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Abstract: Inthe paper analysis findings of the metrological infrastructure for testing and calibration in the
area of extreme electrical quantities: very small and very high direct and alternating currents, very small and very high
electrical resistances, very high frequencies of electrical signals, as well as electrical inductance and electrical capaci-
tance, are presented. The analysis at the national, regional and international level is conducted within the framework of
the scientific research project "Development and Upgrade of Laboratory Resources for Research and Introduction of
New Analytical Methods in Electrical Metrology", financed by the Ministry of Education and Science of the Republic
of North Macedonia. The needs for measurement, testing and calibration are identified, both for the economy and for
enhancement of the laboratory research capacities. The identified gap in the technical readiness (equipment and facili-
ties) of the national laboratories in relation to the international reference laboratories in the field of testing and calibra-
tion for extreme electrical quantities is bridged by enhancing the capacities of the Laboratory for Electrical Measure-
ments (LEM) at the Ss. Cyril and Methodius University in Skopje, Faculty of Electrical Engineering and Information
Technologies, accredited calibration laboratory in compliance with MKS EN ISO/IEC 17025:2018, with the objective
of development and validation of new calibration and test methods, and expansion of the scope of LEM's accreditation
in the areas of measurement, testing and calibration in the field of extreme electrical quantities.
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PA3BOJ HA TH®PACTPYKTYPA 3A EKCTPEMHA EJIEKTPUYHA METPOJIOTHJA

AmcTpaxkT: BoTpyIoT ce mpuKakaHW HAOAWTE O] AHAINU3aTa HAa METPOJIOIIKATa MHPPACTPYKTYpa 3a TECTH-
pame 1 Kanuopaiyja Bo 00J1acTa Ha eKCTPEMHH eJIeKTPUYHH TOJIEMHUHN: MHOTY MaJIi U MHOTY BHCOKH €HOHACOYHHU U
HAW3MEHUYHU CTPYH, MHOTY Majd U MHOTY BHCOKH €IEKTPUYHU OTIIOPHOCTH, MHOTY BHCOKH (DPEKBCHIINH HA CJICK-
TPUYHU CHTHAIHM, KaKO M MHIYKTHBHOCT M €JEKTPUYHA KAMal[UTHBHOCT. AHANM3aTa ¢ CIpOBe/CHA Ha HAIMOHAIHO,
PETHOHAIHO U Mel'YHapOIHO HMBO BO PAMKHTE Ha HAYYHOUCTPa)XXyBauKHUOT IPOEKT ,,Pa3Boj M Haarpanba Ha taboparto-
PHICKH PECypCcH 3a HCTPaXKyBambe M BOBEAyBamke HOBH aHAIMTHYKA METOAU BO €JIEKTPHYHATA MeTponoruja, huHaH-
cupaH o1 MHHHCTEpCTBOTO 3a 00pa3oBaHue u Hayka Ha Pemry6inka CeBepaa Makenonuja. Boouenu ce motpe6ure o1
Mepeme, TECTUpAbe U KaTnOpalrja, Kako 3a CTOIAHCTBOTO TAaKa U 3a 3ajaKHYBambe Ha HCTPaKyBavKuTe 1abopaTopuc-
KU Kamanurtetd. VieHTHUKYyBaHHOT ja3 BO TEXHHUYKATa IMOArOTBEHOCT (OMpeMa M KamaluTeTH) Ha HAIIMOHAIHUTE
n1abopaTopuM BO OJHOC Ha MEr'yHapOIHHUTE pedepeHTHH 1abopaTopuH 3a TeCTHpame U KannOpaluja Ha eKCTPEeMHH
CJNIEKTPUYHU TOJIEMHHH € MPEMOCTEeH CO Moao0pyBate Ha KanaiureTuTe Ha JlaboparopujaTa 3a eneKTpUYHH Mepema
(JIEM) npu Yausep3ureror ,,CB. Kupun u Meroauj“ Bo Ckomje, DakynTeT 3a eleKTPOTEXHHKA U MHPOPMALHCKH
TEXHOJIOTHH, aKpeTuTHUpana 3a kanuopanuja Bo cornacHoct co MKC EN ISO/IEC 17025:2018, co 1ien pa3Boj 1 Baju-
Jalija Ha HOBM METO/IH 3a KanuOpaIyja i TECTUpame, Kako U MPOIIHPYBamke Ha ONCEroT Ha akpeauranujata Ha JIEM
3a Mepembe, TECTHPahe U Karubpalyja Bo 00J1acTa Ha eKCTPEMHH eJICKTPUYHH TOJIEMUHH.

