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Abstract

International agreements are the basis for establishing global metrological traceability. The Arrangement on the Mutual
Recognition of National Standards, Calibration and Measurement Capabilities of National Metrology Institutes (NMIs) of
the International Committee for Weights and Measures plays a key role in ensuring the international equivalence of national
standards in different countries. The main basis of this arrangement is specific guidelines and recommendations, in particular
for the comparison of standards.

Regional metrology organisations (RMOs) traditionally carry out both key and supplementary comparisons of national
standards of the unit of electric power at frequencies of 50 and 53 Hz, in particular within the framework of COOMET,
the pilot laboratory of which was SE “Ukrmetrteststandard”. However, supplementary comparison of the national standards
at frequencies of 50 and 60 Hz for energy units was conducted only by the RMOs of the American continent — SIM.

The article presents the main results of international supplementary comparisons of national standards of active and reactive
electrical energy units at frequencies of 50 and 53 Hz within the framework of the GULFMET.EM-S5 and GULFMET.
EM-S5.1 project. Comparisons piloted by the SE “Ukrmetrteststandard” were conducted radially with the participation of
the National Metrological Institutes of Ukraine, Turkey and the United Arab Emirates (UAE) during 2019 and 2020.

The drift of the travelling standard was estimated over the entire period of the comparison and was small for all
measurement points. The degree of equivalence of national standards active and reactive energy for power factors of
1.0, 0.5 Lag and 0.5 Lead has been established. Results of estimation of consistency of the received data are presented.
Values number E, for all NMIs for all measuring points meet the set requirements. Linked results of GULFMET.EM-S5

and GULFMET.EM-S5.1 supplementary comparisons were presented.
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1. Introduction

International agreements are the basis for estab-
lishing global metrological traceability. The Arrange-
ment on Mutual Recognition of National Standards,
Calibration and Measurement Capabilities of National
Metrology Institutes (NMIs) of the International Com-
mittee for Weights and Measures (CIPM MRA) [1]
plays an important role in ensuring the international
equivalence of national standards of different countries.
The main basis of this arrangement is special docu-
ments, guidelines, standards and recommendations, in
particular on the comparison of standards [2]. NMIs
play an important role in the implementation of the
CIPM MRA Arrangement.

In addition to key comparisons, Regional Me-
trology Organisations (RMOs) carry out supplemen-
tary comparisons of standards for those measurements
that are not covered by key comparisons of the CIPM
Consultative Committees or RMOs. The results of all
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international comparisons of standards are published
in a special database of key comparisons (KCDB) of
the International Bureau for Weights and Measures
(BIPM) [3].

RMO traditionally conducts both key and supple-
mentary comparisons of national standards of electric
power unit at frequencies of 50 and 53 Hz, in particu-
lar within the framework of COOMET [4, 5], the pi-
lIot laboratory of which was SE “Ukrmetrteststandard”
(UMTS, Ukraine). However, supplementary compari-
sons of national standards of the electric energy unit at
frequencies of 50 and 60 Hz were organized and car-
ried out only by RMO countries of the American con-
tinent — SIM: SIM.EM-S2 [6] in 2003—2004, SIM.
EM-S7 [7] in 2010—2011, and SIM.EM-S12 from 2015,
which have not yet been completed till now.

The GULFMET supplementary comparisons
of national standards of a unit of electric energy at
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frequencies of 50 and 53Hz were conducted from
February to June 2019 (GULFMET.EM-S5[8]) and
from December 2019 to June 2020 (GULFMET.EM-
S5.1). The pilot laboratory of both comparisons was
UMTS (Ukraine). NMI-participants of GULFMET.
EM-S5 comparison were UMTS, QCC EMI (United
Arab Emirates, UAE), and UME (Turkey). NMI-
participants of GULFMET.EM-S5.1 comparison were
UMTS and QCC EMI. Those NMIs are members of
the RMOs GULFMET, COOMET, and EURAMET.
Establishing a link between the results of both com-
parisons is important.

2. Evaluation of travelling standard and conditions of
measurements

Radian Research RD-33-332, which has a gua-
ranteed accuracy of 0.01% and was successfully used
in key comparisons of national standards of elec-
tric power unit (COOMET.EM-KS), was selected
as travelling standard (TS) for comparisons [5, 9].
TS RD-33-332 is three-phase AC power meter, which
works on principles of digital processing of electrical
current and voltage signals.

