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Aims. The investigations of the transmission of elevations over water surfaces remain topical, so the first aim is
to develop the technique of increasing the accuracy of the trigonometric instead of geometrical one. The second aim
is to investigate the methods of trigonometric which can be used for the transmission of elevations over water
surfaces with the use of modern devices. M ethodology. Simultaneous and non-simultaneous reciprocal observations
over different water surfaces have been carried out. The results of the trigonometric leveling carried out by different
methods have been processed. Results. On the territories of training geodetic site in Berezhany city (Ternopil region)
and urban settlement Shatsk (Volyn' region) the activities directed to the creation of elevation geodetic base have
taken place, including the investigations of the accuracy of trigonometric leveling during the transmission of elevation
over the water surfaces. Vertical tie-in of geodetic datum has been done by the 111 class geometrical leveling. For
determining heights on the investigated points, linear and angular measurements have been made with the use of
automated tachymeters TPS 1201R Leica and TC 2003 Leica. According to the results of the observations on the
geodetic site in urban settlement Shatsk, the comparison of the elevations obtained by the geometric leveling and
trigonometric leveling by the methods “from inside”’, “across the point”, “refraction basis’ and non-simultaneous
reciprocal leveling has been conducted. Balancing of the analytical network by a method of least squares has been
done. According to the results obtained in Berezhany, the coefficients of vertical refraction along different directions
have been computed and the comparison of eevations obtained from the 111 class geometric leveling and from the
trigonometric leveling done by the method “from inside” have been conducted. The investigations of the accuracy of
different methods of trigonometric leveling compared to |11 class geometric leveling have shown that they both
generally meet the accuracy requirements of leveling on the flat grounds. Since the rough terrain has its peculiarities,
some additional measured characterigics of the propagation of the axis of sight over different surfaces should be
taken into account, for example, fluctuations of zenith distances determining atmosphere dtratification or measured
elevations. Scientific novelty. The application of non-simultaneous reciprocal trigonometric leveling over the water
surfaces instead the Il class geometric leveling on the paths under 1 km in length. Practical applicability. The
possihility of replacing the cost-based geometric leveling with the trigonometric leveling without accuracy losses
during the transmission of elevations over the water surfacesis shown.

Key words: trigonometric leveling, vertical refraction, geometric leveling, automated electronic tachymeter,
refraction basis.

Introduction

The creation and devel opment of eevation sites
on the territories with the significant amount of
hydrological objects requires applying the combi-
nations of different leveling methods providing
given accuracy of the determination of eevations.

Geometric leveling is known to be one of the
most accurate methods of determining e evations,
but plotting level lines in the terrain with the
developed hydrology has some difficulties, such as
bypassing lakes and swamp lands, seeking for
bridges over rivers etc. Avoidance of the water
barriers causes the increase in length of the level
line, which in turn increases errors of geometric
leveling.

One of the most optima solutions to this
problem with the use of surface geodetic methodsiis

the transmission of elevations over the water
surface by the trigonometric leveling. This problem
was investigated by such scientists as A. Ostrovskyi
(Ostrovskyj, 2007, 1990), A. Celms (Celms, 2013),
A.Brants, J. Walo (Walo, 2004), A. Pachuta,
D. Madlitch (Madlitch, 1984), B. Tlustiak (Tlustiak,
1974, 1983), F. Brunner (Brunner, 1979) etc.

The method of trigonometric leveling is much
more labor efficient than geometric leveling, but its
accuracy is considered to be less than in geometric
one. The biggest errors in trigonometric leveling
are caused by vertical refraction (Brunner, 1979,
Ostrovskyi, 1990, Dementiev, 2009). Therefore, the
accuracy enhancement of the trigonometric leveling
is possible only under the determining and taking
into account the vertical refraction. However, this
problem is complex and has not been completely
resolved yet.
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Aim

The investigations of the transmission of
elevations over the water surfaces are till topical
nowadays, as well as the development of a tech-
nique for increasing accuracy of the trigonometric
leveling instead of the geometric leveling. The aim
of the article is to investigate the methods of
trigonometric leveling, which can be used for the
transmission of the elevations over the water
surfaces with the use of modern devices.

