarus),
VNIIM (Russia), GeoSTM (Georgia), CMS (Kyrgyzstan), UME (Turkey), SMU (Slovakia), LEM-FEIT (R. Macedonia),
NIM (China), MASM (Mongolia), QCC EMI (UAE), SASO-NMCC (Saudi Arabia), and NIS (Egypt). UMTS was a pilot
laboratory. NIM (China) and VNIIM (Russia) were linking National Metrology Institutes for the linking process between
CCEM-K5 Key Comparison and COOMET.EM-K5 Key Comparison due of participating in CCEM-K5 Key Comparison.

The paper is devoted to the discussion of issues concerning the participation and further evaluation of measurement
data of COOMET.EM-K5 Key Comparison of Power. Main results of participating laboratories measuring the same power
of travelling standard of low-frequency 50/60 Hz power in a framework of COOMET.EM-K5 Key Comparison of Power
are presented. Besides, the paper describes some problems concerning the evaluation of travelling standard drift effect and
its further influence on evaluation of Key Comparison Reference Value during a Key Comparison. Degrees of Equivalence
and Expanded Uncertainties of National Metrology Institutes participants are set. In addition, £ number was calculated for
each National Metrology Institute participating in COOMET.EM-K5 Key Comparison of Power with the aim of determining
data consistency.
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Introduction

Key comparisons (KCs) are the special compa-
risons for National Metrology Institutes (NMIs) in a
frame of Constative Committee (CC) and Regional
Metrology Organizations (RMOs) around the world,
which are carried out within the framework of the
International Committee for Weights and Measures
(CIPM) of Mutual Recognition Arrangement (MRA)
[1, 2]. The main purpose of KCs is the determination
of the equivalence between laboratories of different
NMIs.

The unilateral degree of equivalence (DoE) of
a laboratory is obtained as the deviation of its mea-
surement result from the KC reference value (KCRV),
together with the uncertainty associated with this de-
viation according to the CIPM MRA [3].
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The CIPM MRA describes in general how the
data of KC should be evaluated but it does not provide
enough specifics to define an unambiguous analysis.
Consequently many different ways of evaluating KC
data have been suggested over the years [4, 5].

Brief review of performed Key Comparisons of Power

To support CIPM MRA [1] between laboratories
of different NMIs, CIPM Consultative Committee for
Electricity and Magnetism (CCEM) was a sponsor of
international comparisons of electromagnetic units be-
tween NMIs [6]. CCEM organized international KC
of 50/60 Hz electric power (EP) (CCEM-KS5) in 1995.
The NIST was selected as the pilot laboratory [7].

In 1994 it was agreed at a meeting of EURAMET
AC power experts at the Swedish National Testing and

Ykpaiucokuii memponoeiunuii ucyprnan, 2019, Ne 1, 19-26 19



Main Results of COOMET.EM-K5 Key Comparison of Power

Research Institute (SP) to perform EURAMET KC of
50/60 Hz EP (EURAMET.EM-KS5) to support CIPM
MRA [1] between members of European Communi-
ty. The PTB was proposed as the pilot laboratory.
EURAMET.EM-K5 KC was carried out from 1996
to 2001 [8].

At the end of the EURAMET.EM-K5 KC some
more European NMIs showed their interest to the
comparison of EP and were willing to participate
in the measurements. It was decided to start a new
EURAMET.EM-KS5.1 KC, but at the same measure-
ment points and using the same kind of travelling
standard (TS) [9]. The UME was a pilot laboratory.
EURAMET.EM-K5.1 KC was carried out from 2003
to 2008. Moreover, some NMIs participated in the KC
were improved their capabilities for EP measurements
and their measurement uncertainties. The link between
the CCEM-K5 and EURAMET.EM-KS5.1 was estab-
lished by following the example [10] as in EURAMET.
EM-KS5. SE “Ukrmetrteststandart” (UMTS) took part
as the participant in EURAMET.EM-KS5.1 KC with
the aim of publishing Calibration and Measurement
Capabilities (CMCs) for EP unit in the of the Interna-
tional Bureau for Weights and Measures (BIPM) Key
Comparison Database (KCDB).

