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Solution on the three transformation method gaeddiowing results (Table).

Transformation coefficients and estimate of accyae calculated by three methods

The decision on the regressionThe decision on the regression mogel
The solution model with  two-dimensional with two-dimensional response on the
Method by stretchina method response on the basis of thdasis of the theorem about the
y 9 generalized least-squares methodtharacteristics of a multivariable
conditional distribution law
Resu_lts of the M 1.039159]
solution 0.81695( 1.039159 - 0.81695
~ 0.599934 ~ 1039159  0.599934 {0.599934 1.258032?
X = 1.258032 k =|-0.816950 1.258032 100.11
' 100113 200026 | | D=|_
100.113 200.02
| 200.026 |
Estimate  of| § = 0.07824 6 =0.07824 6_=0.07824
accuracy o o 0
0,504 = 0.000000938 0,04 = 0.00000093 -
g,_=6_=0.000000661 g,. =6 _=0.000000661
b “e b~ “e
ac :é'f =0.00161753 &C =&f =0.00161753

Thus, the results of the calculation have showh @dligdhree methods have presented similar coneersi
coefficientsand the same estimate of accuracy. However, trendeand third methods of transformation have a
simpler realization of the algorithm. They wereided from the interpretation of the problem of stormation
as a two-dimensional regression with two-dimendioesponse. Also the sense of the produced acisorisible
at every step in the second and third approachesritrast to the first transformation method. loak better
built calculations and analysis. Also it is impaitahat the reducibility of a plane affine transfation to the
two-dimensional regression with two-dimensionapmsse makes it possible to wEethe possibilities that are
inherent of regression analysis, for example, deiteation, robustness, orthogonal regression, rateneion
analysis. In its turn it makes it possible to obtaiore qualitative and more adequate results afgasing.
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INVESTIGATION OF FEATURES SIGHT AND MEASUREMENT LIN ES
USING GEODETIC REFLECTORS

KIRUL MARKOVICH
Polotsk State University, Belarus

The article presents an analysis of the errorsigifitsand measuring lines. These errors occur wham-n
strict orientation geodetic reflector rangefinddhe dependence of the magnitude of the error ordhditions
of orientation and design of the reflector.

Surveying reflectors are important devices in thedpction of surveying. However, many surveyorl sti
pay attention to the characteristics of the tachetem forgetting about the impact on the accuratyhe
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reflector. To perform high-precision measurements inecessary to consider various factors of érfee of
geodetic reflectors on measurement of corners atantes.

The main factors that have the greatest impacthenrésults of geodetic measurements are precision
centering of the reflector in the assembly (aligntmef the reflector) and the strict orientationtoé reflective
surface on the rangefinder [1]. This article présenstudy of the effect that occur when no swigéntation
membrane and prismatic reflectors on the rangefiftie study was performed at different times far tivo
lines of different lengths. The temperature andguee were taken into account when measuring (fgble

Table 1 — Characteristics of the measurement series

Series Measurement distanc b Te.mperatureC _ Pressure,
m eginning end Millimeter of mercury
of a series of series
1 50 9 6 749
2 100 15 13 747

The measurement was carried out on the lines inmtbmbrane, and prismatic reflectors. Tacheometer
Trimble M3 2013 DR5 " was used for the measuremefstcuracy of measurement lines Trimble M3 Total
Station 2013 DR5 2 mm + 2 ppm using a prism and8#12 ppm in reflectorless mode. [2]

As the target points used prismatic reflector Le@@osystems series GPH1 with precision centering
of 2 mm [3], as well as the reflective film ORAFQDO0 x 100 mm (fig. 1) [4].

Fig. 1. Construction of target points

The technique of research consisted in performaheeeasurements of lines and directions at a tfirn o
reflectors with the set step in 10 ° in horizor{faismatic and membrane reflectors), vertical {pasic) and the
horizontal-vertical planes (prismatic). In all ssrimeasurement of distances on a prismatic reflees carried
out in the standard mode of a range finder of SfiBasurement on a film reflector - in the reflectesl mode
DR. The results were averaged over the three medswues. The study was performed in the conveatio
coordinate system. In the conventional systemXtais coincides with the line of sight to the eaflor at the
location of the reflective surface perpendiculargla of rotation of the reflector is equal to 0).

The results of measurements of distances and idinsctre listed below. The data were obtained by
averaging the values of three measurements. T&blds4 presented experimental data for the dissié 50
and 100 meters. The turn of a prism is executeddrhorizontal plane.