M ethodology

According to the results of one-direction mea-
surements of vertical angles and inclined distances,
the elevation h,, without considering the deviation
of plumb lines by the formula (Baran, 1996):
D2, sin’Z,, (1)

2R
where D,;is a slant distance measured between

points of observation, which contains adjustment
for meteorological conditions of propagation of
light beam; Z,; is a measured zenith distance; i,is

hAB = DAB COSZAB + iA -Vt (1' kAB)

tachymeter height; v;is the height of sighting
target; R@6380 kM is a radius of curvature of the
Earth; k,g is a coefficient of vertical refraction over
theline of sighting.

Reciprocal elevations h;, and hi, without

taking into account vertical refraction are
determined with formula (1) :
2 H)
hxle = DAB COSZAB +iA - Vg +M ' (2)
2R
. D2, sin*Z
héA = DBACOSZBA tlg -V, +% . (3)

For reducing the effect of vertical refraction
during the trigonometric leveling an observation
method “from inside” is applied.

During the measurement of zenith distances and
dant distances by the method “from inside’ it can
be assumed that if coefficients of vertical refraction
on both arms of leveling are equal and the height of
the device is stable, the eevation between the
points (Fig. 1) is determined as a difference
between formulae (2) and (3):

h =h,- h =D,cosZ, - D,cosZ,+

1 (2w . (4)
+ﬁ(D§anZZ— Dfsmzzl)— (v, - v,)

Fig. 1. Trigonometric leveling “ frominside”

Fig. 2. Trigonometric leveling * across the point”

Fig. 3. Trigonometric using the method
of refraction basis
Leveling according to the method “across the
point” is based on measuring zenith anglesz,, Z,
and slant distances D, and D, towards the reflector

installed approximately in the middle of the
distance between the stations (see Fig. 2).

By analogy with the method “from inside’, the
elevation by the method “across the point” is
determined by the formula:

hAB :hl_ hz:choszl' DZCOSZZ'F
1 . . NP ()
+E(Dfsmzzl— Djsn222)+(|1— i,)

The difference between the two methods (“from
inside” and “across the point”) generally consists in
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the simultaneity of observations for the second one
and measuring either instrument heights or sighting
targets, which is not essential. Generally, the
methods can be used for height transmission
between the points for distance reduction and the
choice of underlying surface between the points for
the compensation of vertical  refraction
(Ostrovskyj, 1990; Baran, 1996).

The geodetic method of determining the
constant of refraction (Ostrovskyj, 1990) is based
on the so-caled refraction basis (Fig. 3). The
trigonometric leveling is done on the line of known
heights between points determined by the high-
precision (geometric) leveling. From formula (1),
the constant of refraction k is determined:

(Hz - Hl) - (Dlzcoszlz +i1 - Vz)

k12 =1- DR ’ (6)

where H,,H, are the heights of terminal points of
the ling Dgis the adjustment for the Earth
curvature

D2sinZ?
D, = 122RZ12_ )

During the reciprocal trigonometric at known
heights, the constants of refraction can be
determined twice by formula (6), that is, k, and

k,, separately, and by their difference the quality of

measurements and atmosphere stratification in two
reciprocal directions can be estimated.

Results

The investigations of the leveling accuracy over
the water surface with the use of simultaneous
observations of trigonometric leveling were
conducted in summer in the town of Berezhany on
the territory of training geodetic ground (see
Fig. 4). For this purpose, eight benchmarks were
established in advance: 4 benchmarks on the left

291,30 I1B

and 4 on the right bank of the pond at a height of

about 2 m-10 m—-20 m relative to the water surface.

Tie-in of established points to vertical datums
was conducted by the 111 class geometric leveling.
Simultaneous daytime and evening linear-angular
measurements were made with  automatic
tachymeters TPS 1201R Leica (with instrument
accuracy of measuring angles 16 and lines
1mm+1.5ppm) and TC 2003 Leica.

At two bottom points of right and left banks,
the tachymeters were installed, whose sighting
targets were reflectors mounted on the bottom,
middle and top points on two oppasite banks.

Measuring angles and line lengths was carried
out in ten hourly cycles in groups of ten at two
positions of the vertical circle of tachymeter.
Pointing to the reflectors was done in the automatic
mode with the use of a special tachymeter function
consisting in observation of maximum of reflected
signal. The measurements of such meteorological
variables as water and air temperature, as well as
pressure was taken hourly.

