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Abstract

The problem of increasing the reliability of uncertainty estimation of measurement results is consid-
ered. The purpose of this work was to justify the application of the process approach to the formation of the
algorithm of uncertainty estimation on the basis of morphological analysis. It is theoretically substantiated
that from the standpoint of the system approach to achieving an acceptable degree of reliability of measure-
ment uncertainty estimates it is necessary to implement a process approach to the formation of the estimation
method as an algorithm of actions. The main stages of the estimation process are defined. It is established that
each stage of the estimation process can be realized by alternative methods. The morphological box method
as a realization of morphological analysis is proposed as a basis for its solution. A morphological box de-
sign of the uncertainty estimation process with an open architecture is presented, based only on commonly
accepted methods and approaches for realizing each step of the process. Two aspects of the application
of the morphological box method are identified. On the one hand, the morphological box allows to form
an algorithm of the uncertainty assessment process, maximally acceptable for the laboratory conditions,
as a combination of process steps, based on the task at hand, combining different variants of realization of
these steps. On the other hand, the morphological box acts as a tool for development of new methods of re-
alization of various stages of the uncertainty assessment process. Examples of using the morphological box
method to develop alternative algorithms of the uncertainty estimation process of the same measurement
method and to develop new methods of realization of different stages of the estimation process are considered.
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Mopdoaornyeckui moaxoa Kk paspadorke mpoiecca
OLICHUBAHUS HEONPEAeJIEHHOCTH U3MEPEHUH

II.C. CepenkoB, B.M. Pomanuak, A.B. 'pudxoBckmii

benopycckuii nayuonansHulii mexuuueckuil ynugeepcumen,
np-m Hezasucumocmu, 65, . Munck 220013, Berapyco

Hocmynuna 04.03.2024
Hpunama k newamu 06.05.2024

PaccmoTpena mpo0OiieMa TOBBILICHUS! JOCTOBEPHOCTH OLIEHMBAHUS HEOMPEACTIEHHOCTH PE3yJIbTaTOB
u3Mmepenuid. llenplo gaHHOM pabOTHI SIBJISIOCH OOOCHOBAaHWE IPUMEHEHUS! IPOIECCHOTO MMOJX0ja
K (OpPMUPOBAHMIO alNTOpPUTMa OIICHWBAHHS HEONPENeJIEHHOCTH Ha 0a3ze MOPQOIOTHYECKOro aHaIu3a.
Teopernueckn 0O0OCHOBAHO, YTO C MO3WIHMH CHCTEMHOIO IMOJX0/a K JOCTH)KEHHIO TIPUEMIIEMOH CTENeHH
JIOCTOBEPHOCTH OLICHOK HEOINPEAEIEHHOCTH WM3MEPEHUN CIIElyeT pealu30BaTh IIPOLIECCHBINA IOAXOJ
K (OpMHPOBaHMIO METOIa OLEHHBAHUS KaK aluropurMa jaedctBuil. OmnpeneseHbl OCHOBHBIC ATallbl
npoliecca OICeHUBaHMS. Y CTAHOBJICHO, YTO KaXKIbIH dTal Mpolecca OLCHUBAHUS MOXKET ObITh pealn30BaH
aNbTEepPHATUBHBIMU METOJIaMH. B KauecTBe OCHOBBI AJIs €€ PelIeHUs PeIOKEH METOT MOP(]OIOrHIecKoro
AIMKa Kak peanu3anus Mopdosoruueckoro aHanusa. [IpeacraBieHa KOHCTPYKIHS MOP(OIOrHYEcKoro
SIAKAa IpoLEecca OLEHUBAHMS HEONPENEIEHHOCTH € OTKPBITOM AapXUTEKTypOH, OCHOBAaHHAs TOJIBKO
Ha OOILENPUHATHIX METOJIaX U MOJAXO0/aX pealn3alny KaxIoro Tana npouecca. OnpeaeneHsl 1Ba acleKkTa
npuMeHeHus] MeToaa Mopdosoruueckoro siuka. C 0JHOH CTOPOHBI, MOPPOIOTUIUESCKUHN SLIUK MMO3BOJISET
(hopMUPOBAThH AITOPUTM TPOIECCa OLICHKH HEONPEACIEHHOCTH, MAKCUMAIILHO MPUEMJIEMBIN JJIsi YCIOBUN
nabopaTtopuy, Kak KOMOMHAIMIO ATAMOB MPOLIEcca, UCXOAs U3 MMOCTABICHHOHN 3aJauu, COYeTasi pa3inuHbIe
BapUaHThl peaju3aluu JaHHbIX 3TanoB. C Jpyrod CTOpOHBI, MOP(OJIOTUYCCKUI SIIUK BBICTYIACT KaK
WHCTPYMEHT I Pa3pa0OTKU HOBBIX METOJIOB peaju3allii Pa3IMYHbIX 3TAIlOB IPOLECCa OICHUBAHUS
HeonpeAenEHHOCTH. PaccMOTpeHbl MpHUMeEphl WCIOJIB30BaHUS METoJa MOP(OIOTHYECKOTrO SIIUKa IS
Pa3paboTKH albTePHATUBHBIX aJTOPUTMOB MPOIECCa OLUEHUBAaHUS HEONPEAETEHHOCTH OAHOTO M TOTO JKe
METO/1a U3MEPEHHUH 1 pa3pabOTKH HOBBIX METOJIOB PEaM3alliy Pa3IMUHBIX ITAIIOB MIPOIIEcCa OLICHUBAHHMS.

