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HIGH PRECISION DUAL LINE LEVELING RESEARCH

The aim of this article is to investigate the accuracy of dual line leveling, and develop a methodology for its
execution to enhance the precision of elevation determination by accounting for vertical refraction and controlling the
non-horizontality of the leveling beam. Methodology. Considering that digital levels can measure distances to the rod
and account for the non-horizontality of the beam and vertical refraction during measurements, we propose a method of
dual line leveling. The study describes the methodology for performing dual-line trigonometric leveling using the
"forward-backward" method. It takes into account vertical refraction along the observation lines. Results. To test the
methods for high precision class leveling applying the Holeski method (from the middle) and dual-line leveling
("forward-backward"), we selected a section with a prolonged ascent approximately 1 km in length, consisting of 5
sections. The method was tested using a Trimble DiNi-03 electronic level over two leveling lines. The discrepancies
between the elevations obtained from the sections using the "from the middle" and "forward-backward" methods meet
the requirements for high precision class leveling. The maximum discrepancy in the sections between the leveling
methods was 0.42 mm. And it was 0.06 mm for the entire leveling route, 1,142 meters long. Originality. The paper
considers the theoretical justification and experimental studies on the possibility of applying dual line leveling for high
precision class observation programs and introducing a correction for vertical refraction on prolonged slopes. It is
confirmed that the method of dual line leveling using the "forward-backward" method can be used for high precision
class leveling by the "from the middle" method on prolonged slopes and has several advantages over it.
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Introduction e implementation of technical measures for
systematic control aimed at preventing accidents;

e geodetic monitoring of objects and the
environment [Hyo Seon Park, 2015].

Implementing geodetic monitoring of large
industrial facilities [Ostrovsky, 1997] and the natural

High-precision elevation determination is used in
many sectors of the national economy, especially for
high-tech construction, assembly, and operation of
structures and equipment, as well as for fundamental
scientific research on crustal movements, continental

drift, earthquake prediction, and other critical to-
day's tasks. Monitoring settlements and deforma-
tions of engineering structures and assessing the
stability of height network reference points [Trevoho
et al., 2021; Trevoho et al., 2022] is an essential
process that affects the safety of the construction and
operation of buildings and structures.

The main strategy of the state to ensure
technogenic and environmental safety is the
regulation and implementation of measures defined
in the resolution of the Verkhovna Rada of Ukraine
dated March 5, 1998. Preventing and mitigating
possible consequences of emergencies remains a key
focus of this policy. The primary actions aimed at
preventing technogenic emergencies at potentially
dangerous sites include:

e control over the functioning of objects;

e improvement of technological processes
regulating the state of objects;

environment, as well as introducing reliable observa-
tion systems that promptly process measurement
results, guarantee quality assessments, and the ability
to predict the occurrence of disasters, natural
calamities, or emergencies.

The late 20™ century saw the intensive develop-
ment of technologies that mostly became environ-
mentally hazardous for humanity. The structures of
aggregates, dams, reactors, and other facilities
require monitoring. One of the control components is
monitoring the elevations of structural elements in
real time. The new requirements for monitoring
observations include new methods and techniques
for leveling, ensure their accuracy and objectivity, as
well as eliminating human bias. Prompt processing
of results, and high precision in process prediction
are also essential.

Fig. 1 shows the classification of geodetic mo-
nitoring methods for vertical displacements.
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Leveling with a horizontal sighting beam rema-
ins one of the most accurate methods for determining
elevation differences, currently used for monitoring
areas and objects. High-precision leveling is divided
into the following types and classes:

e Ultra-Precise Leveling (Short Beam) S =25 m.);

e Precise Leveling (S,,,, =50m.);
o First-Class Leveling (Short Beam) (S,,,, =25 m.);
o First-Class Leveling (S,,,, =50 m.);

e Precise Second-Class Leveling (S, =75 m.).

Geodetic methods for monitoring vertical displacements
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Fig. 1. Classification of Geodetic Monitoring Methods for Vertical Displacements

According to the method of geometric leveling, it
is divided into:

e The "from the middle" method.
e The "forward" method.

