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Introduction

The aim of the project is to determine the degree of equivalence of national
measurement standards of Belarus, Russia and Kazakhstan in the field of measure-
ment of straightness and flatness deviations and to support the measurement capa-
bilities claimed by the comparison participants.
The comparison results obtained are presented in Clause 7 of this Report.

1 Comparison participants

Table 1 — Comparison participants

N NMI Address NMI ab- | Contact E-mail, Telephone,
0 breviation | person Fax
1 | National Unitary | 93, Starovilensky BelGIM | Vladimir |Tel./Fax:
Institution trakt, Minsk, 220053, Makare- +375172392338
"Belarusian Republic of Belarus vich E-mail:
State Institute of makarevich@belgim.by
Metrology"
2 | Federal State | 4 Krasnoarmeyskaya | UNIIM | Yuriy Tel.
Unitary  Enter- | str., 620000, Yekate- Shimolin  |+7 (343) 217 48 59
prise Ural Re- | rinburg, Russian Fed- Fax::
search Institute eration +7(343) 355 38 17
for Metrology E-mail: B
shimolin@uniim.ru
3 | South- 83 Altynsarina str., SKS RSE | Iryna Su- |Tel.:
Kazakhstan 050035 Almaty, Re- |KazInMetr| vorova |[+7 (327) 221 36 16

Subsidiary  of
RSE

Kazakhstan In-
stitute of Me-
trology

public of Kazakhstan

Fax:+7 (327) 221 65 59
E-mail:
metrology@nursat.kz

2 Organization of comparisons
2.1 The comparison principle is as follows: the comparison participants shall

make tenfold measurements in 100-mm steps to determine profile straightness de-
viations of solid-stone bridges maintained at BelGIM, UNIIM and SKS RSE
KazIlnMetr by using measuring instruments being the parts of their respective
measurement standards.

2.2 Comparison scheme: round robin.
2.3 Pilot laboratory: BelGIM.
2.4 The comparisons are intended to:

establish the degree of equivalence of measurement standards;
validate the claimed CMC-data.
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3 Transfer standards

3.1 During these comparisons, solid-stone bridges included in the national
standards of the participant countries were applied as transfer standards. The basic
technical characteristics thereof are given in the table 2.

Table 2. Transfer standards

NMI abbrevi- | Description of the | Nominal Technical remarks
ation measuring in- bridge length,
strument L
BelGIM Solid-stone bridge, 3m permanently installed on iso-
special lated footing
UNIIM Solid-stone bridge, 5m permanently installed on iso-
special lated footing
SKS RSE Solid-stone bridge, 4m permanently installed on iso-
KazInMetr special lated footing

Figure 1 — Transfer Standard (BelGIM special solid-stone bridge)
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Figure 2 — Transfer Standard (UNIIM special solid-stone bridge)

Figure 3 — Transfer Standard (SKS RSE KazlnMetr special solid-stone bridge)

4 Procedure of measurements

4.1 The measurement procedure is based on comparing the real shape of a
profile or surface with that of a straight line or surface being reproduced by any
available physical method. The physical principle of setting the reference line or
surface might be a mechanical, gravitational or optical one.



4.2 When using standard bridges together with measurement systems in-
tended for measuring the bridges’ straightness deviations, appropriate instructions
for use shall be followed as specified in the relevant operation manuals.

4.3 It is the responsibility of the comparison participants to deliver their
measurement systems to the place where the comparison is to be conducted.

4.4 The deviation of the profile from the straight line that connects its ex-
treme points shall be determined stepwise. According to the proposed technique,
the difference between the values of the function f(x) describing the profile under
investigation shall be determined with respect to the terminal points of an interval
the length of which is very small compared with the length of the surface to be
measured. In that manner, the average slope of the profile is determined succes-
sively (step by step) at its partial sections.

4.5 Prior to performing measurements the standard bridges shall be thor-
oughly cleaned with alcohol and then wiped by a piece of dry lint-free cloth.

4.6 The deviation of the central section of the bridge working surface from
the horizontal plane shall not exceed 0,01 mm/m when measured both longitudi-
nally and transversely. Should the deviations from the horizontal plane be greater
than 0,01 mm/m, the positioning of the standard bridge shall be adjusted by appro-
priately changing the heights of its supports. If so, the measurements are allowed to
be performed not earlier than 12 hours after completing the adjustment.

Presence of markings showing the points at which the measurements are to
be performed during the comparisons shall be checked. The markings shall be ap-
plied at 100 mm intervals. The points shall be numbered sequentially as 0, 1, 2 ...
N.

4.7 When measuring the straightness deviation using the step-by-step proce-
dure, the surface profile slope shall be determined in succession (in steps) over the
intervals [ Xk, Xk+1], where k=0,1...n-1. For the purpose of further treatment of the
observations the origin of the coordinates shall have been aligned with the refer-
ence horizontal plane. Then the value of the function f(x) describing the surface
profile at the points with X, k=0,1,..., n coordinates shall be calculated by totaliz-
ing the measured data.

4.8 The determination of the deviation of the profile from the straight line
that connects its extreme points shall be performed relative to the central cross-
section of the bridge.

4.9 The value of the deviation from the straight line, h;, um connecting the

profile extreme points at the point k can be obtained by formula

k

hkj ZI'(Z‘gij_%'i‘gkj)’ (1)

i=1

where hy; is the deviation from the straight line connecting the extreme

profile points at the point k during the j-th measurement, um ;

| is the distance between the holders of the primary transducers of the
measurement systems for measuring the standard, m;



4, is the reading of the primary transducers of the measurement

systems for measuring the standard (slope angle of the surface profile in the i-th
section at the j-th measurement), um/m;

k is the number of the point at the bridge surface where the deviation
from the straight line connecting the profile extreme points is being determined;

N is the total number of the measured points at the bridge surface;

J is the specific measurement number.

4.10 The deviation from straightness of the bridge of the measurement
standard shall be calculated using the following formula

H=h_ +h. (2)

where H is the straightness deviation of the measurement standard bridge,
pm;
hmax — 1S the largest absolute value of the positive deviation from the ref-
erence straight line over the whole length of the bridge of the measurement stand-
ard among all profile points measured, pm;
hmin — 1S the largest absolute value of the negative deviation from the ref-
erence straight line over the whole length of the bridge of the measurement stand-
ard among all profile points measured, pm;

5 Ambient conditions during the comparisons

5.1 Ambient conditions at which the straightness deviations of the bridges
were measured are stated in Table 3.

Table 3 — Ambient conditions

Name of characteristic Allowable value
Ambient temperature (20+£2)°C
Relative air humidity 30 % to 70 %
Temperature change rate, max. 0,5 °C/h

6 Short description of measurement standards

6.1 The overall view of the measuring instruments included in the measure-
ment standard of BelGIM is shown in Figure 4.




Figure 4 — Overall view of the measurement system “Electronic level meter WYLER” main-
tained at BelGIM

6.1.1 The BelGIM measurement system “Electronic level meter WYLER”
comprises the following basic equipment manufactured by WYLER (Switzer-
land):

- electronic gauge MINILEVEL NT No. 262/E0590;

- electronic gauge MINILEVEL NT No. 263/11482;

- level indicating device LEVELMETER 2000 No. E4015;

- software: LEVELSOFT PRO.

6.2 The overall view of the measuring instruments included in the measure-
ment standard of UNIIM is shown in Figure 6.

Figure 5 — Overall view of the measurement system “Electronic level meter WYLER” main-
tained at UNIIM

6.2.1 The UNIIM measurement system “Electronic level meter WYLER”
comprises the following basic equipment manufactured by WYLER (Switzerland):

- electronic gauge BlueLEVEL NT No. Q0894;
- electronic gauge BlueLEVEL NT No. Q0895;
- electronic gauge BlueLEVEL NT No. Q0896;
- electronic gauge BlueLEVEL NT No. Q0897
- level indicating device BlueMETER SIGMA No. Q1007
- level indicating device BlueMETER SIGMA No. Q1008;



- software: LEVELSOFT PRO.

6.3 The overall view of the measuring instruments included in the measure-
ment standard of SKS RSE KazInMetr is shown in Figure 5.

Figure 6 — Overall view of the measurement system “Electronic level meter WYLER” main-
tained at SKS RSE KazlnMetr

6.3.1 The SKS RSE KazlnMetr measurement system “Electronic level meter
WYLER” comprises the following basic equipment manufactured by WYLER
(Switzerland):

- electronic gauge MINILEVEL NT No. G0748;

- electronic gauge MINILEVEL NT No. L0O765;

- level indicating device LEVELMETER 2000 No. G04211;
- software: LEVELSOFT PRO.

7 Comparison results

7.1 Determining the values of the deviation from the straight line connecting
the extreme points of the bridge profiles

Mathematical treatment of the measurement results obtained in the angle
units to determine the values of the straightness deviations was performed in ac-
cordance with Formulae (1, 2). The measurement results were processed in the Mi-
crosoft Excel program. The outcomes of the calculations are given in Tables 4-12.