KiroueBble  ciaoBa:  HEONMPEACIEHHOCTh  W3MEPEHHs, MPOLECC  OIEHKH  HEONpPeIeEHHOCTH,
MOP(DOJIOTUYCCKHUH SIUK
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Introduction

Constantly growing requirements to objectiv-
ity and reliability of information about the quality of
products and services act as a stimulating factor for
the development of theoretical basis of metrology. The
indicator of measurement quality is, by definition, the
uncertainty of the result, which determines the risk of
incorrect decision making in relation to the circulation
of products and services on the market'. Until recent-
ly, the GUM model method was a tool for estimation
of measurement uncertainty”.

The emergence of standardized, i. e. generally ac-
cepted alternative methods, such as the Monte Carlo
simulation method®, empirical methods* based on the
use of the results of intralaboratory or interlaboratory
studies of measurement methods, allows us to con-
clude that the problem of objectivity and reliability
of measurement uncertainty assessment is still un-
solved [1-5].

From the point of view of system analysis, the
existing methods of estimation of measurement un-
certainty are not really such, because its key point is
the concept of process. System analysis assumes that
the criterion of unambiguous solution of the problem
related to the object is the consideration of the object
as a process [6, 7]. In our case, the object of analysis
is the process of measurement uncertainty estimation
(Figure), which includes stages”:

1. Formulation of the measurement problem:

1.1. Definition of measurement result Y as an
output quantity of the measurement process.

1.2. Identifying input variables X;, affecting Y.

1.3. Composing a measurement model as an ex-
pression of the type ¥ = f(X)).

"ISO/IEC  Guide 98-4-2019. Uncertainty —of
measurement — Part 4: Role of measurement uncertainty
in conformity assessment

2 GOST 34100.3-2017/ ISO/IEC Guide 98-3/ 2008.
Uncertainty of measurement — Part 3: Guide to the
expression of uncertainty in measurement

3GOST 34100.3.1-2017/ ISO/IEC Guide 98-3/
Suppl 1:2008. Uncertainty of measurement — Part 3:
Guide to the expression of uncertainty in measurement.
Supplement 1: Propagation of distributions using a Monte
Carlo method

*ISO/TS 21748:2010, Guidance for the use of
repeatability, reproducibility and trueness estimates in
measurement uncertainty estimation

> GOST 34100.1-2017/ ISO/IEC Guide 98-1/ 2024.
Uncertainty of measurement. Part 1: Introduction to the
expression of uncertainty in measurement

2. Assigning a probability distribution to input
values X; on the basis of available information.

3. Complexing of probabilistic characteristics
of input quantities JX; in accordance with the mea-
surement model ¥ = f(X,) in order to obtain proba-
bilistic characteristics of output quantity Y with the
subsequent estimation of the result — mathematical
expectation Y, total uncertainty #(Y) and expanded
uncertainty U(Y), P.

