Summary of the lesson 


The concept of geodetic networks. Planned geodetic network. Geodetic networks of condensation. Survey geodetic networks. Methods of creating a survey geodetic justification. Laying of theodolite passages. Linking the points of survey justification to the points of reference geodetic networks.

Geodetic reference networks serve as the basis for solving scientific problems of geodesy and engineering and technical tasks of national economic importance, performing topographic surveys, designing, construction and operation of various kinds of structures. The general concepts of reference geodetic networks, the basic principles and methods of their development are considered in the first part of the textbook.

Geodetic reference network is a set of points fixed on the earth's surface, the position of which is determined in a single coordinate system. The position of the reference points on the ground can be determined by astronomical, geodetic, satellite (space) and other methods.

The astronomical method consists in determining the geodetic coordinates (geodetic latitude B and geodetic longitude L) of each point by observing celestial bodies. According to the results of astronomical observations, geodesic azimuths of A directions to points are also determined; in addition, azimuths of directions can be obtained using gyrocompasses or gyroteodolites. In the future, from the geodetic coordinates of points B, L and geodetic azimuths A, they move to the rectangular coordinates x, y and directional angles a of the directions.

The advantage of this method is the independent determination of the coordinates of points. However, even minor errors in determining the geodetic coordinates of points, taking into account the error of deviation of vertical lines from the normals to the surface of the ellipsoid, cause significant errors in rectangular coordinates. The main disadvantage of the astronomical method of determining the coordinates of a point is the relatively low accuracy.

The geodesic method consists in finding rectangular coordinates of only individual (initial) points of the system from astronomical observations. The remaining points of the reference network are connected to the original ones by making measurements of the sides and angles of geometric shapes on the earth's surface, the vertices of which are the reference points. Such a scheme for building support networks limits the accumulation of errors, provides reliable measurement control and allows you to independently perform geodetic work on various sites, ensuring their closure within the established tolerances.

The geodesic method of creating support networks on the territory of our country is the main one. An astronomical method can be used only to create maps of mountainous areas on a scale smaller than 1:100,000, especially in uninhabited places (the Arctic, Antarctica, etc.).

The satellite method is based on determining the coordinates of points from the processing of observations of artificial Earth satellites (ISS). The currently used global satellite positioning systems GLONASS (Russia) and GPS (USA), which include at least 18 satellites, allow at any time and in almost any part of the globe to determine the coordinates of points with an accuracy of not many centimeters.

According to the principle of transition "from the general to the private", the entire reference network is divided into classes, and its construction is carried out in several stages: from higher-class networks to lower-class networks, from large and accurate geometric constructions to smaller and less accurate ones. The points of the higher classes are located at large (up to several tens of kilometers) distances from each other and then successively thicken by developing networks of lower classes between them. This approach makes it possible to extend a single coordinate system to the entire territory of the country in a short time with high accuracy.

There are planned geodetic networks, in which rectangular coordinates x, y are determined for each point in the national system, and high-altitude ones, in which the heights of H points are determined in the Baltic elevation system.

Geodetic networks are usually divided into the following types.

1. State geodetic network.

2. Geodetic networks of condensation.

3. Survey geodetic networks.

The density of geodetic networks and the necessary accuracy of finding the planned position of the point are determined by the nature of scientific and engineering tasks solved on this basis. Therefore, in order to ensure the required accuracy of the construction of geodetic networks, angular and linear measurements of its elements must be carried out with appropriate instruments and methods.

The state geodetic network of the country is the main geodetic basis for topographic surveys of all scales and must meet the requirements of the national economy when solving relevant scientific and engineering tasks.

The State Geodetic Network of Russia includes:

a) planned networks of the 1st, 2nd, 3rd and 4th classes, which differ in the accuracy of angular and linear measurements, the length of the sides of the networks and the order of their sequential development;

b) high-altitude leveling networks of I, II, III and IV classes.