The SIM Electromagnetic Working Group (WG)
under the auspices of the CCEM carried out a KC
of EP measurement standards at 50/60 Hz. The pilot
laboratory was CENAM. This KC was assigned the
number SIM.EM-KS5 [11]. The main aim was to pro-
vide a link to various NMIs in the SIM region to the
CCEM-K5 KC on 50/60 Hz EP [7].

In 1996, an APMP.EM-KS5 KC (the NMIA was a
pilot laboratory) and in 2006, an APMP.EM-K5.1 KC
(the NIM was a pilot laboratory) of 50/60 Hz EP were
organized to link with the CCEM-K5 KC.

To support the published CMCs, UMTS orga-
nized Supplementary Comparison COOMET.EM-S2
(SC) [12] and was a pilot laboratory. It was decided
to perform the comparison at 120 V, 5 A, 50 Hz and
53 Hz, power factors 1, 0.5 Lead/Lag in order to be
in line with EURAMET.EM-KS5.1 KC. The procedure
was proposed for linking results of EURAMET.EM-
K5.1 KC and COOMET.EM-S2 SC to those NMIs
which have also taken part in both comparisons [13].

Participants of COOMET.EM-K5 Key Comparison of
Power

The COOMET.EM-K5 KC of Power was carried
out in the CIPM—MRA framework from 2016 to 2018.
The main aims of this project were to compare na-
tional measurement standards of EP of low-frequen-
cy 50/60 Hz power and to link with the CCEM-K5
KC. COOMET.EM-K5 KC was carried out between
13 NMIs which are the member of five RMOs:
COOMET, EURAMET, APMP, GULFMET and
AFRIMET. TS of low-frequency 50/60 Hz power was

compared at: UMTS (Ukraine), BelGIM (Belarus),
VNIIM (Russia), GeoSTM (Georgia), CMS (Kyr-
gyzstan), UME (Turkey), SMU (Slovakia), LEM-FEIT
(R. Macedonia), NIM (China), MASM (Mongolia),
QCC EMI (UAE), SASO-NMCC (Saudi Arabia), and
NIS (Egypt). UMTS was a pilot laboratory responsible
for providing the TS, coordinating the schedule, col-
lecting and analysing the comparison data, and pre-
paring the draft report, etc.

NIM (China) and VNIIM (Russia) was linking
NMIs for the linking process between CCEM-K5
KC and COOMET.EM-K5 KC due to participating
in CCEM-KS5 [13, 14]. Relevance of the compa-
rison results are expected at the level better than
0.005 %.

General review of the travelling standard

Selected TS is of Radian Research type RD-33-332
(serial number 301308) (RD-33-332). The RD-33-332
has a guaranteed accuracy of 0.01 %. Appearance of
RD-33-332 is shown in Fig. 1.

Fig. 1. Travelling standard RD-33-332

RD-33-332 is three-phase electric power meter
that works on principles of digital processing of electri-
cal current and voltage signals and measurement prin-
ciple is based upon the fundamentals of a high-speed
charge-balance integrating analogy to digital signal
converter. To carry out measurements on COOMET.
EM-K5 KC of power all the participating NMIs need-
ed to use a single-phase switching circuit (only phase
A). And as the reference of output signal, frequency
output is used. Main characteristics of RD-33-332 are:
input voltage: from 30 V to 525 V (RMS); input cur-
rent: from 0.2 A to 120 A (RMS); frequency of the
input voltage and current signals: from 45 Hz to 65 Hz;
constant of the frequency output: 125000 pulse/Wh;
supply voltage: from 60 V to 525 V (RMS); working
range of the temperature: from minus 20 °C to 40 °C;
keeping range of the temperature: from minus 25 °C
to 80 °C; working range of the humidity: from 0 %
to 95 %; dimensions: 444.5x172.0x131.0 mm; weight:
6.2 kg.
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Before starting measurements the RD-33-332
must be warmed up for 24 hours (connected to the
main power supply). Current and voltage signals
must be connected for 4 hours before measurement.
Only following these procedures, short-term shut-
down signal current or voltage from TS will not lead
to loss of the TS’s characteristics. But if the power
supply of TS will be turned off, then the proce-
dure of warming up must be made over again. Main
measurements should be performed with the input
signals: voltage 120 V + 0.2 %; current 5 A + 0.2 %;
power factors 1.0, 0.5 Lag, 0.5 Lead, 0.0 Lag, 0.0
Lead deviation from the nominal value not exceeding
+ 0.1 %; frequency 50 Hz + 0.05 Hz and 53 Hz
+ 0.05 Hz.