The plan of hourly observations consisted in the
following activities:

- From face left the tachymeter was in turn
pointed towards the top, middle and bottom
points. The position of vertical circle was
changed.

From face right it was directed to the bottom,

middle and top points correspondingly.

Having obtained the elevation values from one-
direction trigonometric observations and from
geometric leveling, we computed hourly constants
of refraction from two banks by formula (6).
Obtained values of the constant of refraction taken
from observations from the right bank to left bank
bottom (L B), Ieft middle (LM) and left top (LT) are
shown in Fig. 5. Vaues of the constant from
observations made from left bank to right bottom
(RB), right middle (RM) and right top (RT) are
depicted in Fig. 6.

@ JIC 281,84
JliBmii 6eper

1 JIH 274,10

JIH Cranms 273,38

Fig. 4. Layout of vertical section of the location of observation points on Berezhany pond
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Table 1

Comparison of theresults of third class geometric leveling and trigonometric leveling
using the “from inside” method performed from theright to the left bank

IrE]Iexr/]ati(on) IrE]Iexr/]ati(on) IrE]Iexr/]ati(on) geom _ptig geom _ptig oM. tig
Time of 3-h2 (m 3-h1 (m 2-h1 (m

observation h9om=_7.739 | h%®M=-17.229 h9™ =_9.490 (ha-h2) (he-h1) (h2-h1)

htrlg htrlg htrlg (m) (m) (m)

13:29-14:15 -7.757 -17.270 -9.513 -0.019 -0.041 -0.022
14:16- 15.05 -7.754 -17.272 -9.518 -0.015 -0.043 -0.028
15:06-15:55 -7.754 -17.274 -9.520 -0.015 -0.045 -0.030
15:56-16:45 -7.756 -17.272 -9.516 -0.017 -0.043 -0.026
16:46-17:35 -7.757 -17.271 -9.514 -0.019 -0.042 -0.024
17:36-18:25 -7.761 -17.270 -9.508 -0.022 -0.041 -0.018
18:26-19:15 -7.752 -17.269 -9.517 -0.013 -0.040 -0.027
19:16-20:10 -7.755 -17.272 -9.517 -0,016 -0.043 -0.027
20:41- 21:28 -7.733 -17.227 -9.494 0.006 0.002 -0.004
21:29-22:18 -7.744 -17.238 -9.495 -0.005 -0.009 -0.005
22:19- 23.08 -7.740 -17.233 -9.493 -0.002 -0.004 -0.002
Fhabs, mean -0.013 -0.032 -0.019

MSE 0.009 0.018 0.011

From Fig. 5 it can be seen that in observations
from the right bank to the left one the constant of
refraction in daylight hours increases with the
increase in height of the target point and equals

0.75 (LB), 09 (LM) and 1.05 (LT). During
nighttime, the constant of refraction is identical for
al directions and is equal to about +0.45. Such a
variation in vertical refraction can be explained by
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the existing complex refraction field formed above
the river and in general described by the rules of the
dynamic turbulence of the atmosphere.

From Fig. 6 it can be seen that in observations
from the left bank to the right one the constant of
refraction in daylight hours and in the nighttime
also increases with the increase in height. The
values of the constant of vertical refraction are
small and negative, which show the normal struc-
ture of the atmosphere above the water surface.
Daily variation of the vertical constant of refraction
is smooth, which characterizes the beam propaga-
tion over the water surface with stable temperature.

The comparison of the results of the III class
geometric leveling and trigonometric leveling with
the use of “from inside” method from the right bank
to the left bank and vice versa has been conducted.
The results of this comparison are shown in Tables 1
and 2. The value h3-h2 is the elevation between LB
and LM; h3-hl is the elevation between LB and
LT; h2-hl is the elevation between LM and LT.
The difference between geometric leveling and the
trigonometric leveling by the “from inside” method
in the direction h3-h2 on average equals -0.013 m,
in the direction h3-hl it is equal to -0.032 m, in the
direction h2-h1 it equals 0.019 m. At the increase
in the height of the observation beam, the mean
square error (MSE) and absolute values of errors
increase. It indicates changing the constant of
refraction with the height and the necessity of
taking into account the height difference of
observed objects.

