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Research of the Accuracy in Defining an Exceeded
Value between the Diametrically Opposite Points,
when Using the Electronic Levelers on a Polar Crane

Roksolana OLESKIV, Liubov DOROSH, Mykola HRYNISHAK,
Volodymyr MYCHAILYSHY - Ivano-Frankivsk!

ABSTRACT. This research paper offers and tests the methods of applying the
electronic levelers, meant for leveling the rails under polar cranes at a Nuclear
Power Plant, which ensures the required accuracy of geodetic control over po-
lar crane tracks. The exceeded values were directly measured between the typical
points of a crane track, made up of 4 (four) points (“virtual” stations), by using the
precision electronic leveler Sprinter 150M and high-precision leveler Topcon DL-
501. When processing the results, such main error limits were calculated: taking
the readings, tilting of the rail, measuring the exceeded value present due to an
angle and due to unevenness of levers at the station. The results were analyzed
in comparison with the tolerances for determining an exceeded value between the
diametrically opposite points of a rail track, thus confirming the reasonability
and convenience of using the high-precision and precision electronic levelers.

Keywords: engineering geodetic methods, an electronic leveler, a polar crane, ac-
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1. Introduction

The presence of extra-harmful work conditions in the premises of Nuclear Pow-
er Plants makes its corrections in the process of geodetic works. Human access
to the Reactor Compartment (RC) is possible only during a shutdown period of
the reactor. Therefore, the developed methods of geodetic control over the rail
tracks of polar cranes must ensure the highest productivity and reliability of
the results obtained, partial or full automation of the measurements taken.
The results of geodetic measurements are significantly influenced by air fluctu-
ations, vibration, temperature drop, crane movement, etc. (Burak and Shpaki-
vskyi 2011, Burak et al. 2012). As of today, it is recommended to use electronic
levelers (EL) instead of high-precision optical levelers, which were applied for
leveling the rail tracks of polar cranes, because electronic levelers (EL) have a
number of great advantages (easy to use, far higher labor productivity, absence
of observer’s errors when taking the readings, etc.). The permitted height dif-
ference of rail heads between the diametrically opposite points of Reactor Com-
partment rail tracks is +5 mm. The range of methods are suggested to provide
this accuracy in using the precision and high-precision digital levelers.

2. Analysis of recent studies and publications regarding the solution to this
problem

The deformations of crane rail tracks can lead to operation shutdown in a crane
and, as a result — impossibility to perform any scheduled and preventive main-
tenance works (SPW). There exist many research works on cranes at present.
Taking into account the trolley moving, the control over load deflections was
studied in some sources of literature (Kim et al. 2004, Kim and Hong 2009, Be-
lunce et al. 2015). Various methods are used to determine the planned height
position of a crane track. Such scientists as Burak K.O. (Burak 1993, Burak
1995, Burak and Shpakivskyi 2012), Ruskov (Ruskov and Boglov 1984), Ba-
ran, Ganshin and Repalov (Baran et al. 1980) were dealing with the issue of
determining the planned position of a crane track, paying little attention to
height position. The research paper (Zhaohui and Huitao 2017) offers a sys-
temic method of analyzing the movement trajectory of a hook block of polar
crane at Nuclear Power Plant (NPP), which provides the dynamic equations of
a system and the compatibility conditions of drum parameters.

Scientists often pay attention to the methods based on photo-fixation of the
typical points of crane rails, such as Terrestrial Laser Scanning (TLS) (URL
1) and Photogrammetry of Unmanned Aircraft System (UAS) (URL 2). The
methods of applying Laser Scanning are being improved by means of deter-
mining the scanning geometry (Soudarissanane et al. 2011), thus significantly
increasing the quality of Terrestrial Laser Scanning points. Apart from that,
this method is also user-friendly in monitoring the condition of engineering
structures (Park et al. 2007, Schofield and Breach 2007). The research work
(Mill et al. 2015) indicates that earlier the usage of Terrestrial Laser Scanning
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data was tested for deformation monitoring, although the conventional geo-
detic technologies are still more effective; in their research work, the authors
focused on studying the metrological advantages of Terrestrial Laser Scan-
ning technology for monitoring the deformation of structures. Such methods
are very promising and ensure sufficient accuracy in open engineering objects.