The instructions [Instruction, 1990] for the "from
the middle" method of leveling impose certain
restrictions on the methodology of performing high-
precision leveling to achieve high accuracy in
determining elevations. These restrictions include
the maximum distances and inequality of distances
to rods, the height of the sighting beam above the
ground surface, as well as the time for conducting
leveling. The methodological manual [Ostrovsky et
al., 1997] provides tables 1-4, developed following
the instruction [Instruction, 1990]. These tables
include information on sources of errors with

numerical characteristics, the maximum errors in
determining elevations and differences in elevations,
as well as permissible residuals for the mentioned
types and classes of leveling. Such requirements and
limitations imposed on the process of leveling
significantly complicate it and require additional
time and effort for its execution. Additionally,
careful calibration of the appropriate equipment is
necessary for the preparation of such types and
classes of leveling.

Vertical refraction and the instability of the
leveling beam's horizontality have the greatest
impact on the accuracy of high-precision leveling
[Pavliv, 1980; Tereshchuk et al., 1998; Periy, 2006;
Ostrovsky, 2007; Vashchenko et al., 2009; Periy et
al., 2012; Urdzik, 2019].
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With the emergence of new digital levels, gross
errors are automatically eliminated, and personal er-
rors during leveling are reduced in the measurement
results. However, the process of conducting measure-
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ments during high-precision leveling remains labori-
ous and requires high-precision equipment, appropriate
measurement techniques, metrological support, and
qualified performers to achieve the necessary results.

Table 1
Sources of random errors in leveling and their numerical values
. Leveling
Mark
No. Sources of random errors e?;o:slg I class Iclass s.b. | Precise Ultra-Pr. II class
(mm) (mm) (mm) (mm) (mm)

1. | Alignment of the contact level m, 0.134 0.063 - - 0.208
2 E;’:’tmg the bisector to the M i 0.123 0.060 0.090 0.050 0.195
3 The angle of non-horizontality m 0.194 0.051 ) ) 0,388

of the beam
4. | Micrometer reading M. 0.036 0.036 0.036 0.036 0.036

Displ t of the thread
5. gr‘isdp acement of fhe threa My 0.060 0.060 0.010 0.010 0.060

s CC—

6. | Rod inclination *bull eye m,_+m, 0.149 0.015 0.012 0.012 0.149

level adjustment ine ev
7. | Divisions of the rod my, . 0.071 0.036 0.036 0.036 0.142
8. | Rod heel m,,. 0.010 0 0 0 0.200
9. | Compensator work M eomp - 0.090 0.050 -
10. | Other sources m, ., 0.090 0.015 0.005 0.005 0.200
11. | Output data m,, - - - - 0.200
12. | Total error m,.. 0.338 0.129 0.147 0.089 0.632

Table 2
Sources of systematic errors of leveling and their numerical values
Leveli
Marking eve .mg
No. Sources of errors errors I class Iclasss.b. | Precise Ultra-Pr. II class
(mm) (mm) (mm) (mm) (mm)
hanging the height of

g, | Changing the height o m,, 0.0015 | 00015 | 0.0015 | 0.0015 | 0.0020

transition points et
2. | Vertical refraction M, 0.0055 0.0014 0.0055 0.0014 0.0124

-si i

3, | Onesided temperature effect m 0.0025 | 00025 | 00012 | 00012 | 0.0030

on the rod ferm.
4. | Error comparing rod M. 0.005 0.005 0.0050 0.0050 0.0100
5. | Undercompensation m,,, 0.0030 0.0015
6. | Total error o, 0.008 0.0060 0.0080 0.0060 0.0160
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We consider the main requirements for first-class
leveling [Instruction, 1990]:

o First-class leveling is performed in both
forward and reverse directions along two pairs of
geodetic turning plates, which form two separate
lines: the right line, corresponding to the path along
the right turning plates, and the left line, along the
left turning plates.

Readings from the rod are taken on two
scales (main and auxiliary).

o Equal distances to rods are maintained
(tolerance no more than 0.5 m per station), as well as
the accumulation of distances to rods inequality
(tolerance no more than 1 m per section).

e Height restrictions of the beam above the
ground surface are observed (0.8 m).

e - The maximum sighting line length is up to

50 m.

cartography and aerial photography. Issue 99, 2024

Adhering to the above requirements takes a lot of
time to perform fieldwork, and maintaining equal
distances to rods often leads to an increase in the
number of stations in the course, which in turn
affects the final result of the observations and the
time taken to complete the work.