7.1.1 Determination of the values of the deviation from the straight line con-
necting the extreme points of the BelGIM bridge profile

Table 4 - The deviation from the straight line connecting the extreme points of the BelGIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of Bel-
GIM

in pm
Point Deviation from the line connecting the extreme profile Arithmetic Type A standard
num- points mean of meas- uncertainty
ber for the measurement series No. urement results
1 2 3 4 5 6 7 8 9 |10

0 0,00 |0,000,00|0,00]0,00]0,00]0,00]0,00|0,00|0,00 0,00 0,00

1 -1,10/-1,06|-1,10|-0,99|-0,97|-1,16|-1,09|-1,15|-1,10|-1,00 -1,07 0,02

2 -2,01/-1,97|-2,06|-1,86(-1,89|-2,18|-1,99|-2,15|-2,05|-1,87 -2,00 0,04




Point Deviation from the line connecting the extreme profile Arithmetic Type A standard
num- points mean of meas- uncertainty
ber for the measurement series No. urement results
1 2 3 4 5 6 7 8 9 | 10
3  |-2,84|-2,79|-2,93|-2,68|-2,70|-3,10|-2,81 |-3,05|-2,91|-2,67 -2,85 0,05
4 |-4,25|-4,16|-4,35|-4,04|-4,06|-4,54|-4,19|-4,50|-4,31|-4,01 -4,24 0,06
5 |-5,55|-5,41|-5,64|-5,32|-5,29|-5,85|-5,45|-5,88|-5,68 |-5,27 -5,53 0,07
6 |-6,05|-5,79|-6,07|-5,68|-5,67|-6,26 |-5,82|-6,31|-6,09|-5,64 -5,94 0,08
7 |-6,05|-5,75|-6,05|-5,62|-5,65|-6,24 |-5,78 |-6,35|-6,07 |-5,60 -5,91 0,09
8 |-5,60|-5,22|-5,51|-5,10|-5,13|-5,75|-5,27|-5,85|-5,57 |-5,05 -5,41 0,09
9 |-455|-4,06|-4,39|-4,03|-3,98|-4,65|-4,11|-4,75|-4,43|-3,92 -4,29 0,10
10 |-3,61/-3,02|-3,36|-3,04|-3,00{-3,69|-3,08|-3,71|-3,42|-2,91 -3,28 0,10
11 |-2,87(|-2,21|-2,58|-2,25|-2,22|-2,85|-2,25|-2,92 [-2,59 |-2,08 -2,48 0,10
12 |-2,36|-1,70|-2,04|-1,74|-1,66|-2,28|-1,71|-2,36|-2,04 |-1,52 -1,94 0,10
13 |-2,17|-1,50|-1,82|-1,57|-1,46|-2,09|-1,46|-2,13|-1,84|-1,32 -1,74 0,10
14 |-2,21|-1,48|-1,81|-1,56|-1,43|-2,08|-1,43|-2,09|-1,83|-1,35 -1,73 0,10
15 |[-2,34|-1,61/|-1,97|-1,70|-1,59|-2,20|-1,55|-2,21|-2,01|-1,52 -1,87 0,10
16 |[-2,31|-1,52|-1,88|-1,64|-1,53|-2,14|-1,45|-2,10(-1,92|-1,48 -1,80 0,10
17 |-2,28|-1,50|-1,86|-1,65|-1,55|-2,14|-1,42|-2,06|-1,89|-1,49 -1,78 0,10
18 [-2,26|-1,44|-1,82|-1,65|-1,53|-2,09|-1,37|-2,00|-1,86|-1,48 -1,75 0,10
19 [-2,36(-1,56|-1,91/-1,80|-1,65|-2,18|-1,51|-2,08|-1,94|-1,62 -1,86 0,09
20 |-2,57|-1,83|-2,18(-2,09|-1,93|-2,42|-1,75|-2,32|-2,20|-1,92 -2,12 0,08
21 |-2,73]-2,03|-2,34|-2,28|-2,13|-2,59|-1,94|-2,50|-2,38|-2,15 -2,31 0,08
22 |-2,82]-2,15|-2,44|-2,40|-2,23|-2,66|-2,07|-2,55|-2,49|-2,27 -2,41 0,07
23 |-2,89|-2,25|-2,52|-2,52|-2,34|-2,70|-2,19|-2,63|-2,60|-2,34 -2,50 0,07
24 |-2,85|-2,27|-2,47|-2,55|-2,34|-2,68|-2,23|-2,57|-2,63|-2,34 -2,49 0,06
25 |-2,82|-2,29|-2,44|-2,57|-2,37|-2,67|-2,27|-2,53|-2,62|-2,40 -2,50 0,06
26 |-2,69|-2,22|-2,33|-2,50|-2,29|-2,53|-2,17|-2,42|-2,52|-2,36 -2,40 0,05
27 |-2,40(-1,94|-2,08(-2,27 |-2,06|-2,24|-1,95|-2,11|-2,24|-2,12 -2,14 0,05
28 |-1,88|-1,57|-1,65|-1,80|-1,67|-1,77|-1,55|-1,66|-1,74|-1,70 -1,70 0,03
29 |-1,12]-0,93|-0,99(-0,88|-1,00|-1,03|-0,94|-0,98|-1,03|-1,00 -0,99 0,02
30 ]0,00]0,00|0,00|0,00|0,00|0,00|0,00]|0,00|0,00| 0,00 0,00 0,00
hmax | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 -
hmin  |-6,05|-5,79|-6,07|-5,68|-5,67|-6,26 |-5,82|-6,35|-6,09|-5,64 -5,94 -
H 6,05|5,79/6,07|5,68|5,67|6,26 | 5,82 6,35 | 6,09 | 5,64 5,94 0,08

Table 5 - The deviation from the straight line connecting the extreme points of the BelGIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of UNIIM

in pm
Point Deviation from the line connecting the extreme profile point Arithmetic | Type A standard
num- for the measurement series No. mean of uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | measurement
results

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00

1 -0,71/-0,87|-0,82|-0,87|-0,79|-0,92 |-0,90|-0,85|-0,72 |-0,63 -0,81 0,03

2 -1,68|-1,67|-1,67|-1,73|-1,71|-1,80(-1,70|-1,72|-1,54 |-1,48 -1,67 0,03

3 -2,61|-2,40|-2,40|-2,50|-2,59|-2,57 [-2,55|-2,51|-2,34 |-2,30 -2,48 0,03

4 -4,17|-3,99|-4,05|-4,13|-4,22 |-4,23 |-4,25|-4,16 | -3,92 | -3,92 -4,10 0,04

5 -5,48-5,25|-5,36 |-5,35|-5,56 |-5,50 |-5,47 | -5,42 |-5,17 | -5,18 -5,37 0,04

6 -6,04 |-5,65|-5,83|-5,77|-6,06 |-6,01 |-6,02 | -5,89 | -5,60 | -5,66 -5,85 0,06

7 -6,08 |-5,64|-5,83|-5,82|-6,14|-6,10 |-6,10|-5,93 |-5,60 | -5,72 -5,90 0,06

8 -5,59-5,14|-5,31|-5,31|-5,64 |-5,57 |-5,60|-5,41 |-5,01 | -5,22 -5,38 0,07

9 -4,72|-4,22|-4,311-4,30|-4,70|-4,58 | -4,68 | -4,45 | -4,02 | -4,09 -4,41 0,08

10 |-3,76|-3,23|-3,35|-3,29|-3,75|-3,63|-3,75|-3,49|-3,04 |-3,18 -3,45 0,08

11  |-3,01(-2,49|-2,60|-2,50(-2,99|-2,94|-3,02 [-2,70|-2,26 | -2,42 -2,69 0,09

12 [-2,49(-2,03|-2,06|-1,98 |-2,54|-2,49|-2,56 [-2,24|-1,75|-1,91 -2,21 0,09

10




Point Deviation from the line connecting the extreme profile point Arithmetic | Type A standard
num- for the measurement series No. mean of uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | measurement
results

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

Table 6 - The deviation from the straight line connecting the extreme points of the BelGIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of SKS
RSE KazlnMetr

in pm
Point Deviation from the line connecting the extreme profile point Arithmetic | Type A standard
num- for the measurement series No. mean of uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | measurement
results

