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Annotation. The article focuses on the main problems of methodology of the measurement quality evaluation in the context
of introduction into metrological practice of the International Dictionary of Metrology VIM 3. The generalized definition of the
notion of measurement qudlity is given. A separate anaysis of measurement quality indexes as a process and quality indexes of
measurement result as a product of this process is carried out. The anaysis and systematization of the functional quality indexes
and quality indexes of the efficiency of the measurement process and the measurement result are performed. The recommendations
for the development of the measurement quality methodology evaluation as one of the tasks of ensuring the uniformity of
measurement are work out.
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AHorauisi. Po3risiHyro 0cHOBHI Ipo0G1eMH METOJI0JIOTIT OLiHFOBAHHS SIKOCTI BUMIPIOBaHb y KOHTEKCTI 13 YIPOBAIKEHHAM y
METPOJIOTIYHY NPaKTUKYy MixkHapogHoro cioBHuka Metponorii VIM 3. HaBeneHo y3aranpHeHe O3HA4YeHHs IOHSTTS “SIKICTh
BHUMIpIOBaHHS" — II¢ CTYIIHb, JIO SIKOIO CYKYIHICTh XapaKTepHCTHK BHMIipIOBaHHs (3ac00iB BHMipIOBaHb, METOLY i METOIMKH
BHUMIpIOBaHb, YMOB BHMIPIOBaHHS i CTaHy €IHOCTI BUMIpIOBaHb) 3aJI0OBOJIBHSE BHMMOTM BHUMIPIOBAIBHOI 33a7aui LIONO TOYHOCTI
BUMIPIOBAHHS, TEXHIKM O€3IEKH, EKOJIOTTYHUX Ta IHIIMX YMHHHUKIB. PO3MISHYTO HOMEHKIATYpy NOKAa3HHKIB SIKOCTiI BHMIPIOBaHb,
fKa y Cy4acHIH MeTpoiorii He € OCTaTOYHO BCTAHOBJICHOK 1 IIOCTIHHO 3MIHIOETBCA Ta MOJIEpHI3yeTbcs. OOIpyHTOBaHO
JIOLIBHICTD PO3/1IBHOrO aHali3y IOKA3HUKIB SKOCTI BUMIPIOBAHHS K IPOLECY 1 MOKa3HUKIB SKOCTI pe3y/bTaTy BUMipIOBaHHS SIK
MPOLYKTY LIbOT'0 MpoLecy. 3MiHCHEHO aHai3 i CHCTeMATH3allif0 IOKa3HUKIB, sKi, Ha J{yMKY aBTOpiB, HAHIIOBHIIIIE XapaKTEepH3YIOTh
SKICTb BUMIipIOBaHb. 30KpeMa, 1€ ()YHKIIOHAJbHI MOKAa3HUKH SKOCTI Ta IOKa3HUKM €(EeKTHBHOCTI INpOLECY BUMIipIOBaHHA i
pe3ynbTaTy BUMIpIOBAaHHS, SKi PO3JUICHO Ha /B rpynu. J{o mepiuoi rpynu 3apaXxoBaHO MOKAa3HUKH, SIKI XapaKTEepU3YIOTh SIKiCTh
Ipoliecy BUMIPIOBaHHS 3arajoM, a caMe TOYHICTh, IPaBWJIBHICTh, NPEIH3ilHICTh, IOBTOPIOBAHICTh 1 BIITBOPIOBAHICTH
BUMIpIoBaHb. Jl0 Ipyroi rpynu — NOKa3HUKH, SKI XapaKTepU3YIOTh SKICTb Pe3y/lbTaTiB BUMIpIOBaHb, a CaMe METPOJIOTiUHY
[POCTEXKYBaHICTh, METPOJIOriuHy IOPiBHSHHICTb, METPOJIOTIYHY CYMICHICTb 1 JOCTOBIPHICTh pE3yNbTaTiB BHMIPIOBaHb.
3amporoHOBaHO PEKOMEHIALI] OO0 METONONOril e()EeKTHBHOrO OI[HIOBAaHHS SIKOCTI BHUMIpIOBaHb SIK OJHOTO i3 3aBlaHb
3a0e3Ie4CHHs €JHOCTI BUMIPIOBAHb.

