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Introduction

The aim of the project is to ensure the reliability of the length measurement unit transfer in the 
field of measurement of deviations from straightness and flatness and to confirm the claimed 
measurement capabilities of the national state measurement standards of Republic of Belarus, 
Republic of Kazakhstan and Russia. The comparison is conducted on a granite bridge of Kazakhstan 
measurement standard by the measurement of its deviations from straightness using measurement 
instruments, being the parts of the national measurement standards of comparison participants. The 
measurement results are processed, the uncertainty budget and the confidence level are determined.

1 Participants

Table 1
№ NMI Postal address for 

dispatch
NMI 

abbrevia-
tion

Contact 
Person

E-mail,
Telephone,
Fax

1 Belarusian State
Institute for Metrology

Republic of Belarus,
93, Starovilensky tract, 

Minsk, 220053

BelGim Anna E. 
Demidova

E-mail
demidova@belgim.by
Tel. (+ 37517) 239 23 
38 
Fax  (+ 37517) 288 09 
38

2 South- Kazakhstan
Branch of RGP
“Kazakh Institute for
Metrology” 

Republic of Kazakhstan, 
83, Altynsharin str.
Almaty, 050035

UKF
RGP

KazInMetr

Irina Z. 
Suvorova

E-mail
metrology@nursat.kz
Tel. (+7 3272) 21 36 16
Fax (+7 3272) 21 65 59

3 Federal State Unitary
Enterprise “The Urals
Research Institute for
Metrology” 

Russia
4, Krasnoarmeyskaya str.
Ekaterinburg, Russia,
620000

FGUP
“UNIIM”

Ella K. 
Biryukova

E-mail
uniim@uniim.ru
Tel. (+7 343) 355 38 17 
Fax (+7 343) 350 20 39

2 Organization of comparisons

2.1 Comparison scheme: round robin

2.2 Comparison principle

The comparison principle is as follows: according to the symmetrized scheme  participants 
make tenfold measurements of the deviations from straightness with a 100-mm step of one and 
the same surface (the bridge of the national measurement standard of Republic of  Kazakhstan)
by measurement instruments, being the parts of their national measurement standards. The 
results of deviation from straightness in each examined point of the bridge surface are 
compared. The uncertainties and the degree of confidence are calculated.

2.3 Comparison schedule:

· 10 September – arrival of participants and preparation for measurements
· 11 – 15 September -  measurements of the bridge of measurement standard of Republic 

of Kazakhstan by each participant (per two measurements by each participant every day 
according to  the  symmetrized scheme)

· 16-18 September – departure of the participants
· 19-26 September – processing of the results by all the participants at their enterprises and 

submitting them to FGUP “UNIIM”  
· October – preparation of the report on the comparison results by FGUP “UNIIM”  

2.4 Общие данные о сличаемых эталонах 

The comparison was conducted on a granite bridge of Kazakhstan measurement standard 
by the measurement of its deviations from straightness using measurement instruments, being the 
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parts of the national measurement standards of comparison participants: 2 autocollimators from 
Republic of Kazakhstan; 2 electronic levels, produced by “WYLER” (Switzerland): one of them 
is a reference instrument, the other is a working one from Republic of Belarus and autonomous 
electronic measurement system, developed by UNIIM, from Russia. The measurement results 
are processed, the uncertainty budget and the confidence level are determined.

Measurement instruments were brought by comparison participants.  
The comparison principle is as follows: according to the symmetrized scheme participants make 
tenfold measurements of the deviations from straightness with a 100-mm  step of one and the 
same surface (the bridge of the national measurement standard of Republic of  Kazakhstan) by 
measurement instruments, being the parts of their national measurement standards. The results of 
deviation from straightness in each examined point of the bridge surface are compared. The 
uncertainties and the degree of confidence are calculated.
Table 2

Expended uncertainty
NMI Range

Длина моста, 
m Value, мкм Coverage factor

Level 
confidience

BelGim 0 to 50 μm 0,2 to 3 0.2L, L in m 2 95%

UKF
RGP

KazInMetr
0 to 50 μm 0,2 to 4 0.2L, L in m 2 95%

FGUP
“UNIIM”

0 to 50 μm 0,2 to 5 0.2L, L in m 2 95%

3 Procedure of measurements

3.1 Measurand description 

Measurement standards, containing the unit of length, the specificity of which is in the 
measurement method and in the nature of the measurement object were compared. The deviation 
from straightness in μm is measured using step-by-step method (a step is 100 mm) through the 
inclination angle in each area of the surface, followed by mathematical treatment of 
measurement results. The object of measurement is an extended surface, having the deviation 
from straightness no more, than 50 μm. The range of the angle measurement using measurement 
systems of standards in each area is no more, than ± 10". The length of the surface to be 
measured is 4 m. The number of steps is 40. The flatness deviation is calculated using the 
deviation from straightness in different sections of surface. The uncertainty of flatness deviation
is a functional dependence on the uncertainty of deviation from straightness. When comparing 
the standards were not compared with respect to this parameter. 

3.2 Measurement conditions

The ambient temperature is 20,5°C ÷ 20,8 °C
The temperature variation is no more, than 0,3°C during the working day.

3.3 Requirements for the measurement procedure

The measurement procedure should contain:
- the information on the required number of measurements to be made by each participant 

of comparisons;
- the formulae for mathematical treatment of measurement results, including the 

calculations of the uncertainty and the degree of confidence;
- the information on the availability of the programme of  measurement results treatment.
The measurement procedure is given in annex 1
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3.4 Tests to be carried out prior to the measurements

Prior to the measurement the participating countries should test metrological characteristics 
of measurement systems of standards to be used during comparisons.

3.5 The requirements for the use and handling of the transfer standard during 
measurements

When using the bridge of the measurement standard and measurement instruments to be 
used during comparisons, their service instructions, set out in the maintenance manual, should be 
observed.