Behaviour of the travelling standard

During KC all the participating laboratories
should measure the identical TS, which often is
not perfectly stable. So it is necessary to take into
account the instabilities arising from the ageing of
the TS or by several physical or mechanical changes
during the transportation process or from the time.
The presence of drift of TS directly influences the
quality of KC [15].

If preliminary analysis of the KC data points out
the presence of TS drift, it is necessary to evaluate
this one. This evaluation has significance for a final
assessment KCRV and the degrees of equivalence of
the NMIs standards.

The UMTS as pilot laboratory has performed re-
peated measurements over the duration of the KC in
order to monitor the stability of the TS and also the
correction to compensate the drift can be evaluated.
The evaluated correction which depends on both the
stability of the TS and the long term stability of the
measurements and its standard uncertainty will be
included in the model describing the measurement
process of the KC [16]. The different approaches for
evaluation drift effect to the COOMET.EM-K5 KC
were applied [17].

TS RD-33-332 provides extreme linearity coupled
with extreme stability. In addition, high resolution and
repeatability permit rapid and accurate single revolu-
tion testing both in the field and in the lab with the
appropriate optical pickup [18, 19]. The RD-33-332
is well-suited for test applications that require multi-
ple measurements with high accuracy and as well as
long term and short term stabilities. The drift effect
was calculated during the course of this KC. From
these measurements after analysing specified that the
behaviour of TS is the linear fit [20]. As the example
the drift values 6PdIi are given in Table 1 only for
frequency 50 Hz and PF = 1.0, 0.5 Lag, 0.5 Lead,
0.0 Lag, and 0.0 Lead. As was calculated, the drifts
effect was linear and small for all measurement points,
so it can be neglected.

Table 1
The drift values SPdriﬁ, UW/(VA)
Frequency | Power factor SPdriﬁ
1.0 -0.14
0.5 Lag -0.14
50 Hz 0.5 Lead 0.80
0.0 Lag -0.26
0.0 Lead 0.72

The Key Comparison reference values

Measurement report containing all relevant data
and uncertainty estimates was forwarded to the coor-
dinator of KC within six weeks of completing mea-
surement of the TS. The KC reference values (RV) X,
are calculated as the mean of participant results with

COOMET.EM-KS5 data are given by [21, 22]:

i X. i 1
Xegp = : (D
/ i=1 uf (xi)/ i=1 ucz (xi)

with combine standard uncertainties

N
1
u'(x.)=1 .
) =Y 2

As the example RV and expanded uncertainties
only for 50 Hz are given in Table 2.

(2)

Table 2
Reference values and expanded uncertainties
for frequency 50 Hz

Frequency Power Krer2 U
factor | uW/IVA) | uw/ivaA)

1.0 -0.8 6.4

0.5 Lag 5.8 6.5

50 Hz 0.5 Lead -5.6 6.4

0.0 Lag 4.2 5.7

0.0 Lead -7.1 5.7

The UMTS as pilot laboratory has provided the
traceability to the SI of national national standards.
All of the participating NMIs made measurements at
the same measurement points for 50 Hz and 53 Hz
power.

UMTS, BelGIM, GeoSTM, SMU, NIS, and
LEM FEIT power measurements are traceable to the
PTB. The PTB participated in CCEM-K5 KC and
EURAMET.EM-K5.1 KC and also was a pilot labo-
ratory for EUROMET.EM-KS5 KC.