In the research work (Marjeti¢ et al. 2012), a general method of defining the
position of rails in horizontal and vertical position was used to measure the
geometry of crane rails in one of industrial buildings of the Brestanica Ther-
mal Power Plant (TPP) via using the electronic tacheometer Leica Geosystems
TS30. Electronic tacheometers are user-friendly for simultaneous defining both
the horizontal and vertical position of axis points of crane rails in a controlled
section of crane tracks.

In the above-listed works, it is suggested to use both optical devices and elec-
tronic ones, in particular — tacheometers, but there exist no well-grounded
methods of using electronic levelers, to which this research work is dedicated.

3. Scientific novelty and practical significance

The geometric parameters of crane rail tracks are to be controlled in the first
days of scheduled and preventive maintenance works (SPW), prior to the start
of technological repair operations (SOU-N MEV 40.1-00013741-79 2012). The
cyclicality of determining the parameters of a polar crane depends on its opera-
tion conditions and performance reliability of crane structures. On an aver-
age, it is one cycle per year during the scheduled and preventive maintenance
works (SPW) in accordance with the requirements of regulatory documents.
An extremely important and topical task is the increasing of promptness of
geodetic control over the operational reliability of Reactor Compartment crane
tracks by introducing new methods and technologies. Therefore, there rises a
need to work out the methods of measurements that would ensure the accuracy
of defining an exceeded value between the diametrically opposite points of rail
track m, = +2 mm. It is suggested to perform this measurement from the ser-
vice platform with a polar track thereon.

4. Presentation of the main material

With the appearance of new up-to-date electronic levelers, the task arose con-
sisting in developing and substantiating a range of methods used to measure a
rail track under a polar crane sited in the Reactor Compartment. It goes about
measuring the exceeded values between the typical points of a crane track by
using an electronic leveler, namely the four points (“virtual” stations), located
on the service platform of a crane track. It is necessary to ensure the accuracy
of determining the exceeded value between the diametrically opposite points
of crane track m, = +2 mm. Let’s ground the method of measurements, when
using the precision electronic levelers (Sprinter 150M) and high-precision lev-
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elers (Topcon DL-501).

Periodically specialized a technological equipment passes testing in the ac-
credited scientifically metrological center State Enterprise ,Ivano-Frankivsk
Scientific and Production Center for Standardization, Metrology and Certifi-
cation” (SE ,Ivano-Frankivsk Standard Metrology”). Corresponding quality
certificates testify to it. Testing results in calculations were not taken into ac-
count, as they are considerably less the declared exactness of device.

As the rail track of polar crane is 41.5 m in diameter, the lever length does
not exceed 25 m during leveling (Ruskov and Boglov 1984, Baran et al. 1980),
whereas the stroke length is approximately equal to 66 m. between the dia-
metrically opposite points.

In general, the sources of leveling errors can be divided into 3 (three) groups
(Baran et al. 1980). The first group includes the errors related to a leveler, the
second group includes the errors related to a rail, and the third group includes
the errors related to impact of external environment.

Having analyzed the effect of the above sources, it was established that the fol-
lowing errors will be relevant when leveling a polar crane track:

1. Taking the readings.
2. Due to rail tilt.

3. Measuring the exceeded value present due to an angle and due to
unevenness of levers at the station.

The BGS 40 fiberglass rail with a GS60L level is used for vertical installation
during the leveling of the crane track. The manufacturer provides a scale of
corrections for the temperature expansion of the rail.

The track of the polar crane is located in the facility with a stable ambient
temperature of 20-25 °C. As exceeding between points at the station of level-
ing does not exceed a 1 cm and the temperature of environment is stable, then
the size of amendment according to the scale in the measured exceeding for
temperature expansion of rail does not exceed a 0.001 mm. That is why this
amendment it is possible to ignore.

Before starting the measurements, the 48 (forty-eight) holes 3 mm in diameter
are marked with a core and drilled at the distance of 20 mm from the inner
edge of rail track, with the interval of 2.81 m (as the track length is = 135 m)
(Fig. 1).