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00

1 -1,11/-0,99(-1,10|-1,03|-1,13|-1,14|-1,10|-0,96|-1,03| -1,05 -1,06 0,02

2 -2,08|-1,85(-2,05|-1,87|-2,11|-2,08|-2,00|-1,83|-1,90| -1,94 -1,97 0,03

3 -2,94|-2,61(-2,87|-2,65|-2,91|-2,92|-2,81|-2,62|-2,65| -2,72 -2,77 0,04

4 -4,391-3,93|-3,65|-4,09|-4,28|-4,32|-4,19|-3,99|-4,07 | -4,12 -4,10 0,07

5 -5,66|-5,14(-4,96 |-5,29|-5,54 |-5,59 |-5,44|-5,25|-5,32| -5,35 -5,35 0,07

6 -6,10|-5,49(-5,36|-5,66 |-5,95|-5,97 |-5,83|-5,63|-5,69 | -5,73 -5,74 0,07

7 -6,09|-5,39(-5,28-5,59|-5,94|-5,92 |-5,77|-5,69|-5,61| -5,68 -5,70 0,08

8 -5,581-4,79|-4,75|-5,01|-5,38|-5,42 |-5,24|-5,16|-5,04 | -5,15 -5,15 0,08

9 -4,48|-3,63(-3,64|-3,82|-4,25|-4,31(-4,11|-4,06|-3,91 | -4,06 -4,03 0,09
10 |-3,52|-2,59|-2,66|-2,82|-3,30|-3,33|-3,14|-3,00|-2,92| -3,07 -3,03 0,09
11 |-2,73|-1,77|-1,85|-1,95|-2,52|-2,51|-2,34|-2,21|-2,08 | -2,30 -2,23 0,10
12 |-2,26|-1,24|-1,34|-1,47|-1,99|-1,99|-1,82|-1,64 |-1,55]| -1,82 -1,71 0,10
13 [-2,10|-1,04|-1,14|-1,20(-1,80|-1,77|-1,60|-1,39|-1,34| -1,64 -1,50 0,11
14 -2,13|-1,01|-1,15|-1,17|-1,76 (-1,73|-1,58 |-1,36 |-1,33| -1,63 -1,48 0,11
15 -2,29/-1,141-1,30|-1,31|-1,90(-1,86 |-1,72|-1,48 |-1,51| -1,79 -1,63 0,11
16 |-2,24|-1,06|-1,25|-1,24|-1,79|-1,77|-1,65|-1,40|-1,41]| -1,72 -1,55 0,11
17 |-2,29|-1,06|-1,26|-1,23|-1,77|-1,76|-1,62|-1,39|-1,39]| -1,69 -1,55 0,11
18 |-2,24|-1,02|-1,19|-1,16|-1,73|-1,68|-1,55|-1,38|-1,32| -1,64 -1,49 0,11
19 |-2,35|-1,15|-1,35|-1,32|-1,85|-1,74|-1,70|-1,47 |-1,43| -1,76 -1,61 0,11
20 |-2,37|-1,44]-1,68|-1,57|-2,09|-1,97|-1,96|-1,74|-1,70| -2,03 -1,86 0,09
21 |-2,56(-1,63|-1,90|-1,73|-2,27 -2,12|-2,16|-1,92|-1,86 | -2,22 -2,04 0,09
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Point Deviation from the line connecting the extreme profile point Arithmetic | Type A standard
num- for the measurement series No. mean of uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | measurement
results

22 |-2,68|-1,80|-1,85|-1,89|-2,37|-2,25|-2,27|-2,04|-2,02| -2,31 -2,15 0,09
23 |-2,71|-1,92|-1,99|-1,97|-2,42|-2,30|-2,34|-2,14|-2,13| -2,37 -2,23 0,08
24 |-2,69(-2,00|-2,06|-2,16|-2,44|-2,31|-2,41|-2,12|-2,18| -2,40 -2,28 0,07
25 |-2,64|-2,07|-2,12|-2,18|-2,40(-2,30|-2,44|-2,13|-2,19| -2,38 -2,28 0,06
26 |-2,55|-2,06|-2,10|-2,15|-2,33|-2,25|-2,43|-2,09|-2,15| -2,31 -2,24 0,05
27 |-2,22|-1,85|-1,87|-1,90|-2,02|-1,97|-2,22|-1,85|-1,90| -2,05 -1,99 0,04
28 |-1,76|-152|-1,53|-1,47|-1,60|-1,57|-1,86|-1,51|-1,51| -1,62 -1,59 0,04
29 |-1,06/-0,82(-0,93|-0,90|-0,92(-0,91|-1,26|-0,91|-0,90| -0,95 -0,95 0,04
30 ]0,00/0,00|0,00]0,000,00 0,00 |0,00|0,00|0,00| 0,00 0,00 0,00
hmex | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 -

hmin  |-6,10]-5,49|-5,36|-5,66|-5,95|-5,97|-5,83|-5,69|-5,69] -5,73 -5,75 -

H 6,10 | 5,49 | 5,36 | 5,66 | 5,95 | 5,97 | 5,83 | 5,69 | 5,69 | 5,73 5,75 0,07

necting the extreme points of the UNIIM bridge profile

7.1.2 Determination of the values of the deviation from the straight line con-

Table 7 - The deviation from the straight line connecting the extreme points of the UNIIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of Bel-

GIM
in pm

Point | Deviation from the line connecting the extreme profile point Arithmetic Type A stand-

num- for the measurement series No. mean of meas- | ard uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | urement results
0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
1 0,65|053|061]|0,74|0,72|0,77 | 0,72 | 0,72 | 0,83 | 0,63 0,69 0,03
2 1,11 {091 | 1,10 | 1,31 [ 1,26 | 1,34 | 1,25 | 1,26 | 1,45 | 1,12 1,21 0,05
3 2151184 214|244 12,37 |249|233|236 | 265|218 2,29 0,07
4 2,89 1243|287 ]321|312 | 328307313 | 347|288 3,03 0,09
5 3,76 | 3,06 | 3,62 | 4,04 | 394 | 412 | 3,87 | 3,96 | 4,36 | 3,65 3,84 0,11
6 5,06 | 4,32 | 499 | 5,47 | 5,36 | 5,57 | 5,28 | 5,39 | 5,82 | 5,00 5,22 0,12
7 6,67 | 5,72 | 6,55| 7,10 | 6,98 | 7,19 | 6,87 | 7,00 | 7,48 | 6,51 6,81 0,14
8 8,44 17,32 |8,28|8,92|8,75|900] 8,66 | 878|928 ] 8,21 8,56 0,16
9 10,23] 8,95 |10,02|10,73]10,55|10,79|10,44]10,58|11,10| 9,91 10,33 0,18
10 |11,56/10,10(11,23]12,06|11,83|12,10{11,75]11,91/12,40/11,10 11,60 0,20
11 12,89]11,20|12,45|13,08|13,11|13,40|13,03|13,22|13,62|12,25 12,82 0,21
12 14,18|12,29|13,61|14,32|14,33|14,66 | 14,28|14,46|14,89|13,36 14,04 0,23
13 15,39|13,34|14,73|15,55|15,52|15,87|15,48|15,70|16,09 | 14,43 15,21 0,25
14 16,59|14,30|15,80|16,69|16,64|17,02|16,58|16,82|17,21|15,41 16,31 0,27
15 |17,85|15,38(16,94(17,92|17,83|18,24|17,78|18,04|18,40| 16,48 17,49 0,28
16 19,01]16,33|18,01|19,03|18,92|19,33|18,87|19,16|19,45|17,47 18,56 0,30
17 19,79]16,92|18,71(19,80|19,66|20,11|19,62|19,95|20,13|18,10 19,28 0,31
18 20,16|17,10]18,97|20,10(19,99|20,44|19,94 | 20,28 20,37 | 18,32 19,57 0,33
19 20,57|17,45]19,33|20,49(20,37|20,82|20,34|20,71]20,70|18,61 19,94 0,34
20 20,67|17,4019,37|20,54|20,39 (20,84 |20,37|20,78 | 20,69 | 18,56 19,96 0,35
21 20,37|17,01/19,04|20,20|20,07 | 20,52 |20,03| 20,48 | 20,39 |18,17 19,63 0,36
22 20,36|16,9219,01|20,18|20,03|20,49|19,98|20,45|20,33|18,09 19,58 0,36
23 19,85|16,40|18,54(19,70|19,56|19,99(19,52|19,98|19,88 17,59 19,10 0,37
24 19,45|16,02118,17(19,33|19,19|19,62(19,13|19,60|19,51|17,20 18,72 0,37
25 18,93|15,52117,69|18,83|18,69|19,12|18,60|19,09|19,03|16,70 18,22 0,37
26 18,55|15,18|17,39(18,47|18,33|18,74|18,25|18,73|18,73|16,35 17,87 0,36
27 18,25|14,98|17,18|18,21|18,09|18,50(17,99|18,48|18,54|16,16 17,64 0,36
28 18,21|15,03|17,23|18,24|18,09|18,53|18,01|18,51|18,60 16,24 17,67 0,35
29 17,97|14,95|17,15(18,10|17,95|18,38|17,88|18,37|18,50 | 16,17 17,54 0,34
30 17,80|14,89|17,08|17,96|17,83|18,23|17,79|18,27|18,43|16,12 17,44 0,34
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Point | Deviation from the line connecting the extreme profile point Arithmetic Type A stand-
num- for the measurement series No. mean of meas- | ard uncertainty
ber 1 2 3 4 5 6 7 8 9 10 | urement results

31 17,62|14,85|17,01|17,81|17,71|18,07|17,67|18,14|18,31|16,06 17,32 0,33
32 17,27)114,62|16,76 |17,47|17,43|17,74|17,39|17,85|18,06 | 15,84 17,04 0,32
33 16,57(14,09/16,21|16,85|16,83|17,08|16,75|17,23|17,43|15,32 16,43 0,30
34 15,48|13,11|15,25|15,81|15,79|16,03|15,70|16,15|16,38 | 14,39 15,41 0,29
35 14,24111,97|14,10|14,58|14,60|14,80|14,49|14,92|15,19|13,46 14,24 0,28
36 12,41110,24|12,33|12,79|12,79|12,98|12,68|13,10|13,39|11,78 12,45 0,27
37 10,58| 8,54 |10,55|10,96|10,95|11,12|10,86|11,27|11,56|10,08 10,65 0,25
38 8,61 | 6,66 | 8,63 | 9,01 | 8,97 | 9,16 | 8,92 | 9,27 | 9,61 | 8,24 8,71 0,24
39 7091609717749 748|762 | 738 | 7,74 | 8,09 | 687 7,30 0,16
40 551 |4,47 560590591 |6,01)|581)|6,10 | 6,47 | 541 5,72 0,16
41 433|347 | 4,43 |4,64|4,70 | 480 | 459 | 4,86 | 5,21 | 4,31 4,53 0,14
42 3511269361 )3,79)|388]395|3,74]|399]436] 3,61 3,71 0,13
43 3071229316 |325)|340|345|3,24|3,44 | 3,86 | 3,26 3,24 0,12
44 2591191 |272]275|293|286|275]293|329]|291 2,76 0,11
45 1,71 (107|186 |185|201|195|185|198]2,33| 2,09 1,87 0,10
46 0,94 |065[109 112 |123[1,19 111119147143 1,14 0,07
47 0,15|-0,11/0,27 /0,35 0,36 | 0,37 | 0,28 | 0,39 | 0,56 |-0,27 0,23 0,07
48 -0,341-0,45]-0,23]-0,15]-0,16|-0,16|-0,20|-0,13|-0,04 | -0,61 -0,25 0,05
49 -0,26-0,32]1-0,21]-0,17]-0,19]-0,20|-0,21]-0,16|-0,09 | -0,41 -0,22 0,03
50 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
hmax  [20,67(17,45|19,37]20,54|20,39|20,84|20,37|20,78|20,70|18,61 19,96 -
Amn |-0,34(-0,45|-0,23|-0,17 |-0,19|-0,20 | -0,21 |-0,16 | -0,09 | -0,61 -0,25 -
H 21,01]17,90|19,60|20,72]20,58|21,04|20,58|20,95|20,80|19,23 20,21 0,31