The values h3-h2 are elevations between RB
and RM; h3-h1 are elevations between RB and RT;
h2-hl are elevations between RM and RT. The
difference between geometric leveling and the
trigonometric leveling by the “from inside” method
in the direction h3-h2 on average equals -0.002 m,
in the direction h3-hl it equals -0.011 m; in the
direction h2-h1l it equals -0.013 m. The mean
square error (MSE) does not exceed 5 mm, which
indicates the regularity of refraction change in the
directions over the big water surfaces with the
stable temperature.

The investigations of reciprocal non-simulta-
neous leveling was conducted on the territory of
urban settlement Shatsk along the lakeside of
Pisochne. For the experiment, four points T1, T2,
T3, T4 were arranged on the lakeside in a way
allowing the formation of two triangles (AT1T2T3,
ATI1T2T4), Fig.7, with reciprocal visibility between
the points. One of the factors considered in
establishing the points was their nearby location to
the traverse net points, which were used for III
class leveling with a digital level Dini 22 Trimble
(tie-in was done using one leveling station).

The measurements were made with a tachymeter
Leica TC 2003.

The sequence of the observations was as
follows:

1. A tripod with supports was mounted and
centered on the points T1, T2, T3. Above the point
T1 the device was mounted, and on T2 and T3
reflectors were installed.

Table 2

Comparison of theresults of 111 class geometric leveling and trigonometric leveling using
the“from inside” method made from theleft to the right bank

s | it | vt | v [ [
Time of -h2 (m -h1 (m -h1 (m
observation h%™=_4,009 h9™=_18.180 M=_14.171 (h3-h2) (h3-h1) (h2-h1)
htrig htrig htrig (m) (m) (m)
12:53-13:52 -4.008 -18.190 -14.182 0.001 -0.010 -0.011
14:00-15:05 -4.006 -18.191 -14.185 0.003 -0.011 -0.014
15:0916:04 -4.003 -18.189 -14.186 0.006 -0.010 -0.015
16:09-17:14 -4.006 -18.190 -14.183 0.003 -0.010 -0.013
17:24-18:19 -4.005 -18.191 -14.186 0.004 -0.011 -0.015
18:24-19:19 -4.005 -18.189 -14.184 0.004 -0.009 -0.013
20:05-21:15 -4.000 -18.187 -14.187 0.009 -0.008 -0.017
21:16-22:21 -4.018 -18.197 -14.179 -0.009 -0.018 -0.009
22:26-23:25 -4.008 -18.193 -14.186 0.001 -0.014 -0.015
FNabs.mean 0.002 -0.011 -0.013
MSE 0.005 0.003 0.002
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Fig. 7. Location of the observation points
and their elevation referencing to polygon measurement
points on the territory of Pisochne lake field

2. The heights of the device and reflectors were
measured with special equipment, readings being
taken with the use of the method of photofixation.
At the point with the device, the air and water
temperature, as well as atmospheric pressure were
measured.

3. From the point T1 towards two points of
imaginary triangle T2 and T3, vertica and
horizontal circuits were read in turn and the slope
distance was measured. The measurements were
taken in 10 rounds.

4. In turn, the device was mounted in other
points, being replaced by the reflector, and
observations were done in the same way.

The same operations were performed in the
triangle TL T2 T4.

The results obtained were processed by the
method “from inside” according to formula (4),
“across the point” with formula (5) and the
“refraction basis’ method.

The results of the comparison of the elevations
from geometric leveling with those from the
method “from inside” are shown in Table 3.

The results of comparison of the elevations
from geometric leveling with the elevations
obtained from the “across the point” method are
givenin Table 4.

The results of comparison of the elevations
from geometric leveling with the elevations
obtained from the “refraction basis’ method are
givenin Table5.

The mean absolute error between the geometric
leveling and trigonometric leveling by the “from
inside” method in A 123 equals -0.005 m and MSE
is equal to 0.004 m.

The mean absolute error between the geometric
leveling and trigonometric leveling by the “from
inside” method in A 124 equals -0.008 m and MSE
is equal to 0.009 m.

The mean absolute error between the geometric
levelling and trigonomentric leveling by the “across
the point” method in A 123 equals 0.01 mand MSE
is equal to 0.002 m.