3.6 Equation of measurements

The deviation from the line which connects extreme points of the profile at a point.
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where
ykj  is the deviation from the line which connects extreme points of the profile at the point k
in  measurement No. j, μm;
l  is the distance between the holders of the primary transducers of the measurement 

systems of standards, μm;

iJ  is the difference between the reading of the  angle in the area with an order number i 

and the reading of the angle in the first area, ".
k  is the number of the point on the bridge surface of the standard, in which the amount of 

deviation from straightness is calculated;
i  is a test point at the surface of the bridge;
j is the number of measurement

(in the numbering the points from 0 to n, the order numbers of points and areas coincide) 
The deviation from straightness of the bridge of the measurement standard.  

minmax hhН -= , mm (2)

where Н is a deviation from straightness of the bridge of the measurement standard, mm 
hmax and hmin are the maximum value of all the positive values and the minimum value 

of all the negative deviations from straightness along the whole length of the  
bridge of the measurement standard from 40 points of the profile, mm.   

4 Comparison results

4.1 Preparation of the measurement standard 
Prior to measurements the surface of the bridge of Kazakhstan measurement standard was 

thoroughly washed with spirit and wiped by dry napkin without fibre.
The bridge of the measurement standard was leveled-off lengthwise and crosswise using 

the level within ±6".

4.2 Measurement results
The deviations from straightness of the central longitudinal section of the bridge of Kazakhstan
measurement standard 4 m long (hereinafter referred to as “the bridge”) were measured by each 
measurement system of the standards being compared with a 100-mm step. The points on the 
bridge were numerated, the starting point was the one with number 0. The number of measured 
areas was 40 (the first area corresponds to the position of the transducer holders between the 0th

and the 1st points). The transducer holders and (carriages) with mirrors of autocollimators were 
placed opposite to the points, marked on the side face of the bridge. Measurements were made in 
the following sequence: two measurements were made using autocollimators by a scientific 
custodian and the assistant of the scientific custodian of the measurement standard of UKF RGP 
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KazInMetr; two measurements were made using  “WYLER” electronic levels by  a scientific 
custodian of the measurement standard of BelGim and two measurements were made using 
autonomous electronic system, developed in UNIIM, by a scientific custodian of the 
measurement standard of FGUP “UNIIM”. The readings of the angle value were recorded in the
protocol. Then the measurements were made in the reverse sequence. This procedure was 
proposed to have equal distribution of the variation of the bridge profile due to the variation of 
the temperature conditions for each participant of comparisons. Each participant made a total of 
10 measurements.



Table 3
The values of angles in each area of the bridge, obtained by the measurement using autocollimator No.1, 2 of the standard of UKF RGP KazInMetr

Obtained angle value in" for measurement:
№1 №2 №3 №4 №5 №6 №7 №8 №9 №10

Area
number

АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2

0 - - - - - - - - - - - - - - - - - - - -

1 4,80 5,00 4,60 5,00 5,30 5,60 5,10 4,50 5,20 5,00 4,55 5,20 4,70 5,20 4,85 4,40 4,85 4,50 4,40 4,10
2 4,35 6,80 4,60 5,00 5,20 5,70 5,10 4,60 5,20 5,00 4,45 5,40 4,60 5,60 5,00 4,40 4,80 4,55 4,25 4,10
3 7,22 5,40 6,42 3,50 7,15 3,95 7,00 3,40 6,60 3,70 6,20 4,30 6,90 3,90 6,40 2,90 7,00 3,50 6,25 2,50
4 5,20 5,40 4,42 5,30 5,05 5,60 5,02 4,35 5,10 4,90 4,35 5,40 5,40 5,60 4,85 4,30 5,20 4,60 4,05 4,00
5 4,02 5,80 4,62 5,20 5,05 5,55 5,10 4,30 5,10 4,80 4,45 5,40 5,10 5,62 4,80 4,40 5,20 4,60 4,30 4,00
6 4,80 5,60 4,15 5,40 4,60 6,05 4,60 4,40 4,70 5,20 4,00 5,80 4,85 5,20 4,35 4,60 4,60 4,60 4,10 4,10
7 5,00 5,60 4,20 5,45 4,65 5,80 4,80 4,20 5,00 4,95 4,00 5,70 4,85 5,30 4,50 4,65 4,70 4,63 4,10 3,95
8 4,25 6,20 3,88 5,80 3,85 6,30 4,20 4,40 4,25 5,95 3,75 6,00 4,55 5,50 4,15 4,75 4,00 4,80 3,60 4,45
9 3,80 5,80 3,38 6,35 3,78 7,00 4,00 4,40 3,80 6,15 3,05 6,45 4,00 6,25 3,60 5,50 3,90 5,30 3,00 4,45
10 3,85 6,50 3,38 6,35 4,30 6,60 4,00 4,40 3,95 5,60 3,25 6,40 4,20 5,80 3,80 5,10 4,20 5,40 3,15 4,45
11 4,80 6,20 3,38 6,35 4,30 6,70 4,18 4,60 4,15 5,60 3,40 6,20 4,44 5,75 4,00 5,00 4,40 5,00 3,80 4,40
12 4,20 6,50 4,00 6,30 4,40 6,65 4,18 5,00 4,40 5,70 3,45 6,25 4,44 5,50 3,90 4,90 4,00 5,05 3,60 4,40
13 4,22 6,60 4,50 6,05 4,40 6,75 4,35 5,35 4,10 5,75 3,85 6,20 4,15 5,50 2,85 5,00 3,95 5,10 3,55 4,40
14 4,25 6,80 4,25 6,60 5,00 7,00 4,35 5,10 4,10 5,70 3,85 6,20 4,10 5,50 4,00 4,80 4,40 5,15 3,75 4,40
15 4,75 6,20 4,78 6,50 5,67 6,65 4,90 5,15 4,30 5,25 4,00 6,00 4,85 4,80 4,40 4,65 4,30 5,00 4,30 4,00
16 5,18 6,05 5,75 6,00 5,40 5,80 5,15 4,90 5,35 4,80 4,80 5,40 5,40 4,80 5,00 4,20 5,35 4,45 4,40 3,80
17 5,10 6,20 5,60 6,80 5,45 6,20 4,80 4,95 4,95 5,10 4,80 5,80 5,00 4,80 4,75 4,50 4,80 4,60 4,40 3,80
18 5,70 6,10 5,20 6,20 5,40 5,95 5,20 4,85 5,20 5,20 4,45 5,50 5,00 4,60 4,95 4,50 5,10 4,60 4,60 3,80
19 5,20 7,20 4,30 6,30 4,72 6,60 4,25 5,45 4,60 5,80 3,90 6,05 4,40 5,15 4,25 5,15 4,20 5,25 4,15 4,85
20 4,30 7,50 4,30 6,50 4,85 6,60 4,50 5,55 4,15 5,90 3,80 6,35 4,20 5,25 4,20 5,23 4,10 5,85 4,80 5,15
21 4,82 7,70 4,37 6,20 5,02 6,40 5,00 5,55 5,00 5,90 4,45 6,10 4,60 5,10 5,00 5,15 5,30 5,40 4,50 5,05
22 4,80 6,70 4,80 6,15 5,02 5,95 5,60 5,40 5,30 5,80 4,60 6,10 4,80 4,70 5,00 5,40 5,40 5,45 4,55 4,05
23 4,80 6,80 4,62 6,15 4,85 5,95 5,22 5,30 5,25 5,95 5,20 6,15 4,60 4,70 5,00 5,40 5,00 5,15 4,80 4,20
24 4,52 6,80 4,42 6,15 4,35 6,35 4,60 5,50 4,70 6,00 4,40 6,60 4,20 5,10 4,25 5,43 4,50 5,35 4,15 4,75
25 4,60 6,90 4,20 6,10 4,38 6,11 4,60 5,45 4,60 6,20 4,95 7,00 4,00 5,10 4,45 5,40 4,30 5,50 4,10 4,75
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Obtained angle value in" for measurement:
№1 №2 №3 №4 №5 №6 №7 №8 №9 №10