Table 8 - The deviation from the straight line connecting the extreme points of the UNIIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of UNIIM

in pm

Poin Deviation from the line connecting the extreme profile point Arithmetic Type A

t for the measurement series No. mean of | standard un-
num 1 2 3 4 5 6 7 8 9 10 | measure- certainty
ber ment re-

sults

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | O,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00

1 063 | 0,0 | 0,74 | 0,73 | 0,26 | 0,55 | 0,47 | 0,08 | 0,63 | 0,48 0,47 0,07

2 101 | 051 | 1,21 | 1,23 | 0,91 1,08 1,14 | 0,72 1,20 | 0,94 0,99 0,07

3 197 | 148 | 2,30 | 232 | 2,01 | 2,15 | 2,32 1,75 | 2,31 | 2,06 2,07 0,08

4 268 | 2,18 | 3,20 | 3,06 | 283 | 295 | 3,09 | 254 | 3,11 | 2,95 2,86 0,09

5 3,20 | 2,72 | 390 | 3,67 | 345 | 3,63 | 3,83 | 3,00 | 3,55 | 3,62 3,46 0,11

6 425 | 391 | 512 | 490 | 475 | 493 | 5,14 | 437 | 483 | 5,01 4,72 0,12

7 569 | 532 | 667 | 6,46 | 6,29 | 6,47 | 6,65 | 588 | 6,30 | 6,55 6,23 0,14

8 737 | 704 | 849 | 828 | 814 | 833 | 855 | 7,69 | 8,08 | 8,40 8,04 0,15

9 9,01 | 8,69 |10,09| 998 | 9,86 | 10,14 | 10,32 | 9,38 | 9,71 | 10,19 9,74 0,16
10 |10,25| 997 |11,37 | 11,28 | 11,11 | 11,53 | 11,70 | 10,62 | 10,93 | 11,54 11,03 0,18
11 |11,41 (11,10 | 12,59 | 12,51 | 12,15 | 12,83 | 13,02 | 11,85 | 12,03 | 12,78 12,23 0,19
12 12,60 | 12,32 | 13,82 | 13,75 | 13,42 | 14,19 | 14,34 | 13,06 | 13,24 | 14,03 13,48 0,20
13 | 13,72 | 13,48 | 15,00 | 14,99 | 14,55 | 15,41 | 15,58 | 14,22 | 14,34 | 15,06 14,64 0,21
14 14,94 | 1458 | 16,11 | 16,14 | 15,61 | 16,56 | 16,65 | 15,38 | 15,38 | 16,03 15,74 0,20
15 | 16,03 | 15,64 | 17,12 | 17,27 | 16,49 | 17,74 | 17,64 | 16,48 | 16,37 | 17,15 16,79 0,21
16 | 17,01 | 16,61 | 18,07 | 18,28 | 17,37 | 18,81 | 18,57 | 17,42 | 17,23 | 18,14 17,75 0,22
17 | 17,71 (17,30 | 18,72 | 18,95 | 17,94 | 19,50 | 19,22 | 18,08 | 17,83 | 18,83 18,41 0,22
18 18,08 | 17,61 | 19,03 | 19,28 | 18,24 | 19,70 | 19,55 | 18,39 | 18,14 | 19,18 18,72 0,21
19 18,58 | 17,98 | 19,41 | 19,70 | 18,55 | 20,08 | 19,91 | 18,72 | 18,51 | 19,44 19,09 0,21
20 18,68 | 18,04 | 19,50 | 19,73 | 18,60 | 20,15 | 20,08 | 18,74 | 18,63 | 19,41 19,16 0,21
21 18,43 | 17,78 | 19,25 | 19,43 | 18,20 | 19,93 | 19,88 | 18,43 | 18,41 | 19,17 18,89 0,22
22 18,35 | 17,66 | 18,92 | 19,27 | 17,95 | 19,81 | 19,73 | 18,22 | 18,34 | 19,08 18,73 0,22
23 17,89 | 17,24 | 1850 | 18,81 | 17,34 | 19,42 | 19,35 | 17,79 | 18,01 | 18,59 18,29 0,23
24 17,57 | 16,90 | 18,11 | 18,32 | 16,82 | 19,03 | 18,98 | 17,49 | 17,62 | 18,20 17,90 0,23
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Poin Deviation from the line connecting the extreme profile point Arithmetic Type A
t for the measurement series No. mean of | standard un-
num 1 2 3 4 5 6 7 8 9 10 | measure- certainty
ber ment re-
sults
25 17,20 | 16,46 | 17,68 | 17,86 | 16,25 | 18,57 | 18,55 | 16,91 | 17,16 | 17,70 17,43 0,24
26 16,83 | 16,09 | 17,32 | 17,40 | 15,72 | 18,20 | 18,21 | 16,53 | 16,88 | 17,33 17,05 0,24
27 16,52 | 15,93 | 17,15 | 17,17 | 15,43 | 18,02 | 18,05 | 15,78 | 16,43 | 17,14 16,76 0,27
28 16,60 | 16,00 | 17,20 | 17,12 | 15,39 | 18,05 | 18,04 | 15,87 | 16,42 | 17,23 16,79 0,27
29 16,58 | 16,04 | 17,24 | 17,15 | 15,19 | 17,96 | 18,03 | 15,93 | 16,38 | 17,22 16,77 0,27
30 16,55 | 15,95 | 17,19 | 17,11 | 15,00 | 17,88 | 17,98 | 15,86 | 16,28 | 17,19 16,70 0,28
31 16,51 | 15,86 | 17,13 | 17,03 | 14,93 | 17,73 | 17,90 | 15,67 | 16,18 | 17,11 16,60 0,28
32 16,24 | 15,59 | 16,77 | 16,70 | 14,68 | 17,35 | 17,58 | 15,38 | 15,82 | 16,71 16,28 0,27
33 15,89 | 15,16 | 16,31 | 16,26 | 14,30 | 16,84 | 16,96 | 14,99 | 15,45 | 16,18 15,83 0,25
34 14,98 | 14,15 | 15,27 | 15,23 | 13,36 | 15,83 | 15,94 | 13,22 | 14,46 | 15,12 14,76 0,28
35 13,88 | 13,00 | 14,05 | 14,04 | 12,21 | 14,41 | 14,60 | 12,04 | 13,24 | 13,87 13,53 0,26
36 11,84 | 11,33 | 12,30 | 12,35 | 10,61 | 12,63 | 12,89 | 10,42 | 11,54 | 12,20 11,81 0,25
37 998 | 9,63 | 10,51 | 10,59 | 9,01 | 10,81 | 11,09 | 8,89 | 9,88 | 10,51 10,09 0,22
38 803 | 7,78 | 864 | 871 | 7,27 | 896 | 9,25 | 7,15 | 8,01 | 8,68 8,25 0,21
39 6,26 | 6,17 | 7,02 | 707 | 566 | 7,23 | 7,53 | 567 | 642 | 7,03 6,60 0,20
40 454 | 462 | 542 | 547 | 417 | 560 | 585 | 4,23 | 490 | 544 5,02 0,18
41 3,14 | 347 | 421 | 426 | 3,10 | 435 | 459 | 3,20 | 3,75 | 4,18 3,83 0,17
42 241 | 2,80 | 354 | 357 | 2,49 | 3553 | 389 | 260 | 3,14 | 3,41 3,14 0,16
43 1,9 | 2,29 | 3,03 | 3,06 | 2,07 | 29 | 3,18 | 2,19 | 2,63 | 2,90 2,63 0,14
44 1,74 | 206 | 272 | 271 | 186 | 2,70 | 2,79 | 2,09 | 2,43 | 2,61 2,37 0,12
45 | 095 | 1,23 | 1,77 | 1,77 | 1,09 | 1,78 | 1,94 | 1,31 | 1,63 | 1,77 1,52 0,10
46 033 | 054 | 098 | 097 | 0,43 | 0,98 | 1,10 | 0,62 | 0,87 | 0,95 0,78 0,08
47 -0,26 | -0,15 | 0,23 | 0,24 | -0,14 | 0,20 | 0,35 | 0,00 | 0,20 | 0,24 0,09 0,06
48 -0,58 | -0,51 | -0,25 | -0,24 | -0,51 | -0,29 | -0,20 | -0,40 | -0,28 | -0,30 -0,36 0,04
49 -0,44 | -0,39 | -0,27 | -0,25 | -0,40 | -0,27 | -0,28 | -0,27 | -0,25 | -0,26 -0,31 0,02
50 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
hmax | 18,68 | 18,04 | 19,50 | 19,73 | 18,60 | 20,15 | 20,08 | 18,74 | 18,63 | 19,44 19,16 -
hmin | -0,58 | -0,51 | -0,27 | -0,25 | -0,51 | -0,29 | -0,28 | -0,40 | -0,28 | -0,30 -0,36 -
H 19,26 | 18,55 | 19,76 | 19,99 | 19,11 | 20,44 | 20,36 | 19,14 | 18,91 | 19,74 19,51 0,19