The mean absolute error between the geometric
levelling and trigonomentric leveling by the “across
the point” method in A 124 equals 0.017 m and
MSE is equal to 0.007 m.

From Table 5 it can be seen that the least
difference between the geometric elevation and the
elevation computed by the method of refraction ba-
sis equals 0.008 m, and the biggest oneis-0.039 m.
The thorough analysis of the results obtained by the
method of refraction basis shows that the longest
direction should be chosen as the base line, so that
it might be possible to predict the value of the
constant of refraction along the other directions.

As Tables 3, 4, 5 show, the least difference occurs
between the geometric leveling and the trigonometric
one obtained by the method “from inside’, and the
least accurate prediction results are obtained by the
method of refraction basis. For increasing the
accuracy of refraction bagis, it is desirable to apply the
additional cheracteristics of the observed line
associated with atmosphere turbulence.

The results of the comparison of the geometric
and non-simultaneous reciprocal trigonometric
leveling aregivenin Table 6.

As this Table shows, the elevation differences
between geometric leveling and the reciprocal non-
simultaneous leveling are not very significant: they
correspond with the accuracy of the Ill class
geometric leveling.

The baancing of analytical network was
performed by the least-squares method with the use
of weights Pcomputed according to the
fluctuations of measured elevations m,from 10

observations by the formula
1

:W . (7)
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Table 3
Comparison of theresults of third class geometric and trigonometric using
the“from inside” method at A 123, A 124
Triangle A123 Triangle A124
Station Direction [ H™(m)[ H®™™(m) [ A(m) Station Direction | H™(m) [ H®™"(m) [ A(m)
1 g -0.158 | -0.157 -0.001 1 i 0.583 0.582 0.001
2 é -1.013 | -1.004 -0.010 2 i -0.278 -0.265 -0.013
3 ; -0.85 -0.847 -0.003 4 ; -0.86 -0.847 -0.013
Fhapsm, | -0.005 Fhapsm, | -0.008
M SE 0.004 M SE 0.009
Table 4
Comparison of theresults of 111 class geometric and trigonometric using
the “across the point” method at A 123, A 124
Triangle A123 Triangle A124
Station | Direction | H™(m) [H®™™(m)| A(m) Station Direction [H™(m)[ H®™"(m) [ A(m)
: 3 0839 | -0.847 | 0008 : 4 0832| -0847 | 0015
: 2 0991 | -1.004 | 0012 . 2 024 | 0265 | 0.025
g 1 -0.148 | -0.157 0.009 i 1 0.593 0.582 0.011
Fhapsm. 0.01 Fhaps m. 0.017
M SE 0.002 M SE 0.007
Table5
Comparison of theresults of 111 class geometric and trigonometric using
the refraction basis method
Baseline K K Observation directions | H%™(m) H9(m) | HY®™-h"%m)
1-2 -1.88
51 183 -1.85 1-4 -0.265 -0.226 -0.039
1-4 -0.25
a1 045 -0.35 1-2 -0.846 -0.861 0.015
2-3 -1.18
35 130 -1.25 31 1.004 1.027 -0.024
31 -0.62
13 045 -0.54 3-2 0.157 0.139 0.018
2-3 -1.18
35 130 -1.25 2-4 0.581 0.606 -0.024
2-4 -0.70
) 097 -0.83 2-3 -0.157 -0.165 0.008
Table 6 The mean value of differences between the

Results of the comparison of geometric and
reciprocal non-simultaneous trigonometric

Name of | Name | hgeomer. ho Ahl
the Of the recipr.geometr.
dtation | point (m) (m) (mm)
1 3 -1.0035 | -0.9998 3.7
2 -0.8465 | -0.8467 -0.2
4 -0.265 -0.2586 6.4
2 4 0.5815 0.5874 5.9
3 -0.157 -0.1554 1.6

elevations obtained from the geometric leveling and
the trigonometric leveling according to the results
of balancing by the least squares method at the
accepted weights in A123 equals 0.002 m and in
A124 is equal to 0.003 m.

The order 2/3 of m,gives the best results of
balancing; it can be explained by the systematic
effect of the vertical refraction in the observation
triangles (Tretyak, 2015).

