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Abstract. Flow standards (standards for measuring gas or liquid flow rates) occupy
a central position in the metrological system. Accurate assessment of their uncertainty is
essential for reliable calibration, industrial accounting, and commercial measurement
operations. In this process, mathematical modeling plays a decisive role.

Mathematical models used in flow determination enable the study of uncertainty
sources, the influence of parameters, and the mechanisms of uncertainty propagation. At
the same time, factors such as incorrect model selection, errors in input parameters,
neglect of correlations, numerical computation inaccuracies, and failure to validate
model results against experimental data can adversely affect uncertainty estimates. This
article proposes approaches aimed at mitigating these risks and enhancing the reliability
of flow standards.
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AHHOTanusA. ImasaoHvl pacxoda (3masoHbl U3MepeHusl pacxoda 2a3ad uau
Jcudkocmu) 3aHUMArOm YeHmpa/abHoe Mecmo 8 Memposio2uyeckol cucmeme. TouHas
OYEHKa ux HeonpedesnéHHOCMU $8/51emcsi Heob6xXoduMblM ycjao08uem obecnevyeHusl
docmosepHocmu KaaubpoeKu, NPOMblULIeHHO020 y4éma U KOMMepYecKux udmepeHull. B
3moM npoyecce pewaruyr poab uzpaem mamemamu4yeckoe ModeauposaHue.

Mamemamuueckue Mo0deau, NnpumeHsemble npu onpedejseHuUu  pacxoad,
no3eoJsilom ucc/1edo8ams UCMOYHUKU HeonpedesqéHHOCMU, 8/UsIHUE napamempos U
MeXaHU3Mbl pacnpocmpaHeHust HeonpedesaéHHocmu. B mo e epems makue pakmopul,
KaK HenpasuJ/bHbulll 8bl60p Modeau, owWUubKU 8X0OHbIX napamempos, UZHOPUPOBAHUE
Koppeasayull, 4uc/aeHHble OWUGKU 8blMUC/AEeHUll U omcymcmaeue nodmeepicoeHus
pe3ys1bmamog Modeau 3KCNepuUMeHmMA/AbHbIMU O0AHHbIMU, MO2Yym OmpuyamebHo
8/UAMb HA OYEeHKY HeonpedeséHHOocmu. B cmamve npedaodxceHbl noodxodvl,
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HanpaesieHHble HA CHUJMCeHUe 3mux pucCckKoe U hnoebllueHue HaodéxcHocmu 3ma/ioHO8

pacxoda.

KiwueBble coBa: 3masaoH pacxoda, HeonpedesaéHHOCMb  U3MepeHUl,
Mamemamuyveckoe MoOequpO8AHUE, AHA/AU3 pe3y/Abmamos Uu3mepeHull, pucku,
MOYHOCMb.

The mathematical modeling of measurement results is the process of expressing
the measurement procedure, the quantity being measured, and the factors influencing
the measurement through mathematical equations, functions, and algorithms.

Furthermore, the primary purpose of mathematical modeling is to represent real
physical or technical processes through mathematical relationships, thereby enabling
analysis, prediction, and optimization of those processes. The main tasks include the
following processes (1):

(1) Q — f(m‘l,m?a "'7$n)

Here, Q denotes the flow rate, while x; represents parameters such as pressure,
temperature, density, time, volume, sensor readings, and other influencing variables.

Through modeling, sources of uncertainty are identified, the contribution of each
factor is evaluated, uncertainty propagation is calculated, and the combined
uncertainty is determined. This is typically performed using the GUM (Guide to the
Expression of Uncertainty in Measurement) framework or Monte Carlo methods.

Modeling reduces the need for costly experiments, enables virtual testing under
various operating conditions, facilitates sensitivity analysis of parameters, and
supports the selection of optimal system designs.

The main risks arising in the assessment of flow standard uncertainty include the
following:

1) Incorrect model selection.

If the physical process is oversimplified or improperly represented, the calculated
uncertainty will not reflect actual conditions.

2) Uncertainty in input parameters.

Incorrect statistical data or insufficient measurement data for parameters may
lead to inaccurate uncertainty evaluation.

3) Neglecting correlations between parameters.

In many cases, parameters such as temperature and pressure are interdependent,
yet they are often assumed to be independent within models.

4) Numerical computation errors.

In computer-based calculations, the following factors may affect the reliability of
uncertainty evaluation results:

- discretization errors,
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- approximation errors,

- algorithmic instability.

5) Software-related errors.

Programming mistakes or incorrect application of algorithms may distort results.

6) Lack of experimental validation of the model.

If the model is not compared with practical measurement results, its reliability
becomes questionable.

To reduce risks in uncertainty assessment of flow standards, the following
measures are recommended:

- validation of the model using experimental results,

- performing parameter sensitivity analysis,

- applying Monte Carlo methods,

- comprehensive accounting of all uncertainty sources,

- verification of computational software,

- consideration of parameter correlations.

CONCLUSION

The article analyzes the role of mathematical modeling in evaluating the
uncertainty of flow measurement standards, as well as the main risks arising in this
process. The study results demonstrate that, within modern metrology systems,
mathematical modeling has become an indispensable tool for ensuring high-accuracy
flow measurements. It enables the integration of numerous parameters influencing
flow determination into a unified computational model, allowing assessment of their
individual contributions and the evaluation of overall measurement uncertainty.

Through modeling, it becomes possible to reduce the number of costly
experimental studies, predict operating conditions in advance, analyze parameter
sensitivity, and optimize standard measurement facilities. At the same time, excessive
reliance on modeling results may introduce certain risks.

Therefore, the results obtained through mathematical modeling must always be
compared with experimental data, sensitivity analyses should be conducted, and
computational algorithms must be regularly verified to ensure reliability.

In conclusion, mathematical modeling represents a highly effective approach for
evaluating the uncertainty of flow standards. However, its successful application
critically depends on the adequacy of the model, the reliability of input data, and the
proper organization of computational procedures. Combining modeling techniques
with experimental investigations in scientific and practical applications makes it
possible to further enhance the metrological reliability of flow measurement
standards.
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