Table 9 - The deviation from the straight line connecting the extreme points of the UNIIM bridge
profile at each point of the bridge, obtained by means of the dedicated measuring system of SKS
RSE KazlnMetr

in pm

Point Deviation from the line connecting the extreme profile point Arithme- Type A

num for the measurement series No. tic mean | standard

ber 1 2 3 4 5 6 7 8 9 10 | of meas- | uncertainty
urement
results

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
1 064 | 056 | 0,64 | 0,74 | 063 | 063 | 0,74 | 0,61 | 0,47 | 0,56 0,62 0,02
2 1,08 1,00 1,12 1,33 1,16 1,14 1,30 1,07 0,82 0,96 1,10 0,05
3 1,98 1,90 2,10 2,40 2,18 2,15 2,44 2,12 1,71 1,93 2,09 0,07
4 257 | 253 | 2,75 | 3,14 | 285 | 285 | 3,25 | 283 | 2,31 | 2,53 2,76 0,09
5 329 | 321 | 345 | 393 | 3,60 | 3,60 | 408 | 359 | 294 | 3,21 3,49 0,10
6 449 | 443 | 473 | 528 | 491 | 492 | 551 | 494 | 417 | 449 4,79 0,12
7 596 | 592 | 6,27 | 688 | 6,45 | 6,46 | 7,15 | 6,49 | 558 | 5,96 6,31 0,14
8 757 | 754 | 795 | 864 | 814 | 817 | 892 | 819 | 7,17 | 7,62 7,99 0,16
9 928 | 9,28 | 9,69 | 10,46 | 991 | 994 | 10,72 | 991 | 8,78 | 9,32 9,73 0,18
10 | 10,47 | 10,51 | 10,94 | 11,75 | 11,21 | 11,22 | 12,01 | 11,13 | 9,93 | 10,54 10,97 0,19
11 | 11,64 | 11,68 | 12,16 | 13,26 | 12,42 | 12,44 | 13,27 | 12,31 | 11,09 | 11,71 12,20 0,21
12 12,75 | 12,83 | 13,35 | 14,51 | 13,61 | 13,64 | 14,50 | 13,47 | 12,15 | 12,86 13,37 0,23
13 13,87 | 13,96 | 14,52 | 15,67 | 14,80 | 14,81 | 15,79 | 14,70 | 13,23 | 14,00 14,54 0,24
14 14,94 | 15,05 | 15,67 | 16,90 | 15,95 | 16,43 | 16,91 | 15,74 | 14,22 | 15,07 15,69 0,27
15 16,05 | 16,19 | 16,86 | 18,09 | 17,10 | 17,62 | 18,12 | 16,90 | 15,37 | 16,19 16,85 0,27
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Point Deviation from the line connecting the extreme profile point Arithme- Type A
num for the measurement series No. tic mean | standard
ber 1 2 3 4 5 6 7 8 9 10 of meas- | uncertainty
urement
results
16 17,12 | 17,29 | 18,00 | 19,26 | 18,23 | 18,73 | 19,23 | 17,96 | 16,39 | 17,23 17,94 0,28
17 17,77 | 1796 | 18,71 | 20,01 | 18,92 | 19,43 | 19,95 | 18,59 | 17,06 | 17,92 18,63 0,29
18 17,94 | 18,18 | 19,00 | 20,34 | 19,19 | 19,74 | 20,21 | 18,83 | 17,31 | 18,14 18,89 0,30
19 18,26 | 18,55 | 19,42 | 20,79 | 19,59 | 20,14 | 20,61 | 19,14 | 17,66 | 18,49 19,26 0,31
20 18,20 | 18,53 | 19,43 | 20,83 | 19,59 | 20,15 | 20,61 | 19,28 | 17,61 | 18,50 19,27 0,32
21 17,81 | 18,16 | 19,10 | 20,57 | 19,23 | 19,79 | 20,21 | 18,91 | 17,25 | 18,17 18,92 0,32
22 17,74 | 18,10 | 19,12 | 20,55 | 19,14 | 19,69 | 20,11 | 18,77 | 17,12 | 18,07 18,84 0,33
23 17,24 | 17,60 | 18,60 | 20,06 | 18,61 | 19,16 | 19,60 | 18,20 | 16,59 | 17,54 18,32 0,33
24 16,84 | 17,19 | 18,18 | 19,66 | 18,16 | 18,74 | 19,15 | 17,74 | 16,16 | 17,12 17,89 0,33
25 16,37 | 16,73 | 17,66 | 19,17 | 17,64 | 18,21 | 18,62 | 17,27 | 15,58 | 16,57 17,38 0,33
26 16,05 | 16,40 | 17,29 | 18,82 | 17,26 | 17,82 | 18,26 | 16,86 | 15,22 | 16,21 17,02 0,33
27 15,81 | 16,22 | 17,05 | 1854 | 17,03 | 17,56 | 17,99 | 16,59 | 14,99 | 15,98 16,77 0,32
28 15,86 | 16,30 | 17,05 | 18,56 | 17,06 | 17,57 | 18,00 | 16,62 | 15,05 | 16,03 16,81 0,32
29 15,70 | 16,17 | 16,88 | 18,39 | 16,89 | 17,39 | 17,83 | 16,48 | 14,93 | 15,92 16,66 0,31
30 15,58 | 16,08 | 16,75 | 18,23 | 16,78 | 17,23 | 17,67 | 16,32 | 14,81 | 15,80 16,52 0,31
31 15,47 | 15,99 | 16,61 | 18,08 | 16,67 | 17,08 | 17,53 | 16,18 | 14,68 | 15,70 16,40 0,30
32 | 1524 | 15,75 | 16,34 | 17,81 | 16,41 | 16,78 | 17,22 | 15,91 | 14,44 | 15,46 16,14 0,30
33 14,66 | 15,10 | 15,66 | 17,13 | 15,75 | 16,14 | 16,60 | 15,29 | 13,84 | 14,87 15,50 0,29
34 | 13,67 | 14,11 | 14,67 | 16,10 | 14,75 | 15,12 | 15,63 | 14,31 | 13,66 | 13,93 14,59 0,25
35 12,53 | 1299 | 13,52 | 14,93 | 13,61 | 13,94 | 1445 | 13,15 | 12,52 | 12,80 13,44 0,24
36 | 10,79 | 11,23 | 11,75 | 13,14 | 11,86 | 12,15 | 12,66 | 11,42 | 10,80 | 11,12 11,69 0,23
37 9,04 | 951 | 10,09 | 11,28 | 10,11 | 10,37 | 10,87 | 9,66 9,10 9,41 9,94 0,22
38 7,16 7,61 8,14 9,31 8,18 8,42 8,88 1,77 7,25 7,54 8,03 0,21
39 5,78 | 6,18 6,66 1,77 6,70 6,92 7,37 6,32 5,82 6,10 6,56 0,20
40 4,34 472 5,16 6,22 5,19 5,36 5,79 4,85 4,38 4,65 5,06 0,18
41 3,16 | 3,53 3,93 | 493 | 3,96 4,15 454 | 3,68 3,26 3,51 3,87 0,17
42 2,43 2,77 3,13 4,05 3,16 3,43 3,70 2,94 2,55 2,79 3,10 0,15
43 2,12 2,40 2,74 3,56 2,74 2,96 3,21 2,53 2,19 2,40 2,68 0,14
44 1,70 1,93 2,26 3,00 2,31 2,47 2,70 2,12 1,82 2,00 2,23 0,12
45 0,98 1,16 1,46 2,09 1,50 1,63 1,81 1,35 1,08 1,26 1,43 0,10
46 0,38 | 0,55 0,78 1,28 | 0,82 0,91 1,08 0,71 0,47 0,62 0,76 0,08
a7 -0,30 | -0,18 | 0,02 0,40 | 0,05 0,18 0,23 | -0,02 | -0,22 | -0,08 0,01 0,06
48 -0,59 | -0,52 | -0,36 | -0,12 | -0,36 | -0,28 | -0,24 | -0,42 | -0,53 | -0,45 -0,39 0,04
49 -0,32 | -0,27 | -0,23 | -0,09 | -0,22 | -0,20 | -0,21 | -0,29 | -0,35 | -0,32 -0,25 0,02
50 0,00 | 0,00 0,00 0,00 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
hmax | 18,26 | 18,55 | 19,43 | 20,83 | 19,59 | 20,15 | 20,61 | 19,28 | 17,66 | 18,50 19,27 -
Nmin -0,59 | -0,52 | -0,36 | -0,12 | -0,36 | -0,28 | -0,24 | -0,42 | -0,53 | -0,45 -0,39 -
H 18,85 | 19,07 | 19,80 | 20,95 | 19,94 | 20,44 | 20,85 | 19,70 | 18,19 | 18,95 19,66 0,27
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7.1.3 Determination of the values of the deviation from the straight line con-

necting the extreme points of the SKS RSE KazinMetr bridge profile

Table 10 - The deviation from the straight line connecting the extreme points of the SKS RSE
KazInMetr bridge profile at each point of the bridge, obtained by means of the dedicated measur-
ing system of BelGIM