Korouosi csioBa: MeTpoioris, BUMIPIOBaHHS, Pe3yIbTaT BHUMIPIOBAHHS, SKICTh BUMIPIOBAaHHS, TOYHICTb BHMIPIOBaHH,
MOKA3HHUKH SKOCTI BUMiPIOBaHHS, OKa3HUKH SKOCTI pe3y/IbTaTy BUMIpIOBaHH, pPiBEHb SIKOCTI BUMiPIOBaHHS.

International Dictionary of Metrology VIM 3 [2]. This
normative document reflects the development of
conceptual and terminological assurance for modern

1. Introduction

One of the main tasks of metrology is assurance

of the uniformity of measurement, that is, the state of
measurement, in which their results are expressed in
measurement  units established by law, and the
characteristics of errors or uncertainty of measurement
are known with a certain probability and do not exceed
the established limits [1]. The uniformity of
measurement is achieved by the organization of
metrological assurance of measurement, one of the tasks
of which is measurement quality evaluation. In
particular, objective quality estimates of measurement
make it possible to compare the results of measurement
obtained under different conditions. The issue of
measurement quality evaluation has always attracted the
attention of specialists in the field of metrology. This
topic became especially relevant today due to the
introduction into metrological practice of the

metrology and significantly expands the scope of its
research. Accordingly, a substantive expanson of the
functions of metrology and the scope of its research can
be traced, namely in such areas of human activity as
psychology, medicine, trade, indusry, education,
sociology, qualimetry etc. Establishing the unity of the
measurement quality evaluation methodology in the
above-mentioned areas is one of the key conditions for
ensuring of the uniformity of measurement.

2. Problems of the measurement quality
evaluation

Today, the issue of the measurement quality
evaluation isreflected by the relevant termsin a number
of current normative documents — DSTU 2681-94 [3],
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ISO 9000:2015 [4], DSTU 2925-94 [5], ISO 5775
1:2005 [6], 1SO 10012:2003 [7], ISO/IEC 17025:2017
[8], ISO/IEC Guide 98-3:2008 [9], etc. However, it
should be noted that the definition of a number of the
same terms in different normative documents is
different, especially compared with their interpretation in
VIM3 [2]. First of all we are talking about an expanded
interpretation of key concepts of metrology -
“measurement”, “quantity” and “measurand - quantity to
be measured’, as well as the notions “measurement
result” and “measurement error”, what, in particular, is
indicated in [10]. Using in metrological practice of the
identical, internationally recognized terms provides an
adequate approach to understanding and measurement
quality evaluation, and, respectively, mutual recognition
of measurement results. Consequently, ensuring the
unity of metrological terminology in the field of the
measurement quality evaluation is an actua metrological
task, which determined the subject and relevance of this
article

3. The purpose of the work and the
principal tasks of the research

The purpose of this work is anaysis and
systematization of the measurement quality indexes, asa
certain type of product, and to make recommendations
for their optimal using. To achieve the stated objective,
the following tasks have been identified:

* to make a definition and separate analysis of the
measurement quality as a process and of the
measurement result quaity as a product of this process,

* to make an anaysis and systematization of the
functional quality indexes and quality indexes of the
efficiency of the measurement process and the
measurement results;

* to work out recommendations for the
development of the methodology of the measurement
quality evaluation as one of the tasks of ensuring the
uniformity of measurement.

NOTE. The peculiarities of the quality evaluation
of the measuring instruments and methods of
measurement are not considered in the work.

4. Analysis of the main concepts and ter ms
of the measur ement quality estimation

4.1. Analysis of the key notions of the measu-
rement process

This question is analyzed in accordance with the
new terminology pointed in the International Vocabulary
of Metrology VIM 3 [2]. First of all, these are the key
notions of metrology mentioned above, which are used
in the following analysisin the article:

* measurement — process of experimentaly
obtaining one or more quantity values that can
reasonably be attributed to a quantity;

» measurand — quantity intended to be measured;

* quantity — property of a phenomenon, body, or
substance, where the property has a magnitude that can
be expressed as a number and areference. The reference
can be a standard, a measurement unit, a measurement
procedure, a reference material, or a combination of
such;

* measurement result — set of quantity values
being attributed to a measurand together with any other
available relevnt information.

Usually such available relevant information is the
estimation of the measurement result accuracy. That is,
a measurement result is generaly expressed as a single
measured quantity value and a measurement uncertainty.
In so doing, specify which value is attributed to the
measured quantity — either the uncorrected result or the
corrected result, according to the context.