The obtained points are numbered in such a way that the points 1, 25 would
approximately coincide with the direction of construction axis I — I, while the
points 37, 13 — with the direction of construction axis II — IT (Fig. 1).

We install a polar overhead crane as shown in Fig. 1. Its service platform
(item 4) has a rack with an electronic leveler, which is installed in the midline
between the points 10—11. Successively, we install a rail at all visible points
and determine the exceeded value in sector 1+20. After the measurements are
taken, we shift the electronic levelers between the points 35—-34. Similarly, we
take measurements in sector 25+44 (Fig. 2).
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Fig. 1. Numbering of points on the under-crane track: 1 point — circular bridge crane; 2
point — circular sub-crane track; 8 point — points on the track; 4 point — service
area; 5 point — “virtual stations”.

Next, the crane is turned in such a way as to free the sector 37+8 for observa-
tion, as well as the sector 13+32 (Fig. 2b). The electronic levelers are first of
all installed between the points 45-46, and afterwards — between the points
2223, meanwhile measuring an exceeded value in corresponding sectors. In
this case, the transition points will be 4, 17, 28, 41. The distance from the lev-
eler to the transition points is D, = 17 m in sectors 1+20, 25+43, and D, = 15 m
in sectors 37+8, 13+32.

Fig. 2. Placement of a polar crane to monitor the sector a) 1+20, 25+43, b) 37+8, 13+3; C1,
C2, C3, C4 - leveling stations.
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The research work (Burak and Hrynishak 2014) describes the mathematical
relations that enable to calculate a reading error, arising in presence of a cer-
tain number of readings n for different lengths of levers D. If using the preci-
sion electronic leveler Sprinter 150M:

m_.  =0.004-D—0.007n+0.042 (1)

reading

Then, providing the equal accuracy of readings taken on the back and front
rails (n, = n, = n, where n — number of readings), we will have as follows: if n
=1,D, =17Tmand D,~15 m: m =0.102 mm and m =0.094 mm.

readingD17 readingD15
In case of the rank of leveling stroke A (Table B.2 in (SOU-N MEV 40.1-
00013741-79 2012)), such misreading error will arise due to inaccuracy of au-
tomatically-taken readings, when measuring an exceeded value at the station:

mhA = mreading : \/5 (2)

For instance, for D, = 17 m we have mh, = 0.144 mm.

The reverse weight of equivalent stroke nthu (SOU-N MEV 40.1-00013741-79
2012) between the 2 (two) diametrically opposite points of rail track (4 and
28), taking into account the values D, D, and the quantity of stations n = 2:

D 7th, = 7h + 7h, =3.024.

S ha

ZﬂhA
Fig. 3. Scheme of a polygon with two nodal points 1, 2.

e, S sy 3)
(v, + 7,

Let’s find the tolerance of mean squared error per unit of weight:

/uESéHE/('\,ﬂ'thu.t) (4)

where AH, — the tolerance defined by the operating organization, which is +2



Oleskiv, R. et al.: Research of the Accuracy in Defining an Exceeded ..., Geod. list 2023, 4, 321-334 327

mm, and ¢ — normalizing factor (as recommended — equal to 2). By substituting

the relevant values, we get x4, <0.813m .
Let’s calculate the tolerance of closure error for a leveling network polygon of

crane track:
mtolerance =t luE : \V IﬂhA ] ﬂhA (5)

where [ﬁhA] — the total amount of reverse weights of exceeded values on a

polygon, calculated for the case of measuring by rank A; 7h, — reverse weight
of exceeded value at the station, given that these measurements are taken by
rank A. Upon substitution, we get m_, = 4.92 mm.

A significant error is the error due to rail tilt. Let’s define the requirements for
the permissible length of a rail and the method of its erection on a deformation
point during supervision:

12

b=6m, -2 ®)
v

The tolerance m,, on basis of which the error limits of individual sources are

calculated: m, = y, /K , where K is the accuracy assurance coefficient (let’s ac-
cept K = 5 according to the recommendations (SOU-N MEV 40.1-00013741-79
2012)). It is also recommended to accept the value of rail tilt angle from the
vertical line as v =25’ at the time of taking the readings.