The measurement of AC Energy is fully automa-
tic thorough counting the number of pulses from the
“pulse output” connector which is directly proportional
to the measured active energy. The output frequency
of RD-33-332 is 20833.3333 Hz.

The TS RD-33-332 is an energy meter of the
energy-to-pulse converting type. The energy constant,
K, of this standard is equal to 125000 pulses/Wh.
At 120V, 5A and power factor equal to unit,
RD-33-332 is able to generate a train of pulses with
a frequency equal to 20833.3333 pulses per second.

The pulse frequency is related to electrical energy
by the following dependence:

f=(P-K,)/3600, (1)
where K, value of the NMI participant is given in
terms of pulses per W or pulses per kW/h.

The number of pulses on the RD-33-332 is set
to 1000000 and the integration time T, for energy
measurements is approximately equal to:

T, =60s, at 120 V/5 A/Power Factor (PF)/
Reactive PF (RPF) = 1.0;

T =120s, at 120 V/5A/PF/RPF =
0.5 Lead.

The calibration error x, should be expressed in
uWh/VAh (active energy) and upvarh/VAh (reactive
energy) by each NMI participant.

Measurements were performed under the following
input signals and environmental conditions:

voltage: 120 V + 0.2%;

current: 5 A + 0.2%;

PF/RPF: 1.0; 0.5 Lag; 0.5 Lead + 0.1%;

input frequency: 50 + 0.05 Hz and 53 + 0.05 Hz;

ambient temperature: 23 + 1°C;

ambient humidity: 20—70%;

supply voltage: 220 V + 5%;

supply voltage frequency: 50 + 0.1 Hz.

The first day of starting GULFMET.EM-S5
comparison was 11 February 2019. GULFMET.EM-
S5.1 comparison was finished on 29 May 2020. UMTS as
a pilot laboratory has performed repeated measurements
on TS for 15 months and 18 days. During the course
of both comparisons the drift effect was calculated for
all PF/RPF points (Table 1 and Fig.1 for PF = 1.0 at
frequency of 53 Hz and active energy only). The average
values of energy x, and standard deviation c are given
in Table 1 at frequencies of 50/53 Hz and PF/RPF=
= 1.0, 0.5 Lag, 0.5 Lead. The drifts were small for all
measurement points, so they can be neglected.
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Table 1
The average values and standard deviation for active and reactive energy
Active energy Reactive energy
Frequency PF/RPF
X, » WWh/(VAh) o, WWh/(VAh) x_, wvarh/(VAh) o, wvarh/(VAh)
1.0 3.6 1.1 1.8 2.8
50 Hz 0.5 Lag 3.9 0.1 3.9 0.5
0.5 Lead -6.4 0.4 -6.1 0.4
1.0 2.9 1.1 2.4 0.5
53 Hz 0.5 Lag 5.1 0.2 4.5 1.3
0.5 Lead -4.5 0.4 -4.7 0.6
Table 2
RVs and expanded uncertainties for active energy
GULFMET.EM-S5 GULFMET.EM-S5.1
Frequency PF
x,.» WWh/(VAh) U, hWh/(VAh) x,.» WWh/(VAh) U, tWh/(VAh)
1.0 -7.9 22.6 -0.1 31.0
50 Hz 0.5 Lag -1.9 26.8 1.2 343
0.5 Lead -10.7 28.2 -5.9 35.5
1.0 9.2 22.4 -1.7 31.0
53 Hz 0.5 Lag 1.3 26.8 2.7 34.1
0.5 Lead -15.3 28.0 -0.1 31.0
Table 3
RVs and expanded uncertainties for reactive energy
GULFMET.EM-S5 GULFMET.EM-S5.1
Frequency RPF
X, uvarh/(VAh) U, uvarh/(VAh) X, puvarh/(VAh) U, pvarh/(VAh)
1.0 -9.5 28.0 -3.0 31.7
50 Hz 0.5 Lag -4.7 334 2.7 34.4
0.5 Lead -12.5 334 -6.4 37.4
1.0 -12.3 27.6 -1.2 30.4
53 Hz 0.5 Lag -1.0 334 -1.1 34.0
0.5 Lead -15.8 34.2 -8.1 36.1

3. Evaluation of results of supplementary comparisons

The comparison reference values X, are calculated
as the mean of participant results with GULFMET.
EM-S5 or GULFMET.EM-S5.1 data are given by
[10, 11]

Noox, Yool
. ;u§<xi)/ 2 .

with combined standard uncertainties

w2 (x,) =1 Zﬁ 3)

Reference values and expanded uncertainties (U, ef)
for GULFMET.EM-S5 and GULFMET.EM-S5.1 at
frequencies of 50/53 Hz for PF/RPF = 1.0, 0.5 Lag,
0.5 Lead and for active and reactive energy are given
in Tables 2 and 3.

