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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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THE EXPERIENCE OF APPLICATION OF MEASUREMENT 
UNCERTAINTY EVALUATION METHODS IN CALIBRATION  

  
Abstract. The article reviewed and analysed two methods for estimating the uncertainty of the relative error of 

an electromagnetic flow meter (GUM and Monte-Carlo) during its calibration at the developed laboratory equipment 
of a mobile geotechnological information and metrological complex (GIMС). Less commonly, the Monte-Carlo 
method has shown high confidence in estimating measurement uncertainty and can be considered as a practical 
alternative to the GUM method for estimating uncertainty. 

Keywords: GUM and Monte-Carlo uncertainty estimation methods, calibration of an electromagnetic flow-
meter, geotechnological information-metrological complex.  

 

Problem statement. In underground leaching of uranium, a large number of technical flowmeters are 
applied to consider the flow of working solutions into the feed wells (in average, the number of flow-
meters in a single mine varies from several hundreds to thousands).  

To control the technical condition of the flowmeters it is necessary to carry out their periodic calib-
ration. The existing calibration procedure requires the dismantling of the flowmeters from work positions. 
All this significantly affects the workflow and leads to an increase in production costs. 

The authors conduct the research work on a state grant on the “Development and testing of a mobile 
Geotechnological Information-Metrological Complex (GIMC) to increase the efficiency of uranium 
mining” theme.  

The purpose of the work is to develop GIMC for calibration of flowmeters, which allows to increase 
the economic efficiency of uranium mining processes using the underground well leaching method with 
application of modern methods for evaluation the measurement uncertainty. The concept of uncertainty is 
widely introduced in various areas of human activity in Kazakhstan [1]. 

The relevance of scientific research work is to develop a new calibration methodology for flowmeters 
with the evaluation of the uncertainty of their measurement and the creation of the mobile GIMC for the 
calibration of flowmeters without removing them from the operating site. And also, in the development of 
a program for calculating the uncertainty of measurement of technical flowmeters, based on the 
International “Guide to the Expression of Uncertainty in Measurement” (GUM-1993) [2], and its appli-
cation in the metrological practice of the Republic of Kazakhstan. The Guide (GUM-1993) are an extre-
mely important document. It unifies the methods for calculating the measurement uncertainty and there-
fore allows to compare the measurement results regardless of who made the measurements and where.  

After this document was published, it is actively applied in the calibration measuring instruments [3], 
and was repeatedly audited, which provides the metrological community the opportunity to correct this 
document [4, 5]. 

“Guide to the Expression of Uncertainty in Measurement” (GUM-1993) considers two approaches to 
quantifying measurement uncertainty evaluation: GUM method and Monte-Carlo simulation method. Both 
of these methods are applied by the authors in the task of evaluation the uncertainty of measuring a 
Coriolis flowmeter applied as an etalon (standard) in GIMC [6]. 
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where CQr is the sensitivity coefficient of the EMF:  

;
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where CQp is the sensitivity coefficient of the CE: 
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(8) 

To calculate the total standard uncertainty of the EMF relative error, the formula is applied:  

)()()( 2
QBQаQc uuu   .                                                 (9) 

The calculation of the expanded uncertainty of the EMF relative error is fulfilled applying the 
formula: 

 kU Qc )( )( Qcu  .                                                          (10) 

Based on the above formulas the algorithms and programs have been developed for calculating the 
relative error of the EMF by two methods. The programs are implemented in the LabView graphical soft-
ware.  

GUM method calculation. The initial data are the readings of the EMF and the Coriolis flowmeter (as 
CE) received on the laboratory equipment of the GIMC. The experiment means the measurement of the 
flow value of 0.95Qmax, dm3/h (Qmax is the maximum value of the measurement range of the calibrated EMF) 
by the calibrated flowmeter – Qr and by the Coriolis flowmeter - Qp; the number of measurements is 11. 

To determine the type B uncertainty according to the formulas (3-5), the values of the relative error 
and discreteness of the EMF readings and the CE are specified. 

As a result of the calculation a measurement uncertainty budget has been compiled, into which the 
uncertainty components of the EMF relative error calculated by the above formulas (3–10) are entered. 
The program interface with the results of calculating the budget uncertainty of the EMF relative error is 
shown in figure 1. 
 

 
 

Figure 1 – The uncertainty budget of the EMF relative error 
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Monte-Carlo method calculation. The next stage of the research work was to apply Monte-Carlo 
method to evaluation the uncertainty of the EMF relative error. The modelling of the process of evaluation 
the uncertainty of the EMF relative error was performed as follows: 

a) two arrays of random numbers, obeying the uniform distribution laws, of volume m=106 for input 
variables are generated: 

- Qr – the flow measurement results by the electromagnetic flowmeter; 
- Qp – the flow measurement results by the calibration equipment (Coriolis flowmeter); 
b) an array of output value– the EMF relative error δ was generated; 
 c) estimates of the parameters of the obtained distribution are calculated: 

- mean value: ;
11

)(

11

1



i

M


  where δi is calculated by the formula (1); 

- total standard uncertainty: ;
10

))((
)(

11

1

2 





M
u

i

c  

- expanded uncertainty: ];[
2

1
)( 25000975000  U  

- coverage coefficient: k = U(δ)/uc(δ); 
d) obtained measurement result: δ ±U(δ) %; p=0.95. 