Area
number

АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2 АК-1 АК-2

26 3,40 7,60 3,00 7,10 3,62 7,35 3,60 6,50 3,35 7,15 3,55 7,80 3,40 6,10 3,40 6,30 3,40 6,60 2,70 5,60
27 2,80 7,80 2,72 7,60 3,00 7,80 2,80 7,00 2,75 7,75 2,80 8,20 2,75 6,80 2,50 7,00 2,30 7,05 2,20 6,00
28 2,45 8,60 2,15 7,80 2,80 8,00 2,40 7,35 2,45 8,00 2,65 8,25 2,55 7,00 2,30 7,10 2,00 7,05 2,20 6,25
29 2,20 8,60 1,90 8,00 2,60 8,05 2,40 7,40 2,00 8,00 2,40 8,30 2,40 7,20 2,00 7,30 2,00 7,20 2,25 6,45
30 2,20 8,80 1,95 8,15 2,42 8,20 2,20 7,50 2,20 8,05 2,20 8,35 2,90 7,25 2,10 7,20 2,00 7,25 1,85 6,55
31 2,20 8,70 1,95 8,20 2,42 8,30 1,80 7,50 2,00 8,05 1,90 8,40 3,10 7,40 2,05 7,20 2,05 7,35 1,80 6,55
32 2,20 8,70 2,15 7,90 2,60 8,30 2,30 7,20 1,95 8,00 2,20 8,35 3,15 7,38 2,20 7,20 2,20 7,30 1,80 6,45
33 3,42 7,60 3,60 7,20 3,78 7,00 3,20 6,25 2,60 6,60 2,55 7,10 4,20 6,10 3,60 6,20 3,40 6,00 3,40 5,35
34 4,87 6,80 4,80 6,00 5,05 6,00 4,60 5,30 4,80 5,70 4,45 6,10 5,00 5,20 4,45 4,90 4,40 5,40 4,40 4,30
35 5,42 6,80 5,10 5,70 5,25 5,80 4,82 5,00 5,00 5,55 4,60 5,70 5,45 4,95 4,60 4,80 4,90 5,00 4,60 3,80
36 5,80 6,20 5,60 5,70 5,40 5,75 4,62 4,80 4,85 5,50 4,65 5,70 5,20 4,80 4,80 4,75 4,20 5,00 4,40 3,90
37 6,40 6,20 5,60 5,70 5,02 5,75 4,75 5,20 4,60 5,75 4,65 5,95 5,15 4,85 4,35 5,00 4,20 5,25 4,20 4,10
38 5,60 6,30 6,20 5,30 6,20 5,40 5,50 4,80 4,90 5,15 5,00 5,70 5,85 4,30 5,20 4,10 5,20 4,80 5,00 3,60
39 7,00 5,40 6,90 4,80 7,52 5,00 6,20 4,30 5,80 4,90 5,60 4,85 6,20 2,80 5,60 3,80 5,70 4,10 5,50 3,10
40 6,50 5,20 7,80 4,20 8,20 4,60 6,80 3,40 6,30 4,70 5,15 5,30 5,10 4,40 4,40 4,60 4,75 -0,40 4,60 4,20



Table 4
The values of angles in each area of the bridge, obtained by the measurement using
“WYLER” electronic level of the standard of BelGim

Obtained angle value in " for measurement:Area
number № 1 № 2 № 3 № 4 № 5 № 6 № 7 № 8 № 9 № 10

1 -1,6 -0,4 -0,8 0,2 -0,2 0,2 0,2 -0,2 -0,6 -2,0
2 -2,2 -0,8 -1,4 -0,4 -0,6 -0,2 -0,2 -0,8 -1,0 -2,6
3 0,8 2,0 1,6 2,6 2,2 2,6 2,6 2,0 1,8 0,2
4 -1,8 -0,4 -0,6 0,4 -0,2 0,4 0,2 -0,4 -0,4 -1,8
5 -1,6 -0,4 -0,6 0,6 0,0 0,4 0,6 -0,2 -0,4 -2,0
6 -1,8 -0,6 -0,8 0,0 -0,4 0,0 0,0 -0,6 -0,8 -2,2
7 -1,6 -0,6 -0,8 0,0 -0,2 0,2 0,0 -0,6 -0,6 -2,2
8 -2,2 -1,0 -1,2 -0,2 -0,6 -0,2 -0,2 -1,0 -1,0 -2,6
9 -2,6 -1,4 -1,8 -0,6 -1,0 -0,6 -0,8 -1,4 -1,4 -3,2