Degrees of equivalence (DoE) of the NMI
participants are reported with respect to the
measurement at frequencies of 50/53 Hz and
PF/RPF = 1.0, 0.5 Lag, 0.5 Lead. The DoE of i-th
NMI participant and its combined standard uncertainties
with respect to the RV are estimated as (j are for
PF/RPF = 1.0, 0.5 Lag, 0.5 Lead):

D, = x, T Xer o “4)

ucz(Dx) =u02('xi)_ucz(xrefj)' ®)

Additionally, the performance indicator E is
calculated as:

E, =|Di|/u(Di)Sl'O (6)
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Table 4
DoE and the E, values of the NMI participants (active energy)
GULFMET.EM-S5 GULFMET.EM-S5.1
D, U, D, uD),
Frequency PE NMI wWh/ | pwh | E WWh/ | Wi E
(VAh) (VAh) (VAh) (VAh)
QCC EMI -22.1 24.8 0.89 -10.5 41.6 0.25
1.0 UME 5.2 21.3 0.25 - - -
UMTS 10.6 22.2 0.48 4.8 36.2 0.13
QCC EMI -10.5 24.8 0.42 -1.8 40.8 0.04
soH 0.5Lag |UME 8.5 26.4 0.32 - - -
z UMTS 5.8 30.7 0.19 2.7 43.8 0.06
QCC EMI -6.5 27.3 0.24 0.3 425 0.01
0.5Lead |UME 3.3 26.7 0.12 — - —
UMTS 4.4 31.2 0.14 -0.4 448 0.01
QCC EMI -24.4 24.8 0.99 -12.3 41.6 0.30
1.0 UME 5.6 21.3 0.26 - - —
UMTS 11.4 21.7 0.52 5.6 36.2 0.15
QCC EMI -10.0 24.8 0.40 -1.7 40.6 0.04
0.5Lag |UME 9.4 26.4 0.35 — — —
53 Hz UMTS 3.7 30.5 0.12 2.4 43.4 0.06
QCC EMI -9.8 27.3 0.36 -4.3 42.0 0.10
0.5Lead |UME 1.9 26.7 0.07 - - —
UMTS 10.6 30.8 0.35 5.5 43.9 0.13
Table 5
DoE and the £ values of the NMI participants (reactive energy)
GULFMET.EM-S5 GULFMET.EM-S5.1
Frequency RPF NMI D, u,), D, uw),
pvarh/ pvarh/ E, pvarh/ pvarh/ E
(VAh) (VAh) (VAh) (VAh)
10 QCC EMI -15.4 25.0 0.62 -4.9 41.1 0.12
' UMTS 12.8 23.5 0.55 2.9 37.4 0.08
QCC EMI -5.2 26.9 0.19 -3.9 40.8 0.10
0.5 Lag
UMTS 8.9 32.1 0.28 6.3 442 0.14
50 Hz
QCC EMI -3.7 27.7 0.13 -0.4 448 0.01
0.5 Lead
UMTS 6.2 33.0 0.19 0.6 472 0.01
10 QCC EMI -18.0 24.9 0.72 -8.1 40.2 0.20
' UMTS 14.3 23.1 0.62 4.2 35.7 0.12
QCC EMI -3.6 26.9 0.14 -3.2 40.4 0.08
0.5 Lag
UMTS 6.2 32.1 0.19 4.8 433 0.11
53 Hz
QCC EMI -7.1 27.6 0.26 -2.4 43.7 0.06
0.5 Lead
UMTS 11.6 32.5 0.36 2.8 447 0.06