The results of the comparison of eevations of
geometric leveling and balanced elevations over
A123 and A124 areshown in Table 7.
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Table 7
Results of the comparison of the elevations of geometric and adj usted using
the least squares method with weightsin A 123 and A 124

Triangle A123 Triangle A124

H H . H H ngom trig.
Directions HE™ (m) | H9 (m) A (M) Directions m) H™® (m) A(m)
1-2 -0.846 -0.849 -0.002 1-2 -0.846 -0.850 -0.003
2-3 -0.157 -0.155 0.002 2-4 0.581 0.586 0.005
31 1.004 1.004 -0.0005 4-1 0.265 0.263 -0.002
M= 0.002 M= 0.003

The analysis of the processed results of the
observations made on the Pisochne lake shows that
the best results from the comparison of the
geometric and trigonometric leveling were obtained
from the balancing analytical networks by the least
squares method with the use of weights. Quite
satisfying results were obtained from reciprocal non-
simultaneous leveling and the trigonometric leveling
by the “frominside’ method.

The results only half as good as previous were
obtained according to the same data from the trigo-
nometric leveling by the “ across the point” method. It
can be explained in the first place by the non-simulta-
neity of the observations performed by this method.

The determination of the devations with the use
of the method of refraction basis showed much
worse results. The hypothesis about the equality of
the constants of refraction in different directions is
not confirmed in all cases, especially over the water
surfaces.

Scientific novelty and practical value

The possibility of applying the non-
simultaneous reciprocal trigonometric leveling,
leveling with the use of “from inside’ method and
balancing of analytical network by the least squares
method with the use of weights for eevation
transmission over the water surfaces has been
proposed and approved for applying instead of the
geometric leveling in distances up to 1 km.

The prospects of further investigations must
consist in introducing clarity into the technique and
choosing optimal lines and networks for replacing
the geometric leveling.

Conclusions
1. Conducted investigations proved the
possibility of applying the non-simultaneous

reciprocal trigonometric leveling instead of the Ill
class geometric leveling for devation transmission
over the water surfaces.

2. For the reliability and accuracy evaluation, it is
recommended that observations should be made
within the specially created local analytical networks.

3. Refraction bases should be chosen along the
long lines over the homogeneous surfaces with the
directions, which could be observed.
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JOCIHIPKEHHA TOYHOCTI METOAIB TPUTTOHOMETPUYHOI'O HIBEJIFOBAHHA
] YAC ITEPEJAYI BUCOT YEPE3 BO/IHI IIOBEPXHI