10 -2,6 -1,4 -1,6 -0,6 -1,0 -0,6 -0,6 -1,2 -1,4 -3,0
11 -2,2 -1,0 -1,2 -0,2 -0,6 -0,2 -0,4 -0,8 -1,0 -2,6
12 -2,2 -1,2 -1,4 -0,4 -0,8 -0,2 -0,4 -1,0 -1,2 -2,6
13 -2,2 -1,0 -1,4 -0,2 -0,8 -0,2 -0,4 -1,0 -1,2 -2,6
14 -2,2 -1,0 -1,4 -0,4 -0,8 -0,4 -0,4 -1,0 -1,2 -2,6
15 -1,6 -0,4 -0,8 0,2 -0,2 0,2 0,2 -0,4 -0,6 -2,0
16 -1,2 -0,2 -0,4 0,4 0,2 0,8 0,4 -0,2 -0,2 -1,6
17 -1,4 -0,2 -0,6 0,4 0,0 0,6 0,4 -0,2 -0,4 -1,8
18 -1,4 -0,2 -0,6 0,2 0,0 0,8 0,4 -0,2 -0,4 -1,8
19 -1,8 -0,6 -1,0 -0,2 -0,4 0,4 -0,2 -0,8 -0,8 -2,2
20 -2,4 -1,2 -1,6 -0,6 -0,8 -0,4 -0,8 -1,2 -1,4 -2,8
21 -2,0 -0,6 -1,0 -0,2 -0,6 0,2 -0,2 -0,8 -1,0 -2,2
22 -1,8 -0,4 -0,8 0,0 -0,4 0,4 0,0 -0,6 -0,8 -2,0
23 -1,8 -0,6 -1,0 -0,2 -0,4 0,4 -0,2 -0,8 -0,8 -2,0
24 -2,2 -1,0 -1,4 -0,6 -0,8 0,0 -0,6 -1,2 -1,4 -2,4
25 -2,2 -1,0 -1,4 -0,6 -0,8 -0,2 -0,6 -1,2 -1,4 -2,4
26 -3,0 -1,8 -2,2 -1,6 -1,6 -1,0 -1,4 -2,0 -2,2 -3,2
27 -3,8 -2,6 -3,0 -2,2 -2,4 -1,8 -2,2 -2,8 -3,0 -4,0
28 -4,0 -2,8 -3,4 -2,6 -2,8 -2,0 -2,6 -3,2 -3,2 -4,4
29 -4,4 -3,2 -3,4 -2,8 -3,0 -2,4 -2,8 -3,4 -3,6 -4,6
30 -4,4 -3,2 -3,4 -2,8 -2,8 -2,2 -2,8 -3,4 -3,4 -4,6
31 -4,6 -3,4 -3,8 -3,0 -3,2 -2,6 -3,2 -3,6 -3,8 -5,0
32 -4,4 -3,0 -3,4 -2,8 -2,8 -1,8 -2,8 -3,4 -3,4 -4,4
33 -3,2 -2,0 -2,4 -1,6 -1,8 -1,4 -1,8 -2,2 -2,6 -3,6
34 -1,8 -0,8 -1,2 -0,4 -0,4 0,2 -0,4 -1,0 -1,2 -2,2
35 -1,8 -0,4 -1,0 0,0 -0,2 0,6 -0,2 -0,8 -0,8 -2,0
36 -1,6 -0,2 -0,8 0,0 -0,2 0,4 -0,2 -0,6 -0,8 -1,8
37 -1,8 -0,6 -1,0 -0,2 -0,2 0,4 -0,2 -0,8 -1,0 -2,0
38 -1,6 -0,2 -0,6 0,2 0,2 0,8 0,0 -0,4 -0,8 -1,8
39 -0,6 0,6 0,4 1,0 1,0 1,6 0,8 0,4 0,2 -1,0
40 -1,4 -0,2 -0,4 0,4 0,2 0,8 -0,2 -0,4 -0,6 -1,6
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Table 5
The values of angles in each area of the bridge, obtained by the measurement using 
autonomous electronic measurement system of the standard of FGUP “UNIIM”

Obtained angle value in " for measurement:Area
number No 1 No 2 No 3 No 4 No 5 No 6 No 7 No 8 No 9 No 10

1 1,65 0,01 0,53 1,36 -0,32 -0,22 0,82 0,76 2,12 0,48
2 0,03 -0,67 -0,31 0,46 -1,55 -0,62 0,13 -0,02 1,47 -0,29
3 3,62 2,74 3,18 3,46 1,67 2,76 3,32 2,96 4,71 2,63
4 0,93 0,38 0,61 0,94 -0,09 0,40 0,96 0,76 2,33 0,51
5 1,17 0,38 0,62 1,41 -0,09 0,30 1,07 0,77 2,20 1,30
6 0,51 0,11 0,08 0,55 -0,28 -0,09 0,49 0,34 1,66 0,16
7 0,63 0,28 0,32 0,51 0,00 0,03 0,59 0,46 1,78 0,15
8 0,01 0,06 -0,01 0,28 -0,19 -0,15 0,11 0,02 1,35 -0,34
9 -0,38 -0,32 -0,79 -0,32 -0,68 -0,94 -0,48 -0,38 0,91 -0,82