All DoE and the £ number are given in Table4
(for active energy at frequencies of 50/53 Hz and
for PF = 1.0, 0.5 Lag, 0.5 Lead) and Table 5 (for
reactive energy at frequencies of 50/53 Hz and for
RPF = 1.0, 0.5 Lag, 0.5 Lead), and the graphs on
Fig. 2 (for PF = 1.0, 53 Hz for GULFMET.EM-S5

for active energy) and Fig. 3 (for PF = 1.0, 53Hz
for GULFMET.EM-S5.1 for active energy). £ num-
ber for all NMIs for all measurement points satisfy
equation (6) and take values from 0.07 to 0.99 for
GULFMET.EM-S5 and from 0.01 to 0.30 for
GULFMET.EM-S5.1.
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Fig. 2. DoE of the NMI participants for PF = 1.0, 53 Hz for GULFMET.EM-S5 (active energy)
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Fig. 3. DoE of the NMI participants for PF = 1.0, 53 Hz for GULFMET.EM-S5.1 (active energy)

4. Linking of results of supplementary comparisons

Through joint NMI participant (UMTS),
GULFMET.EM-S5.1 can be linked to GULFMET.
EM-S5. Linked DoE of QCC EMI to GULFMET.
EM-S5 is estimated as [12—14]:

!
DQCC EMIS — DQCC emisa A, (7)

where DQCCEM[S‘] is a result of QCC EMI from

GULFMET.EM-S5.1 only; D'QCCEM]5 is a result of

QCC EMI which is linked to GULFMET.EM-S5.
The correction factor for linking NMI (UMTS) is

estimated as

A= dUMTCS —Dyyrs 515 (8)

where d ;5 is a result for linking NMI (UMTS) from

GULFMET.EM-S5; D is a result for linking

UMTS 5.1

NMI (UMTS) from GULFMET.EM-S5.1.
The combined standard uncertainty for D
is calculated as:

’

QCCEMI 5

u’ ( occEmis ) =u’ (DQCC EMI.1 )"’”2 (4), )
where u(Dyecpy,s,) is the combined standard uncer-
tainty of QCC EMI result from GULFMET.EM-S5.1
only; u(A) is the combined standard uncertainty of
correction factor (combined standard uncertainty of
UMTS result from GULFMET.EM-S5).

Linked DoE and the E values of the NMI partici-
pants to GULFMET.EM-S5 comparison at frequency
of 53 Hz (active energy) are shown in Table 6 and on
Fig. 4 (for PF = 1.0 only). Linked DoE of QCC EMI
to GULFMET.EM-S5 is marked with “*”. E values
for linked DoE of QCC EMI are from 0.03 to 0.58
(not more than 1.0).
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Table 6
Linked DoE and the E| values of the NMI participants (active energy)
D', Un")
A? U(A)’ l ! ’
Frequency PF NMI pWh/ pWh/ E,

uWh/(VAh) | pWh/(VAh) (VAD) (VAh)
QCC EMI* -12.9 36.8 0.58
QCC EMI -24.4 314 0.78

-1.7 18.6
1.0 UME 5.6 28.8 0.19
UMTS 11.4 29.1 0.39
QCC EMI* 0.9 34.5 0.03
QCC EMI -10.0 34.0 0.30
-0.1 27.4
05 La UME 9.4 35.1 0.27
53 Hz S
UMTS 3.7 38.3 0.10
QCC EMI* -14.5 36.0 0.52
QCC EMI -9.8 36.5 0.27
UME 0.1 274 1.9 36.1 0.05
0.5 Lead

UMTS 10.6 39.2 0.27

D, pWh/(VAh)

GULFMET.EM-S5&5.1 - DoE for PF = 1.0, 53 Hz (active energy)
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Fig. 4. Linked DoE of the NMI participants of GULFMET.EM-S5 and GULFMET.EM-S5.1

comparisons for PF = 1

5. Conclusion

The GULFMET.EM-S5 supplementary comparison of
active and reactive energy standards with a nominal values
of 120V, 5 A, 50/53 Hz for 1.0, 0.5 Lag, 0.5 Lead power
factors has been conducted between three participating
NMIs (Ukraine, Turkey, and UAE) from three regional
metrology organisations (GULFMET, EURAMET, and
COOMET). In general, there is a good agreement be-
tween NMI participants for this quantity.

Due to the rather high technical and personnel
equipment of the QCC EMI laboratory, the pilot labo-
ratory organised special bilateral GULFMET.EM-S5.1

.0,

53 Hz (active energy)

supplementary comparison with the same travelling
standard in order to provide an opportunity to improve
the results of comparisons by this NMI participant.

