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Abstract. The article discusses general information aboutaller and the possibility of
introducing high-speed traffic using modern tecbggs for surveying the area. This step
makes it possible to work out more detailed optionthe design. Surveying using electronic
total stations and GPS devices allows you to atelyraetermine the spatial position of the
site, but because of errors in determining the dinates of individual points, it does not give a
real ratio of the curvature of neighboring trackni® when they are close. Railways require
constant and accurate monitoring of the structstale of objects this data can be obtained
using mobile laser scanning, which allows you tdecd a high-resolution three-dimensional
survey of all objects in the visibility range ofetlscanning system in a short period of time.
Having an extensive transport infrastructure anthatcrossroads of the most important areas
of world trade between Europe and Asia, Ukrainedibthe prerequisites for the development
of the transport industry within the framework obalanced state policy. Today, all countries
are faced with the task of further expanding theacspof non-power scenarios for the
transformation of the financial and economic oridethe world.

1. Introduction
France is the first European country to introduigh{speed lines. The total length of 3345 km, of
which 3220 km in operation (at the end of 2018)s&hon the successful experience of operating a
high-speed rail in France, other European counsue$h as Germany and Italy have developed their
own railways. The indicated national high-speedwas have various technical features and, in
general, do not have the ability to interact. Thiedpean community is promoting the development of
a trans-European network of high-speed railways Ttlerefore, it is necessary to guarantee the
possibility of interaction between individual radys and their individual systems.

Based on the tasks of creating a high-speed raiark, the total population and economic
situation in Ukraine, as well as based on the bpsiaciples of high-speed rail, in Ukraine it is
proposed to create the following system of highesipmail.
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General information about Ukraine was analyzederms of geographical location, administrative
regions, urban population and economic situatioewNines are intended exclusively for passenger
traffic. This makes it possible to reduce the diseabetween destinations. And at the destinations,
joint operation with the existing network of railygis provided, this will allow you to penetratesth
City centers, creating extensive access to thenswork throughout the territory.

With the existing technology, surveying of tracksdaroads, as a rule, is carried out in the
following sequence: design, construction and cadatibn of the geodetic base; breakdown of the
picket in the direction of shooting and for all ividual sections and sites; survey of curves,
determination of turnout centers and their measamtmsurvey of track development, artificial
structures, drainage devices, underground, gromada&r communications; measurement of overall
distances from the axes of the path to the nebraislings and structures; longitudinal leveling thk
way; shooting of the territory along the highwaycluding shooting of all cargo fronts [2]. Based on
the data obtained, a plan is drawn up that show$ottation of all tracks and turnouts, the locatién
buildings and structures.

2. Thebasic part

To solve this problem, it is necessary to creatdigital model of both existing railway lines and
sections of the construction of high-speed passdimgs. Digital models of the terrain and geolagjic
structure of the area are formed on the basis efude of materials from ground and aerospace
surveys. It is advisable to use those methodspafgi@aphic surveys that provide information aboet th
area in electronic form, which allows you to auttenine process of preparing topographic plans and
a digital terrain model.

Tacheometric surveys are especially effective égfythre performed using electronic total stations
or computer geodetic stations with real-time recaydf recorded information on magnetic media or
its subsequent entry into the memory of the basgpoder.

Phototheodolite shooting. It is advisable to precd®e results of phototheodolite surveys on
universal stereophotogrammetric instruments witloraatic registration of the measured coordinates
of terrain points or to perform systematic compypeocessing of photographs using automated
systems such as Fotomodxr for this purpose.

Aerial photography. It is advisable to determine tmordinates of terrain points when processing
stereopairs using universal stereophotogrammatsiciments with automatic recording of measured
coordinates on magnetic media or to perform systemputer processing by preliminary scanning
stereopairs or using electronic photographs far parpose.

Terrestrial and satellite imagery using GPS s#eflavigation systems is best suited for creating a
digital model, since it provides information abadl terrain directly in electronic form on magnetic
media, which allows you to automate the procesaadel preparation as much as possible [3].

Engineering and geological surveys are carriedcoatprehensively using traditional engineering
and geological exploration methods (mechanicalinlgil punching, clearing devices, etc.), airborne
geological exploration (color, spectrozonal, thdrraarial surveys) and ground-based geophysics
methods with automatic recording of magnetic mearsents carriers (vertical electrical sounding,
electrical profiling, seismic exploration, statiscadynamic sounding, etc.). The use of automatiwh a
computer processing of engineering-geological sudaga is absolutely mandatory.