CSM, SASO NMCC and NIS power measure-
ments are traceable to the UME. The UME was a
pilot laboratory for EURAMET.EM-K5.1 KC and also
participated in EURAMET.EM-K5 KC.
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Table 3
Degrees of equivalence and the £ numbers of the NMI participants
50 Hz
NMI D, uW/(VA) | UD), uW/(VA) |  E, | D, uW/(VA) | UD), uW/(VA) | E,
PF = 1.0 PF = 0.5 Lag
BelGIM -1.1 4.5 0.02 -2.9 42.9 0.07
UME -4.2 21.9 0.19 -6.8 22.6 0.30
GEOSTM 18.1 89.6 0.20 9.1 136.0 0.07
VNIIM 2.2 13.2 0.17 3.6 12.1 0.30
MASM 2.2 87.3 0.02 28.2 122.2 0.23
SMU -51.8 74.9 0.69 2.5 84.7 0.03
NIM 1.8 13.6 0.14 -1.1 13.6 0.08
QCC EMI -5.6 22.3 0.25 -3.6 25.6 0.14
NIS -7.0 36.4 0.19 10.0 46.7 0.22
CSM -17.2 158.2 0.11 -15.8 158.1 0.10
SASO-NMCC -8.2 39.5 0.21 -12.8 40.5 0.31
LEM-FEIT 46.4 115.7 0.40 0.0 115.7 0.00
UMTS 2.6 19.6 0.14 -3.3 27.2 0.12
NMI PF = 0.5 Lead PF = 0.0 Lag
BelGIM 0.4 43.6 0.01 0.6 42.2 0.01
UME 0.6 22.6 0.03 -0.2 22.6 0.01
GEOSTM 4.2 136.0 0.03 1.6 203.1 0.01
VNIIM 2.5 12.1 0.21 2.7 10.8 0.25
MASM -24.4 106.7 0.23 18.8 84.2 0.22
SMU -14.1 84.7 0.17 27.6 91.4 0.30
NIM 1.2 13.6 0.09 2.1 11.5 0.18
QCC EMI 4.8 25.0 0.19 2.5 20.8 0.12
NIS 26.8 40.9 0.66 -30.0 39.6 0.76
CSM -16.4 158.2 0.10 -68.2 160.3 0.43
SASO-NMCC 2.6 40.5 0.06 -6.2 41.4 0.15
LEM-FEIT 86.5 115.7 0.75 38.4 115.6 0.33
UMTS 1.4 26.3 0.05 -0.5 24.6 0.02
NMI PF = 0.0 Lead —
BelGIM 11.6 | 45.2 | 0.26 — | — —
NMI PF = 0.0 Lead —
UME 1.1 22.6 0.05 — — —
GEOSTM -5.8 203.1 0.03 — — —
VNIIM 2.0 10.8 0.18 — — —
MASM 34.1 84.2 0.40 — — —
SMU 51.8 91.4 0.57 — — —
NIM 0.5 11.5 0.04 — — —
QCC EMI 0.6 20.9 0.03 — — —
NIS -18.4 37.6 0.49 — — —
CSM -43.9 161.7 0.27 — — —
SASO-NMCC 6.1 41.4 0.15 — — —
LEM-FEIT 55.0 115.6 0.48 - - -
UMTS 3.3 25.2 0.13 — — —

The MASM power measurements are traceable to the
NIM and the KRISS. The NIM participated in CCEM-K5
KC and was a pilot laboratory in APMP.EM-K5.1. QCC
EMI power measurements are traceable to the NMIA. The
NMIA was a pilot laboratory in APMP.EM-K5.

Degrees of equivalence of participants

The principal results of this KC are the pair-
wise degrees of equivalence and the DoE with re-

spect to the KCRV of CCEM-K5 KC. Degrees of
equivalence of the NMI participants are reported
with respect to the measurement at 50 Hz. The
DoE of i-th NMI and its combined standard un-
certainties with respect to the KCRV (j is num-
ber marking for frequencies 50 Hz and PF = 1.0,
0.5 Lag, 0.5 Lead, 0.0 Lag, and 0.0 Lead, j = 10)
are estimated as