Such an approach to the field of modern
metrology studies reflects the departure from the
narrowed interpretation of the notion of “measurand —
guantity to be measured” only as a“physical quantity” in
accordance with the current DSTU 2681-94 [3]. Physical
guantity is only one of a number of possible quantities to
be measured — chemical, biological, psychological,
sociological, economic, as well as product quality
estimations. Respectively, the application of terms and
concepts has its own characterigtics in different types of
measurement.

4.2. Definition of the notion of “ product” in the
measur ement process

This analysis has been completed on the
substantive provisions of the Law of Ukraine on
Metrology and Metrological Activity [1], the
International Vocabulary of Metrology VIM3 [2], the
above-mentioned regulatory documents [3-9] and
literary sources [10-16]. According to the 1SO
9000:2015 [4], product — is the planned result of the
process, and the process is a combinaion of
interconnected or interactive works that use inputs to
generate the planned result. The inputs of one process
are, as a rule, the outputs of another process, and the
“planned result” of the processis called the “product”.

In general, measurement is a certain kind of
activity (a process), as result of which a certain product
is obtained — the result of measurement. That is, the
result of measurement is an intellectual product, which
consists of information. Respectively, the measurement
process and the measurement results are evaluated by
certain qualitative characteristics.
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4.3. Definition of the notion of “measur ement
quality”

According to generdly accepted definitions,
product quality — the degree to which a set of own
characteristics of a product satisfies the requirements [4].
Requirement is a formulated need or expectation, and a
quality requirement is a requirement related to quality.
Respectively, we will formulate the basic notions and
terms of the measurement quality evaluation.

Measurement quality is the degree to which the
st of measurement characteristics satisfies the
requirements of the measurement task.

Characteristics of measurement — measuring
instruments, method of measurement and measurement
procedure, measurement conditions and the state of
measurement uniformity.

Measurement task — a task which is to determine
the value of a quantity to be measured with the necessary
accuracy in the given measurement conditions.

Requirements — formulated requirements for the
accuracy of measurement, safety, environmental and
other factors.

Consequently, we obtain a generalized defini-
tion — measurement quality — the degree to which the set
of the measurement characteristics (measuring instru-
ments, method of measurement and  measurement
procedure, measurement conditions and the state of unity
of measurements), meet the requirements of the
measurement task in relation to measurement accuracy,
safety, environmental and other factors.

4.4. Quality indexes of measurement as a
certain product type

Quality today does not have a specific numerical
expression. The term “quality” may be used with
adjectives such as high, low, excelent, etc. [4].
Numerical quality estimations are quality indexes and
quality level. By well-known definition [5], the quality
index is a quantitative characteristic of one or several
product properties that characterize its quality, which is
considered in relation to certain conditions for its
creation and operation or consumption.

In general, the nomenclature of measurement
quality indexes in modern metrology is not completely

established and is constantly changing and modernizing.
The article dedls with the indexes which, according to
the authors, most fully characterize the quality of
measurement. In particular, these are functiona quaity
indexes and performance indexes of the measurement
process and of the measurement results, which are
divided into two groups (see Table 1).

However, it should be noted that the
systematization of the measurement quality indexes,
given in the table, is not absolutely rigid. Some of the
above quality indicators are characteristic of both the
measurement process in general and the measurement
resultsin particular. A detailed analysis of measurement
quality indexesis given below.

5. Analysis of the quality indexes which are
char acteristic of the measur ement process

As noted above, the main indexes that characterize
the quality of the measurement process in general are

accuracy, trueness, precision, repeatability, and
reproducibility and interval of the measurement.

5.1. M easur ement accur acy

5.11. Measurement accuracy, accuracy of

measurement, accuracy — closeness of agreement
between a measured quantity value x .1 and a true

quantity value of a measurand [2, p. 2.13] or a conven-
tional reference quantity value x. ,1, [6].

Accuracy, in general, is an assessment of the
quality of both the measurement process and the
measurement results. Accuracy is a purely qualitative
measurement characteristic and does not have a specific
numerical expression. Numerical estimates of accuracy
in metrology are the error and uncertainty of measu-
rement. It should be noted that the theory of measu-
rement errors is applied to the theoretical analysis of the
accuracy of the measurement processes and the verifi-
cation and calibration of the measuring ingruments. The
theory of measurement uncertainty is used for practical
analysis of the accuracy of measuring processes, namely,
the accuracy of measurement results[11].

