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Abstract

International agreements in the field of metrology and accreditation of calibration laboratories are the basis for establi-
shing global metrological traceability. Important elements of metrological traceability are calibration of measurement standards
and measuring instruments, assessment of measurement uncertainty. The International Laboratory Accreditation Cooperation
has a specific policy regarding on traceability of measurement results and estimation of measurement uncertainty in calibration.

The partial concept diagram around metrological traceability in accordance with the International Vocabulary of Me-
trology is proposed. This diagram contains a total of nine metrological concepts, which have most of the associative rela-
tions. There are associative relations between the concept of metrological traceability chain and concepts of metrological
traceability, measurement standard, calibration and calibration hierarchy, and through the concept of measurement standard
with the concept of measurement uncertainty.

Systems thinking to the analysis of state of proposed terminological system around metrological traceability was applied.
For construction of generalized metrological traceability chain, all the established properties of the system elements around
the terminology system of metrological traceability were taken into account.

Generalized metrological traceability chain for different levels of the calibration hierarchy was proposed. The proposed
chain can be used to develop appropriate chains for specific areas of measurement. To achieve this, it is necessary to deter-
mine the specific measured value, the required measurement uncertainty for different levels of the calibration hierarchy and
select the necessary measurement standards. Such schemes should be used in national metrology institutes and calibration

laboratories.
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Introduction

International agreements in the field of metrology of
the International Committee on Weights and Measures
(CIPM) Mutual Recognition Arrangement (MRA) [1]
and the International Laboratory Accreditation Coo-
peration (ILAC) MRA [2] for accreditation of calibration
laboratories are the basis for establishing global metro-
logical traceability. CIPM, ILAC and other interna-
tional organizations have published a joint International
Vocabulary of Metrology (VIM) [3] and Guide to the
expression of uncertainty in measurement (GUM) [4].

The metrological traceability is a property of
a measurement result whereby the result can be related
to a reference through a documented unbroken chain
of calibrations, each contributing to the measurement
uncertainty in accordance with the International Vo-
cabulary of Metrology (VIM, 2.41) [3].
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Metrological traceability requires an established
calibration hierarchy, which is sequence of calibrations
from a reference to the final measuring system, where
the outcome of each calibration depends on the out-
come of the previous calibration (VIM, 2.40) [3]. The
elements of a calibration hierarchy are one or more
measurement standards and measuring systems (instru-
ments) operated according to measurement procedures.
Measurement uncertainty necessarily increases along
the sequence of calibrations.

To confirm metrological traceability, ILAC con-
siders the elements of the metrological traceability
chain as continuous documented traceability to an
international or national standard. In doing so, it is
important to specify the measurement uncertainty du-
ring calibration, measurement procedure and calibra-
tion intervals [5]. The ILAC has a specific policy re-
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garding the estimation of measurement uncertainty in
calibration [6].

The metrological traceability chain is sequence of
measurement standards and calibrations that is used to
relate a measurement result to a reference (VIM, 2.42)
[3]. This chain is defined through a calibration hie-
rarchy and used to establish metrological traceability
of a measurement result.

The issues of the features of metrological tracea-
bility at different levels of metrological work are con-
sidered in [7, 8]. However, a more detailed consi-
deration requires the development of approaches to
building metrological traceability chains. To solve this
issue, it is advisable to use systems thinking (approach)
[9] that is a direction of research methodology, which
consists in the study of a certain object as a whole
set of elements in the set of relations and connec-
tions between them. In this case, this research object
is considered as a specific model of the system.

The problem statement, aim and objectives of the study

The purpose of the article is to highlight the re-
sults of practical application of a systematic thinking
to the establishment of metrological traceability, in
particular:

* to study the basis for establishing metrologi-
cal concepts and concept relations around metrological
traceability;

* to apply systems thinking to establishing rela-
tions between the concept of metrological traceability
and other metrological concepts;

* to establish of principal of construction of
metrological traceability chains for the purpose of
their practical application for various areas of measure-
ments.