Then, m, =0.163 and b = 18 m. The tolerance b is met by all the leveling rails.
The maximum guidance height, when measuring the exceeded values in our
case, is S=1.80 m.

Then the error limit for rail tilt will be:

m,,. = S(1—cosv)=0.048 m (7)

Let’s analyze the impact of exceeded error limit that appeared due to presence
of an unevenness of levers at the station.

Let’s fix the permissible value for difference of levers at station D —D,, using
the formula recommended in (SOU-N MEV 40.1-00013741-79 2012):
D, D, =3m, - ®)

l'"

In our case, D —D, = 5.0 m (the value i = 20”). Thus, when leveling a crane rail
track, the levers of the station may differ up to 5 m between the transition
points.

The overall error limit of exceeded value measurement per one stroke between
the transitional diametrically opposite points (4—-28 or 17—41) will be the total
amount of reading errors and errors arising due to rail tilt:
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My _og) = \/2mr2eading(Dl7) + 2mrzeading(015) +4my, 9)

For example, when using the precision electronic leveler Sprinter 150M, we get
m, .o =0.218 mm. Since we have 2 independent strokes (4—17-28 and 4—41—
28) between the diametrically opposite points, the error limit of exceeded value

measurement between point 4 and point 28 will be n;, = 0.218/+/2 =0.154 m, if
the tolerance is 2 mm.

When using the high-precision leveler Topcon DL-501, the error of determining
the weakest point is m, = 0.075 mm.

In order to ensure the definition of exceeded value between the diametrically
opposite points of rail track m, = +2 mm, one can use the precision and high-
precision levelers; in order to reduce the occurrence of gross errors, it is neces-
sary to take the readings at least 3 times.

When leveling on a polar crane, there appears an error of erecting a rail on
the track under the crane. Since the rail base is a plane, and the rail head is
not always placed in a horizontal position, some error limits often occur due to
improper erection of a rail (Fig. 4a).

Therefore, before starting the work, one should mark the places of rail erection
near each drilled point. A metal ball with a diameter of 13 mm is fixed to the
rail base, which will allow to erect the rail at the desired point even if the crane
tracks head is tilted (Fig. 4b). Owing to this, there will occur no error in erect-
ing a rail on the crane track.

oy

Fig. 4. The method of installing the leveling rail on the track.
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Apart from the transition points, the intermediate height marks are addition-
ally set during leveling of a crane track. Let’s give the results of calculation
m for each point at station C1 (see Fig. 5, Table 1).

reading

1 'y 7 /725

Fig. 5. Scheme of measurement by an electronic level in the sector 1+20 from station C1.

Since the distance from the leveler to the transition point in this sector is D =
17m,D_, =1.5mandD_ =25, here the significant component will be an error
due to unevenness of levers. As we can see from Fig. 5, the points are located
symmetrically in relation to the device station. Therefore, the distances Dmfp
D D and so on.

Cl-p19’

1

— He1p200 Fo1p2 T

Table 1. m for all points at station CI1 when using the precision electronic leveler

reading

Sprinter 150M.

M, aaing (]

pl, p20 | p2, p19 | p3, p18 | p4, pl7 | p5, pl6 | p6, p15 | p7, pl4 | p8, pl3 | p9, pl2 | pl0, pl1

0.13 0.13 0.11 0.10 0.09 0.09 0.07 0.06 0.05 0.04

As calculated above, m_, = 0.048 mm.

Let’s calculate the error component of exceeded value that appears due to un-
evenness of levers at station C1 (Table 2), taking the value i = 20” and using
the expression:

my, =(d, - dz)' "l p" (10)
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Table 2. m,, for all points at station CI.