As is known, during "midpoint leveling," the
level is set up between the terrain points 4 and B
in the middle.

At points A and B — leveling rod are set up, and
the leveling instrument's line of sight is brought to a
horizontal position. Readings a and » are taken
from the rod, which are set vertically at points 4 and
B . The desired height difference 4, is calculated

using the formula: 4,, =a—b. If the height H, of

point A is known, then the height of point B will
accordingly be: Hy=H ,+h,;.

Table 3

The limiting mean square random and systematic errors of height difference measurements at a single
station of leveling

Limiting errors of height | Permissible
N differences inconsistenc
Sources of errors )
o. un o ies f),
(mm) (mm) (mm.)
1. | Ultra-Precise Leveling (Short Beam) (S, =25 m). 0.063 0.006 0.09+/n
2. | Precise Leveling (S, =50 m). 0.104 0.008 0.15+/n
3. | First-Class Leveling (Short Beam) (S, =25 m). 0.091 0.006 0.13+/n
4. | First-Class Leveling (S, =50 m). 0.239 0.008 0.3 \/;
5. | Precise Second-Class Leveling (S, =75 m) 0.632 0.016 0.8 \/;

Table 4

Marginal root mean square random and systematic errors of determining the difference of excesses
(vertical displacements) from one leveling station

Limiting errors of height | Tphe average
differences number of
No. Sources of errors .
An, Ao, stations per
(mm) (mm) 1 km lme
1. Ultra-Precise Leveling (Short Beam) (S,,,, =25 m). 0.089 0.003 n=20
2. Precise Leveling (S, =50 m). 0.147 0.004 n=10
3. First-Class Leveling (Short Beam) (S, ,, =25 m). 0.129 0.003 n=20
4. First-Class Leveling (S, ,, =50 m). 0.338 0.004 n=10
5. Precise Second-Class Leveling (S,,,, =75 m) 0.848 0.008 n=7
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The method of "forward" leveling is often used to
determine the angle of non-horizontality of the
leveling instrument's line of sight during the main
verification process. This method is also widely used
in engineering and construction for determining the
heights of several points from a single setup of the
leveling instrument. However, it is not recommended
by the instruction [Instruction, 1990] for high
precision leveling.

We propose the use of two-sided "forward-
backward" leveling for performing high-precision
leveling.

Objective

The objective of this article is to investigate the
accuracy of two-sided leveling, and develop a me-
thodology for its implementation aimed at improving
the accuracy of height difference determination by
accounting for vertical refraction and controlling the
non-horizontality of the leveling beam.

Methodology

Considering that digital levels can measure dis-
tances to the rod, account for the non-horizontality of
the beam, and include vertical refraction in the
results during measurements, we propose the method
of two-sided leveling.

The proposed method of two-sided "forward-
backward" leveling [Ukrainian Patent No. 41429] (see
Fig. 2) involves setting up the level at two stations,
which are located within clear visibility of the rod and
close to the endpoints of the leveling line.

We propose the following formulas for calcu-
lating height differences # ,,, the integral coefficient

of vertical refraction & , and the angle Z (i_" - F) of

the non-horizontality of the line of sight during two-
sided leveling by the "forward-backward" method,
taking into account all distances to rods of the
leveling:

By =hag — Ay — Ah, + A, , (1)

where .5 is the mean value of the height difference
from two-sided observations.
Tag = (a4 —bip)+ (a3 —brp)
2

, 2
b

where %14 and 18 are the readings on the back and

bZB

front rod from the first leveling station, %24 and

are the readings on the back and front rod from the
second leveling station.

(dle _dlzB _(dzzB _d22,4)
4R ’

where d,, and d,, are the distances to the back and

Ahy =

(€)

front rod from the first leveling station, d,, and

d,p are the distances to the back and front rod from
the second leveling station, R is the radius of the
curvature of the Earth; A#; is the correction for the

non-horizontality of the sighting beam caused by the
angle {" and the inequality of distances to rods.