Table

M easurement Quality I ndexes

Indexes that characterize the quality
of the measurement processin genera

Indexes that characterize the quality
of the measurement results

* measurement accuracy;
 measurement trueness;

* measurement precision;

* measurement repeatability;

« measurement reproducibility;
e measuring interval

e metrological traceability of measurement results;

« metrological comparability of measurement results;
« metrological compatibility of measurement results;
« metrological reliability of measurement results
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5.1.2. Measurement error, error of measu-
rement, error AxJ1 — measured quantity value
Xneg L MiNUS a reference quantity value x,,1  [2
p. 2.16]:

DX = Xy = X Ly (1)

Measured quantity value, value of a measured
quantity, measured value x.,1 — quantity vaue

representing a measurement result x,1, [2, p. 2.10].

Measurement result, result of measurement — set of
guantity values being attributed to a measurand together
with any other available relevant information [2, p. 2.9].
A measurement result x,1, is generally expressed as a
single measured quantity value x..,1, and a
measurement uncertainty u(x),1, .

Reference quantity value, reference value X .1, —
guantity value used as a basis for comparison with
values of quantities of the same kind [2, p. 5.18]. A
reference quantity value can be a true quantity value of a
measurand X,1., in which case it is unknown, or a
conventional quartity value x,,,1,, in which case it is
known.

True quantity value, true value of a quantity, true
value X1, —quantity value consistent with the definition
of aquantity [2, p. 2.11].

Conventional quantity value, conventional value of
a quantity, conventional value x_,,1,— is quantity value
attributed by agreement to a quantity for a given purpose
[2,p. 212]. A conventionad quantity value X, .1, is
generally accepted as being associated with a suitably
small measurement uncertainty u(x,, ).1,, which might
be zero. Conventional quantity value is set in the
procedure of theoretical anaysis of the accuracy of
measuring processes and in the verification and
calibration procedures of measuring insgruments [8]. In
this case, it is denoted as the standard reference
valuex 1, i.e X, =X.1,. Standard reference
valuex,,1,, can be found experimentally using of
reference measuring instruments. It can aso be the
nominal quantity value, nominal value x..,1, — rounded
or approximate value of a characterizing quantity of a
measuring insrument or measuring system that provides
guidance for itsappropriate use [2, p. 4.6].

Consequently, in practice, the absolute error of
measurement is found by the formulas:

DX =X = X1, OFDX =X = Xg,, - 2

The concept of “measurement error” Dx,1,, in
general, is one of the key concepts of metrology, what,

in fact, is reflected in the definition of measurement
accuracy. In the case of obtaining the measured
vauex .1 , the first question as far it is close to the

true quantity value X ,1 . The problem of practical use of
the concept of “measurement error”is due to the fact that
the true quantity value X,lis aways unknown.

However, in such metrological procedures as verification
and calibration of measuring instruments, the reference
quantity valuex .1 is known and error Dx,1 can be

calculated by the formula (2).

5.1.3. Measurement uncertainty, uncertainty of
measur ement, uncertainty — non-negative parameter
characterizing the dispersion of the quantity values being
attributed to a measurand, based on the information used
[2,p. 226]. The main parameter of the theory of
measurement  uncertainty is standard uncertainty
(standard  measurement  uncertainty,  standard

uncertainty of measurement)u(x),l,, namely the
uncertainty of the measurement result x,1, , expressed in
the form of a standard deviation s (x),1, or a standard

deviation estimate s(x),1, [2,p. 2.30]. Measurement

uncertainty is a numerical estimate of the result accuracy
of the measurement performed. On the whole, the result
of a measurement is only an approximation or estimate
of the value of the measurand and thus is complete only
when accompanied by a statement of the uncertainty of
that estimate [9, p. 3.1.2].

5.2. M easur ement tr ueness

Measurement trueness, trueness of measurement,
trueness — closeness of agreement between the average
of an infinite number of replicate measured quantity
values and a reference quantity value [2,p. 2.14].
Measurement trueness is not a quantity and thus cannot
be expressed numerically. Measurement trueness is
inversely related to the systematic measurement error,
but is not related to the random measurement error. It
reflects the closeness to zero of a systematic
measurement error.