As a criterion of efficiency of the process of
measurement uncertainty assessment, the reliability
of the assessment is used. Obviously, the reliability
of the assessment is determined first of all by the
completeness and inexhaustibility of the whole array
of influencing factors involved in all stages of the
process, acting as a "skeleton" for the identification
of the sources of factors. From this point of view,
the existing generally recognized above mentioned
methods of measurement uncertainty estimation do
not "cover" the whole estimation process.

As a rule, they address only the third step of the
estimation process, and often not in full. None of the
above-mentioned methods solves the problem of jus-
tification of the set of input influencing quantities .X;,
correct determination of their probabilistic characteris-
tics, justification of the coupling function Y = f(X;) [7].
Consequently, there is no reason to expect from the
above methods of estimation of measurement uncer-
tainty the required level of objectivity and reliability.

A correct method for estimating uncertainty in
accordance with the systems approach as a "prob-
lem-solving methodology" should include the imple-
mentation of all three steps of the process, ensuring
the integrity of the solution to the problem of objec-
tivity and validity [6, 7]. At the same time, attention
should be paid to the fact that each stage of the above
assessment process, in turn, can be realized by differ-
ent alternative methods. This implies that there can
be many realizations of the process of measurement
uncertainty estimation as algorithms for solving the
problem representing the combination of different
methods at each stage. This fact opens up unlimited
possibilities of forming a correct and at the same time
effective algorithm for estimating the uncertainty of
the measurement (test) method in specific conditions
of the laboratory according to the criterion of maxi-
mum feasibility.

Obviously, to solve this problem it is necessary to
define a complete set of variants of realization of each
of'the process steps to form an algorithm for estimation
of measurement uncertainty for specific conditions.
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Figure — Steps in the process of estimating measurement uncertainty

In this regard, the morphological box method is
of interest as an implementation of morphological
analysis [8-10]. Morphological analysis was devel-
oped for multifactorial, non-quantifiable problems,
when classical cause-and-effect modeling does not
give the desired result.

The morphological box method consists in di-
viding the object of analysis into meaningful con-
stituent elements. For each element, a set of possible
realizations contributing to the overall solution of the
problem is determined, after which a complete set of
solutions is formed by merging specific realizations
of all constituent elements. The search for the best
solution from the full set of solutions is performed
in accordance with the chosen criterion of accept-
ability.

To solve the problem of formation of an accept-
able for specific conditions algorithm of measure-
ment uncertainty estimation with the help of mor-
phological analysis, it is proposed to form the design
of the morphological box as a table, the inputs (ele-
ments) of which correspond to the stages of measure-
ment uncertainty estimation given above:

1 — identification of influencing factors;

2 — formation of the communication function
(measurement model);

3 — definition of input values;
4 — transforming distribution laws.

Element 1: Identifying influencing factors

This step of the algorithm is the most critical
from the point of view of the degree of confidence
in the measurement results, because it is often based
on the use of expert subjective opinions when iden-
tifying input influencing factors and assessing their
significance. In metrological practice, a number of
methods and techniques have been developed to fa-
cilitate the identification and search for influencing
factors:

—recommendations of the classical theory of er-
rors on identification of influencing factors belong-
ing to the groups: instrumental, methodical, subjec-
tive, measurement conditions [11];

— "uncertainty ladder", which is a hierarchical
scheme of the structure of measurement uncertainty
sources: part factor — part series factor — individual
laboratory factor — interlaboratory factor. The meth-
od provides a basis for determining and evaluating
such characteristics of measurement methods as pre-
cision and bias estimates [2, 20];