((d]A _d]B)_(dZB _dZA))a (4)

2p"

where p" is the number of seconds in a radian; Ak,

Ak, =

is the correction for vertical refraction determined by
the respective coefficients of vertical refraction k
for the forward direction and k,, for the backward
direction of leveling, as well as the inequality of
distances to rods.
— (dle _dlzB)kAB _(dzzB _d22,4 k4 G
4R

The integral coefficient of vertical refraction is
determined by the formula:
k=1- 2R Ahy, - P"_((dm —dip)+(dy - du))' i" ,(6)

p" (d}, —dip)+(dys —d3,)

where Ah, is the difference in height differences

Ah,

measured in the forward and backward directions:
Ahy, =(ay, —bg)—(ay,—byp). (7
The total angle Ze= Z(z_" - r_") of integral

vertical refraction " and non-horizontality of the

sighting beam ", taking into account the distances
to rods is determined by the formula:

Sy £ M 2Ry i) + =) (g,

2R (dy—dyp) +(dyp —dy )

The value of vertical refraction can be determined
during leveling by performing metrological gradient
observations directly at the station.

We propose determining the partial coefficients
of vertical refraction based on its integral value and
equivalent heights:

kis =kiap +%(%__) o
2 [
kps=k;p, (k —k; )
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where k; ,, and k,;,, are the values of normal

vertical refraction calculated from the measured
temperature 7(K°) and pressure P (in millibars):

P

where ¢ is the coefficient of refractive correspon-

dence of anomalous values of the coefficients of

vertical refraction k, ,, and k, ,, along the

observation lines, and during measurements under
the same atmospheric conditions—equality of
anomalous vertical temperature gradients at the
stations, it can be accepted as the ratio of equivalent
heights 4, ,, and 4, ,, of observation directions:

Geodesy, cartography and aerial photography. Issue 99, 2024

kdl'.AB

— he.BA

q= , (11)

kdl'.BA he.AB

where 4, ,, and h, ,, are the equivalent heights of

the observation directions.

Equivalent heights represent the integral heights
of the sighting beam above the reference surface in
geometric leveling. It can be assumed to be
uniformly inclined. Therefore, equivalent heights
can be calculated based on the heights of the leveling
instrument or readings on the near a; and far b rod:

h, 2a;,+b .

(12)

o) d
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d 0

o3 azy dZA
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Fig. 2. Two-sided "forward-backward" leveling method

The provided formulas enable the automation of
the bilateral "forward-backward" leveling method by
programming them into the memory of a digital level
to compute height differences and monitor obser-
vations for the total angle Z(i_"—r_") . Additionally,
they facilitate the determination of the integral

coefficient of vertical refraction & under the
condition of a predefined angle /" in laboratory
conditions and inputted into the level's memory.
Formula (6) can be significantly simplified by
incorporating automatic correction for Earth
curvature Ak, =0 (3), the value of the normal
coefficient of vertical refraction k; (10), and the
angle of non-horizontality of the sighting beam ;"
directly into the rod readings. This became possible

with digital levels, which, in addition to auto-
matically reading the position of the horizontal sig-

hting beam on the rod scale, determine its distance
and are equipped with sufficiently powerful portable
computers for performing certain calculations.

The results

To validate the methods for first-class leveling
using the Cholesky method (midpoint) and two-
sided leveling ("forward-backward"), a section with
a steep ascent approximately 1km long was
selected, consisting of 5 sections (see Fig. 3).

The method was implemented using the DiNi-03
digital level along two survey lines.

Since digital devices currently lack a program for
conducting bilateral leveling ("forward-backward")
with simultaneous measurements along two survey
lines, we opted for the programmed Cholesky
method (the method of observing two survey lines
from one station).
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This method is applied during observations on
two parallel leveling lines, where height differences
are measured simultaneously, satisfying the require-
ments of the [Instruction, 1990] for first-class
leveling (leveling is carried out along two pairs of
turning plates in both forward and reverse
directions). The Cholesky method (as a two-point
method) is predominantly used in China (see Fig. 4).

For the Cholesky method, there are two
observation variants:

e ChSp - Cholesky Simple (reading rods
clockwise);

e ChAd - Cholesky Advanced (reading rods
clockwise and counterclockwise).