10 -0,04 -0,35 -0,8 0,31 -0,56 -0,58 -0,50 -0,62 0,64 -0,58
11 0,52 0,30 0,08 1,04 -0,16 -0,17 0,36 0,07 1,68 -0,12
12 0,13 0,22 -0,30 0,87 -0,14 -0,12 -0,06 -0,36 1,08 -0,47
13 0,31 0,18 -0,26 0,82 -0,22 -0,21 0,02 -0,07 1,26 -0,10
14 0,02 0,42 -0,15 1,20 -0,18 0,03 0,21 0,03 1,34 -0,12
15 1,04 0,93 0,48 1,52 0,66 0,48 0,71 0,63 2,05 0,41
16 1,12 1,17 0,68 1,62 0,90 0,63 0,90 0,71 2,14 0,63
17 0,78 0,93 0,6 1,39 0,85 0,45 1,11 0,77 2,17 0,67
18 0,99 0,95 0,69 1,77 0,77 0,74 0,99 0,83 2,20 0,59
19 0,69 0,93 0,50 1,30 0,66 0,47 0,83 0,78 1,96 0,32
20 0,09 0,59 -0,24 0,78 0,16 0,10 0,11 0,08 1,36 -0,29
21 0,42 0,99 0,45 1,43 0,52 0,45 0,69 0,63 1,63 0,11
22 0,62 0,96 0,53 1,64 0,76 0,45 0,97 0,58 1,76 0,16
23 0,41 0,98 0,27 1,27 0,60 0,42 0,57 0,51 1,71 0,28
24 0,07 0,76 -0,17 0,94 0,13 0,20 0,36 0,36 1,34 -0,22
25 0,07 0,51 -0,13 1,14 0,03 0,05 -0,17 0,07 1,23 -0,31
26 -0,86 -0,35 -0,97 -0,14 -0,81 -0,84 -0,81 -0,81 0,41 -1,14
27 -1,3 -0,84 -1,54 -0,22 -1,29 -1,29 -1,41 -1,3 0,05 -1,87
28 -1,23 -1,32 -1,91 -0,71 -1,75 -1,71 -1,62 -1,67 -0,43 -1,49
29 -1,95 -1,5 -2,16 -0,89 -1,89 -2,01 -1,85 -1,74 -0,73 -1,92
30 -2,17 -1,72 -2,29 -1,22 -2,02 -1,99 -1,99 -2,07 -0,81 -2,00
31 -2,59 -2,08 -2,70 -1,76 -2,52 -2,32 -2,29 -2,22 -1,20 -2,34
32 -1,87 -1,36 -2,08 -0,71 -1,94 -1,74 -1,76 -1,77 -0,76 -1,74
33 -1,02 -0,36 -1,15 -0,58 -0,74 -0,99 -0,93 -0,89 0,39 -0,80
34 0,41 0,65 0,28 1,02 0,30 0,31 0,33 0,42 1,57 0,53
35 0,54 0,78 0,31 0,92 0,57 0,42 0,62 0,44 1,56 0,56
36 0,66 1,07 0,34 1,02 0,86 0,75 0,70 0,60 1,79 0,76
37 0,50 0,59 0,24 0,87 0,75 0,32 0,29 0,39 1,52 0,59
38 0,99 1,35 0,67 1,42 0,99 1,09 0,84 1,01 2,19 1,36
39 2,08 2,28 2,03 2,67 2,09 2,09 2,07 2,08 3,44 1,83
40 1,20 1,10 0,66 1,40 1,25 1,16 1,23 0,86 2,51 0,83
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4.3 Determining values of deviation from the line which connects extreme points of the 
profile.

Mathematical treatment of measurement results, obtained in the angle values, to obtain the 
values of the deviations from straightness is performed by the formulae (1, 2). For calculations
by the given formula the programme, based on EXCEL was developed. The obtained results of 
the deviations from the bridge straightness in each point are given in tables 6-8.

Table  6
The deviation from the line which connects extreme points of the profile at  each point of the 
bridge, obtained as mean value for 2 autocollimators of the standard of UKF RGP KazInMetr

Deviation from the line which connects extreme points of the profile, mm for 
measurement No:Point  number

No 1 No 2 No 3 № 4 No 5 No 6 No 7 No 8 No 9 No 10
0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1 0,35 0,33 0,34 0,41 0,40 0,10 0,36 0,34 0,23 0,48
2 0,70 0,62 0,66 0,83 0,72 0,09 0,76 0,67 0,43 0,41
3 1,85 1,80 1,74 1,89 1,74 1,04 1,85 1,77 1,50 1,37
4 2,09 2,08 2,10 2,31 2,04 1,22 2,24 2,18 1,67 1,85
5 2,39 2,36 2,49 2,74 2,37 1,31 2,59 2,59 1,91 1,94
6 2,53 2,42 2,74 2,99 2,49 1,45 2,78 2,85 2,07 2,27
7 2,68 2,54 3,08 3,36 2,63 1,57 2,99 3,12 2,27 2,65
8 2,66 2,36 3,23 3,32 2,64 1,57 3,09 3,19 2,22 2,71
9 2,38 1,98 3,33 3,11 2,37 1,24 2,88 3,11 2,03 2,75
10 2,11 1,83 3,43 3,08 2,16 1,08 2,82 3,08 1,88 2,63
11 1,81 1,66 3,53 3,09 2,04 0,99 2,83 3,19 1,89 2,81
12 1,70 1,52 3,53 3,14 1,92 0,96 2,84 3,20 1,86 2,78
13 1,77 1,35 3,49 3,10 1,90 0,85 2,56 3,18 1,81 2,73
14 1,65 1,28 3,50 3,08 1,89 0,74 2,62 3,26 1,82 2,64
15 1,68 1,44 3,64 3,21 1,96 0,98 2,81 3,35 2,05 2,81
16 2,06 1,75 3,90 3,71 2,37 1,35 3,26 3,82 2,36 3,12
17 2,22 1,98 4,06 4,04 2,69 1,62 3,57 4,13 2,66 3,38
18 2,42 2,25 4,35 4,41 2,99 1,94 3,93 4,51 3,02 3,81
19 2,38 2,20 4,25 4,48 3,02 1,99 3,96 4,52 3,01 3,85
20 2,30 2,19 4,20 4,42 2,96 1,96 3,96 4,36 3,09 3,60
21 2,30 2,26 4,26 4,57 3,11 2,06 4,17 4,59 3,11 3,43
22 2,42 2,44 4,51 4,81 3,31 2,31 4,33 4,84 3,40 3,49
23 2,49 2,58 4,69 5,00 3,63 2,51 4,48 5,06 3,70 3,53
24 2,52 2,50 4,67 5,05 3,65 2,52 4,44 5,12 3,72 3,50
25 2,50 2,49 4,66 5,03 3,71 2,48 4,46 5,09 3,72 3,47
26 1,96 1,99 4,16 4,47 3,24 2,05 4,01 4,57 3,18 2,98
27 1,22 1,23 3,34 3,63 2,49 1,29 3,17 3,68 2,42 2,29
28 0,30 0,38 2,34 2,64 1,68 0,44 2,26 2,71 1,60 1,32
29 -0,74 -0,54 1,32 1,55 0,81 -0,50 1,22 1,71 0,74 0,29
30 -1,80 -1,53 0,24 0,50 -0,13 -1,33 0,24 0,70 -0,24 -0,78
31 -2,86 -2,55 -0,95 -0,60 -1,15 -2,15 -0,76 -0,33 -1,23 -1,83
32 -3,81 -3,53 -1,94 -1,70 -2,08 -2,95 -1,72 -1,30 -2,20 -2,88
33 -4,24 -3,90 -2,48 -2,31 -2,63 -3,19 -2,10 -1,67 -2,51 -3,37
34 -4,08 -3,72 -2,45 -2,16 -2,47 -3,01 -1,96 -1,66 -2,32 -3,31
35 -3,78 -3,45 -2,30 -1,93 -2,19 -2,67 -1,76 -1,42 -1,97 -3,11
36 -3,36 -3,13 -2,14 -1,73 -1,88 -2,34 -1,50 -1,36 -1,69 -2,68
37 -2,94 -2,90 -2,05 -1,64 -1,64 -2,05 -1,41 -1,35 -1,50 -2,11
38 -2,27 -2,30 -1,68 -1,34 -1,26 -1,44 -0,89 -0,99 -1,00 -1,75
39 -1,32 -1,28 -1,02 -0,75 -0,52 -0,39 -0,20 -0,34 -0,26 -0,84
40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Deviation from 
straightness (Н), μm