5.3. M easur ement precision

5.3.1. Measurement precision, precision -—
closeness of agreement between indications or measured
guantity values obtained by replicate measurements on
the same or similar objects under specified conditions
[2, p. 2.15].

Also, precision of measurement is a characteristic
of the measurement quality, which reflects the proximity
between independent measurement results obtained
under certain  accepted conditions.  Independent
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measurement results — these are results obtained without
the influence of previous results on the following on the
same or identical investigated object [6, p. 3.12].

Precision depends only on the distribution of
random errors and is not related to either the true
quantity value or the reference quantity value. The
precision is expressed by the characteristics of scattering
of measurement results. Its numerical estimate is the
standard deviation or variance of the measurement
results under the specified conditions of measurement.
The precison reflects the closeness a random
measurement error to zero.

The measurement results can not be corrected by
eliminating arandom error. But its value can be reduced
by carrying out repeated measurements and finding the
measurement result as an average value.

The “specified conditions’ can be, for example,
repeatability conditions of measurement, intermediate
precision conditions of measurement, or reproducibility
conditions of measurement. Accordingly, such
assessments of the measurements quality are related to
precision as

» measurement repeatability;

* intermediate measurement precision;

* measurement reproducibility.

Egtimates of measurement repeatability and
intermediate measurement precision are obtained in the
same |aboratory.

5.3.2. Measurement repeatability, repeatabili-
ty — measurement precision under a set of repeatability
conditions of measurement [2, p. 2.21].

Repeatability ~ condition of  measurement,
repeatability condition — condition of measurement, out
of a sat of conditions that includes the same
measurement  procedure, same operators, same
measuring system, same operating conditions and same
location, and replicate measurements on the same or
similar objects over a short period of time [2, p. 2.20].

Measurement repeatability is often used as an
estimate of scattering of measurement results in the
middle of a batch of investigated objects.

5.3.3. Intermediate measurement precison,
intermediate precision — measurement precision under
a sat of intermediate precison conditions of
measurement [2, p. 2.23]

Intermediate precision condition of measurement,
intermediate precison condition — condition of
measurement, out of a set of conditions that includes the
same measurement procedure, same location, and
replicate measurements on the same or similar objects
over an extended period of time, but may include other
conditions involving changes [2, p. 2.22]. In particular,

measurements can be carried out by different operators
using different equipment.

Intermediate measurement precision is often used
as an estimate of scattering of measurement results
between different batches of investigated objects.

5.3.4. Measurement reproducibility, reprodu-
cibility — measurement precision under reproducibility
conditions of measurement [2, p. 2.25].

Reproducibility — condition of measurement,
reproducibility condition — condition of measurement,
out of a st of conditions that includes different
locations, operators, measuring systems, and replicate
measurements on the same or similar objects [2, p. 2.24]
In some cases, different measuring instruments can be
used in accordance with different measurement methods.

Consequently, the measurement reproducibility
reflects the proximity between the results of
measurements of the same quantity performed in
different laboratories, a different times, by different
methods and means.

5.4.4. Measuring interval

Measuring interval, working interval - set of
values of quantities of the same kind that can be
measured by a given measuring instrument or measuring
system with specified instrumental measurement
uncertainty, under defined conditions[2, p. 4.7].

Within the measuring interval, it is possible to
measure the quantity (for example, the mass
concentration) with the specified uncertainty, using the
given measurement method. In some areas of practica
metrology, the term is used as an andogue of
“measuring range” or “measurement range”. The lower
limit of a measuring interval should not be confused with
detection limit.

Detection limit — measured quantity value,
obtained by a given measurement procedure, for which
the probability of fasay claiming the absence of a
component in a material is B, given a probability a of
falsdly claiming its presence [2,p. 4.18] The term
“sensitivity” is discouraged for “detection limit”.

6. Analysis of the quality indexes which are
char acteristic of the measurement results

As is shown above, in the clause 4.4., the main
indexes that characterize the quality of the measurement
results are metrological traceability, metrological
comparability, metrological compatibility and metro-
logical reliability of measurement results.

6.1. Metrological traceability — property of a
measurement result whereby the result can be related to
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a reference through a documented unbroken chain of
calibrations, each contributing to the measurement
uncertainty [2, p. 2.41].

