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Abstract. This article highlights the importance of analyzing the sources of uncertainty
in product quality control. It discusses the specification uncertainty of the Measured quantity,
Modeling errors, Methodological uncertainties, Instrumental uncertainties, Measurement
conditions uncertainties, Measured object uncertainty, Operator uncertainty.
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Measurement uncertainty is a parameter that describes the dispersion (scattering) of
values associated with the measurement results and which can be added to the measured
guantity with a sufficient basis.

In order to quantitatively describe the individual components of uncertainty, it is
necessary to look at them separately. There are several general methods for identifying
individual constituents of uncertainty.

- experimental change of input values;

- use of information in technical documents. For example, measurement and
calibration certificates;

- use of considerations arising from previous experience and simulation modeling
experiences;

Below we will look at the individual components of uncertainty.  Specification
uncertainty of the measured quantity. The size of the measured quantity depends on the
parameters of the external influences affecting the object of measurement. Therefore, a
corrective approach to measurement requires preliminary detail (specification) of the
measured quantity.

Inadequate determination of the influencing variables can lead to inconsistency of
the results of measuring the same variable in different laboratories. For example, if the
measured quantity is P-power, it is given by the following expression:

V2
R [+ a(t —t0)]’

here: V —input size;

P=f(V,R,at)=

(1)

to, Ro, a and t —influencing quantities.
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Y Affected quantities on which the measured quantity depends may themselves
depend on other quantities, adding correction and adjustment coefficients to systematic
effects, which f complicates the functional connection; and this can never be clearly written.

Modeling errors. The perception of the object of measurement in human thinking is
based on certain models. Models are described as combinations of parameters. Quantities
determined by models always differ from the properties of real objects, because the model
cannot be an absolute copy of the original. This difference is represented by the uncertainty
due to the inadequacy of the model of the measured quantity. In most cases, the developed
physical theory makes it possible to build sufficiently good models. These models describe
the influence of various factors on the measurement results. For example, the effect of
temperature on volume and density is well studied.

Methodological inaccuracies. A measurement method is a logical sequence of actions
described in a general form and used in performing measurements. The imperfection of the
measurement method causes methodological errors to appear. Their distinctive feature is
that they can be determined by creating a mathematical and simulated model of the
measured object. After creating such a model and determining its parameters, it is possible
to estimate the methodological error of measurement, an error that is systematic in nature.
An estimate of the methodological error can be used as a correction to the measurement
result. The standard deviation of uncorrected systematic errors is an estimate of
methodological uncertainty.

Let's look at some of the methodological uncertainties. Internal resistance to the
assessment of the impact of the measuring tool on the object of measurement R; input
resistance to the voltage source Riir we will study the example of connecting a voltmeter. In
this case, the reading of the voltmeter U is related to the measured electric current E by the
following relationship (uncorrected measurement result):

poRe g o

R, + RW

It can be seen from this relationship that the voltmeter indicates

R, + Rmp

R 3)

should be multiplied by the correction factor. We present the details of the uncertainty

of the algorithm for processing the measurement results. Calculation operations such as

determination of mean, mean square values, numerical integration or differentiation,

calculation of the value of an elementary function by spreading it into rows can be included
in the measurement method.

Instrumental uncertainties. Instrumental uncertainties are uncertainties

associated with the imperfection of measuring instruments. Uncertainties of this type can

include uncertainties arising from the principle of operation of the measuring instrument,
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as well as uncertainties based on the flaw in the manufacturing technology of the measuring
instrument.

We will look at the inaccuracies arising from the working principle of the measuring
tool. Inaccuracies of this type are divided into static and dynamic types according to the
method of using the measuring instrument. Static uncertainty is the error of a measured
quantity, the size of which can be considered constant during the measurement period.
Dynamic uncertainty is a component of uncertainty that appears in addition to static
uncertainty during dynamic measurements. In such measurements, the size of the quantity
being measured cannot be considered constant.

Uncertainties of measurement conditions. The uncertainty considered includes the
measurement uncertainties and the built-in temperature, humidity, pressure, room
cleanliness, magnetic and gravitational fields, various radiations, light, etc.

Inaccuracies of measuring instruments can also include uncertainties such as
calibration, variation of readings, last calibration and comparison, sensitivity step.

Uncertainty of the object being measured. This type of uncertainty can include the
uncertainty of the shape and surface complexity of the object for geometric measurements,
properties of the object material, dimensions, etc.

Operator uncertainty. Operator uncertainty or individual uncertainties are based on
the following factors:

- inertial properties of the observer's sense organs, for example, delay in calculations
in the maximum state of the indicator;

- the influence of the position of the observer and the features of the counting system
(parallax), counting interpolation errors falling between two numbered symbols, etc.;

- it is possible to record observations of measuring instruments by decreasing or
increasing them;

- the possibility of a significant difference in the interpretation of the method;

- limited range of sensitivity and non-linearity of reception characteristics of sensory
organs;

The uncertainty or personal uncertainty of the operator is determined by work
experience, education, conscientiousness, etc.
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