—significant factors taken into account in the
study of indicators of correctness and precision of
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measurement methods according to STB ISO 5725-3°:
operator, equipment, equipment calibration, envi-
ronmental conditions (temperature, humidity, air
pollution, etc.), time passing between measure-
ments, etc.;

— quality management tools — cause-effect dia-
grams in which the sources of uncertainty in the
measurement result are attributed to different parts of
the measurement system, e. g., S.W.L.P.E. (Standard.
Part. Part. Measuring Instrument. Man. Procedure
and Environment), P..S.M.O.E.A. (Part. Measuring
Instrument. Reference. Method. Operator. Environ-
ment. Assumptions) [12].

The above methods and techniques are based
on the assumption that, despite the great variety of
measurement tasks, it is possible to identify typical
sources of variability that together make the greatest
contribution to the uncertainty of the measurement
result. Expert methods such as brainstorming, ques-
tionnaires, surveys, etc. are used to identify signifi-
cant sources and factors.

Taking into account the subjectivity of these
methods, as well as the assumptions made at this
stage, there are risks associated with the identifica-
tion of not all factors X;, which affect the final result
of measurements.

The above methods and approaches can be, to
a first approximation, included in the design of the
morphological box table as alternative realizations of
the input "identification of influencing factors".

Element 2. Formation of the communication
function (measurement model)

The realization of this stage is a measurement
model — it is a functional dependence Y = /(X)) of val-
ues of all input factors of the measurement process X;
with its result Y. The summary measurement model as
a model of approximation of the coupling function can
be represented in a general form as:

(M

where Y is the estimated measurement result,
X, , X, ..x,, — influencing elementary and complex
factors (grouped data), /' — analytical link function,
a, ,a,, ...a,—parameters of the analytical link func-
tion to be determined.

Y = f(X)5% X G150y 5.0y,

6130 5725-3:1994, Accuracy (trueness and precision)
of measurement methods and results — Part 3: Intermediate
measures of the precision of a standard measurement
method

A measurement model is necessary in order to
shape:

—model of the measurement result (mathemati-
cal expectations model);

—model of uncertainty of the measurement re-
sult (standard deviation model).

Various bases for classifying communication
functions can be proposed. To form this element of
the morphological box, it is rational to propose the
following classification of measurement models:

— coupling function, known a priori and having a
natural physical meaning;

— coupling function given a priori and represent-
ed as a series, e. g., Taylor series [13, 14];

— the link function, unknown a priori and present-
ed as a regression model based on the results of the
planned measurement experiment [15].

The situation when the coupling function is
known a priori is typical for indirect measurements.
For example, the model of indirect measurement of
direct current force as a physical law has the form:

U

5

I =

R

sh-r

where [ is the actual value of direct current force, A;
U is the actual value of measured voltage, V; R, ,. is
the actual value of shunt resistance, Ohm.

The situation when the coupling function is
specified a priori is typical for direct measurements.
The a priori unknown coupling function (1) can be
decomposed into a Taylor series within the frame-
work of realization of the model method of measure-
ment uncertainty estimation and represented with the
assumption as a linear additive model of the type:

Y=X,,+C+Cl2+..+C, 2)

where X, is the result of the instrument reading;
C, is the so-called corrections, e. g. influence factors
of the reference, operator, working environment con-
ditions, etc. [13, 14].

The situation when the unknown a priori cou-
pling function is formed as a statistical model based
on the results of a planned measurement experiment
is possible in all generally recognized methods of
measurement uncertainty assessment. This situation
is most typical for empirical methods of measure-
ment uncertainty estimation.

The ISO 5725 series® of standards considers
a statistical measurement model as a measurement
model:

y=m+B+te=p+(+B)+te, )
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where m = p + 6 is total mean value of measure-
ment result (mathematical expectation); p is accept-
ed reference value; & is measurement method bias;
(0 + B) = A is laboratory bias; B is laboratory bias
component; is bias component occurring at each mea-
surement according to repeatability conditions.