In both variants of the observation method, the
requirement for equality of distances to rods is
applied. However, in leveling using the "forward-
backward" method, we exclude the function of
distances to rods equality control to simplify the
research, and we choose the ChSp method (Cholesky
Simple - reading rods clockwise).

At each leveling station, we strive to maximize
the difference in distances to rods and exclude the
function of accounting for corrections for Earth
curvature in the instrument.

Line 2

— Instrument

Fig. 4. Cholesky Method Levelling Scheme

Fig. 5. Scheme of two-sided leveling using the "Forward-Backward" method.
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The leveling was performed using two pairs of
geodetic turning plates, forming two leveling lines
with simultaneous measurements "forward and
backward" clockwise. Specifically:

Forward:

Measurements were taken on 2 near turning
plates (right and left).

e Measurements were taken on 2 far-turning
plates (left, right).

e Transition with the instrument along the
direction of travel to the second leveling station.

Backward:

e  Measurements were taken on 2 far turning pla-
tes (left, and right) to minimize the effect of refocusing.

e Measurements were taken on 2 near-turning
plates (right and left).

Geodesy, cartography and aerial photography. Issue 99, 2024

traverse. The discrepancy between the average valu-
es of the lines is calculated, and for comparison, the
allowable discrepancies according to the [/nstruc-
tion, 1990] for first-class leveling are indicated.

After obtaining the average values of the lines in
the sections, corrections for refraction and earth
curvature were applied to the obtained results. The
obtained results are presented in Table 6.

Analyzing columns 6 and 8 of Table 6, it can be
concluded that the discrepancies between the
determined height differences obtained directly and
in reverse along the sections of the leveling traverse
after applying corrections for refraction and earth
curvature are small and in terms of accuracy comply

Table 5 shows the average results of the "for- with the requirements for first-class leveling
ward-backward" leveling method for sections of the  according to the [Instruction, 1990].
Table 5
Average values of the results of the two leveling lines using
the 'forward-backward' method (field measurements)
= R= < ; g 2 . =
9 [5) ) E E E 1Y = B\ n ,: _6 .
=) R= S ) 3 S £ = 5 S g _ £ E
g 5 2 |2 | £58 5 e 2 E TET |52 =8 g
= L g « .| B .S g g 4 = > 8 .8 o O & s & 2
g g = |8 E| % 3 s E| S cEZ |88E| 55%
.2 = e | g o 9 =) 51 — » ) s 2 S 8 5
5 & £ |5 s 2 3 = g9 £ 25 |82 5 8 2
o g I = o = o S .g s 8 = D B bR
2 S s |2 | E < & = = E< |2 g e
> 3 L g ol = 3 o 8 A3 =5 S
— = p an A < = Na] s
| | forward .left 12 13.57410 0.43 1.05 13.57389
RN rights 295 13.57367 991 158
= . .
& & backward .left 12 13.57590 -0.40 1.05 13.57610
rights 13.57630
1 72
| forward .eft 8 6.72707 -0.63 0.93 6.72675
QY rights 6.72644
N o 217 e -0.35 1.39
O [1y .
backward 8 -0. . .72
& ackwar Hights 672744 0.67 0.93 6.72693
1 .
, | forward .eft 6 568930 0.68 0.85 5.68964
< 3 rights 180 5.68998 0.01 127
Re left 5.68979 ' '
o & Kk (& .
~Z | backward rights 6 5 63946 0.33 0.85 5.68962
1 .
& | forward .eft 6 777744 0.43 0.74 7.77722
+ 2 rights 7.77701
1 v ot 120 T 77611 1.27 1.11
. .
(7 backward — 6 0.32 0.74 7.77595
| backward o s 7.77579
= o | forward .left 16 1608243 0.36 1.22 16.08225
A rights 16.08207
= 2 ot 330 16.08221 0.49 1.83
' & | backward 16 : 0.91 1.22 16.081
A e T 16.08130 ' 6.08176
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Table 6

The average values of the results of the two leveling lines using the 'forward-backward’
method (including corrections for refraction and earth curvature)