 
The program interface with the calculation results of the EMF relative error uncertainty by Monte-

Carlo method is shown in figure 2. 
 

 
 

Figure 2 – The calculation results of the EMF relative error uncertainty by Monte-Carlo method 
 

The analysis of the received results. Ten experiments were carried out for four nominal values of the 
measured flow (calibration points). The processing of the obtained experimental data was carried out by 
both methods - GUM and Monte-Carlo. The uncertainty values of the EMF relative error U(δ) for nominal 
value of 95% Qmax are given in table 1.  
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Table 2 – Comparative table of the calculated values for the four test points by GUM and Monte-Carlo methods 
 

Value of the verified point The estimated parameter By GUM By Monte-Carlo Difference, % 

25% of Qmax 

, % 
U 
ur 

CI 

0.007 
0.758 
0.379 

[-0.751; 0.765] 

0.007 
0.658 
0.337 

[-0.651; 0.665] 

0 
13 
11 
13 

50% of Qmax 

 
U 
ur 

CI 

-0.003 
0.790 
0.395 

[-0.793; 0.787] 

-0.003 
0.651 
0.333 

[-0.654; 0.648] 

0 
17.5 
15.6 
17.5 

75% of Qmax 

 
U 
ur 

CI 

0. 01 
0.755 
0.377 

[-0.745; 0.765] 

0.01 
0.655 
0.335 

[-0.645; 0.665] 

0 
13.2 
11.2 
13.2 

95% of Qmax 

 
U 
ur 

CI 

0.005 
0.805 
0.402 

[-0.8; 0.81] 

0.005 
0.653 
0.334 

[-0.653; 0.658] 

0 
18.8 
16.9 
18.6 

 
2. For all four verified points according to GUM method, the coverage intervals were wider 

(maximum by 18.6%) and shifted to the right (to the area of large values). However, at all test points the 
coverage intervals in both methods do not exceed ± 1%. 

3. Monte-Carlo method gives more accurate values of estimated parameters, which is most likely due 
to the large number of generated values (is equal to106). 

4. Monte-Carlo calculation takes more time (due to sorting and processing of large arrays). But it can 
be performed by less qualified personnel (no deep knowledge of mathematics is required). 

5. Monte-Carlo method can be considered as a practical alternative to GUM uncertainty evaluation 
method. 
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ӨЛШЕУ АНЫҚТАЛМАҒАНДЫҒЫН БАҒАЛАУ ƏДІСТЕРІН  
КАЛИБРЛЕУ ӨТКІЗГЕНДЕ ҚОЛДАНУ ТƏЖІРИБЕСІ 

 
Аннотация. Мақалада əзірленген геотехнологиялық ақпараттық жəне метрологиялық кешенінің зерт-

ханалық жабдықтарында электрмагниттік шығынөлшеуіштерге калибрлеу өткізгенде олардың салыстыр-
малы қателігінің анықталмағандығын бағалаудың екі əдісіне (Монте-Карло жəне GUM) шолу өткізіледі жəне 
анализденді. Монте-Карло əдісінің өлшеу анықталмағандығын бағалауының жоғары жинақталуы бар жəне 
бұл əдіс өлшеу анықталмағандығын бағалаудың GUM əдісінің альтернативасы болып табылады. 

Түйін сөздер: анықталмағандықты бағалаудың GUM жəне Монте-Карло əдістері, электрмагниттік 
шығынөлшеуішті калибрлеу, геотехнологиялық ақпараттық жəне метрологиялық кешен.  
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ОПЫТ ПРИМЕНЕНИЯ МЕТОДОВ ОЦЕНИВАНИЯ  
НЕОПРЕДЕЛЕННОСТИ ИЗМЕРЕНИЙ ПРИ КАЛИБРОВКЕ 

 
Аннотация. В статье выполнен обзор и анализ двух методов (Монте-Карло и GUM) оценивания неопре-

деленности относительной погрешности электромагнитного расходомера при калибровке на разработанном 
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лабораторном оборудовании мобильного геотехнологического информационно-метрологического комп-
лекса. Метод Монте-Карло показывает высокую сходимость в оценке неопределенности измерения и может 
рассматриваться как альтернатива методу GUM оценки неопределенности.  

Ключевые слова: методы оценивания неопределенности GUM и Монте-Карло, калибровка электромаг-
нитного расходомера, геотехнологический информационно-метрологический комплекс. 
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