ISO 217484 considers a more generalized statisti-
cal model as a measurement model:

M
y=m+B+) Cx, +e, 4)

i=1

M
where Z C.x, are factors influencing the measurement
i=1
result, not taken into account by the model presented
in (3).

In terms of applying the communication func-
tion, two cases are possible:

1. If we use a modeling or Monte Carlo method
for numerical estimation of measurement uncer-
tainty by the method under study, we need the link
function (1), since it is directly involved in the es-
timation process. To obtain it, we should organize
a measurement experiment (full-factor plan of type
2", fractional factor plan, other), perform regression
analysis and obtain the link function (1) as a regres-
sion equation [12, 16].

2. If we use empirical methods to estimate the
measurement uncertainty by the method under study,
the coupling function (1) is not directly required.
ISO 5725-3° for this situation prescribes to organize
the measurement experiment according to a hierar-
chical nested plan and to perform a variance analysis
of the obtained results. Standard deviation in condi-
tions of perceptibility SR is an analog of the total
uncertainty of measurements by a specific method.

The above methods can be, to a first approxima-
tion, included in the design of the morphological box
table as alternative realizations of the input "forma-
tion of the link function (measurement model)".

Element 3. Definition of input values

There are two approaches to defining input
quantities:

—complex, in which probabilistic characteris-
tics, including the total standard uncertainty of the
measurement result, are determined at once;

— differential, in which probabilistic characteris-
tics, including standard uncertainties, are defined for
each input quantity.

The integrated approach, as mentioned above, is
characteristic of empirical methods for uncertainty
assessment [1].

The differential approach assumes that the set
of input quantities X1 , X2 , ... X, involved in the
measurement, can be conditionally divided into two
groups [13-15, 17]:

1) quantities whose values and uncertainties are
determined directly in the current measurement (as
a result of a single observation, repeated observa-
tions) — Type A estimation;

2) quantities, values and uncertainties of which
are determined on the basis of a priori information
(characteristics of used standards, reference materi-
als, reference data, etc.) — type B estimation.

The above methods can be, to a first approxima-
tion, included in the design of a morphological box
table as alternative implementations of the input "in-
put value determination" input.

Element 4. Transforming probabilistic
characteristics of input quantities in order
to estimate the measurement result and its
uncertainty

This element of the process of estimation of
measurement uncertainty involves complexing the
probabilistic characteristics of input quantities .X; ac-
cording to the measurement model ¥ =f(X,) in order
to obtain the probabilistic characteristics of the out-
put quantity Y: mathematical expectation YO , total
uncertainty u(Y), expanded uncertainty U(Y), P.

Two approaches” to transforming the character-
istics of input random variables taking into account
the coupling function in order to obtain the charac-
teristics of the measurement result are generally ac-
cepted: frequency and Bayesian [2].

The frequency approach is based on obtaining point
estimates (statistics), which can be used to construct
a confidence interval. Among the generally accepted
methods, the frequency approach implements the GUM
modeling method, empirical and combined methods [2].

The GUM modeling method is implemented as
an "eight-step method", and involves the element-
by-element assessment of contributions to the total
uncertainty of all influencing factors with their sub-
sequent complexing according to the "law of propa-
gation of uncertainties" [18].

Empirical methods of measurement uncertainty
estimation are based on experimental data obtained
from the results of intralaboratory or interlabora-
tory studies of the measurement method in terms of
bias and precision, additional statistical processing
of which allows estimating the total uncertainty of
measurements by the method under study [1].
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The combined method for uncertainty assess-
ment appeared as a rational need to apply a combi-
nation of GUM modeling and empirical methods to
the study of the same measurement method [19]. For
example, if a measurement process involves several
relatively independent operations, it is rational to
estimate the uncertainty of the intermediate results
of some of them by the modeling method and some
of them by empirical methods, using measurement
quality control data, proficiency tests, interlaboratory
comparisons, or other periodic controls [9, 21].