Dy =X =X, (3)
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Fig. 2. Degree of equivalence for NMI participants for PF = 1.0, 50 Hz
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Fig. 3. Degree of equivalence for NMI participants for PF = 0.5 Lag, 50 Hz
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Fig. 4. Degree of equivalence for NMI participants for PF = 0.5 Lead, 50 Hz

Ykpaiucokuii memponoeiunuii ucyprnan, 2019, Ne 1, 19-26 23



Main Results of COOMET.EM-K5 Key Comparison of Power
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Fig. 5. Degree of equivalence for NMI participants for PF = 0.0 Lag, 50
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Fig. 6. Degree of equivalence for NMI participants for PF = 0.0 Lead, 50 Hz

ul (D) =u (%) +ul (x,5). 4)

Additionally, the performance £ number was cal-
culated as follow:

n = 2|Ll| (5)
u, (Di)

All DoE and the E numbers are given in Table 3,
and the graphs in Fig. 2—6. The E numbers for all
NMI participants satisfy the condition of performance
(E < 1.0).

The pair DoE of i-th NMI and j-th NMI partici-
pants DU. and its expanded uncertainties U(Dij) (k=2
with respect to the KCRYV, pair DoE of i-th NMI and
j-th NMI participants DU. with combined standard un-
certainty uC(Dij) are estimated by

Dy =x—x, (6)

uf (Dij) = uf (x)+ uf (xj) ) (7)

Conclusion

The paper is devoted to the discussion of issues
concerning the participation and further evaluation of
measurement data of COOMET.EM-K5 KC of Power.

It was determined that the TS RD-33-332 was
perfectly stable during the period of long term mea-
surement in a frame of COOMET.EM-K5. The va-
lue of drifts effect is between minus 0.14 uW/VA and
0.80 uW/VA. As the result, the calculated drifts ef-
fect was linear and small for all measurement points,
so it was neglected. Also the KCRVs and their ex-
panded uncertainties were calculated. The KCRVs
lie in the range from minus 0.8 uW/VA (PF = 1.0)
to minus 7.1 (PF = 0.0 Lead) with expanded uncer-
tainties from 5.7 uW/VA to 6.4 uW/VA.

Degrees of equivalence and Expanded Uncertain-
ties in uW/VA of NMI participants were calculated.
The E numbers lie in the range from 0.00 to 0.76
for all NMI participants, that satisfies the condition
of performance £ < 1.0 and characterizes good data
consistency.
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OCHOBHI pe3yJIbTaTH KJIIYOBHX 3BipeHb 3 NMOTYKHOCTI
COOMET.EM-K5

O.M. Benu4ko, C.P. KapneHko

Al “YkpmempmecmcmaHdapm”, eyn. MemponoeiyHa, 4, 03143, Kuis, YkpaiHa
velychko@ukrcsm.kiev.ua
s.r.karpenko86@gmail.com

AHoTauis

Kimouosi 3Bipenns 3 noryxuocti COOMET.EM-KS5 6yiau nposeneni y pamkax Yromu CIPM MRA 3 2016 o 2018 pik.
OCHOBHUMM LIUISIMU IIHOTO TIPOEKTY OYJIM 3BipeHHST HAIliOHATBHUX €TAIOHIB HU3bKOYACTOTHOI €JIeKTPUYHOI IoTyKHOCTI 50/60 'y
Ta TIpUB’sI3Ka pe3ysbTatiB 10 KimodoBux 3BipeHb CCEM-KS. 3a3HaueHi 3BipeHHSI MpOBOAMIMCS MiX 13 HalliOHATbHUMU Me-
TPOJIOTIYHUMU IHCTUTYTaMU, sIKi € WwieHaMMu S5 perioHaibHUX MeTpojoriyHux opratizaiiii: COOMET, EURAMET, APMP,
GULFMET ta AFRIMET. OGpanuii TpaHCIIOPTaOeIbHMIA €TAIOH HU3bKOYacTOTHOI motyxHocTi 50/60 ' 3BipsiBcst B: YMTC
(Ykpaina), BelGIM (Pecnyonika binopycs), BHIIM (Pociiiceka ®enepanist), GeoSTM (I'pysist), CMS (Kupruscran), UME (Ty-
peuunHa), SMU (CnoBauunna), LEM-FEIT (Pecnyonika Makenonist), NIM (Kwurait), MASM (Mowromnist), QCC EMI (OAE),
SASO-NMCC (Cayniscbka Apasis) i NIS (€runer). YMTC 0yB ninotHoto nadopatopieto. NIM (Kurait) i VNIIM (Pociiicbka
Denepatiist) Oyu 3aIpOIOHOBAHI SIK 3B’sI3yBajIbHi HaLlIOHAIbHI METPOJIOTiYHI iHCTUTYTH Yepe3 iX y4acTb y KIIOYOBUX 3BIPEHHSIX
CCEM-KS 3amig npub’g3ku pe3ysbTatiB kiouoBux 3BipeHb CCEM-KS no pesynbrariB kimouoBux 3BipeHb COOMET.EM-KS.