QCC EMI improved its results in GULFMET.
EM-S5.1 comparison compared to GULFMET.EM-S5
comparison. It is expected that this comparison will be
able to provide support for participants’ entries in Ap-
pendix C of the Mutual Recognition Arrangement. In
both comparisons, the NMI participants report about
three NMIs for realisation the traceability of the unit
of active and reactive energy at frequencies of 50/53 Hz
for 1.0, 0.5 Lag, 0.5 Lead power factors.
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OcCHOBHI pe3yJbTaTH J0JATKOBHMX 3BipeHb I €JeKTPUYHOI
eneprii GULFMET.EM-S5/5.1 na vacrorax 50/53 I

O.M. Bennuko', T.B. NopaieHko?

T A “YkpmempmecmcmaHdapm”, eyn. MempornoeiyHa, 4, 03143, Kuis, YkpaiHa

velychko@ukrcsm.kiev.ua

200ecbka OepxasHa akadeMiss mexHiYHo20 pezynosaHHsT ma sikocmi (OLATPS), eyn. Kosanbcbka, 15, 65020, Odeca, YkpaiHa
t gord@hotmail.com

AHoTauis

MixHapoaHi yroau € OCHOBOIO /JIsI BCTAHOBJIEHHS TJI00QJIbHOI METPOJIOTIUHOI MPOCTEXYBAHOCTI. Yroma Mpo B3aEMHE
BU3HAHHS HAlliOHAJIbHUX €TAJIOHIB, KaliOpyBaJbHUX i BUMiPIOBAJIbBHUX MOXJIMBOCTEN HalliOHATbHUX METPOJIOTIYHUX iHCTH-
tytiB (HMI) MixnHapoaHoro komitety 3 Mip Tta Bar (CIPM MRA) Binmirpae kiro4oBy posib y 3abe3rnedeHHi MixKHApOIHOI
€KBiBAJIEHTHOCTI HalliOHAJbHUX €TaJOHIB pPi3HMX KpaiH. OCHOBOMO 1€l Yroau € KOHKpEeTHi BKa3iBKM Ta peKOMEHMallii,
30KpeMa 1010 3BipEHHsI e€TaJIOHiB.

PerionanbHi mMetposioriyHi opradizaitii (PMO) TpanuuiiiHoO mpoBOJSITh SIK KJIIOYOBi, TakK i JOJATKOBI 3BipeHHS Hallio-
HaJIbHUX €TaJIOHIB OJAMHMUILI eJeKTpUYHOI MmoTyXHOCTi Ha vactoTax 50 i 53 I', 3okpema, B pamkax KOOMET, ninoTHo0
naboparopiero sikux 6yino JAIT “Ykpmerprectctanmapt”. OmHaK DOJATKOBI 3BipeHHS HAILIOHAJIBHUX C€TAJIOHIB Ha YacTOTax
50 i 60 I'i mas enexTpuyHOi eHepril nmpoBomuanca auire PMO ameprKaHChKOTO KOHTMHEHTY — SIM.

HangaHo ocHOBHi pe3ysibTaTu MiKHApOIHUX NOAATKOBUX 3BipeHb HalliOHAJbHUX €TaJlOHIB aKTUBHOI Ta pPeakKTUBHOI
efexTpuyHoi eHeprii Ha yactorax 50 i 53 I'u y pamkax mpoektiB GULFMET.EM-S5 i GULFMET.EM-S5.1. 3BipeHHs,
nposeaeHi JAIT “YkpmerprectcTaHaapt”, 3MiliCHIOBAIMCS 3a paliaJIbHOIO CXEMOIO 3a YYacTIO HAIliOHAJIbHUX METPOJIOTIYHMX
iHCTUTYTiIB YKpaiHu, TypeuunHu ta O6’eqHanux Apadebkux EmipatiB (OAE) mpotsrom 2019—2020 pp.