Knyunu 360poBu: eleKTprIHA METPOJIOTHja; METPOJIOIIKa HH(PACTPYKTypa; KaIHOpanmy;
€KCTPEMHH eIEeKTPHYHU TOJIEMHUHH
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1. INTRODUCTION

The metrological and laboratory infrastructure
in the Republic of North Macedonia (RNM) is
underdeveloped and represents an obstacle in the
realization of scientific and R&D projects, which is
also a condition for the development of the country's
trade and economy [1]. One third of EU legislation
relates to measurements and tests, e.g. for the safety
of people, the environment, energy, etc., RNM has
harmonized to a great extent the legislation in the
regulated areas related to these fields, whereby
several laws and by-laws were adopted. The exist-
ence of appropriately equipped scientific laborato-
ries is fundamental for the quality of the results of
measurements and tests, and for ensuring high-level
scientific development of the research staff. The
metrology of electrical quantities, as an area embed-
ded in all industrial activities, represents a condition
for more intensive involvement of Macedonia in
industrial and technical cooperation, both at the
regional and European level [2]. At the Faculty of
Electrical Engineering and Information Technolo-
gies (FEEIT), at the Ss. Cyril and Methodius Uni-
versity in Skopje (UKIM), since its foundation, the
metrology of electrical quantities has been nurtured.
The Laboratory for Electrical Measurements (LEM),
an identified independent unit of FEEIT, with im-
plemented quality assurance system, was accredited
on 22. 11. 2015 by the Institute of Accreditation of
RN Macedonia (IARNM), and on 22. 11. 2019 it
was re-accredited in compliance with the inter-
national standard MKS EN ISO/IEC 17025:2018,
[3, 5], as a calibration laboratory of instruments for
electrical quantities, electrical power and energy,
with a Certificate for accreditation no. LC-012. The
scope of LEM's accreditation covers calibration of
instruments and generators for DC and AC voltages
and currents, resistance, capacitance, frequency,
phase angle, electrical power and energy. LEM is
the primary and unique national calibration labo-
ratory for electrical power and energy reference
standards, thereby ensuring measurement traceabi-
lity and uniformity of measurements in this very
important area of scientific and legal metrology.
The complete measurement and calibration capabi-
lities of LEM are provided in the Annex to the
Accreditation Certificate no. LC-012, (iarm.gov.mKk)
[16]. Since November 2015, the number of cali-
brations, as well as the type of instruments calibra-
ted in LEM is constantly increasing (more than 400
calibration activities in 2021). LEM is closely
related to scientific research conducted at the
Institute for Electrical Measurements and Materials

(IEMEM) at UKIM-FEEIT, in the field of metro-
logy of electrical quantities. Hence, since 2015, new
analytical methods for the calibration of electrical
guantities instruments have been continuously
introduced in LEM, which have been confirmed and
validated on several occasions, through formal ex-
pansion of LEM accreditation scope by IARNM
with improved the measurement and calibration
capabilities (CMC). Calibration activities are car-
ried out in LEM, for the local industry, international
corporations operating in technological develop-
ment zones, conformity assessment bodies (calibra-
tion and testing laboratories, inspection and certi-
fication bodies), but also for companies and labora-
tories from the region. One of the most significant
activities of LEM is the successful participation in
several international inter-laboratory comparisons
and proficiency testing schemes, with which LEM
successfully proves its top competence and quality
in conducting calibrations of electrical quantities,
through reports published in the KDBC key compa-
rison database of the International Bureau of
Weights and Measures (BIPM) in Paris, and relevant
scientific publications [3, 4].

The ensuring of the development and introduc-
tion of new laboratory methods, as well as the main-
tenance of already introduced methods, requires
continuous investment in laboratory resources,
which is the main goal of the scientific research pro-
ject financed by the Ministry of Education and
Science of the RNM (MES) through the procure-
ment of laboratory resources/reference standards for
significant expansion of the LEM accreditation and
CMC scope according to MKC EN ISO/IEC 17025:
2018, and for introduction of new calibration meth-
ods for instruments, for high direct and alternating
currents, high frequencies of electrical signals, very
high electrical resistances, very small electrical re-
sistances and electrical inductance. The necessity of
these laboratory resources have been identified
through the most up-to-date scientific knowledge in
electrical metrology, but also following the needs of
the industry and other national and regional subjects
for calibration services at higher metrology level.
The metrology of electrical quantities is a very com-
plex area, in which new scientific breakthroughs are
constantly occurring, primarily in two directions:

e expansion of measurement capabilities — devel-
opment of measurement procedures for new
physical quantities, or for extreme values (very
high or very small) of physical quantities out-
side the available measurement ranges, or
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e improvement of the existing measurement capa-
bilities — reduction of the measurement uncer-
tainty budget through identification of new in-
fluential factors and their correction.