Before the introduction . . 5o
. After making corrections g ©
of corrections for . - S o
i for refraction and 2 = o 3
g | refraction and curvature S 5 g 5
g |2 curvature of the Earth g B =
o 5 of the Earth 5 2 = E
S £ |8 —= ~ SE |22
. g2z 3T |t 52 |2 | EE |22
g S 2 |8| st 2 285 | £ | BE |28 EE
g 2 S |E| Z<SE | €2 25: | £E 5% |5.3 8
2 S |2 |E| 53= | 3 552 | FE | SE|Stig
2 = 5 | = 0 2 o g £ DE Y g = EZ |5 e7
A 5 || =ZE% 8 = &35 8 SEg | =3 |2E ¢
5 2 18] 58 | 5% S 2 25 | E8 |28
St = ~ 7
- EE| 285 | 82 | S3: | 8% |2 |28%
Z| 885"° g = E o8 g8 | 3 E§58
5 5 2 £ | £ 2 52
o & = S 8 2 g 5
= A = A =5 °
Rp 1F- forward 12 13.57389 13.57560
295 -2.21 0.58 1.58 13.57531
Rp 272 | backward 12 13.57610 13.57502
Rp 272- forward 8 6.72675 6.72695
217 -0.35 0.01 1.39 6.72695
FRp 4 backward 8 6.72693 6.72694
FRp 4- forward 6 5.68964 5.68951
180 0.01 0.17 1.27 5.68960
Rp 0445 | backward 6 5.68962 5.68968
Rp 445- forward 6 7.77722 7.77679
12 1.27 0.37 1.11 7.77660
Rp 5737 | backward 0 6 7.77595 7.77642
Rp5737- | forward 16 16.08225 16.08232
330 0.49 0.61 1.83 16.08202
Rp 536 | backward 16 16.08176 16.08171

Since we did not have reference height
differences for the given sections and could not
evaluate the results of our experiment, it was decided
to conduct leveling according to the first-class
program using the method from the middle and
compare them with the results obtained from the
'forward-backward' method. The leveling results
from the method from the middle are presented in
Table 7.

The corrections for the curvature of the Earth are
small, namely 0.00-0.01 mm, so the total angle
Z(i_" - r_") consists of averaged angular values of "
- the angle of non-horizontality.

The comparison of the obtained height
differences determined by the method from the
middle and the forward-backward method is
reflected in Table 8. Analyzing the results of the last
column of Table 8, it can be concluded that the
the
differences obtained for the sections of the leveling

differences  between determined  height

route (by the method from the middle and the
forward-backward method) are small and in terms of
accuracy comply with the requirements for first-class
leveling according to the instruction [[/nstruction,
1990]. The maximum discrepancy in the sections
between the leveling methods was 0.42 mm, and
over the entire leveling route with a length of 1142
meters, it was 0.06 mm. It should be noted that for
conducting the experiment using the forward-
backward method, we chose the ChSp method —
Cholesky Simple (reading the rods clockwise). To
increase the accuracy of our method, the ChAd
method — Cholesky Advanced (reading the rods
clockwise and counterclockwise) can be used.

Since the research was carried out on two
leveling lines, we obtained two values of the total
angle Z(i_"—r_"). Graphs showing the change in

angle along the sections of our leveling route are
constructed based on the differences in the total

angles Z(z_" —r_") (see Fig. 6-10).
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Table 7

The average values of the results of the two leveling lines by the method ' from the middle"
(field measurements)