Station m,, [mm]
name

pl, p20 | p2, pl19 | p3, pl8 | p4, p17 | p5, pl16 | p6, pl5 | p7,pld | p8, pl3 | p9, pl2 |pl0, pll

“ 0.80 0.61 0.33 0.16 0.25 0.42 0.69 0.98 1.27 1.51
o p25, p44 | p26, p43 151227’ p28, p41|p29, p40 | p30, p39 | p31, p38| p32, p37| p33, p36 | p34, p35

0.80 0.61 0.33 0.16 0.25 0.42 0.69 0.98 1.27 1.51
p8, p37 | p7,p38 | p6, p36 | p5, p40 | p4, p41 | p3, p42 | p2, p43 | pl, p44 | p48, p45 | pd7, p46

CB 0.99 0.79 0.51 0.25 0.15 0.24 0.50 0.79 1.07 1.31
pl3, p32 | pl4, p31 | pl5, p30 | pl6, p29 |pl7, p28 | pl8, p27 | pl9, p26 | p20, p25| p21, p24 | p22, p23

o 0.99 0.79 0.51 0.25 0.15 0.24 0.50 0.79 1.07 1.31

Let’s calculate the overall error of defined exceeded value between the transi-
tion point and intermediate point at the station, using the formula:

2 2 2 2 2
my = \/mreading(DW) + mreading(Di) + 2’n/lrail + my,

(11)

The results of calculations for all stations are shown in Table 3 for precision
electronic leveler Sprinter 150M and in Table 4 for high-precision leveler Top-
con DL-501.

Table 3. m_ when measuring with the precision electronic leveler Sprinter 150M.

Station
name m, [mm]
pl, p20 | p2,pl9 | p3,pl8 |p4,pl7 | p5, pl6 | p6,pl5 [p7,pld | p8& pl3 | p9, pl2 [plO, pll
“ 0.80 0.61 0.33 0.16 0.25 0.42 0.69 0.98 1.27 1.51
p25, p44 |[p26, p43 |p27, p42 [p28, p41 |p29, p40 [p30, p39 |p31, p38 |p32, p37 [p33, p36 |p34, p35
2 0.80 0.61 0.33 0.16 0.25 0.42 0.69 0.98 1.27 1.51
p8, p37 | p7,p38 | p6, p36 | p5, p40 |p4, p4l | p3, p42 |p2, p43 | pl, p44 |p48, p45 [p47, p46
@ 0.99 0.79 0.51 0.25 0.15 0.24 0.50 0.79 1.07 1.31
pl3, p32 [pl4, p31 |pl5, p30 [pl6, p29 |p17, p28 [pl8, p27 [pl19, p26 |p20, p25 [p21, p24 |p22, p23
o 0.99 0.79 0.51 0.25 0.15 0.24 0.50 0.79 1.07 1.31
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Table 4. m  when measuring with the high-precision electronic leveler Topcon DL-501.

Station m_ [mm]
name st
pl, p20 | p2, p19 | p3, pl8 | p4, p17 | p5, pl6 | p6, pl5 |p7,pld| p8, pl3 | p9, pl12 | pl0, pll
o 0.78 0.59 0.30 0.08 0.21 0.39 0.68 0.97 1.26 1.50
P25, p44| p26, p43 | p27, p42 | p28, p41| p29, p40 | p30, p39 |p31, p38| p32, P37 | p33, p36 | p34, p35
o 0.78 0.59 0.30 0.08 0.21 0.39 0.68 0.97 1.26 1.50
p8, p37 | p7, p38 | p6, p36 | p5, p40 | p4, p4l | p3, p42 |p2, p43| pl, p44 | p48, p45 | p47, p46
o 0.97 0.78 0.49 0.21 0.07 0.21 0.49 0.78 1.07 1.31
pl3, p32| pl4, p31 | pl5, p30 | pl6, p29 [pl7, p28| pl8, p27 [p19, p26| p20, p25 | p21, p24 | p22, p23
o 0.97 0.78 0.49 0.21 0.07 0.21 0.49 0.78 1.07 1.31

Let’s find the maximally-possible error limits in determining an exceeded value
between the diametrically opposite points of polar crane track m,, providing the
measurements are made using the above-mentioned electronic levels (Table 5).
At the same time, it should be taken into account that for all transition points,
the optimal route (which ensures the minimum value of error) will be the transi-
tion route between the diametrically opposite points through 3 stations:

2 2 2
me,+m;, +m
m, = stl st2 st3 (12)

NG

where m_,, m_,, m_, — relevant height values (from Table 4), defined by the
optimal route between the diametrically opposite points.