in pm
Point Deviation from the line connecting the extreme profile point Arithmetic Type A
num- for the measurement series No. mean of | standard un-
ber 1 2 3 4 5 6 7 8 9 10 measure- certainty

ment results

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
1 -0,04 | 0,00 | 0,10 | 0,22 | 0,21 |-0,08 | 0,02 | 0,18 | 0,29 | -0,03 0,09 0,04
2 -0,26 | -0,19 | 0,03 | 0,27 | 0,19 |-0,34 |-0,11 | 0,13 | 0,31 | -0,28 -0,03 0,08
3 0871098 (130|168 | 158 | 0,72 | 1,06 | 1,45 | 1,75 | 0,89 1,23 0,12
4 09109 | 144|194 181|072 | 1,12 | 1,64 | 2,01 | 0,85 1,34 0,15
5 1,13 11,19 (1,80 | 2,41 | 2,21 | 0,90 | 1,40 | 2,04 | 2,50 | 1,00 1,66 0,19
6 111|118 | 186 | 2,62 | 2,36 | 0,88 | 1,40 | 2,20 | 2,68 | 0,88 1,72 0,23
7 103|110 | 189|273 244 0,79 | 136|229 |281|0,74 1,72 0,26
8 0,82 (088 | 175|270 238|056 | 121|222 280 0,46 1,58 0,29
9 045|052 | 144|250 |213|0,19|0,90 | 1,98 | 2,61 | 0,03 1,28 0,31
10 0,00 | 0,08 | 1,08 | 2,22 | 1,83 |-0,26 | 0,55 | 1,71 | 2,34 | -0,46 0,91 0,34
11 |-0,16|-0,05| 1,03 | 2,20 | 1,81 |-0,41| 0,49 | 1,72 | 2,37 | -0,61 0,84 0,36
12 |-0,39|-0,26| 091|210 | 1,68 |-0,61| 0,31 | 1,63 | 2,23 | -0,91 0,67 0,38
13 |-052|-0,35| 0,86 | 2,12 | 1,71 |-0,72 | 0,26 | 1,61 | 2,23 | -1,08 0,61 0,40
14 |-063|-0,41| 0,81 213|172 |-0,78| 0,24 | 1,56 | 2,17 | -1,23 0,56 0,41
15 |-0,40|-0,23| 1,12 | 2,44 | 1,99 |-056 | 0,54 | 1,84 | 2,44 | -1,05 0,81 0,42
16 0,00 | 0,16 | 1,54 | 2,87 | 2,45 |-0,14 | 1,00 | 2,30 | 2,84 | -0,69 1,23 0,43
17 0,32 1049|192 |322|285|0,31]| 1,36 | 2,64 | 3,20 | -0,38 1,59 0,43
18 0,68 | 0,86 | 2,30 | 3,60 | 3,21 | 0,64 | 1,72 | 3,03 | 3,52 | -0,05 1,95 0,43
19 0,88 | 1,04 | 2,44 | 3,77 | 3,33 | 0,74 | 1,93 | 3,17 | 3,62 | 0,10 2,10 0,43
20 0,79 1095|236 | 3,70 | 3,20 | 0,63 | 1,86 | 3,01 | 3,55 | 0,01 2,01 0,43
21 101 115| 2,49 | 387 |331]0,79 |203]|3,12 | 3,68 | 0,13 2,16 0,42
22 138|151 (279|420 359|111 | 2,38 | 3,43 | 3,96 | 0,46 2,48 0,41
23 1,74 | 1,82 | 3,14 | 452 | 387 | 1,42 | 2,71 | 3,69 | 4,24 | 0,77 2,79 0,41
24 197 | 201|326 | 465|398 | 157|291 | 3,81 | 4,36 | 0,94 2,94 0,40
25 221|217 | 335 | 4,70 | 405 | 1,69 | 3,06 | 3,90 | 4,43 | 1,09 3,07 0,39
26 197 | 1,94 | 3,05 | 4,36 | 3,73 | 1,42 | 2,80 | 3,58 | 4,09 | 0,86 2,78 0,38
27 129|124 (232|358 |297 071|211 | 2,82 | 3,30 | 0,19 2,05 0,36
28 0,44 (039 | 145 | 2,67 | 2,06 |-0,13| 1,23 | 1,91 | 2,36 | -0,66 1,17 0,35
29 |-051|-058| 043|162 | 1,03 |-109]| 0,26 | 0,87 | 1,25 |-1,61 0,17 0,34
30 |-1,44|-154|-058| 0,59 | 0,01 |-2,02|-0,75|-0,47| 0,19 | -2,54 -0,82 0,32
31 |-252|-260|-1,73|-0,59 |-1,16 | -3,06 | -1,84 | -1,36 | -1,00 | -3,55 -1,94 0,30
32 |-3,33|-344|-2,61|-156|-2,13|-3,87 |-2,74|-2,29 | -1,96 | -4,26 -2,82 0,28
33 |-3,69|-385(-3,11|-2,17 |-2,66 | -4,26 | -3,18 | -2,81 | -2,50 | -4,59 -3,28 0,25
34 |-3,41|-355|-2,90|-2,07|-251|-3,83|-2,94|-2,60]|-2,39|-4,19 -3,04 0,22
35 |-3,01(-3,13|-257|-1,89|-2,25|-3,33|-2,59|-2,33|-2,13 | -3,66 -2,69 0,18
36 |-255|-2,66|-2,17|-163|-1,93|-2,81|-2,08|-1,99 | -1,82 | -3,09 -2,27 0,15
37 |-219|-224(-189|-1,47|-169|-2,31|-1,85|-1,74 | -1,63 | -2,61 -1,96 0,11
38 -162|-165(-1,40|-1,12-1,25|-1,71|-1,35|-1,36 | -1,17 | -1,91 -1,45 0,08
39 |-059|-062|-051|-0,39|-0,44|-0,63|-0,44|-0,46|-0,39|-0,77 -0,52 0,04
40 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
hmex | 2,21 | 2,17 | 3,35 | 4,70 | 4,05 | 1,69 | 3,06 | 3,90 | 4,43 | 1,09 3,07 -
hmin | -3,69 | -3,85|-3,11 | -2,17 | -2,66 | -4,26 | -3,18 | -2,81 | -2,50 | -4,59 -3,28 -
H 591 | 6,02 | 6,46 | 6,87 | 6,71 | 5,95 | 6,24 | 6,71 | 6,94 | 5,68 6,35 0,14
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Table 11 - The deviation from the straight line connecting the extreme points of the SKS RSE
KazInMetr bridge profile at each point of the bridge, obtained by means of the dedicated measur-
ing system of UNIIM

in pm
Point Deviation from the line connecting the extreme profile point Arithmetic Type A
num- for the measurement series No. mean of | standard un-
ber 1 2 3 4 5 6 7 8 9 10 measure- certainty