6,49 7,32 7,37 6,70 6,03 7,01 6,33 5,77 6,49 7,32
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Table  7
The deviation from the line which connects extreme points of the profile at each point, 
obtained using the measurement system of the standard of BelGim

Deviation from the line which connects extreme points of the profile, mm  for 
measurement No:

Point  number No 1 No 2 No 3 No 4 No 5 No 6 No 7 No 8 No 9 No10

0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1 0,29 0,28 0,26 0,32 0,26 0,17 0,35 0,43 0,31 0,26
2 0,30 0,37 0,23 0,36 0,32 0,15 0,51 0,57 0,43 0,22
3 1,75 1,82 1,66 1,85 1,74 1,48 2,02 2,06 1,91 1,55
4 1,95 2,10 2,02 2,27 2,00 1,75 2,38 2,40 2,32 1,90
5 2,24 2,39 2,38 2,79 2,35 2,01 2,92 2,83 2,73 2,16
6 2,44 2,58 2,64 3,02 2,51 2,09 3,18 3,06 2,94 2,32
7 2,73 2,76 2,90 3,24 2,77 2,26 3,43 3,30 3,26 2,48
8 2,74 2,75 2,97 3,38 2,83 2,23 3,59 3,34 3,38 2,44
9 2,54 2,55 2,75 3,31 2,70 2,01 3,46 3,18 3,30 2,12
10 2,35 2,35 2,62 3,25 2,57 1,79 3,42 3,13 3,23 1,89
11 2,35 2,34 2,69 3,38 2,63 1,77 3,48 3,27 3,34 1,86
12 2,36 2,24 2,66 3,41 2,60 1,75 3,54 3,31 3,37 1,82
13 2,36 2,23 2,63 3,55 2,57 1,72 3,60 3,35 3,39 1,79
14 2,36 2,23 2,60 3,58 2,53 1,60 3,66 3,39 3,41 1,76
15 2,66 2,51 2,86 3,90 2,79 1,77 4,01 3,72 3,72 2,01
16 3,14 2,89 3,32 4,33 3,24 2,23 4,46 4,15 4,23 2,46
17 3,53 3,27 3,68 4,75 3,59 2,59 4,91 4,58 4,64 2,82
18 3,92 3,65 4,04 5,07 3,95 3,06 5,36 5,01 5,05 3,17
19 4,12 3,84 4,20 5,20 4,11 3,32 5,52 5,15 5,26 3,33
20 4,03 3,73 4,07 5,14 4,07 3,20 5,38 5,09 5,19 3,20
21 4,12 3,92 4,24 5,27 4,14 3,37 5,54 5,23 5,31 3,36
22 4,32 4,20 4,50 5,50 4,30 3,64 5,80 5,47 5,52 3,62
23 4,52 4,39 4,67 5,63 4,46 3,90 5,95 5,60 5,74 3,88
24 4,52 4,38 4,64 5,57 4,42 3,98 5,92 5,55 5,66 3,94
25 4,52 4,38 4,61 5,50 4,39 3,95 5,88 5,49 5,59 4,00
26 4,14 3,98 4,19 4,96 3,97 3,54 5,46 5,05 5,13 3,68
27 3,36 3,20 3,39 4,12 3,16 2,74 4,64 4,22 4,28 2,96
28 2,49 2,32 2,39 3,08 2,15 1,84 3,64 3,19 3,33 2,06
29 1,43 1,24 1,39 1,95 1,05 0,75 2,53 2,07 2,18 1,05
30 0,36 0,17 0,39 0,82 0,05 -0,24 1,43 0,95 1,14 0,05
31 -0,80 -1,00 -0,81 -0,40 -1,15 -1,43 0,13 -0,27 -0,10 -1,15
32 -1,86 -1,98 -1,80 -1,53 -2,15 -2,23 -0,97 -1,40 -1,14 -2,06
33 -2,34 -2,47 -2,32 -2,08 -2,67 -2,84 -1,59 -1,94 -1,80 -2,58
34 -2,15 -2,38 -2,25 -2,05 -2,51 -2,67 -1,53 -1,90 -1,78 -2,42
35 -1,95 -2,10 -2,09 -1,82 -2,26 -2,30 -1,37 -1,76 -1,56 -2,16
36 -1,66 -1,72 -1,82 -1,59 -2,00 -2,04 -1,21 -1,52 -1,35 -1,80
37 -1,46 -1,53 -1,66 -1,46 -1,74 -1,77 -1,05 -1,38 -1,23 -1,55
38 -1,17 -1,15 -1,30 -1,13 -1,29 -1,31 -0,80 -1,05 -1,01 -1,19
39 -0,39 -0,38 -0,46 -0,42 -0,45 -0,46 -0,16 -0,33 -0,31 -0,45
40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Deviation from 
straightness (Н), 

μm
6,58 6,87 6,86 6,98 7,71 7,13 6,27 6,81 7,54 7,54
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Table 8

The deviation from the line which connects extreme points of the profile at each point of the 
bridge, obtained using the measurement system of the standard of FGUP UNIIM

Deviation from the line which connects extreme points of the profile, mm  for measurement 
No:Point  number