Mpeii etasoHa TmepenaBaHHS OLIIHIOBABCS IMPOTITOM YChOTO TEpioay IMOpPIBHSIHL i OYyB HEBEJIMKUM IUISI BCiX TOYOK
BUMipIOBaHHs. BCTaHOBJIEHO CTYIiHb €KBiBAJIEHTHOCTI HAIliOHAJIbHUX €TAJIOHIB aKTMBHOI Ta PEaKTUBHOI €Hepril /yisi Koe-
¢iuientiB motyxHocti 1.0, 0.5 Lag i 0.5 Lead. HamaHi pe3yabTaTu OLIIHKM Y3TOMKEHOCTi OTPMMAaHUX JaHUX. 3HaueH-
He E MOKa3sHMKa I BCIX TOYOK BUMIPIOBaHHSA BIIMOBIIAIOTh BCTAHOBJIEHMM BuMoram Juid Bcix HMI. Hamano npus’sa3ky
pe3yabratiB gogarkoBux 3BipeHb GULFMET.EM-S5 i GULFMET.EM-S5.1.

KiouoBi cioBa: 1ogaTKoBe 3BipeHHs; OMOpHE 3HAYEHHSI; eJIeKTpUYHA €Hepris; HeBU3HAYEeHICTh BUMIipIOBaHb, Hallio-
HaJIbHUI METPOJIOTIYHMII IHCTUTYT; IIPUB’I3Ka.

OcHoBHbIE Pe3ybTATHI JIONOJHUTEIbHBIX CJIAMYEHHI

GULFMET.EM-S5/5.1 aasa 371eKTPUYeCKOil dSHepruu
Ha yactorax 50/53 Iix

O.H. Benuuko'!, T.b. NopaneHko?

T I[T1 “Ykpmempmecmemandapm”, yn. Memponozuyeckasi, 4, 03143, Kues, YkpauHa

velychko@ukrcsm.kiev.ua

2 Odecckasi eocy0apcmeeHHasi akadeMusi mexHU4YecKkoao peeyrnuposaHusi u kadsecmea (OFATPK), yn. Koeanbckas, 15, 65020,
Odecca, YkpauHa

t gord@hotmail.com

AHHOTAIMSA

IIpencraBieHbl OCHOBHBIE PE3YJIbTaThl MEXIYHAPOMHBIX TOMOJHUTEBHBIX CIMYCHUII HALIMOHATbHBIX 3TAJIOHOB €IV-
HUIL aKTUBHOM M peakTUBHOM dJIeKTpuueckoil sHeprur Ha vacrtotax 50 u 53 I'm B pamkax npoektoB GULFMET.EM-S5
n GULFMET.EM-S5.1. Cnuuenusi, ipoBoaumbie I'TI “YkpmerprecTcTaHaapT”, OCYLIECTBISUIUCH MO paaualbHONW CXeme
NpU ydacTUM HAIMOHAJIbHBIX METPOJOTMYECKUX MHCTUTYTOB YKpauHbl, Typuuu n OObeAMHEHHBIX ApaOCKUX DMUPATOB
(OAD) B 2019—2020 rr.

[Hpeiid aTaloHa mepenayyd OLEHMBAJICS B TeYEHME BCEro IMepuoja CAMYEHMU M ObUT HE3HAUMTENbHBIM UISI BCEX
To4YeK u3MepeHMs. Bbula ycTaHOBJeHa CTENeHb SKBUBAJIEHTHOCTH HAIMOHAIbHBIX 3TAaJOHOB AKTUBHOW M pPEaKTUBHOM
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3JIeKTpUUeCKO sHeprun st Koaddunmentos momHoct 1.0, 0.5 Lag u 0.5 Lead. [IpencraBieHbl pe3yabTaThl OIIEHKH CO-
[JIACOBAHHOCTHU TMOJyYEHHBIX TaHHBIX. 3HaUeHUs E, TOKa3aTeNd U BCEX TOYEK U3MEPEHMS COOTBETCTBYIOT YCTAaHOBIEHHBIM
TpeboBanusiM st Bcex HMMU. IlpencraBneHa mnpuBsizka pe3yabTaToB AOMOJHUTENbHBIX cimyeHuiit GULFMET.EM-S5
u GULFMET.EM-S5.1.

KioueBsbie ciioBa: TOMOJHUTENIbHOE CIMYEHUE; ONMOPHOE 3HAUEHUE; BJIEKTpUYEeCcKas SHEPrusl; HeONpeaeJeHHOCTh U3-
MEPEHUI; HAlIMOHAJbHBIA METPOJOTMYECKUM MHCTUTYT; MPUBI3KA.
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