MeTta. AKTyaJIbHUMH 3aJTHIIAIOTHCS TOCIIJDKEHHSI Iepeiadi BUCOT Yepe3 BO/IHI MOBEPXHi, ONPAIIOBAHHS METOJUKH
ABUILEHHS. TOYHOCTI TPUTOHOMETPUYHOTO HiBEJIIOBAHHS 3aMiCTh T'€OMETPHYHOro. JIOCIiIUTH METOAM TPUTOHOMET-
PHYHOTO HIBEIIFOBAaHHs, sSIKI MOYKHA 3aCTOCOBYBATH VIS Iepeziadi BUCOT HAJl BOMXHUMH ITIOBEPXHSMHU 13 BUKOPUCTaHHIM
CcydacHUX NpwiajiB. Meroauka. BukoHaHi 0lHOYACHI Ta HEOJHOYACHI B3a€MHI CIIOCTEPEKEHHSI HaJl PI3HUMH BOJHUMH
MOBEpXHSIMHU. BUKOHAaHO ONpaIfOBaHHS pE3YNIbTATIB TPUTOHOMETPHUYHOTO HIBEIOBAHHS PI3HUMH METOIaMH.
PesynbraTtn. Ha TepuTopisix HaBYaIBHO-TE€OAE3WYHMX IOJNIrOHIB y MicTi bepexann TepHomimbebkoi obyacti Ta
cmr Illanpk BosimHChkoi 001acTi BUKOHaHI pOOOTH 3i CTBOPEHHS BHUCOTHOI TI'€O/IE3MYHOI OCHOBH, 30KpeMa i Juis
JIOCITI/PKEHHS. TOYHOCTI TPUTOHOMETPUYHOTO HIBENIOBAHHS I Yac Iiepeladi BUCOT HAJ BOAHUMU ITOBEPXHIMHU.
BukoHaHa BUCOTHA NIPHB’ s3Ka Te0/Ie3NYHOT OCHOBH reoMeTpHYHUM HiBemtoBanHsM 111 kiacy. [lns BUSHAUE€HHS BUCOT Ha
JIOCITI/PKYBaHHUX ITYHKTaX MPOBEIEHO JiHIHHO-KYTOBI BUMIPIOBAHHSI i3 BUKOPUCTAHHSIM aBTOMAaTHU30BaHUX TaAXEOMETPIB
TPS 1201R Leica ta TC 2003 Leica 3a pe3yabTrataMi OTPUMAaHUMH i3 CIIOCTEPEKEHb HA T'€OJC3MIHOMY MOJITOHI Y
cmt llanpk BUKOHAHO MOPIBHSHHS MEPEBUILEH, T€OMETPUYHOIO HIBEIIOBAHHS Ta NEPEBUIIEHh OTPUMAHUX 13 TPHUTO-
HOMETPHYHOTO HIBEJIOBAHHA MeTomaMu “i3 cepeaunu’, “uepe3 Touky’, “pedpakiiiiHoro 0asucy” Ta HEOTHOYACHHM
JIBOCTOPOHHIM HIBETIOBaHH;IM. BHUKOHAHO 3pIBHOBa)XEHHS aHATITHYHOI MEpEeXi METOJOM HalMEHIIHMX KBaJapaTiB. 3a
pe3yJIbTaTaMH CIIOCTEPEKEeHb BUKOHAHUMHU B bepekaHax BHU3Ha4eHO KOe(illi€HTH BepTHKaIbHOI pedpaKiii 3a pisHUMH
HaNpsMKaMU Ta TOPIBHSHHS IEPEeBHIIEHb OTPUMAHMX i3 TeoMeTpuuHoro HiBemoBanHs III kiacy i3 nmepeBUIEHHSM 3
TPUTOHOMETPHUYHOTO HiBEIOBAHHS METOIOM “13 cepeauHu”. JlOCIiDKEHHS TOYHOCTI PI3HUX METOAIB TPUTOHOMET-
PHYHOTO HIBENIOBaHHS MOPIBHSAHO i3 reoMeTpuuHMM HiBenmoBaHHsM Il kiacy mokaszano, 110 BOHU IEPEBaKHO 3a]10-
BOJIBHSFOTh BUMOTH TOYHOCTI HIBEJIOBAHHSA HA PIBHHUHHIA MicrieBocTi. J[s mepecidyeHoi MiclieBOCTi HEOOXiqHO Bpa-
XOBYBATH i1 0COOJIMBOCTI Ta BpaXOBYBaTH BUMIpSIHI JOJATKOBI XapaKTEPUCTUKH PO3IOBCIOKEHHS POMEHS Bi3yBaHHs
HaJ TiJCTHIGHUMH ITOBEPXHIMH, IO XapaKTepu3yloTh cTpaTHdikamito atMochep Taki, sk (IIyKTyamii 3eHiTHHX
BiJtazielt abo BUMIpsiHUX TepeBuiieHb. HaykoBa HOBH3HA. 3alporoHOBAHO 3aCTOCYBAHHS HEOJHOYACHOTO JIBOCTO-
POHHBOTO TPUT'OHOMETPUYHOTO HIBEIIFOBaHHS HaJ| BOXHUMHU ITOBEPXHSIMHU B3aMiH reoMeTpu4yHOro HienmtoBanHs [11 kia-
cy Ha Tpacax 110 1 kM. IlpakTuyna 3HavymicTh. [TokazaHo MOXKIIMBICT 3aMiHH 3aTPATHOTO T€OMETPUYHOTO HiBEJIO-
BaHHS TPUTOHOMETPUYHHM HIBETIOBAaHHSM 0€3 BTpaTH TOYHOCTI T[] 4ac nepeaadi BUCOT Yepe3 BOIHY MOBEPXHIO.

Knouogi cnosa. TpUrOHOMETpUYHE HIBEIOBAHHS, BEPTUKaJIbHA pedpakilis; reOMETPHYHE HIBEIIOBAaHHS pPO0O-
TU30BAHUH ENIEKTPOHHHUHN TaxeoMeTp; pedpakiiiiHuii 6azuc.
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