No 1 No 2 No 3 No 4 No 5 No 6 No 7 No 8 No 9 No 10

0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1 0,69 -0,14 0,30 0,29 -0,12 -0,08 0,31 0,32 0,35 0,26
2 0,60 -0,60 0,20 0,14 -0,84 -0,36 0,28 0,26 0,39 0,14
3 2,25 0,58 1,79 1,44 0,01 1,00 1,80 1,65 2,00 1,44
4 2,59 0,62 2,13 1,52 0,00 1,22 2,17 1,97 2,46 1,72
5 3,06 0,67 2,48 1,83 -0,01 1,39 2,60 2,29 2,85 2,37
6 3,20 0,58 2,56 1,73 -0,11 1,36 2,75 2,41 2,98 2,48
7 3,40 0,57 2,76 1,60 -0,07 1,40 2,94 2,59 3,17 2,57
8 3,29 0,46 2,80 1,36 -0,13 1,35 2,90 2,55 3,15 2,43
9 3,00 0,16 2,47 0,84 -0,43 0,92 2,58 2,31 2,92 2,06
10 2,88 -0,15 2,13 0,61 -0,66 0,66 2,24 1,96 2,56 1,81
11 3,02 -0,15 2,21 0,74 -0,70 0,60 2,33 1,95 2,70 1,77
12 2,98 -0,18 2,11 0,79 -0,74 0,57 2,21 1,73 2,55 1,57
13 3,02 -0,24 2,03 0,82 -0,81 0,49 2,13 1,64 2,49 1,55
14 2,92 -0,18 2,00 1,03 -0,86 0,52 2,14 1,61 2,46 1,52
15 3,32 0,13 2,28 1,39 -0,51 0,78 2,39 1,87 2,78 1,74
16 3,76 0,56 2,66 1,80 -0,03 1,11 2,73 2,16 3,15 2,07
17 4,03 0,87 3,00 2,10 0,41 1,35 3,18 2,49 3,53 2,42
18 4,40 1,18 3,38 2,59 0,82 1,73 3,57 2,84 3,92 2,73
19 4,63 1,49 3,67 2,85 1,18 1,98 3,88 3,17 4,20 2,91
20 4,57 1,64 3,60 2,85 1,29 2,05 3,84 3,16 4,18 2,80
21 4,67 1,97 3,86 3,17 1,58 2,30 4,09 3,42 4,30 2,88
22 4,86 2,30 4,16 3,59 1,98 2,54 4,47 3,65 4,48 2,98
23 4,95 2,63 4,34 3,84 2,31 2,76 4,65 3,85 4,63 3,14
24 4,88 2,86 4,30 3,92 2,41 2,88 4,73 3,98 4,61 3,06
25 4,81 2,96 4,29 4,10 2,46 2,93 4,56 3,96 4,53 2,94
26 4,28 2,65 3,86 3,66 2,10 2,55 4,08 3,52 4,06 2,41
27 3,55 2,10 3,16 3,18 1,51 1,94 3,30 2,84 3,41 1,53
28 2,84 1,32 2,28 2,46 0,69 1,14 2,42 1,98 2,52 0,83
29 1,79 0,45 1,28 1,66 -0,19 0,18 1,44 1,09 1,50 -0,08
30 0,63 -0,53 0,22 0,69 -1,13 -0,76 0,38 0,04 0,43 -1,02
31 -0,73 -1,68 -1,05 -0,54 -2,32 -1,86 -0,82 -1,09 -0,83 -2,13
32 -1,75 -2,48 -2,01 -1,25 -3,23 -2,68 -1,77 -1,99 -1,87 -2,95
33 -2,35 -2,80 -2,52 -1,91 -3,55 -3,14 -2,31 -2,47 -2,35 -3,31
34 -2,26 -2,62 -2,34 -1,79 -3,37 -2,97 -2,24 -2,32 -2,27 -3,03
35 -2,10 -2,39 -2,14 -1,71 -3,06 -2,74 -2,03 -2,15 -2,18 -2,73
36 -1,89 -2,01 -1,93 -1,59 -2,60 -2,35 -1,78 -1,91 -1,99 -2,34
37 -1,75 -1,87 -1,77 -1,54 -2,21 -2,17 -1,73 -1,77 -1,93 -2,03
38 -1,38 -1,35 -1,40 -1,23 -1,69 -1,62 -1,42 -1,33 -1,54 -1,34
39 -0,48 -0,39 -0,37 -0,31 -0,64 -0,59 -0,51 -0,37 -0,54 -0,43
40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Deviation from 
straightness (Н), 

μm
7,3 5,76 6,86 6,01 6,01 6,07 7,04 6,45 6,98 6,45
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Table 9
The choice of reference value of deviation from the line which connects extreme points at the 
each point of the bridge

Deviation from the line which connects extreme points of the profile, mm

Point  
number UKF RGP 

KazInMetr
BelGim

FGUP 
“UNIIM”

Arithmetical 

mean ( ky )
Median (mk)

Weighted
arithmetical mean, 

( kpy
)