CTaTTIO NMPUCBIYEHO OOTOBOPEHHIO MUTaHb, 110 CTOCYIOTHCS YYacTi Ta MOAAIBIIOI OLIHKY BUMIPSIHUX JAaHUX Y paMKax
KJII0UOBHUX 3BipeHb 3 ToTy:kHOCTi COOMET.EM-K5. HaBeneHo OCHOBHI pe3y/IbTaTH HalliOHATbHUX METPOJIOTIYHUX iHCTUTY-
TiB-y4aCHMKIB, 1110 MPOBOASITH BUMipIOBAHHSI OJHOIO i TOTO X TPaHCIOPTAOEJbHOIO €TajJoHa HU3bKOYACTOTHOI MOTY>XKHOCTI
50/60 I'u y paMmkax kiarouoBux 3BipeHb 3 moryxHocti COOMET.EM-KS5. Takox po3IIsSIHYTO IIpo0JeMu, OB’ sI3aHi 3 OLH-
Kot edexty npeiidy TpaHCHOPTAOEIbHOIO €TajJoHa Ta WOro MoAAIbIIMI BIUIMB HAa OLIIHKY OMOPHOIrO 3HAYEHHS KIIOYOBUX
3BipeHb ITiJl Yyac ix MpoBeaeHHs. BrM3HaueHO CTyreHi eKBiBaJIEHTHOCTI Ta PO3IIMPEHI HEBM3HAYEHOCTI HalliOHAJIbHUX Me-
TPOJIOTIYHMX IHCTUTYTIB-y4aCHUKIB. Takox OyJ0 po3paxoBaHO KpUTepidl E s KOXHOIO HALiOHAJIBLHOIO METPOJIOTiYHOTO
iHCTUTYTYy-y4acHUKa KiatodoBux 3BipeHb COOMET.EM-KS5 3 MeTo0 BU3HAYeHHs Y3rOMKEHOCTI BUMIpSHUX JaHUX.

KmouoBi cioBa: edexT mpeiidy, KIOYOBI 3BipeHHS, €JeKTPUYHA TOTYXKHICTh, OIOPHE 3HAYEHHSI KJIIOUOBUX 3BipeHb,
TpaHCIOpTa0beIbHUI €TajloH, CTYMiHb €KBiBaJIEHTHOCTI.

OcHoBHbIE pe3yJbTaThl KJII0YEBbIX CIMYEHMIt
nmo momHOocTH COOMET.EM-K5

O.H. Benunuko, C.P. KapneHko

[Tl “YkpmempmecmemarOapm”, yn. Memponozauyeckasi, 4, 03143, Kuee, YkpauHa
velychko@ukrcsm.kiev.ua
s.r.karpenko86@gmail.com