The research of relations of the metrological traceability
concept

Concept diagrams for concepts from vocabularies
are intended to provide a visual presentation of the diffe-

2.43 Metrological
traceability to a
measurement unit

2.42 Metrological
traceability chain

rent relations between the defined concepts, and a check
that concepts are sufficiently systematic [3]. The used
concept relations are of three types as defined by Inter-
national Standards ISO 704 [10] and ISO 1087-1 [11].

The two concept relations are hierarchical (ha-
ving superordinate and subordinate concepts) and one
concept relation is non-hierarchical. The generic and
specific concepts are linked by a hierarchical generic-
specific relation. A comprehensive concept with two
or more partitive concepts that come together to form
an overarching concept is a partitive relation. It is also
a hierarchical relationship. Two concepts that are in
some kind of thematic association is a non-hierarchical
associative relation.

The vocabulary [3] lacks a special concept dia-
gram around the concept of metrological traceability.
The concept of metrological traceability is present in
the concept diagram of vocabulary [3] around the con-
cept of calibration.

The concept of metrological traceability has asso-
ciative relation with such basic metrological concepts as
measurement result, calibration and measurement un-
certainty [8]. Proposed partial concept diagram around
concept of metrological traceability with using concepts
of vocabulary [3] is shown in Fig. 1.

The concept diagram in Fig. 1 contains a total of
nine metrological concepts, which have most of the
associative relations. There are associative relations be-
tween the concept of metrological traceability chain
and concepts of metrological traceability, measure-
ment standard, calibration and calibration hierarchy,
and through the concept of measurement standard with
the concept of measurement uncertainty.

In essence, a concept diagram is a terminological
system that contains certain terminological elements
with their relationships. A system thinking can be ap-
plied to such a system to analyze its state. The de-
composition can be applied to each of the elements
(concepts) of this system to establish its more detailed
properties [12].
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Fig. 1. Partial concept diagram around concept of metrological traceability
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Fig. 2. Generalized metrological traceability chain for different levels of the calibration hierarchy

The properties of the terminological system
around the concept of metrological traceability Q

MT

can be represented as follows:
Ovr = Qe Y Qi Y en Y iy Y Oyr» (1)
where QMTC are properties of the element of chain of

metrological traceability;

QMI are properties of the element of measuring
instrument (measurement standard);

QCH are properties of the element of calibration
hierarchy;

QUM are properties of the element of measure-
ment uncertainty;

(0] o7 are properties of relations between elements
of the system around metrological traceability.

Establishing the principles of construction of the met-
rological traceability chains

For construction (synthesis) of generalized met-
rological traceability chain, it is advisable to take into
account all the established properties of the elements
of the terminology system around the concept of met-
rological traceability.

The properties of the metrological traceability
chain are related to the properties of the measuring
instruments used for calibration (measurement stan-
dards), the properties of measurement uncertainty and
the properties of calibration at different levels of the
calibration hierarchy.

With this in mind, it is possible to construct
a generalized metrological traceability chain for diffe-
rent levels of the calibration hierarchy [8], taking into
account also the provisions of [13] (Fig. 2). A solid

line with an arrow (1) indicates the direction of met-
rological traceability. Dashed lines with arrows show
the direction of increasing measurement uncertainty
(2) and the calibration hierarchy (3).

The chain of metrological traceability consists of
three additional chains: a chain of measurement stan-
dards (measuring instruments); chain of measured va-
lues; chain of measurement uncertainties. As is well
known, the measured value together with its measure-
ment uncertainty constitute the measurement result of
the calibration. Level 1 shows the highest level of met-
rological traceability, and level 2 — the lowest level of
metrological traceability.

Level 1 uses the most precure accurate measure-
ment standards to calibrate less precure standards
(working standards). The most accurate standards
have the lowest measurement uncertainty, which in-
creases with increasing calibration hierarchy. At the
lowest level of the calibration hierarchy, metrological
traceability to the unit of measurement to SI is pro-
vided. From the bottom of Fig. 2 at level 2, there
are the measuring instruments for which the grea-
test measurement uncertainty is used during calib-
ration.

As the calibration hierarchy increases, the inter-
calibration interval decreases. This is due to the fact
that working standards or measuring instruments at the
highest level of the calibration hierarchy are used in
metrological practice most intensively.