For this definition, a “reference’ can be a
definition of a measurement unit through its practica
reglization, or a measurement procedure including the
measurement unit for a non-ordina quantity, or a
measurement  standard.  Metrological  traceability
requires an established calibration hierarchy. Calibration
hierarchy — sequence of calibrations from a reference to
the final measuring system, where the outcome of each
calibration depends on the outcome of the previous
calibration [2, p. 2.40]

Unbroken chain of calibrations — it is metrological
traceability chain, traceability chain — sequence of
measurement standards and calibrations that is used to
relate a measurement result to areference [2, p. 2.42]. A
metrological traceability chain is defined through a
calibration hierarchy and is used to establish
metrological traceability of a measurement result.

For most of the measurement results, the
“reference’” for comparison is the measurement unit.
Metrological traceability to a measurement unit —
metrological traceability to a unit metrological
traceability where the reference is the definition of a
measurement unit through its practical reslization [2,
p. 2.43] Practical redization of the definition of a
measurement unit is a procedure according to which the
definition can be used to determine the value of the
guantity of the same kind as a unit, together with the
associated uncertainty of measurement.

The concept of “metrological traceability”, which
is a key in the measurement unity ensuring, is directly
related with concepts such as “metrological compa-
rability of measurement results’ and “metrological
compatibility of measurement results’.

6.2. Metrological compar ability of measur ement
results, metrological compar ability — comparability of
measurement results, for quantities of a given kind,
which are metrologically traceable to the same reference
[2, p. 2.46].

The term “comparable€’ means “such that they can
be compared”, and not “close in size’. Metrological
comparability of measurement results does not
necessitate that the measured quantity values and
associated measurement uncertainties compared be of
the same order of magnitude. For example, the results of
measurements of the lengths of various objects are
metrologically comparable when they are both
metrologically traceable to the same measurement unit
of length, for instance, up to a meter.

The concept of “metrological comparability”" is
related to the concept of “metrological compatibility”.

6.3. Metrological compatibility of measurement
results, metrological compatibility — property of a set
of measurement results for a specified measurand X1, ,
such that the absolute value of the difference
.| =]x - %,| 1, 0f any pair of measured quantity values
from two different measurement results x,1, andx,,1 is
smaller than some chosen multiple of the standard
measurement uncertainty of that difference u,(J,) [2,
p. 2.47].

Therefore, the establishment of metrological com-
patibility of the measurement results requires a
standardized method for finding their uncertainty. The
correlation between the measurement results affects their
meteorological compatibility.

If the measurements resultsx 1 andx, 1 are
the condition of ther
is expressed by the

completely  uncorrelated,
meteorological compatibility
formula

B =P - e £k, 0, (0,) =k yu? () +7 () 1,0 (3)

where k — a coverage factor, that corresponds to the
given level of confidence p [9, p.6.3]; u(x).1, and
u(x,),1,— standard measurement uncertainties of the
measurement results x;,1, and x,,1, .

If the measurements resultsx 1 andx, 1 are

correlated, the condition of their metrologica
compatibility is expressed by the formula:

9 =% x| £k (3,) =K,
k,’ \/uz(xl)+u2(x2)+2u(xl)>u(x2)><rxbX2 1, &

where 1, —

correlation coefficient between measu-

rement results x,1, and x,,1, .

Metrological compatibility of measurement results
replaces the traditional concept of “staying within the
error”, as it represents the criterion for deciding whether
two measurement results refer to the same measurand or
not. If in a set of measurements of a measurand, thought
to be constant, a measurement result is not compatible
with the others, then this meansthat:

* either the measurement was not correct (e.g. its
measurement uncertainty was assessed as being too
small);

» or the measured quantity changed between
measurements.

Also, it should be noted that the establishment of
metrological compatibility of the measurement results
requires the fulfillment of the condition of metrological
comparability of the measurement results.
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6.4. Metrological reliability of measurement
results, metrological reliability — a characteridic of the
measurement quadity, which characterizes the degree of
confidence in the measurement results. The term
“metrological reliability” is smilar in content to the term
“measurement accuracy” for evaluation the measurement
quaity and characterizes the degree of confidence that the
value of the measurand lies within the specified range [11,
12]. Therdiability of measurementsresultsis established in
accordance of the laws of probability theory and
mathematical datigics. The numerical edtimates of the
measurement reliability are the confidence probability P (in
the case of calculating the errors of measurement results) or
the leve of confidence p (in the case of calculating the
uncertainty of measurement results).