According to the results of the experiment withrgmp pattern are the following:

1. The maximum reversal prism Leica GPH1 fromrtbemal to the line of sight of 50 ° in the horizaint
plane at a distance of 50 meters and decreasesnaitfasing length of the measured line;

2. The operating range of turning the prism insesthe measured distance is not observed.

3. Turn the prism has a tendency:

- A significant angle of rotation in a horizontal pé&afor a distance of 50 and 100 meters making
significant errors in the measurement of the hariabdirection and in the transverse comporient

— Turnin a vertical plane is significantly distotte zenith distance and altitude compon&nt
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Table 2 — A prism turn in the horizontal plane$8, 100 m)

A prism turn in the horizontal plane

The angle STD (prism, 50 m) STD (prism, $100 m)
of rotation Ao Az AX, m AY, m AZ, m Aa Az AX, m AY, m AZ, m
50° -14" 0" 0 -0,004 0,001 - - - - -
40° -11" -2" 0 -0,003 0,001 -10[ -1 -0,001 0dnB 0
30° -6" -1" -0,001 -0,001 0,001 -8 2" -0,003| 0,004 0
20° -7 -1" -0,001 -0,002 0,001 -7 -1" -0,002| -0,004 0,001
10° -5" -2" 0,001 -0,001 0,001 -4’ 2" -0,002 ,002 -0,001
0° 0" 90°05'02" 50,203 0,000 0,073 0" 90°04'47" 100,118 0,000 0,139
-10° 1" -1" 0,002 0,001 -0,001 2" 1" -0,002 00,0 0
-20° 2" 1" 0,001 0 -0,001 5" -1 -0,002 0,002 0,001
-30° 3" -1" 0,001 0 -0,001 7" 1" 0,001 0,004 0
-40° 4" 0" 0 0,001 -0,001 10' 2" 0 0,007 0
-50° 8" 0" 0,001 0,002 -0,001 - - - - -
AT i NG STD i) §=50m
. worizonial plans ntal plane
:I ra
- — dEviztion () e aph Ao 70 A g — devizton ()
— deviation (V) davistion (¥)

b ot b D sa ws

/N

sy gt = deviation (Z)

Fig. 2. The error of measurement directions aneklin
according to the angle of rotation of the prisnaihorizontal plane

Table 3 — A prism turn in the vertical plane=g®, 100 m)

— daviation (Z)

A prism turn in the vertical plane

The angle STD (prism, 50 m) STD (prism, $100 m)
of rotation | Aa Az AX, m AY, m AZ, m Aa Az AX, m AY, m AZ, m
40° -1" -8" -0,001 0 0,004 0" -4" 0,001 0.001 ,002
30° 0" -7 0 0 0,003 -1" -1" 0.001 0 0.001
20° 0" -4" -0,001 0 0,002 0" -1" -0,001 0 0,001
10° 0" -1" -0,002 0 0 -1" -2" 0 0 0.001
0° 0" 90°05'02" 50,203 0,000 0,073 0" 90°04'47"| 100,118 0,000 0,139
-10° -2" 5" 0 -0,001 -0,002 0" 3" 0.001 0 -@,00
-20° 1" 7" 0 0 -0,003 0" 2" -0.001 0 -0,001
-30° 1" 9" 0 0 -0,004 0" 5" 0 0 -0,002
-40° 1" 10" 0 0 -0,007 0" 6" 0 -0.001 -0,003
5 1AM STD (prism) 5=30m 2y S TD (prism) 5=100m
i verficsl plane verticzl plane
— derriztion ) LWL SR — g — daviztion {(Z)
. davizton () & 30 \u/z‘ 7 Fleg 3::"'1...-6-';' —— devistion (V)
— daviztion () o — deviation {I)

Fig. 3. The error of measurement directions aneklin
according to the angle of rotation of the prisnaivertical plane
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Table 4 — Turn the prism in horizontal and vertigianes (850 and 100 m)

Turn the prism in horizontal and vertical planes

The angle STD (prism, 50 m) STD (prism, $100 m)
of rotation Ao Az AX, m AY, m AZ, m Aa Az AX, m AY, m AZ, m
30°/30° -14" | -10" 0 -0,003 0.002 -5" -8" 0 aro 0.004
20°/20° -4" -3" -0,001 -0,001 0,001 -4" -6" o1 -0,002 0,002
10°/10° -5" -1" -0,002 -0,001 0 -2" -2" -0,001 -0,001 0,001
0°/0° 0" 90°05'02" 50,203 0,000 0,073 0" 90°04'47" 00118 0,000 0,132
-10°/-10° 1" 3" 0 0 -0,001 0" 1" -0,001 0 0
-20°/-20° 2" 2" 0 0,001 -0,001 2" 3" -0,001 01,0 -0,001
-30°/-30° 6" 5" 0,001 0,002 -0,002 6" 8" -0,001 | 0,003 -0,003
S STD (prism) 5=100m 333 S$TD (prism) §=30m

horizontz] and wertical plane

orizontal and verticsl plans

— deviation {X) ; fieviation %)
—. gevistion (¥ 455.{? — l:I.E".-"l.E u.m oy
— deviation (Z) —, deviation (Z)