ment results

0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
1 -0,18 | -0,08 | -0,22 | -0,05 | 0,08 | -0,21 | 0,00 | -0,04 | -0,14 | 0,06 -0,08 0,03
2 -0,46 | -0,32 | -0,56 | -0,25 | 0,00 | -0,57 | -0,22 | -0,19 | -0,32 | -0,04 -0,29 0,06
3 0,71 1091|059 |093|1,34|056|094]| 115|093 | 1,31 0,94 0,09
4 0,71 | 1,00 | 0,54 | 1,04 | 1,54 | 052 | 1,02 | 1,30 | 1,01 | 1,51 1,02 0,11
5 0941129080129 |192|066 129|163 | 128 | 1,86 1,30 0,13
6 065|108 052|113 191|039 114|156 | 1,14 | 1,88 1,14 0,17
7 0,46 1 0,94 | 0,34 | 1,07 | 195| 0,23 | 095 | 1,52 | 1,02 | 1,84 1,03 0,19
8 0,11 | 0,65 | 0,00 | 0,77 | 1,78 | -0,17 | 0,62 | 1,32 | 0,81 | 1,63 0,75 0,21
9 -0,31 0,34 |-0,38 | 0,44 | 1,55 |-0,55| 0,26 | 1,04 | 0,56 | 1,39 0,43 0,23
10 |-0,81|-0,14|-0,88|-0,10| 1,10 |-1,06 |-0,31 | 0,60 | 0,14 | 0,97 -0,05 0,24
11 ]-0,96 |-0,20|-0,97 |-0,23| 1,10 |-1,17 |-0,39 | 0,55 | 0,18 | 1,00 -0,11 0,26
12 [-1,39|-053|-1,34|-0,55]| 0,77 |-1,52 | -0,73 | 0,23 | -0,07 | 0,75 -0,44 0,27
13 |-161]-0,74|-156|-0,72| 0,62 |-1,73|-0,91| 0,05 | -0,22 | 0,62 -0,62 0,28
14 |-168|-0,78|-1,64|-0,77| 0,62 |-1,81|-0,93| 0,03 | -0,22 | 0,60 -0,66 0,29
15 |-153]-059|-145|-057| 0,86 | -1,67 |-0,74 | 0,25 | 0,00 | 0,81 -0,46 0,29
16 |-1,09|-0,13|-1,07|-0,12| 1,37 |-1,23|-0,33 | 0,74 | 0,50 | 1,30 -0,01 0,30
17 |-0,92| 0,06 |-0,85| 0,08 | 1,57 |-1,05|-0,13| 0,99 | 0,77 | 1,53 0,20 0,31
18 |-0,60| 040 |-0,46| 0,48 | 1,93 |-068| 0,24 | 1,32 | 1,15 | 1,90 0,57 0,31
19 |-0,48| 054 |-0,36| 062|212 |-048| 043 | 153 | 1,37 | 2,05 0,73 0,32
20 |-0,41| 0,60 |-0,28| 0,73 | 2,15 |-0,42| 0,47 | 1,56 | 1,56 | 2,14 0,81 0,32
21 |-0,16| 0,86 |-0,05| 0,96 | 2,34 |-0,14| 0,69 | 1,80 | 1,81 | 2,37 1,05 0,31
22 1010|112 | 023|127 |256|0,14|095 | 205|210 | 2,63 1,32 0,31
23 1035|137 |049| 156|278 |047 | 125|232 | 240 | 2,88 1,59 0,31
24 | 062|162 |0,76|182|297|0,72| 1,46 | 252 | 2,63 | 3,06 1,82 0,30
25 | 0,76 |179 /086|190 | 300|088 | 162 | 260|280 | 3,16 1,94 0,29
26 | 056|154 |070| 164|271 |066 | 136 | 231|252 | 284 1,68 0,28
27 1-0,10|{084|003]|097 |19 |003|0,70 | 158|185 | 222 1,01 0,27
28 |-0,85|0,11|-068| 0,20 | 1,16 |-0,71|-0,08 | 0,76 | 1,00 | 1,41 0,23 0,26
29 |-1,77|-0,86 |-1,62|-0,76 | 0,14 | -1,58 | -1,04 | -0,22 | 0,05 | 0,45 -0,72 0,25
30 |-2,62|-1,79|-2,43|-1,70|-0,81|-2,44 |-1,98 | -1,17 | -0,90 | -0,60 -1,64 0,23
31 |-364|-286|-351|-281|-1,95|-3,42|-3,05|-2,29|-2,01|-1,75 -2,73 0,22
32 | -4,47|-3,77|-4,34|-3,69 |-2,88|-425|-392|-3,23|-2,94|-2,73 -3,62 0,20
33 |-4,77|-413|-4,65|-4,09 | -3,35|-454 | -4,23|-3,62 | -3,31 | -3,13 -3,98 0,19
34 |-440|-3,89|-432|-3,83|-3,19|-4,21|-3,92|-3,42 |-3,11|-2,96 -3,73 0,17
35 |-3,89|-3,44|-3,86|-3,30|-2,89|-3,69 |-3,37|-2,95|-2,72 | -2,57 -3,27 0,15
36 |-3,33|-2,96|-3,32|-2,89|-253|-3,26|-3,01|-2,66|-241|-224 -2,86 0,12
37 |-286|-248|-2,77 | -245|-2,12 | -2,74 | -251 | -2,25 | -2,00 | -1,87 -2,41 0,11
38 |-2,18|-191|-2,08|-1,86|-1,65|-2,03|-1,91|-1,68|-1,56|-1,50 -1,83 0,07
39 |-0,77]-0,65|-0,71|-0,62 | -0,50 | -0,70 | -0,64 | -0,53 | -0,45 | -0,42 -0,60 0,04
40 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
hmax | 0,94 | 1,79 | 0,86 | 1,90 | 3,00 | 0,88 | 1,62 | 2,60 | 2,80 | 3,16 1,95 -
Nmin | -4,77 | -4,13 | -4,65 | -4,09 | -3,35 | -4,54 | -4,23 | -3,62 | -3,31 | -3,13 -3,98 -
H 571|592 |551|599|635|542|584]| 622|610 | 629 5,93 0,10

Table 12 - The deviation from the straight line connecting the extreme points of the SKS RSE
KazInMetr bridge profile at each point of the bridge, obtained by means of the dedicated measur-
ing system of SKS RSE KazlnMetr
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in pm

Point Deviation from the line connecting the extreme profile point Arithmetic | Type A
num- for the measurement series No. mean of standard
ber 1 2 3 4 5 6 7 8 9 10 measure- | uncertainty
ment re-
sults
0 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
1 -0,16 | 0,210 | 0,15 | -0,12 | 0,17 | 0,07 | 0,19 | 0,26 | 0,33 | 0,00 0,10 0,05
2 -0,51 | 0,07 | 0,15 | -0,36 | 0,14 | -0,01 | 0,22 | 0,37 | 0,37 | -0,31 0,01 0,10
3 049 | 1,32 | 149 | 0,71 | 1,40 | 1,22 | 1,57 | 1,81 | 1,77 | 0,90 1,27 0,14
4 038|164 | 171|058 | 151|127 | 179 | 2,06 | 2,01 | 0,90 1,39 0,19
5 047 | 1,9 | 211|072 | 1,81 | 154 | 2,17 | 2,46 | 2,45 | 1,23 1,69 0,22
6 0,37 | 2,00 | 2,21 | 058 | 1,84 | 1,57 | 2,26 | 2,63 | 2,59 | 1,36 1,74 0,25
7 0,23 | 2,01 | 224 | 040 | 1,80 | 151 | 233 | 2,73 | 2,69 | 1,27 1,72 0,28
8 -0,07 | 1,87 | 2,16 | 0,08 | 1,58 | 1,33 | 2,23 | 2,65 | 2,62 | 1,10 1,56 0,30
9 -0,55| 155|189 |-021| 118 | 0,99 | 1,99 | 245 | 2,38 | 0,74 1,24 0,32
10 |-1,11| 116 | 154 |-0,70 | 0,74 | 0,58 | 1,69 | 2,20 | 2,06 | 0,30 0,85 0,35
11 |-1,46| 0,79 | 1,49 |-094 | 057 | 0,45 | 1,67 | 2,24 | 2,02 | 0,08 0,69 0,39
12 |-1,74] 065 | 1,33 |-1,27 | 0,29 | 0,22 | 1,655 | 2,10 | 1,86 | -0,11 0,49 0,41
13 |-191]0,48 | 1,26 |-1,50 | 0,08 | 0,08 | 1,49 | 2,04 | 1,88 | -0,31 0,36 0,43
14 |-209]| 041|118 |-1,92|-0,02| 0,00 | 1,48 | 1,97 | 2,08 | -0,46 0,26 0,47
15 |-194| 063 | 1,41 |-1,79| 0,44 | 0,10 | 1,80 | 2,21 | 2,37 | -0,25 0,47 0,48
16 |-159|093 | 181 |-1,44| 050 | 051 | 225 | 257 | 2,84 | 0,12 0,85 0,49
17 |-136] 125|212 |-1,17| 0,79 | 0,88 | 2,67 | 2,98 | 3,19 | 0,45 1,18 0,51
18 |-103| 160 | 243 |-0,80| 1,29 | 1,29 | 3,25 | 3,29 | 3,58 | 0,82 1,57 0,51
19 |-099| 1,77 | 259 |-0,66 | 1,40 | 1,46 | 3,44 | 3,40 | 3,76 | 1,02 1,72 0,52
20 |-1,10| 1,64 | 245 |-0,79 | 1,28 | 1,37 | 3,36 | 3,39 | 3,67 | 0,98 1,63 0,53
21 |-092|1,78 | 258 |-064| 141 | 155 | 352 | 353 | 3,82 | 1,06 1,77 0,52
22 |-0,77| 2,04 | 284 |-0,31| 1,77 | 1,89 | 3,73 | 3,85 | 4,08 | 1,39 2,05 0,53
23 |-0,40| 2,27 | 3,09 | 0,06 | 2,11 | 2,23 | 4,05 | 4,12 | 4,37 | 1,70 2,36 0,52
24 | -0,14 | 248 | 324 | 025 | 225 | 2,44 | 418 | 4,26 | 4,49 | 1,85 2,53 0,50
25 0,06 | 253 | 3,33 | 0,36 | 2,34 | 262 | 416 | 431 | 454 | 2,19 2,64 0,49
26 |-0,16 | 2,26 | 3,00 | 0,12 | 2,06 | 2,38 | 3,80 | 3,98 | 4,21 | 1,97 2,36 0,47
27 |-0,76 | 157 | 2,25 |-058 | 1,36 | 1,54 | 3,01 | 3,19 | 341 | 1,24 1,62 0,46
28 |-149|068 | 1,36 |-1,40 | 045 | 0,62 | 2,08 | 2,27 | 2,42 | 0,38 0,74 0,44
29 |-2,35|-0,30| 0,36 |-2,31|-0,50 |-0,29 | 1,01 | 1,21 | 1,34 | -0,61 -0,24 0,42
30 |-3,16|-1,26 |-0,64 |-3,18 |-1,42|-1,28 | 0,02 | 0,17 | 0,25 | -1,59 -1,21 0,39
31 |-4,09|-239|-1,78|-401|-245|-2,35|-1,16 | -1,00 | -0,99 | -2,66 -2,29 0,35
32 | -4,77 | -3,27 | -2,65 | -4,71 | -3,28 | -3,34 | -2,11 | -1,89 | -1,89 | -3,46 -3,14 0,33
33 |-506|-369]|-315|-499|-3,71 |-3,72 | -2,66 | -2,40 | -2,40 | -3,84 -3,56 0,30
34 |-457|-342|-291|-453|-342|-342|-248|-225|-2,25]-3,50 -3,28 0,26
35 |[-3,99|-302|-258|-398|-3,03|-297|-218|-1,98|-1,99 | -3,06 -2,88 0,23
36 |-334|-252|-2,16 |-3,33|-2,61 |-251|-1,84|-1,66|-1,69 | -2,59 -2,42 0,19
37 |-2,77 |-2,16 | -1,86 | -2,84 | -2,20 | -2,06 | -1,62 | -1,45 | -1,53 | -2,10 -2,06 0,15
38 |-197|-159|-131|-208|-163|-151|-1,21|-1,13|-1,11|-1,73 -1,53 0,11
39 |-0,73|-059|-042|-083|-0,67|-059 |-0,43]|-0,38|-0,37|-1,00 -0,60 0,07
40 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00
hmax | 0,49 | 253 | 3,33 | 0,72 | 2,34 | 2,62 | 418 | 431 | 454 | 2,19 2,64 -
Amin | -5,06 | -3,69 | -3,15|-4,99 | -3,71 | -3,72 | -2,66 | -2,40 | -2,40 | -3,84 -3,56 -
H 555 | 6,22 | 648 | 5,71 | 6,04 | 6,34 | 6,84 | 6,71 | 6,94 | 6,03 6,29 0,15

results of each comparison participant is shown in Figure 7.