The contribution of the research includes the
deepening and expansion of scientific knowledge
through:

1. R&D and introduction of a new mea-
surement laboratory procedure for the calibration of
a quantity for which there are no traceable national
measurement and calibration possibilities —
electrical inductance,

2. research and introduction of new measure-
ment laboratory procedures for calibration of very
high direct and alternating currents (over 10 A DC
and over 120 A AC), for very small resistances
(under 100 mQ), for very high resistances (over 100
MQ), for high frequencies (above 1 MHz), and

3. reduction of the measurement uncertainties
of the already introduced and accredited calibration
methods, as well as achieving the lowest uncertain-
ties through in-depth scientific evaluation of the
contributions to the budgets of the measurement
uncertainties in the newly introduced laboratory
procedures, by applying complex mathematical,
statistical and numerical methods.

2. ANALYSIS OF THE CURRENT-STATE-
OF-THE-ART OF THE BEST MEASUREMENT
AND CALIBRATION CAPABILITIES
FOR EXTREME VALUES OF ELECTRICAL
QUANTITIES

The state-of-the-art analysis of the best mea-
surement and calibration capabilities for unrepres-
ented (electrical inductance) or extreme electrical
guantities (high frequencies, very small and very
high values of electrical resistance, and very small
and very high electrical currents) at the international
level started from a survey of published measure-
ment and calibration capabilities of the top national
metrology institutes (NMIs) at international level
(CMCs in KDBC base of BIPM) [6], but also at the
regional level through published CMCs (Calibration
and Measurement Capabilities) on the websites of
national accreditation bodies for calibration laborat-
ories. Bellow are some of the results of this exten-
sive survey. The extended uncertainty is given with
a coverage factor of k = 2, with a statistical proba-
bility of 95%.

Ciuc. Exexiupoiuiext. HUng. Texnoa, 7 (2) 101-109 (2022)

2.1. Comparison of the best measurement
and calibration capabilities at the international
and regional level for alternating voltage
at high frequencies

In Figures 1-3, the comparison of the values of
the expanded measurement uncertainties of the
national metrology institutes (NMIs) at the inter-
national and regional level when measuring alter-
nating voltages up to 1 kV at very high frequencies
of 500 kHz and 1 MHz, is given.
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Fig. 1. Expanded measurement uncertainty at 10 V AC
voltage at frequency of 500 kHz at the international NMls
level
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Fig. 2. Expanded measurement uncertainty at 10 V AC
voltage at frequency of 1 MHz at the international NMls level
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Fig. 3. Expanded measurement uncertainty at 10 V AC
voltage at frequencies of 500 kHz and 1 MHz at the regional
NMiIs level
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2.2. Comparison of the best measurement
and calibration capabilities at the international
and regional level for high alternating currents

In Figures 4 and 5, the comparison of the ex-
panded measurement uncertainties of the national
metrology institutes at the international and regional
level for high alternating currents at high frequen-
cies of 1 kHz and 10 kHz are given.
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Fig. 4. Comparison of expanded measurement uncertainty
of alternating current at frequency of 1 kHz at international
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Fig. 5. Expanded measurement uncertainty at 100 A
alternating current at 1 kHz and 10 kHz frequencies at the
regional NMls level

2.3. Comparison of the best measurement
and calibration capabilities at the international
and regional level for electrical capacitance

In Figures 6 and 7, the comparison of the
expanded measurement uncertainties of the national
metrology institutes at the international and regional
level for electrical capacitance of 1 pF at high
frequencies of 1 kHz are shown.
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Fig. 6. Expanded measurement uncertainties of electrical
capacitance of 1 puF at 1 kHz at the international NMIs level
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Fig. 7. Expanded measurement uncertainties of electrical
capacitance of 1 uF at 1 kHz at the regional NMIs level

2.4. Comparison of the best measurement
and calibration capabilities at the international
and regional level for electrical inductance

In Figures 8 and 9, the comparison of the
expanded measurement uncertainties of the national
metrological institutes at the international and
regional level when measuring electrical inductance
of 10 mH at frequency of 1 kHz are displayed.
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Fig. 8. Expanded measurement uncertainties of electrical
inductance of 10 mH at 1 kHz at the international NMIs level
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1 kHz, 10 mH