The proposed generalized metrological traceability
chain can be used to develop appropriate chains for
specific areas of measurement. To achieve this, it is
necessary to determine the specific measured value, the
required measurement uncertainty for different levels
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of the calibration hierarchy and select the necessary
measurement standards. Such schemes should be used
in national metrology institutes and calibration labo-
ratories.

The number of levels of the calibration hierarchy
is determined by the measurement uncertainty required
for the laboratory. The uncertainty of the measure-
ments for different calibration levels should be assessed
using international guidelines and regional recommen-

Summary

A generalized chain of metrological traceability for
different levels of the calibration hierarchy is proposed.
This chain is obtained on the basis of the analysis of
conceptual diagrams of the International Vocabulary of
Metrology using systems thinking. The proposed gene-
ralized chain can be used to develop appropriate chains
for specific measurement areas. Such chains should be
used in national metrology institutes and calibration

dations [4, 14]. laboratories.
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AHoTamis

MixHaponHi yroau B rajy3i METpoJIOTii Ta akpenuTallii KajaiopyBaabHUX JabopaTopiil € OCHOBOIO UISI BCTAHOBJIEHHS
7100aJIbHOT METPOJIOTIYHOI MPOCTEXKYBAHOCTI. BaXJIMBUMU ejleMEeHTaMU METPOJIOTIUHOI MPOCTEXYBAHOCTI € KaliOpyBaHHS
eTaJIOHIB Ta 3ac0o0iB BUMIpIOBaHHS, OILliIHKA HEBU3HAYEHOCTi BUMiplOBaHb. MiXHapoJHe CIiBpOOITHULTBO 3 aKpeauTailil
Jaboparopiii Ma€ KOHKPETHY MOJIITMKY ILIOAO MPOCTEXYBAHOCTI Pe3yJIbTaTiB BUMipIOBaHb Ta OLIIHKA HEBU3HAYEHOCTI BU-
MipIOBaHHS MIPU KaiOpyBaHHi.

3anpornoHOBaHO YaCTKOBY KOHIEIIIMHY JiarpaMy HaBKOJIO METPOJIOTIYHOIO MPOCTEXYBaHHS BiANMOBiAHO A0 MixkHa-
PONHOTO CIOBHMKA 3 MeTpouiorii. Lls miarpama MiCTUTh 3arajioM AEB’STh METPOJOTIYHUX MOHSATh, SIKi MalOTh OUIBLIICTh aco-
LiaTMBHUX 3B’sI3KiB. ICHYIOTh acolliaTUBHI 3B’SI3KM MiX MOHSTTIM “JAHILIOT METPOJIOTIYHOI MPOCTEXKYBAHOCTI” Ta MOHITTIMU
“MeTpOJIOTiYHA MPOCTEXKYBaHICTh”, “eTajoH”, “KajniOpyBaHHS”, “iepapXis KajniOpyBaHHsS”, “HeBU3HAYCHICTh BUMIpIOBaHb”.

3acToCcOBaHO CMCTEMHUI MiAXin 11 aHali3y cTaHy 3alpolOHOBAHOI TEPMiHOJIOTIYHOI CUCTEMU HABKOJIO METPOJIOTIYHOL
npocTexXyBaHOCTI. 7151 MoOyA0BU y3araJbHEHOTO JIaHLII0ra METPOJIOTIUHOI MPOCTEXXYBAHOCTI Oy BpaxoBaHi BCi BCTAHOBJIEHI
BJIACTUBOCTI €JIEMEHTIB CUCTEMM HABKOJO TEPMiHOJIOTIYHOI CUCTEMU METPOJIOTIYHOI MPOCTEXKYBAHOCTI.