E = \ . %) . = .
£ |2 s | 2% |t |2g| B
g v | £ |8 | § 2| E < 2 = o <o
= E 75} 172 A = o '}:) . . =) E © g
Y 8 SR ] 5} 5} R S & E =t g v T S .8
E g g = o = wn =] g 1) G~ = g 5 — O
= 8= ° = | & w9 g o © v .8 n o .gg c O
& & o [EE§| © 2 2 o = = o Q= 0 .= = o 2
2 = = &2 28 & | 28| & 2T | Eg | 28 S o
5 g > | 2 |55 EB2C|E8|8E| S22 |22 |55 22
I E o ;_‘QU)J ottu-—‘ 05 =t >03 o§ ‘UB >-E
3 E s | 5 |87 E3 EL| S 8% | 3& |27 %
Z e : | 218 | s s E | T E2E | 58|58 B¢
it — 2 |s = =T | o 5 5 O @ g o =
— o | o &= &= = s .8 = g g 5 5
£ |E T |25 |& |32 g&
< B~ A E o
left 13.57524
| forward riehts 10 =S ee | 028 13.57510
=1 lg o 295 o750 1.08 031 | 1.58 | 13.57495
& & backward |— 10 : 0.02 13.57479
rights 13.57478
L 4| forward rilelftts 6 ZZZST 0.38 6.72671
5 = lge | 217 e 0.93 009 | 139 | 672667
— .
[ backward rights 6 6.72690 -0.56 6.72662
Cwl| forward R g | 200 s 5.69014
< 3 rights 5.69086
53 ] 180 - 290 0.82 024 | 124 | 5.69002
=~ &| backward |— 4 : 0.41 5.68990
rights 5.69010
& 5| forward rile}ftt 4 ;;;23? 0.19 7.77681
3& = lgfts 120 et 0.69 001 | 0.69 | 7.77680
& &| backward |— 4 : 0.00 7.77680
rights 7.77680
o left 16.08222
% forward [ eht 10— Coses | 59 16.08193
o 2 ] 330 e0sLs 1.15 0.10 | 172 | 16.08198
v € .
backward 10 0.22 16.08203
2 e T 16.08192

Table 8

Comparison of the obtained height differences determined by the method from the middle
and the “forward-backward” method

The average The average
The average
value of the value of the
. value of the Number of . Number of .
Line height tripods in height tripods in height
Section name length, |8 pocs differences by pocs differences by
) differences by the section, the section,
inm. the forward- the forward-
the method from pcs. pcs.
the middle. i backward backward
e micdle, m method, in m. method, in m.
RplF —Rp272 295 13.57495 10 13.57531 12 -0.36
Rp272 -FRp4 217 6.72667 6 6.72695 8 -0.28
FRp4- Rp 0445 180 5.69002 4 5.68960 6 0.42
Rp445-Rp 5737 120 7.77680 4 7.77660 6 0.20
Rp5737-Rp 536 330 16.08198 10 16.08202 16 -0.04
Total 1142 49.85042 34 49.85048 48 -0.06
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Fig. 6. The difference of angles ¢"
in the section Rp 1F - Rp 272

Howmepa cTaHIjii B cexii

Fig. 7. The difference of angles ¢"
in the section Rp 272 - FRp 4
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Fig. 8. The difference of angles ¢"
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Fig. 9. The difference of angles ¢"
in the section Rp 0445-Rp 5737
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Fig. 10. The difference of angles &"
in the section Rp 5737-Rp 4536

As can be seen from the figures, the total angle &"
is not stable during the observation period and
undergoes large changes due to the effect of vertical
refraction, since the compensator of the leveler
guarantees the establishment of the sighting beam in
a horizontal position with an accuracy of 0.5". So, its
average value of the difference between the angles of
two lines on each section different, namely:

1.section Rp 1F-Rp272 -0,1"
2.section Rp272-F Rp4+0,51
3.section FRp4-Rp 0445 -0,71
4.section  Rp 0445-Rp 5737 +0,21
S.section  Rp 5737-Rp 4536 -0,31
Conclusions

The method of two-way leveling, "forward-back-
ward," can be used for Class I leveling on extensive
slopes and has several advantages over the method
of leveling "from the middle," namely:

e Convenience in selecting and marking the
leveling route and choosing instrument installation
location (deviation from the equality of arms
regulated by the instruction [/nstruction, 1990]);

e Leveling control along the observation line for
the angle of horizonality of the ray;

e Practical determination of the main condition
of the level on each observation line;

o Increased accuracy of leveling due to double
measurements of elevations;

o Possibility of replacing double Ileveling
traverses, reducing the time for laying out the route
for the return leveling;

e Possibility of introducing a correction for
vertical refraction on extensive slopes;
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¢ Investigation of the sighting ray and the angle

of vertical refraction r".
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JOCIIPKEHHA BUCOKOTOYHOI'O ABOCTOPOHHBLOI'O
I'EOMETPMYHOI'O HIBEJIFOBAHHA