1200

1000
>
£
S 800
T
2T
5 ¥ 600
B2
bl
S 400
&

200

o = [ | . || l
Turkey Turkey Slovenia Slovenia Slovenia Slovenia Serbia Bulgaria
M1 M2 M1 M2 M3 Ma M1 M1

Fig. 9. Expanded measurement uncertainties of electrical
inductance of 10 mH at 1 kHz at the regional NMls level

2.5. Comparison of the best measurement
and calibration capabilities at the international
and regional level for low electrical resistance

In Figures 10 and 11, the comparison of the
expanded measurement uncertainties of the national
metrology institutes at the international and regional
level when measuring a small electrical resistance
of 1 mQ are presented.
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Fig. 10. Expanded measurement uncertainties of electrical
resistance of 1 mQ at the international NMIs level

1mQ

20

15

: I I
. 11 _I

Turkey Turkey SloveniaSlovenia Slovenia Slovenia Serbia Croatia
M1 M2 M1 M2 M3 M4 M1 M1

Expanded uncertainty
(n/Q)

Fig. 11. Expanded measurement uncertainties of electrical
resistance of 1 mQ at the regional NMIs level
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2.6. Comparison of the best measurement
and calibration capabilities at the international
and regional level for high electrical resistance

In Figures 12 and 13, the comparison of the
expanded measurement uncertainties of the national
metrology institutes at the international and regional
level when measuring high electrical resistance of 1
GQ are shown.
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Fig. 12. Expanded measurement uncertainties of electrical
resistance of 1 GQ at the international NMIs level
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Fig. 13. Expanded measurement uncertainties of electrical
resistance of 1 G at the regional NMIs level

2.7. Measurement and calibration capabilities
of the Laboratory for Electrical Measurements
at UKIM-FEIT

In the RN Macedonia, the Laboratory for
Electrical Measurements (LEM) at the Ss. Cyril and
Methodius University in Skopje, Faculty of Elec-
trical Engineering and Information Technologies,
provides the current best measurement and calibra-
tion capabilities in the field of electrical quantities,
published with the Annex to the accreditation certi-
ficate no. LC-012 issued by the IARNM on
26.12.20109.

The technical specifications of the primary and
secondary LEM reference standards in Figure 14, as
declared by the equipment manufacturers, are given
in Table 1, while the published best measurement
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and calibration capabilities of the LEM are sum-
marized in Table 2.

Fig. 14. The LEM primary and secondary reference standards
for electrical quantities, Agilent 3458A and FLUKE 5500A

Table 1

LEM reference standards uncertainties declared
by the equipment manufacturers

Equipment |Measurement range Uncertainty
DC voltage
reference |10V 0.5 pviv
standard 1.018 V 1.5 pviv
FLUKE
1V 1.5 pviv
732A H
DC voltage 0 mV
up to 1000 V
AC voltage 1 mV 8 pviv
up to 1000 V, 1 Hz +100 pv/Iv
to 50 MHz, sinus
8% digit DC current 100 nA +14 PAJA
multimeter | UP 0 +1A, £100 LA/A
Agilent  |AC current 100 A =P
3458A upto 1A, 10 Hz
up to 10 kHz, sinus +2.2 pQ/Q
Resistance 100 mQ +0.1 %
up to 1 GQ,
+0.1 %
Phase angle 0 up to + 179.99°,
Frequency 1 Hz no 10 MHz,
DC voltage 0 mV up to 1020 V | £50 pV/V
AC voltage 1 mV upto 1020V, | 30 uv/vV
10 Hz up to 500 kHz, sinus
DCcurrentOup to £11 A
Multifunc- +10 pAVA
tional cali- AC current 29 mA up to _11 A, +60 HA/A
10 Hz up to 10 kHz, sinus
brator )
FLUKE Re5|str?1nce 0 up to 329.999 MQ +9 pQ
5500 A Capacitance 0.33 nFupto 1.1
mE +25 pF/F
Phase angle 0 up to + 179.99°, +0.15°
Frequency 0.01 Hz up to 2.0 +25 UHz/Hz
MHz,