3arnpoIoHOBaHO y3araJbHEHMI JIAHIIIOT METPOJIOTIYHOI MPOCTEKYBAHOCTI MJIsT Pi3HMX PiBHIB KalxiOpyBaJbHOI i€papxii.
Leit naHitor Moxe OyTH BUKOPUCTAHO JUISI PO3POOKM BiAMOBIMHUX JIAHIIIOTIB U1 KOHKPETHUX Tajly3ell BUMiptoBaHb. s
LIbOTO HEOOXiTHO BM3HAYUTU KOHKPETHY BEJIMYMHY BUMipHOBaHb, HEOOXiIHY HEBM3HAUYEHICTh BUMIpPIOBAHHS [IJISI Pi3HUX PiB-
HiB iepapxii KaniOpyBaHHS Ta BUOpaTU HEoOXiAHi eTasioHu. Taki cxemMu CJliJ BUKOPUCTOBYBATU B HAlliOHAJbHUX iHCTUTYTaX
METPOJIOTii Ta KaliOpyBaJlbHUX JIaDOpaTOPisiX.

KiouoBi cjioBa: MeTpoJsioriyHa IpOCTeXKYBaHICTh, HEBU3HAYEHICTh BUMIPIOBAaHHS; CTaHAApT BUMIpIOBaHHS; 3aci® BU-
MipIOBaHHS; CUCTEMHUM TiaXis.
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AHHOTaIMS

MexnyHapomHble COIIAllIEHWs] B O0JIACTM METPOJIOTMM M aKKPEIUTALMUA KaJuOPOBOYHBIX JIAOOPATOPHIl SBIISTIOTCS
OCHOBOI Ul YCTAHOBJIEHUSI INIOOATbHOI METPOJOTMYECKON MPOCIEKMBAEMOCTH. BaXXHBIMU 2JIeMEHTAMM METPOJIOTHMYEC-
KOI TPOCIIEXUBAEMOCTH SIBJISTIOTCSI KaJTMOPOBKA 3TaJIOHOB M CPEICTB M3MEPEHUIA, OLIEHKA HEONpPeaeIeHHOCTU U3MEPEHMIA.

IIpemtoxeHa 4vacTWYHas KOHLENTyaJbHas IMarpaMma METPOJOTMYECKON IPOCIEXKMBAEMOCTU B COOTBETCTBUM
¢ MexXayHapoIOHBIM CJIOBapeM IO METPOJOTMM. DTa AuarpamMma COIEPKUT BCEro IEBITbh METPOJIOTMYECKUX ITOHSITHIA,
KOTOpbIE€ MMEIOT, B OCHOBHOM, accolMaThBHbIe CBsi3u. CyIIECTBYIOT aCCOLMATUBHBIC CBSI3M MEXIY IMOHSITHEM ‘“‘lierodykKa

” o« » o«

METPOJIOTUYECKOU TMPOCAEKUBAEMOCTU” U MOHATUAMU “METpOJIOrMyecKast pocaexXuBaeMoCcTh”, “aTajloH”, “KaJiudpoBKa”,
“mepapxusi KaaTuOpoBKU”, “HeomnpeneeHHOCTh U3MepeHUit”.

ITpuMeHeH CUCTeMHBIN TOIXOM IJIsS aHajln3a COCTOSIHUS TIPEIJIOXKEHHON TepMMHOJIOTMUYECKON CUCTEMBI B 4acTH Me-
TpoJiIoTMYecKoi mpociexuBaeMocTu. [IpenioxkeHa o0o0IIeHHas 11e0YKa METPOJIOTMUYECKOM MPOCIEKMBAEMOCTH JIsI Pa3HbIX
YPOBHEI MepapXuu KaJIuOpOBOK. DTy IIETOYKY MOXHO HCIOJB30BaTh U pa3pabOTKM COOTBETCTBYIOIIMX IIETIOUEK IS
KOHKPETHBIX obJjlacTeil u3MepeHMsl. Takue cXeMbl CJelyeT MCIOJb30BaTh B HALIMOHAJIBHBIX METPOJOIMYECKUX MHCTUTYTaX

U KaJauOpPOBOUYHBIX J1TaOOPATOPUSIX.

KiroueBbie €JI0Ba: METPOJIOIMYECKAs MPOCIEKUBAEMOCTD; HEOMPEIEIEHHOCTh U3MEPEHHUSI; STAJIOH; CPEACTBO M3MeEpe-
HUS;, CUCTEMHBINA ITOIXO.
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