Table 5. m, when measuring with the precision electronic leveler Sprinter 150M and
high-precision leveler Topcon DL-501.

|E1ectronic

leveler T, |FTy

pl-p25 | p2-—p26 | p3—p27 | p4—p28 | p5-p29 | p6-—p30 | p7—p31 | p8&—p32 | p9—p33 |p10-p34|p11-p35[p12—p36

Topcon 0.8 0.5 0.2 0.1 0.2 0.4 0.7 1.0 1.3 1.5 1.5 1.3

Sprinter 0.8 0.5 0.3 0.1 0.2 0.4 0.7 1.0 1.3 1.5 1.5 1.3

p13-p37|p14—p38|p15—p39[p16—p40[pl7-—p41|p18—p42|p19—p43|p20—p44(p21—p45p22—p46(p23—p47|p24—p48|

Topcon 1.0 0.7 0.4 0.2 0.1 0.2 0.5 0.8 1.1 1.3 1.3 1.1

Sprinter 1.0 0.7 0.4 0.2 0.1 0.3 0.5 0.8 1.1 1.3 1.3 1.1

The calculation results given in Table 5 confirm the expediency of using the
electronic levelers Sprinter 150M and Topcon DL-501 to define the height po-
sition of polar crane tracks at the Nuclear Power Plant. Thus, as shown, the
accuracy required for defining an exceeded value between the diametrically op-
posite points of a rail track is ensured even by 1 (one) read-out of data per rail.
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Nevertheless, the authors suggest taking the readings 3 (three) times for each
point, in order to avoid gross errors.

5. Conclusions and consequences of the research

1. The methods of geometric leveling of a rail track of polar crane, suggested in
this research paper, provides the required accuracy of determining an exceeded
value between the diametrically opposite points of rail track; increases the ef-
ficiency and promptness of the results obtained.

2. The above calculations indicate the reasonability of using the high-precision
and precision electronic levelers, which ensure the mean squared error in de-
fining an exceeded value between the most distant points of track m, <+2 mm,
even in case of critical values of the main sources of error.

3. The possibility of regular supervisions is ensured at the points, marked on a
rail track, due to the fact that they are not placed on the track axis, but in the
areas where the track is not deformed by transport wheels.

4. The usage of the means of defining an exceeded value between the diametri-
cally opposite points by following the suggested methods increases the prompt-
ness of geodetic surveying, the efficiency of searching the geometric data; it
causes the minimization of time spent on obtaining the result; at the same
time, the usage of rail modifications allows to eliminate the conditions for oc-
currence of gross errors and systematic errors, to increase the accuracy of re-
sults of geodetic measurements. This, in its turn, contributes to saving both
resources and funds of the enterprise.
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Istrazivanje tocnosti u definiranju prekoracene
vrijednosti izmedu dijametralno suprotnih tocaka
pri upotrebi elektronickih nivelira na polarnoj
dizalici

SAZETAK. U ovom istraivackom radu ponudene su i testirane metode primjene
elektronickih nivelira namijenjenih za niveliranje tracnica ispod polarnih dizal-
ica u nuklearnoj elektrani, ¢ime se osigurava potrebna toc¢nost geodetske kontrole
polarnih kranskih staza. Prekoracene vrijednosti su izravno izmjerene izmedu
tipicnih tocaka kranske staze, sastavljene od 4 (Cetirt) tocke (“virtualne” stanice),
pomocu preciznog elektronickog nivelira Sprinter 150M i visokopreciznog nivelira
Topcon DL-501. Prilikom obrade rezultata izracunate su glavne granice pogreske:
oCitavanje, naginjanje tracnice, mjerenje prekoracene vrijednosti prisutne zbog
kuta i zbog neravnina poluga na stanici. Rezultati su analizirani u usporedbi s
tolerancijama za odredivanje prekoracene vrijednosti izmedu dijametralno su-
protnih tocaka tracnice, cime je potvrdena korisnost i pogodnost primjene visoko-
preciznih i preciznih elektronickih nivelira.

Kljucne rijeci: inZenjerske geodetske metode, elektronicki nivelir, polarna dizali-
ca, tocnost definiranja prekoracene vrijednosti.
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