Table 2

Published LEM best measurement
and calibration capabilities

Physical Quantity |Range Uncertainty
10 mVv

DC voltage “t0 1020 V 22 IV
10 mV to 1020 V,

AC voltage 10 Hz to 1 MHz, sinus BV

DC current 0Oto*11A 80 pA/A
50 pA

AC current to 11 A 170 pA/A

Resistance 0.1 Qto 100 MQ 20 pQ/Q

Capacitance 0.33nFto 1.1 mF 25 pF/F

Active power Up to 67.2 kW

Reactive power Up to 67.2 kVAr 0.017 %

Apparent power  |Up to 67.2 kVA

Electrical energy 0.018 %

3. BRIDGING THE METROLOGICAL GAP
IN THE AREA OF EXTREME ELECTRICAL
QUANTITIES BY ENHANCING
THE CAPACITIES OF LEM

As a result of the perceived gap in measure-
ment and calibration possibilities between top inter-
national laboratories, and taking into account the
regional state of the metrological infrastructure in
the area of electrical quantities, an analysis of the
international supply of reference standards for elec-
trical quantities that are not covered by the existing
LEM reference standards has been carried out.

Based on the conducted analysis, LEM has
defined a detailed technical specification for the
procurement of reference standards, for significant
expansion of the measurement and calibration
capabilities of LEM.

Table 3 shows the detailed technical specifica-
tions of reference standards, acquired within the
frame of the scientific research project "Develop-
ment and Upgrade of Laboratory Resources for Re-
search and Introduction of New Analytical Methods
in Electrical Metrology"”, which is implemented
within the program for financing scientific research
projects of special and public interest for 2021
(support for the development of laboratory
resources) by the Ministry of Education and Science
of the Republic of North Macedonia.

J. Electr. Eng. Inf. Technol, 7 (2) 101-109 (2022)
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Table 3

Detailed technical specifications of reference standards, acquired within the scientific project "Development
and Upgrade of Laboratory Resources for Research and Introduction of New Analytical Methods in
Electrical Metrology" for expansion of LEM’s CMC for extreme electrical quanitites

Multifunctional calibrator Transmille 4015

Technical specifications

Supplement to the multifunctional calibrator for calibration
of instruments for inductance (coils) with specifications
for 1 kHz and accuracy of + 50 pH Transmille IND

Technical Specifications

Measurement range Best an-
nual ac-
curacy:

— DC voltage 0 — £1025 V +15 ppm

—DC current0—-30 A +50 ppm

— AC voltage 20 mV - 1000 V, 10 Hz — 500 kHz | 0.015%
—AC current 20 pA - 30 A, 10 Hz — 30 kHz 0.04%
— Electrical resistance (passive) 0 — 1 GQ 40 ppm
— Electrical capacitance (passive) 1 nF — 10 pF 0.25%
— Frequency 1 Hz — 10 MHz 30 ppm

— Temperature (for thermocouples calibration) J/ | £0.09 °C
K/T/R/ISIB/U/N/E/L/U/C/10puveC

— Electrical resistance (simulated) 0 — 1 GQ 100 ppm

Electrical Q-factor | Display reso- | Best annual
Inductance lution accuracy

1mH 1 100 nH 0.5%
10 mH 2.8 1pH 0.5%
19 mH 3.8 1uH 0.5%
29 mH 4.7 1pH 0.5%
50 mH 6.1 1pH 0.5%
100 mH 8.6 10 pH 0.5%
1H 29 100 pH 0.5%
10H 110 1mH 0.5%

Supplement to the multifunctional calibrator for calibration
of instruments for picoamp currents and adapter for high
teraohm resistance Transmille EA008

Technical specifications

Supplement to the multifunctional calibrator for calibration
of oscilloscopes with frequency range up to 600 MHz Trans-
mille sSPC600

Technical specifications

Measure-| Resolution Best annual ac- | Best annual
ment curacy in % of | accuracy in %
range reading of range
10 nA 1pA 0.5 0.4

100 nA 10 pA 0.5 0.4
1pA 100 pA 0.5 0.4
10 A 1nA 0.5 0.4

100 pA 10 nA 0.5 0.4

Supplement (high current coil) to the multifunctional calibra-
tor for calibration of instruments for currents up to 1500 A
(for frequencies from 0 to 60 Hz) Transmille EA002

Technical specifications

Range Resolution

2 mV/Div to 10 mV/Div 10 nV

20 mV/Div to 100 mV/Div 100 nV

200 mV/Div to 2 V/Div 1uv

5 V/Div to 20 V/Div 10 uv

50 V/Div 100 pVv

Range Best annual accurac

DC voltage (2 mV to 50 V/Div) 0.01 %

AC volatge (2 mV to 50 V/Div) 0.1 %

Time base (2 ns/Div. to 5 s/Div.) 5 ppm

Frequency (reference fre- 30 ppm

quency 50 kHz)