Conclusions

1. The analysis and systematization of the
measurement quality indexes on the basis of current
normative documents is carried out. This makes possible
to develop a generalized methodology for measurement
quality evaluation in accordance with the concept of the
uniformity of measurements.

2. It is expedient to carry out a separate analysis of
quality indexes of measurement as a process and quality
indexes of the measurement result as a product of this
process. The determinants of the procedure of measu-
rement quality evaluation are functional quality indexes
and performance of the measurement process and the of
measurement result.

3. The objective quality estimates of measurement
make it possble to compare the results of measurement
obtained in the different laboratories under different
conditions.

References

1. The Law of Ukraine “On Metrology and Metrological
Activity”, MNe1314-VII of 05.06.2014 year / Verkhovna Rada of
Ukraine. — Official kind. — Kyiv: Parliament publishing house,
2014. - 28 p. — (Library official publications).

2. International vocabulary of metrology: Basic and general
concepts and associated terms (3rd edition - VIM 3) — OIML V2
200:2008 (E/F). — 90 p.

3. DSTU 2681-94. Metrology: Terms and Definitions. —[In
force of 1996-01-01] — Kyiv: State Standard Committee of
Ukraine, 1994. — 68 p. — (Sate Standard of Ukraine).

4. 1SO 9000:2015 Quality Management Systems —
Fundamentals and Vocabulary. — Revises SO 9000:2005:
introduced 15.09.2015. — IS0, 2015. —51 p.

5. DSTU 2925-94. Product Quality: Estimation of Quality
Terms and Definitions — [In force of 1996-01-01]. — Kyiv: State
Standard Committee of Ukraine, 1995. — 27 p. — (State Standard of
Ukraine).

6. 1SO 5725-1:1994. Accuracy (trueness and precision) of
measurement methods and results — Part 1: General principles and
definitions - Reviewed and confirmed in 2012. — S0, 1994. — 17 p.

7. 1SO 10012:2003. Measurement Management Systems —
Requirements for Measurement Processes and Measuring Equip-
ment — Reviewed and confirmed in 2015. —1S0, 2003. —19 p.

8. ISONIEC 17025:2017. General Requirements for the
Competence of Testing and Calibration Laboratories — Revises
1SO/IEC 17025:2005: introduced 11.2017. — ISO/IEC, 2017. — 30 p.

9. Uncertainty of measurement — Part 3: Guide to the
expression of uncertainty in measurement (GUM: 1995). —
I SO/IEC Guide 98-3:2008. [ Publication date: 2008-10] — 120 p.

10. Metrology. Terms and Definitions: Modern
Interpretation / Ukraine Academy of Metrology // Metrology and
instruments, 2017. — No. 6 — P. 39-45.

11. Fundamentals of Metrology and Measuring Technique:
[handbook for students of higher educational institutions in two
volumes]/ [M. Dorozhovets, V. Motalo, B. Stadnyk and other];
edited by B. Stadnyk, professor — Lviv: Publishing house of Lviv
National Polytechnic University. — 2005. — V1.Fundamentals of
Metrology. —529 p.

12. Terminology in Analytical Measurement — Introduction
to VIM 3/ Edited by V. J. Barwick and E. Prichard: translation of
the first edition of the Eurachem Guide, 2011. — Kyiv: Publishing
house of LLC “ Yurko Ljubchenko”, 2015. — 82 p.

13. Motalo V. Evaluation of Qualimetrical Measurement
Quality Based on the Uncertainty Concept / V. Motalo, B. Stad-
nyk // Pomiary. Automatyka. Kontrola. — Warszawa, 2013. —
Vol. 59. —No. 9. —P. 950-953.

14. Sandardized terminology of technical regulation:
Metrology and Metrological Activity. Handbook/ [O. Velychko,
0. Dytc, L. Skyba and other]; Edited by O. Velychko, V. Druzyuk,
V. Ivanov. — Lviv: Publishing house of Joint-Stock Company
“ Scientific and Technical Center “ Leonorm’, 2006. — 136 p.

15. Methods and means of determining of the product
quality indexes / [ T. Bubela, P. Stolyarchuk, J. Pohodylo and
others]. — Lviv: Publishing house of Lviv Polytechnic National
University, 2012. — 292 p.

16. Kuts V. Qualimetry: handbook / V. Kuts, P. Stolyarchuk,
V. Druzyuk. — Lviv: Publishing house of Lviv Polytechnic National
University, 2012. — 256 p.