Note that when estimating the uncertainty of the
value Y by these methods, the distribution function
of the input values X; is not used explicitly. The gen-
erally accepted interpretation of the concept of prob-
ability is used.

When implementing the frequency approach by
the listed methods, it should be taken into account
that the methodological error of estimation u,(y)
or U (y), P, associated with the failure to correctly
transform the distribution laws of input quantities X
into the distribution law of the measurement result
Y, has not been quantitatively evaluated by anyone,
although it is, for example, brought to the forefront
by critics of the GUM modeling method [18].

The so-called "Bayesian approach" is adopted as
an idealized approach to transformation, for which
the quantitative measure of uncertainty of the mea-
surement result Y in the broad sense is the probabil-
ity distribution of a random variable associated with
the measured quantity, and in the narrow sense is the
scattering parameter of the same distribution (u.()))
or U (y), P.

The Bayesian approach involves transforming
the distributions of the input quantities X;, which in-
volves determining the probability distribution den-
sity of the output quantity Y based on the probability
distribution densities of the input quantities X, and
the measurement model used Y =f'(X;). The latter is
used to determine:

1) estimates of the mathematical expectation of
the quantity Y in the form of an estimate of y;

2) the coverage interval for the value Y corre-
sponding to a given probability (coverage probabil-
ity) P as the expanded uncertainty U (y);

3) estimates of the standard deviation of Y as the
standard uncertainty u,. (v) associated with y.

The transformation of distribution laws in the
Bayesian approach can be performed numerically
or analytically. Among the generally accepted meth-
odologically correct methods of finding the uncer-

tainty in accordance there is only one — the Monte
Carlo method [16]. The method numerically realizes
the transformation of the distribution laws of input
quantities into the distribution law of the measure-
ment result by numerical methods, i. e. it imitates the
analytical solution of the problem, since the value ¥
is not directly measured. Accordingly, the method
requires serious software and high competence of
the researcher.

The above methods can be, to a first approxi-
mation, included in the design of the morphologi-
cal box table as alternative realizations of the input
"transforming probabilistic characteristics of input
quantities".

Morphological box of the uncertainty
assessment process

Table 1 presents a morphological box of the un-
certainty assessment process, constructed based only
on commonly accepted methods and approaches for
implementing each step of the uncertainty assess-
ment process. Two positive aspects of the morpho-
logical analysis of the uncertainty assessment pro-
cess can be emphasized:

— the morphological box acts as a "constructor"
from which the method of uncertainty assessment
can be formed step by step as a combination of pro-
cess steps based on the task at hand, combining dif-
ferent variants of realization of these steps;

— the morphological box can be perceived as a
tool for forming new methods at different stages of
the uncertainty assessment process.

The use of the morphological box as a "con-
structor" for formation of the uncertainty assessment
process, which is the most acceptable for laboratory
conditions, is demonstrated in Table 2. As follows
from the table, laboratory specialists consider three
variants of realization of the process of uncertainty
assessment of the measurement method investigated
in the laboratory:

1 — within the framework of in-laboratory stud-
ies of method correctness and precision in accor-
dance with ISO 5725-3° it is supposed to use empiri-
cal methods;

2 —within the framework of interlaboratory
studies of method correctness and precision in accor-
dance with ISO 21748 it is supposed to use empiri-
cal methods;

3 — direct application of the GUM method is as-
sumed [18].
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Obviously, if the uncertainty assessment process
is composite, it is important to know the advantages
and disadvantages of each element in order to design
the most appropriate uncertainty assessment process
for the laboratory environment.

It should be noted that the morphological box
has an open architecture. In this sense, it is of sci-
entific interest as a tool for generating new meth-
ods at different stages of the uncertainty assessment
process. In Table 1, their place is highlighted as
"Other" on a gray background. We can give a num-
ber of examples of developments of the authors of
the article concerning new methods of realization of
separate stages of the uncertainty assessment pro-
cess:

Stage 1 (see Table 1). Identification of influenc-
ing factors. Methodology of identification of input
values of the measurement process using IDEF0
functional modeling methodology and the method of
alternatives as a method of expert evaluation [7, 12].