AHHOTaUMsA

KntoueBrsie cnuueHus mo momtHocty COOMET.EM-KS 6bimu mpoBeneHsl B pamkax Cornamenuss CIPM MRA
¢ 2016 mo 2018 rog. OCHOBHBIMM LIEISIMU JAHHOTO MpPOEKTa ObUIM CIMYEHUS HALIMOHAIBHBIX 3TaJOHOB HM3KOYAaCTOTHOM
aekTpuyueckoit MomHoctu 50/60 Tii v mpuBs3Ka pe3ynbratoB K KimoueBbIM cindeHusiM CCEM-KS. VkazaHHble CaudeHUst
ObUTM TIPOBENeHBI MeXMy 13 HAIMOHATTBHBIMU METPOIOTMYECKUMY WHCTUTYTAMU, KOTOPBIE SIBIISTIOTCST WICHAMU 5 PETMOHATBHBIX
metposornyeckux opranuzanuit: KOOMET, EURAMET, APMP, GULFMET u AFRIMET. BoiOpaHHbIii TpaHCIOPTUPYEMBbIii
STAJIOH HU3KodacToTHOU MoimHocTu 50/60 I'n camuancsa B: YMTC (Vkpauna), benl UM (Pecniyonuka benapycs), BHUWM
(Poccuiickas @enepammst), GeoSTM (I'pysust), CMS (Kwipreiscran), UME (Typuwms), SMU (CnoBakust), LEM-FEIT
(Maxkenonus), NIM (Kwurait), MASM (Monromust), QCC EMI (OABD), SASO-NMCC (Caynonckas Apasust) u NIS (Erurer).
YMTC 6bi1 munotHoit staboparopueit. NIM (Kurait) u VNIIM (Poccuiickass Deneparmsi) 6bUTM TIPEIIOXKEHBI B Ka4eCTBe
CBSI3YIOLIMX HALMOHAJIBHBIX METPOJOTMYECKMX MHCTUTYTOB M3-3a MX ydyacTusi B KimodeBbix cindeHusix CCEM-KS5 ¢ uenbio
MPUBS3KU pe3ynsraToB KioueBbix cinueHuit CCEM-KS k pesynsratam kimoueBbix cimyeHuit COOMET.EM-KS.

CraTbsl MOCBSIIEHA 0OCYXIIEHUIO BOITPOCOB, KACAIOLIUXCS yYacTUsl U JalbHENIIeil OlleHKU U3MEPEHHbIX JaHHBIX B paM-
Kax kitoueBbix camyeHuii mo MomHocTd COOMET.EM-KS. TlpuBeneHsl OCHOBHBIE pe3yJbTaThl HALIMOHAJIBHBIX METPOJIOTH -
YeCKUX UHCTUTYTOB-YYaCTHUKOB, KOTOPbIE MPOBEIU U3MEPEHMSI OHOTO U TOTO XK€ TPAaHCMOPTUPYEMOTrO 3TajJoHa HU3KOYac-
totHO# MoiHocTu 50/60 I'iy B pamkax kioueBbix cinueHuit mo momHocty COOMET.EM-KS. PaccMoTpeHbl pobJieMsl,
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CBsI3aHHBIE C OLIEHKOU 3ddeKTa npeiica TpaHCTOPTUPYEMOTO STATOHA U €T0 JAJIBHEUIETro BIUSHUS Ha OLIEHKY OTIOPHOTO

3HAYEHUS KJIIOYEBBIX CIMYEHUI BO BpeMsl MX INpoBeneHus. OmnpenesieHbl CTeNeHW 3KBUBAIEHTHOCTU U PaCIIMPEHHbIE He-
OMpPENEJEHHOCTH HAIIMOHAIBHBIX METPOJOTMYECKUX MHCTUTYTOB-YYACTHUKOB. Takxke ObUl paccuuTaH Kpurepud E s
KaxJ0ro HallMOHAJbHOTO METPOJIOTMYECKOI0 WHCTUTYyTa-ydyacTHUKa KioueBbix cindeHuit COOMET.EM-KS ¢ uenbio
OmpelesieH!s COTJIACOBAHHOCTU M3MEPEHHBIX JaHHBIX.

KmoueBsie ciaoBa: apdexr apeiida, KioueBble CIUUYECHUSI, DJIEKTPUUYECKAsh MOLIHOCTb, OITOPHOE 3HAYE€HUE KIIIOYEBBIX
CIIMYCHUI, TPAHCIIOPTUPYEMBIN 3TAJIOH, CTENIEHb SKBUBAJCHTHOCTH.
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