Rise time/fall 1ns

Wave forms Combined at least
up to 100 ns

Measurement range Best annual accuracy

Input 0 of 30 A 0.35% +0.008 A
Frequency from DC - 30 Hz to 60 Hz

Effective output 0 to 60 A

Input 0 to 30 A
Frequency from DC - 30 Hz to 60 Hz
Effective output 0 to 300 A

Input 0 to 30 A
Frequency from DC - 30 Hz to 60 Hz
Effective output 0 to 1500A

0.41% + 0.01 A

0.24% +0.04 A

Ciuc. Exexiupoiuiext. HUng. Texnoa, 7 (2) 101-109 (2022)
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Reference standard resistance decade from 1 mQto 1 Q
with resolution of 1 mQ IET Labs 1433-01

Technical specifications

Resolution of Total Best stability Accu-
change resistance (xppm/year) racy
1 mQ 10 mQ 50 +0.01%
10 mQ 100 mQ 50 +0.01%
100 mQ 1Q 50 +0.01%

All the acquired equipment is with calibration
certificates insuring measurement traceability to Sl
units, from qualified and competent calibration la-
boratories (accredited by an accreditation body that
is on the list of signatories of the MLA for the area
of calibration EA-Mutual Recognition Agreement,
or the Agreement on mutual recognition within the
framework of ILAC-International Laboratory Ac-
creditation Cooperation, or a national metrology
institute signatory to the CIPM MRA- Agreement
on mutual recognition of national standards and
calibration and measurement certificates issued by
national metrology institutes), which is in accor-
dance with the Regulations for ensuring measure-
ment traceability of RNM, published by IARNM.

4. DEVELOPMENT OF NEW CALIBRATION
PROCEDURES AND MODIFICATION
OF EXISTING PROCEDURES IN LEM

FOR CALIBRATION OF INSTRUMENTS

FOR EXTREME ELECTRICAL QUANTITIES

WITH EXTENDED CMC

After the acquisition of the reference stand-
ards, a scientific approach will be taken to put the
acquired equipment into research function, through
the development of completely new laboratory pro-
cedures (calibration of inductance meters, calibra-
tion of high-frequency meters-oscilloscopes and
function generators), as well as modification of the
existing laboratory procedures for extreme values of
electrical quantities and/or calibration of new types
of meters (calibration of meters for high direct and
alternating currents, calibration of meters for very
small resistances-microohmmeters, calibration of
meters for very high resistances — giga and tera-
ohmeters).

The principles of best laboratory practice will
be deployed in accordance with internationally
standardized guidelines (BIPM, Euramet, ILAC,

Reference standard resistance decade from 10 Qto 1 TQ
for voltage of 5 kV IET Labs HRRSQ

Technical specifications

Characteristics Value

Electrical resistance from10Q o 1 TQ

Accuracy class 0.01%
Voltage level 5 kV
Temperature coefficient 5 ppm/°C
Voltage coefficient 0.2 ppm/V

NIST, IEEE, IEC and EN guidelines/standards). In
each of the measurement procedures, the measure-
ment traceability chain continuity to national or in-
ternationally recognized primary standards will be
ensured and scientific analysis of the influencing
factors in the budget of measurement uncertainty
will be conducted by applying advanced mathemat-
ical and statistical metrological methods, including
non-conventional techniques from probability and
statistics (Monte Carlo or Bayesian statistics), but
also some numerical (method of least squares, finite
element method) and stochastic methods.

Quality assurance and confidence in the results
of newly introduced or modified calibration proce-
dures will be achieved through internal and external
quality measures (determining the degree of repeat-
ability and reproducibility of the method, inter-la-
boratory comparisons and participation in profi-
ciency testing schemes).

CONCLUSIONS

To achieve long-term sustainability of the la-
boratory facilities, after the full introduction of the
new and modified laboratory procedures, their ac-
creditation is planned, with the objective of expand-
ing the measurement and calibration capabilities of
LEM. The granting of an expanded scope of accred-
itation to LEM and its official publication on the
IARNM website will enable further wider promo-
tion and exploitation of the project results, i.e. pro-
vision of new calibration services for the research
infrastructure and the industry in the country, but
also widely in the region.

During the implementation of the project,
young scientific personnel are directly trained and
introduced to the new laboratory procedures, and
the entire acquired equipment will be made availa-
ble free of charge for research and education pur-
poses.
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