Stage 2 (see Table 1). Formation of the mea-
surement model. To solve complex measurement
problems of data analysis and decision making un-
der conditions of significant a priori uncertainty, in

our opinion, methods of nonparametric estimation
of passively collected measurement information, for
example, based on wavelet transforms, are promis-
ing [20]. The use of such models for solving this
class of problems allows minimizing the method-
ological error of linear approximation.

Stage 4 (see Table 1). Transformation of dis-
tribution laws. As an alternative to the Monte Carlo
method, we can propose the author's "method of suc-
cessive transformations" (MPT), which is designed
for efficient uncertainty estimation under a given
mathematical model of measurements (1) with an ar-
bitrary number of input quantities and a single output
quantity [2]. The efficiency of the estimation is man-
ifested in the fact that MPT realizes the algorithm
of estimation of measurement uncertainty through
transformation of distributions of input quantities. In
this case, in contrast to the Monte Carlo method, the
MPT assumes the possibility of a typical solution of
the estimation problem with minimum resource con-
sumption. The key point of the proposed method is
the technique of pairwise analytical convolution of
distributions of input quantities taking into account
the measurement model ¥ = f'(X,,..., Xy).

Table 2

Options for implementing the method uncertainty assessment process in the laboratory

Element (stage

Options for implementing the process of estimating method uncertainty

of the evaluation
process) 1

2 3

Classification of factors
of reproducibility conditions
according to ISO 5725-3

1. Identification
of influencing
factors

S.W.L.P.E. (Standard. Part.
Instrument. Measurement.
Person. Procedure and
Environment)

"Ladder of Uncertainties"

It is specified approximated
as a linear model in the form
of a Taylor series|
Y=X,,+C, +C,+..+C

2. Formation
of the communica-
tion function

as a statistical process model

It is set approximated ) ) )
It is specified approximated

as a linear model in the
form of a Taylor series
Y=X,,+C, +C,+...+C

according to ISO 21748
M
y:m+B+ZCixl. +e

i=1

3. Definition
of input values

Each input quantity is not
defined separately

Each input quantity is not

Differential approach, the
standard uncertainties of each
input quantity are determined

separately by type A or B

defined separately

No distribution law is used
(frequency approach). Empirical

No distribution law is used

(frequency approach).

4. Transforming
distribution laws

methods in accordance with
ISO 5725-3. Within the frame-
work of in-laboratory studies of
the measurement method the total
standard uncertainty of the mea-
surement result SR — analog of the
total uncertainty of measurements
is determined

Empirical methods in accordance
with ISO/TS 21748. Within
the framework of interlabora-
tory studies of the measure-
ment method the total standard
uncertainty of the measurement
result SR — analog of the total
uncertainty of measurements
is determined

No distribution law is used
(frequency approach).
GUM method
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Conclusion

It can be stated that the validity of measurement
uncertainty estimation is provided from the position
of the system approach through the development of
the estimation process as an algorithm of actions.
Taking into account the fact that different stages of
the process of measurement uncertainty estimation
can be realized by alternative methods, the possibil-
ity of developing the most acceptable algorithm of
actions for the conditions of the measurement labo-
ratory is determined. To solve the problems of deter-
mining the full set of variants of realization of each
stage of the process of measurement uncertainty esti-
mation for specific conditions the morphological box
method is proposed. The structure of the morpho-
logical box of a typical uncertainty estimation pro-
cess with an open architecture, which is based only
on the generally accepted methods and approaches of
realization of each stage of the process, is substanti-
ated. The possibilities of application of the morpho-
logical box method for development of an effective
algorithm of the process of uncertainty estimation of
the measurement method in the laboratory and for
improvement of the estimation process in terms of
creation of new methods of realization of separate
stages of the process are demonstrated by examples.
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