0 0,00 0,00 0,00 0,00 0,00 0,00

1 0,34 0,29 0,22 0,28 0,29 0,30

2 0,59 0,35 0,02 0,32 0,35 0,40

3 1,66 1,78 1,41 1,62 1,66 1,72

4 1,98 2,11 1,66 1,92 1,98 2,05

5 2,27 2,48 1,99 2,25 2,27 2,38

6 2,46 2,68 2,03 2,39 2,46 2,56

7 2,69 2,91 2,12 2,57 2,69 2,78

8 2,70 2,96 2,05 2,57 2,70 2,79

9 2,52 2,79 1,72 2,34 2,52 2,59

10 2,41 2,66 1,44 2,17 2,41 2,42

11 2,38 2,71 1,48 2,19 2,38 2,43

12 2,34 2,71 1,38 2,14 2,34 2,38

13 2,28 2,72 1,33 2,11 2,28 2,34

14 2,25 2,71 1,32 2,09 2,25 2,29

15 2,39 3,00 1,62 2,34 2,39 2,50

16 2,77 3,45 1,99 2,74 2,77 2,90

17 3,04 3,84 2,33 3,07 3,04 3,22

18 3,36 4,23 2,70 3,43 3,36 3,59

19 3,37 4,41 2,97 3,58 3,37 3,74

20 3,30 4,31 2,97 3,53 3,30 3,63

21 3,39 4,45 3,18 3,67 3,39 3,77

22 3,58 4,69 3,45 3,91 3,58 4,01

23 3,77 4,87 3,65 4,10 3,77 4,20

24 3,77 4,86 3,70 4,11 3,77 4,23

25 3,76 4,83 3,67 4,09 3,76 4,21

26 3,26 4,41 3,23 3,63 3,26 3,78

27 2,47 3,61 2,56 2,88 2,56 3,03

28 1,57 2,65 1,76 1,99 1,76 2,14

29 0,59 1,57 0,82 0,99 0,82 1,13

30 -0,41 0,51 -0,20 -0,03 -0,20 0,11

31 -1,44 -0,70 -1,39 -1,18 -1,39 -1,06

32 -2,41 -1,71 -2,28 -2,13 -2,28 -1,98

33 -2,84 -2,26 -2,75 -2,62 -2,75 -2,50

34 -2,72 -2,16 -2,58 -2,49 -2,58 -2,36

35 -2,46 -1,94 -2,38 -2,26 -2,38 -2,14

36 -2,18 -1,67 -2,09 -1,98 -2,09 -1,88

37 -1,96 -1,48 -1,92 -1,79 -1,92 -1,73

38 -1,49 -1,14 -1,46 -1,36 -1,46 -1,32

39 -0,69 -0,38 -0,47 -0,51 -0,47 -0,43

40 0,00 0,00 0,00 0,00 0,00 0,00
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                                                                                                              Annex 1
Comparison Procedure

1 Thoroughly wash with spirit as per GOST 18300-87 the surface of the bridge of Kazakhstan 
measurement standard and wipe it by dry napkin without fibre.
2 Level-off the bridge of the measurement standard lengthwise and crosswise within ±6".
3 Make measurement of the profile of the bridge of Kazakhstan measurement standard with the 
use of each measurement system of the standards being compared, moving the primary 
transducers along the central section of the bridge surface with a 100-mm step, so that the 
holders of the transducers were opposite to the points, marked on the side face of the bridge. 
Make measurements according to a symmetric scheme, for example, the first measurement of the 
bridge profile: Republic of Kazakhstan, Russia, Republic of Belarus; the second measurement: in 
the reverse sequence. Write down the readings of the angle value in the protocol, which should 
be kept by each participant of comparison. The example of recording the results is given in 
table 1. Repeat this process nine more times and in so doing each participant should make 10 
measurements of the bridge profile.

Table 1
The angle value" in the points in measurement No.:The inter-

val of the
bridge, 
on which 
the angle 
is 
measured

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10 11
0 – 1
1 - 2
2 - 3
3 – 4
4 - 5
5 - 6
…

38 – 39
39 - 40

4 Mathematical treatment of measurement results, obtained in the angle values, is performed by 
the formula to obtain the values of deviation from the line which connects extreme points of the 
profile
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where
ykj  is the deviation from the line which connects extreme points of the bridge at point k in

 measurement No. j,μm;
l  is the distance between the holders of the primary transducers of the measurement 

systems of standards, μm;

iJ  is the difference between the reading of the  angle in the area with an order number i 

and  the reading of the angle in the first area, ".
k  is the number of the point on the bridge surface of the standard, in which the amount of 

deviation from straightness is calculated;
i  is a test point at the surface of the bridge;
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j is the number of measurement (in the numbering the points from 0 to n, the order 
numbers of points and areas coincide) 

The value of deviation from straightness of the bridge of the standard UKF RGB 
KazInMetr (N, mm) is calculated by formula

minmax hhН -= , mm (2)

Where Н is the deviation from straightness of the bridge of the standard
hmax и hmin are the maximum value of all the positive values and the minimum value of 

all the negative deviations from straightness along the whole length of the  bridge 
of measurement standard from 40 points of the profile, mm

5 Mathematical treatment of the results of the deviations from straightness is performed by the 
formulae (3) – (7) to obtain the uncertainties.
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where ykj  is the deviation from straightness in the  kth test  point, obtained  in the  jth  

measurement, 
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where
)(2 JD is the error of measuring the angle by the measurement instrument of the 

standard; 
)(2 lD  is the error of the step of the measurement instrument of the standard; 

6 For measurement standards, realizing the dependent reproducibility, it should be 
specified, from which country standard the size of the unit is obtained and the traceability of the 
standard, participating in the comparison, to this standard. The list of the main components of the 
measurement result uncertainty to be  evaluated by each participant of comparison (NMIs, 
participating in the comparison, may add other components, which they consider to be 
important) and the recommendations on the method of uncertainty evaluation.

 For mathematical treatment of results use the programme “EXCEL” or any other 
programme, certified by an established procedure.
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7 Determining equivalence of the standards to the reference value and pairwise 
equivalence with respect to [1] and [5].

7.1 The deviation from the reference value and the uncertainty of this dev iation is 
calculated by formulae (8) – (10)

di =xi-xref (8)

where  di is the deviation from the reference value of deviation from straightness of  ith

comparison participant, mm
xi is the deviation from straightness obtained by ith comparison participant, mm ;
xref  is the reference value of deviation from straightness of the bridge of the standard, 

mm.

u2(di)= u2(xi)+ u2(xref) (9)

where  u2(di) is the standard uncertainty of deviation from the reference value of deviation 
from straightness of ith comparison participant, mm

u(xi) is the standard uncertainty of the value of deviation from straightness of the 
bridge obtained by ith comparison participant, mm;

u(xref) is the standard uncertainty of the reference value of deviation from straightness 
of the bridge of the standard, mm.

U(di)= 2u(di) (10)

where U(di) is the expended uncertainty of deviation from the reference value of deviation 
from straightness of ith comparison participant, mm

7.2 Characteristics of pairwise equivalence is calculated by formulae (11)- (13)

dij =xi-xj (11)

where dij  is the difference of measurement results of deviation from straightness of the 
bridge of ith and jth comparison participants, mm

xi is the deviation from straightness of the bridge obtained by ith comparison 
participant, mm;

xj  is the deviation from straightness of the bridge obtained by jth comparison 
participant.

u2(dij)= u2(xi)+ u2(xj) (12)

where u2(dij) is the standard uncertainty of the difference of measurement results of 
deviation from straightness of the bridge of ith and jth comparison participants, mm

u(xi)  is the standard uncertainty of the  value of deviation from straightness of the 
bridge obtained by ith comparison participant, mm;

u(xj) is the standard uncertainty of the value of deviation from straightness of the 
bridge obtained by jth comparison participant, mm .

U(dij)= 2u(dij) (13)

where U(di) is the expended uncertainty of the difference of measurement results of 
deviation from straightness of the bridge of ith and jth comparison participants, mm;