Table 2 — A membrane reflector turn in the horiabptane (8§50, 100 m)

b

Fig. 4. The error of measurement directions aneklin
according to the angle of rotation of the prisnaihorizontal and vertical plane

A membrane reflectors turn in the horizontal plane

The angle DR (membrane reflector~50 m) DR (membrane reflector~<300m)
of rotation Aa Az AX, m AY, m AZ, m Ao Az AX, m AY, m AZ, m
60° 10" 1" 0,003 0,000 0 11" 1" 0,002 0,000 0
50° 9" 0" 0,002 0,001 -0,001 10" 1" 0,002 0,001| -0,001
40° 6" 0" 0,002 0,000 0 7 0" 0,002 0,000 0
30° 4" 1" 0,002 0,001 -0,001 6" 1" 0,001 -0,001| O
20° 3" 1" 0,002 0,001 0 2" --1" 0 0 0
10° 1" 0" 0,001 0 0 2" o" 0,001 0 0
0° 0" 89°48'27" 50,364 0,000 0,169 0" 89°54'32"| 75,012 0,000 0,260
-10° -2" 1" 0,001 0,000 0 -1" 0" 0,001 0 0
-20° -3" 1" 0 0,001 0,001 -3" -1 0 -0,001 0
-30° -5" 0" 0,001 0,000 0 -5" 0" 0,001 0,000 0
-40° -6' 1" 0,002 -0,001 0,001 -7 1" 0,001 0,000 | 0,001
-50° -8" -1 0,002 0,000 0,001 -8" -1 0,002 ,0ad 0,001
-60° -11" 0" 0,003 0,000 0 -9" 0" 0,001 0,000 0
ey DE (membrana) $=100m T

DE {membrana) $=50m

herizontsl plans rerizontal plans

i — davization (X} — daviztion (X}

= deviation (¥} « devizton (¥)

'\}/’;2 2 ERE\ER B\R/E = devizion (D) b . deviation (2
v 1 W 1

Fig. 6. The error of measurement directions aneklin
according to the angle of rotation of the membnafiector in a vertical plane

107



MATERIALS OF VIII JUNIOR RESEARCHERS’ CONFERENCE 2016
Technology, Machine-building, Geodesy

Turn in both planes has a general tendency of ®rfor the transverse component and horizontal
directions, and for vertical component and zeni$itaghces.

The results of the experiment with membrane reflecontains the following laws:

1. The maximum reversal membrane reflector fromritvenal to the line of sight is 60 °. Growth of the
angle of rotation of the membrane reflector is agganied by a linear tendency to increase the medsur
distance.

2. The maximum reversal membrane reflector fromrtbemal to the line of sight does not introduce
errors in the results of measurement of a horizaltaction and a transverse componenAof

On the basis of the experiments the following cosicns:

1.The maximum range of the angles of rotation piis@0 ° ... 50 °, which is slightly smaller tharet
membrane reflector 60 °. This difference is dutheodesign of the prism bodyhe maximum rotation angle of
the prism depends on the measured distance.

2. the measurements on film reflector, an increddbe measured distance with the increase of tigéea
of rotation of the reflector.

3. Work reversal prism in the horizontal and veittiglanes is 20°. After turning 20° in the measwatn
results include significant errors. Acceptable rege film reflector, in which the measured distamt@nges
slightly, 40 ° -50 °.

4. Turn the prism in the horizontal plane showemraency to increase measurement errors horizontal
directions. Turn the prism in the vertical planeowhd a tendency to increase measurement errorhzenit
distances. Turn the membrane reflector in the bata plane does not introduce errors in the messent of
the horizontal direction.

5. Based on these results it can be argued thaugbeof the prism when performing high-precision
engineering and surveying, as well as the uselmf fibr fixing reflectors geodetic networks for warlof high
precision is possible only when the strict orieiot@bf the reflecting surface in the rangefinder.
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APPLICATION OF GIS-TECHNOLOGIES FOR INFORMATION SUP PORT
OF DECISION-MAKING MANAGEMENT AT THE LOCAL LEVEL

MARYNA MAKARAVA
Polotsk State University, Belarus

The article presents an example of creation andipdiy to use geographic information system floe t
management of urban areas. The structure and dag@mmzation in a municipal GIS are presented. The
possibility of a comprehensive approach to municipanagement with application of remote sensing (R&
allows providing government institutions, profiganizations and urban population with current infation is
reflected.

To meet the challenges of the UN programme "Gofustainable development” from 2015, that has
underlined the importance of geospatial informatemwell as in connection with the concept of infatization
of the Republic of Belarus, work package for infation and analytical support of all areas of nati@conomy
activities are planned to be carried out in thentigu

To improve the management functions at the glolal @egional levels, it is necessary to start with
changes in local territorial units. Geographic infiation systems are systems of collection, storagelysis and
graphical visualization of spatial datdMunicipal service management is one of the largpglication field of
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