7.2 The graph of the BelGIM bridge profile drawn

from the measurements
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Figure 7 — The graph of the deviations from the straight line connecting extreme points of the Bel-
GIM bridge

7.3 The graph of the UNIIM bridge profile drawn from the measurements
results of each comparison participant is shown in Figure.
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Figure 8 — The graph of the deviations from the straight line connecting extreme points of the
UNIIM bridge

7.4 The graph of the SKS RSE KazInMetr bridge profile drawn from the
measurements results of each comparison participant is shown in Figure 9.
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Figure 9 — The graph of the deviations from the straight line connecting extreme points of the SKS
RSE KazInMetr bridge

8 Procedure of evaluating the equivalence of the national standards included
in the comparisons

The results of the measurements conducted by the comparison participants
were verified by using the following two methods:

- based on the En-criterion;

- based on the degree of equivalence of the measurement standards

(d;,u(d;))
8.1 Examination of measurement results using the En-criterion method

To evaluate the internal closeness between the individual measurement re-
sults the En-criterion was applied. For k=2, |En|<1.

1 X = Xes
E ——._ i Tref
"k Juz—u? )
] ref
N 4
Sp,-x, (4)
Xref = J:ln
2P,
=1
1
Ut = —F7—— (5)

ji=1 Uj 20



1
pj:_?

Uj

(6)

where X; is the measurement result obtained by the j-th laboratory;
uj is the standard uncertainty reported by the j-th laboratory;
p; is the weight of the measurement result obtained by the j-th laboratory;
Xret 1S the reference value (weighted average) of the comparison;
Urer IS the standard uncertainty of the reference value;
n is the total number of the comparison participants.

8.1.1 The values of the En-criterion for the BelGIM bridge are given in Ta-

ble 13.
Table 13
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr
Measurement result of the laboratory, 5,04 5.90 5.75
Xj, um
Total standard uncertainty reported by 0,24 0,30 0,30
the laboratory, uj, um (k=1) (0,08L*) (0,10L%) (0,10L%)
Reference value (weighted average) of 5 88
the comparison, Xref, um '
Standard uncertainty of the reference 0.159
Value, Uref, UM !
En-criterion value 0,18 | 0,05 | -0,25

Note: L*, m stands for the length of the BelGIM bridge (see Table 2).

All values of the En-criterion for the BelGIM bridge obtained by the com-
parison participants are below the level specified: |En|<1.

8.1.2 The values of the En-criterion for the UNIIM bridge are given in Table

14,
Table 14
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr
)I:ﬂejijrement result of the laboratory, 2021 10,51 10,66
Total standard uncertainty reported by
the laboratory, uj, um (k=1) 0,40 0.50 0,50
(0,08L%) (0,10L") (0,10L%)
Reference value (weighted average) of 19.86
the comparison, Xref, um ’
Standard uncertainty of the reference 0.265
value, Uref, pm ’
En-criterion value 0,59 | -0,41 | -0,23

Note: L*, m stands for the length of the UNIIM bridge (see Table 2).
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All values of the En-criterion for the UNIIM bridge obtained by the compar-
ison participants are below the level specified: |En|<1.

8.1.3 The values of the En-criterion for the SKS RSE KazlInMetr bridge are
given in Table 15.

Table 15
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr
Measurement result of the laboratory, 6,35 5,03 6,29
Xj, um
Total standard uncertainty reported by 0,32 0,40 0,40
the laboratory, uj, um (k=1) (0,08L%) (0,20L") (0,20L%)
Reference value (weighted average) of 6.2
the comparison, Xref, tm ’
Standard uncertainty of the reference 0.212
Value, Uref, UM '
En-criterion value 0,28 | -0,42 | 0,11

Note: L*, m stands for the length of the SKS RSE KazInMetr bridge (see Table 2).

All values of the En-criterion for the SKS RSE KazInMetr bridge obtained
by the comparison participants are below the level specified: |En|<1.

8.2 Examination of measurement results using the degree of equivalence
method (dj,U(dj))

The degree of equivalence d; for the j-th institute is defined as the deviation
of the measurement result from the reference value and can be calculated by for-
mula

dj :Xj = Xpet (7)

where Xt 1S the reference comparison value derived by Formula (4).

The uncertainty of the degree of equivalence, u(d;) can be calculated by for-
mula

u(d;) = \Ju?(x;) —u?(X) 8)

The minus sign shows up in Formula (6) due to correlation between the
measurement result and the reference value computed with respect to that meas-
urement result.

The measurement standards are considered to be equivalent if the following
condition is fulfilled:

dj|<2-ud) or (9)
d;|<u(d)) (10)
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8.2.1 The results of checking the degrees of equivalence for the BelGIM

bridge are given in Table 16.

Table 16
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr

Measurement result of the laboratory, 5.94 5.90 5.75
Xj, um
Total standard uncertainty reported by 0,24 0,30 0,30
the laboratory, uj, um (k=1) (0,08L") (0,20L%) (0,20L")
Reference value (weighted average) of 5 88
the comparison, Xref, um '
Standard uncertainty of the reference 0.159
Value, Uref , UM !
Difference between the measured and 0,06 0,02 013
reference value, dj, um
Star_ldard uncertainty of the degree of 0,18 0,25 0,25
equivalence, u(d;), um
Exp_anded uncertainty of the degree of 0,36 0,51 0,51
equivalence U(d;)

Note: L*, m stands for the length of the BelGIM bridge (see Table 2).

From Table 16 it is evident, that when comparing d; and U(d;) the condition
(10) is fulfilled, therefore the measurement standards being compared are consid-

ered equivalent.

8.2.2 The results of checking the degrees of equivalence for the UNIIM

bridge are given in Table 17.

Table 17
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr

)I:j/!esrslijrement result of the laboratory, 2021 19,51 19,66
Total standard uncertainty reported by 0,40 0,50 0,50
the laboratory, uj, um (k=1) (0,08L%) (0,20L%) (0,20L")
Reference value (weighted average) of 19.86
the comparison, Xref, um ’
Standard uncertainty of the reference 0.265
value, Uref, pm ’
Difference between the measured and 0.35 -0.35 -0.20
reference value, dj, um ' ' '
Standard uncertainty of the degree of 0.30 0.42 0.42
equivalence, u(d;j), pm ' ’ ’
Expanded uncertainty of the degree of 0.60 0.85 0.85
equivalence U(d)) ' ’ ’

Note: L*, m stands for the length of the UNIIM bridge (see Table 2).
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From Table 17 it is evident, that when comparing dj and U(d;) the condition
(10) is fulfilled, therefore the measurement standards being compared are consid-

ered equivalent.

8.2.3 The results of checking the degrees of equivalence for the SKS RSE
KazInMetr bridge are given in Table 18.

Table 18
Name of characteristic Laboratory abbreviation
BelGIM UNIIM SKS RSE
KazInMetr

Measurement result of the laboratory, 6,35 5,03 6,29
Xj, um
Total standard uncertainty reported by 0,32 0,40 0,40
the laboratory, uj, um (k=1) (0,08L*) (0,10L%) (0,10L%)
Reference value (weighted average) of 6.92
the comparison, Xref, tm ’
Standard uncertainty of the reference 0.212
value, Uref, pm ’
Difference between the measured and 0.13 -0.29 0.07
reference value, dj, um ’ ’ ’
Standard uncertainty of the degree of
equivalence, u(d;), um 0,24 0,34 0,34
Expanded uncertainty of the degree of
equivalence U(d;) 0,48 0,68 0,68

Note: L*, m stands for the length of the SKS RSE KazInMetr bridge (see Table 2).

From Table 18 it is evident, that when comparing dj and U(d;) the condition
(10) is fulfilled, therefore the measurement standards being compared are consid-

ered equivalent.

8.3 The results of measurements of straightness deviations for the BelGIM

bridge are shown in Figure 10.
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Results of measurements of straightness deviations for the
BelGIM bridge

BelGIM UNIIM KazInMetr
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Figure 10 — Results of measurements of straightness deviations of the BelGIM bridge.

8.4 The results of measurements of straightness deviations for the UNIIM
bridge are shown in Figure 11.

Results of measurements of straightness deviation for the
UNIIM bridge
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Figure 11 — Results of measurements of straightness deviations of the UNIIM bridge.



8.5 The results of measurements of straightness deviations for the SKS
RSE KazInMetr bridge are shown in Figure 12.

Results of measurements of straightness deviation for the
SKS RSE KazlnMetr bridge
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Figure 12 — Results of measurements of straightness deviations of the SKS RSE
KazInMetr bridge

9 Resume

9.1 The comparison results indicate that the measurement uncertainties
comply with the reported values.
9.2 The standards under comparison are equivalent.
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