Digital and mathematical models, presented in geodectangular coordinates without distortion
of scale, can nevertheless be characterized bgréiff accuracy and degree of detail of the relief
elements, situation and geological structure ofattea, which is associated with the category odfrel
situational features of the approximated area, shales used to construct digital models of
topographic plans and aerial survey materials.

The necessary accuracy of the model must necgsdmillinked to the required accuracy of
engineering problems solved by it.

When using traditional topographic surveys to baildigital model of materials, the accuracy of
situational contours is taken in accordance with dlocuracy of the performed topographic surveys
equal to 1 mm in the scale of the plan. The acquohche representation of the relief should not go
beyond the horizontal section height in flat tarrasection height in rugged terrain and 1 section
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height in mountainous. The accuracy of the digiteddel using topographic surveys made using
electronic tacheometers or GPS receivers, takitggdancount that information is recorded accurately
on magnetic media, depends mainly on the accuraityednstruments used [4].

When constructing digital models according to emgttopographic plans and maps, the
characteristic points of the area are taken withaaouracy assumed to be: 0.5 mm - to display
situational features of the area and 0.2, 0.3 andéxtion heights - to display respectively ftagged
and mountainous reliefs.

When creating a digital terrain model based onahphotographs or photo-theodolite surveys, the
accuracy of displaying situational features of tdw@ain and terrain is determined by the accurdcy o
reading the photogrammetric coordinates, which igdes/one or another used stereophotogrammetric
device [5].

To ensure the necessary accuracy of approximafitmederrain, the density of the initial array of
points (average distance from each other) for srgand irregular (statistical) models accept:

* in the flat terrain - 20-30 m;

* inrough terrain - 10-15 m;
* in the mountains - 5-7 m.

The combined effect of the curvature of the eantth @fraction on the accuracy of determining the
excess is found by the formula:

2 2
f :d_:&, (1)
2R 2R
whereR - earth radius;

k - coefficient of the refraction curve, taken eqizeD.16.
Based on (1) the refractive index

_d?-2Rf __ 2Rf
k=—p—=1-". @)

The absolute error in the position of the curvenpis determined by the formula:
my =mn~2. 3)

Using the well-known formulas from the theory ofthematical error of geodetic measurements,

we calculate the influence of rounding of argumédrdm a given sample of measurements taking into
account the absolute error and we obtain the fatigwlependence in Figure 1.
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Figure 1. The relationship between the standard deviatidghetalculated and field measurements
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After analyzing the results and taking into accotnait the permissible values of the differences
range from 4 mm to 12 mm, the maximum error in eteing the coordinates should not exceed 2—7
mm, respectively [7].

Since modern tacheometers provide this accuraeyufe of this calculation apparatus is very
effective for controlling the smoothness of cura¢she current content of railway lines and highsvay
[8, 9.

A significant effect when working with an electroribtal station is achieved by using the pick-up-
free method of filming. In the case-free shootingtimod, a limited number of points characterizing th
situation and relief are typed and determined [2D-Given that there are constant signs on the
railway track (picket, kilometers, traffic lightsarious signs), their position can be used to fi& t
leveling points. On the territory of the enterpriserners of buildings and other permanent objeats
be used as such points.

3. Conclusions

Surveying using electronic tacheometers and GP&e®\allows you to accurately determine the
spatial position of the site, but because of ermometermining the coordinates of individual psint
does not give a real ratio of the curvature of hleaging track points when they are close. The neobil
laser scanning method is especially effective lier rapid receipt, processing and updating of aelarg
amount of high-precision data. Railways requirestant and accurate monitoring of the structural
state of objects these data can be obtained usimgeriaser scanning, which allows you to collect a
highly detailed three-dimensional survey of allaait in the visibility range of the scanning sysiam

a short period of time. At a shooting speed of &@nketers per hour, it is possible to achieve aacyr
at the level of several centimeters (about 3000tpger square meter) [3-5].

Having an extensive transport infrastructure anthatcrossroads of the most important areas of
world trade between Europe and Asia, Ukraine hhthal prerequisites for the development of the
transport industry within the framework of a baledstate policy. At the same time, the formation of
international transport corridors is a complex psx that requires political, social, economic,
organizational and technical innovations and tramsétions. Today, all countries are faced with the
task of further expanding the space of non-powenagos for the transformation of the financial and
economic order in the world.
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