Mertor0 CTaTTi € JOCHIIKEHHS TOYHOCTI IBOCTOPOHHBOTO I'€OMETPHYHOIO HiBENIOBAHHS, PO3POOJICHHS METOIUKU
HOro BUKOHAHHA 3 IUUTIO MiJBHIICHHS TOYHOCTI BW3HAYEHHS IIEPEBUIIEHb INUIIXOM BpaxyBaHHS BEPTHUKAJIBHOI
pedpakiiii Ta KOHTPOIIO HETOPU3OHTAILHOCTI TPOMEHsI HiBeltoBaHHA. Metonuka. BpaxoByroun Te, mo B U(pOBUX
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HiBEJIpax € MOXJIMBICTh BUMIPIOBATH BiJLIAJI 10 PEHiOK, BpaXOBYBAaTH HETOPU30HTAIIBHICTD MPOMEHS, Ta BEPTUKAIBHOI
pedpakiii B pe3ynbTaTH I Yac BUMIPIOBAaHb, HAMHU 3alPOIIOHOBAHO CIIOCIO JABOCTOPOHHBOIO TE€OMETPHIHOTO
HiBemroBaHHs. OrmcaHa 3alpONOHOBaHA METOJVMKa BHUKOHAHHS JIBOCTOPOHHBOTO TPUTOHOMETPUYHOTO HiBEJFOBAHHS
criocoboM “‘Briepen-Hazaj’ i3 BpaxyBaHHSIM BepTUKaJIbHOI pedpaxiii mo JiHisM cnocrepexeHHs. Pesynbratn. s
anpobarrii croco0iB [ist HiBemoBaHHA | Kiacy metomoM Xonecki (i3 cepenrHu) Ta JBOCTOPOHHBOTO T€OMETPUYHOTO
HiBemoBaHHA (“Brepea-Hazan’) Oynaa BuOpaHa UISHKA XOAY 3 3aTSDKHMM ITiIHOMOM JOBKHUHOIO OuIt 1 kM, ska
CKJIamanacs 3 S5-TH CeKiiii Ampooariito crmoco0y Oylno BUKOHAHO €IeKTpOHHUM HiBedipoM Trimble DiNi-03 mo aBox
JHIAX X0omy. PO30DKHICTS MXK MEpEeBHIIEHHSIMIA OTPUMAHUMU IO CEKIIiSIX HiBEIIPHOTO X0y crocodaMu “i3 cepenuHu’
Ta “Bliepeq-Ha3aa’ BIIIOBIIAIOTH BUMOraM s HiBenroBaHHS | knmacy. BemuumHa MakcHMaibHOTO PO3XOPKEHHS B
CEKIisIX MIXK CIIOCO0aMU HiBeNTtoBaHHA ckiiana 0.42 MM, a Ha BECh X1/l HIBETIOBaHHS, TOBXKUHOIO 1142 metpu, — 0.06 M.
HaykoBa HOBu3Ha. PO3risiHyTo TeopeTMuHEe OOIPYHTYBAHHS Ta TPOBEICHO EKCIIEPUMEHTAIbHI JIOCHIIKEHHS
MOXJIMBOCTI 3aCTOCYBaHHSI JIBOCTOPOHHBOTO T€OMETPHYHOIO HIiBEIIOBAHHS 3a IPOTpaMor0 CIiocTepekeHs | kiacy ta
BBEJICHHS ITIONPABKH 32 BEPTUKAJIBbHY pedpakiiio Ha 3aTsokHHX cxunax.[liaTBeppkeHo, 1o MeToj ABOCTOPOHHBOIO
TEOMETPUYHOTO HIBEIIOBAHHI CIIOCOOOM “Brepen-Hazaa’ MO)KHA BHKOPHCTOBYBATH IS HiBelroBaHHA | Kiacy
Croco0oM “i3 cepeTMHN” Ha 3aTsDKHUAX CXHMJIAX 1 Mae psiJ epeBar Iepesl HUM.

Knouosi cnosa: reoMeTpUdHE HiBEIMIOBAHHS, BEPTHKAJIbHA pedpakiiis, He TOPU30HTAIBHICTh IPOMEHS, BEPTHKAIBHI
3MIIIEHHS], T€0/Ie3MYHNI MOHITOPHUHT.
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