In planned geodetic networks, the heights of points are determined with much lower accuracy than the planned coordinates, especially in mountainous areas, In high-altitude networks, on the contrary, the planned position of points is determined approximately. Due to the specifics of the means and methods of constructing geodetic networks of various types, the points of the planned geodetic network are usually located on elevated terrain, and the points of the high—altitude network are located on flat areas, in river valleys, etc. 

Planned geodetic networks are created by the methods of triangulation, trilateration, polygonometry and their combination.
Geodetic network

                                               planned                                                            high - rise

A geodetic network is created in such a way that its sides form simple geometric shapes that are convenient for solving, i.e. determining all their elements, and according to them – the coordinates of the vertices. Each subsequent point of the geodetic network, starting from the second, must be connected to the preceding points by at least two measured elements (angle, side length, directional angle).


The main methods of creating a planned network are: triangulation, polygonometry and trilateration.

Triangulation - 1st class is created in the form of an astronomical and geodetic network and is designed to provide solutions to the main scientific problems associated with determining the shape and size of the Earth. It is the main basis for the development of networks of subsequent classes and serves to spread a single coordinate system over the entire territory of the country. Its construction is carried out with the highest accuracy that modern devices can provide with a carefully thought-out measurement technique.

In triangulation, the horizontal angles of triangles are measured using high-precision theodolites and the length of one or more sides in a chain of triangles. Then the lengths of all sides of the triangles and the coordinates of the geodesic problem are calculated. The vertices of the triangles are fixed on the terrain with special signs that are laid to a depth below the freezing level of the ground. A signal or pyramid is installed above the sign to ensure visibility between points when measuring angles. In cities, triangulation points are installed on the roofs of buildings.
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Polygonometry. In a wooded flat area, where the development of a triangulation network is difficult or economically impractical due to difficult local conditions, the method of polygonometry is used.

According to the known values of the coordinates of the start and end points of the stroke, as well as the directional angles of the initial directions, the coordinates of all the vertices of the stroke are determined. Polygonometry points are fixed on the ground with special signs that are laid in the ground or in the basement of buildings (in cities).
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Trilateration. State geodetic networks of the 3rd and 4th classes can also be created by the trilateration method. Trilateration, like triangulation, is a system of triangles in which the lengths of all sides are measured. Horizontal angles are determined from the solution of triangles, and through them — the directional angles of the sides. Further calculations of the coordinates of the points are performed in the same way as in triangulation.
Geodetic networks are divided into 4 types: state, condensation, survey and special.

Condensation networks are being built to further increase the density (the number of points per unit area) of state networks.

Filming networks are also condensation networks, but with even greater density, used for shooting terrain in order to draw up maps and plans.

Points of geodetic networks are fixed on the ground by centers, the structures of which must ensure the immutability of the position and the safety of the point for a long time. Standard designs of centers and reference points, regulated by the Rules for laying centers and reference points at points of geodetic and leveling networks, are chosen taking into account the climatic and physical and geographical conditions of the region, the composition and depth of seasonal soil freezing.

To ensure better preservation and identification on the ground, geodetic points have an appropriate external design: an external sign, ditches, mounds, identification poles or signs. All types of centers and reference points have serial numbers. If an identification pole is installed above the center, then the letters "op" are added to the center type number. If the identification pole is installed at some distance from the center, then the words "op. sign" are added. If the center is closed with a metal hood or reinforced concrete cover, then the index "k" is additionally placed on them.

The places of installation of geodetic points should be easily accessible, well identified on the ground and ensure the long-term stability and safety of centers, reference points and external signs. The most favorable places for laying centers and reference points are outcrops of bedrock, as well as elevated relief forms with coarse-grained and sandy slightly moistened soil, with deep groundwater.
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The task for the SRS. 

1. Radio and LED meters. [1] p.23-40.

2. Double image rangefinders. [2] pp.40-55.

Report form: abstract, volume 4-5 pages, deadline in 3-5 days.

The task for the SRSP.

Complete the task - Work with theodolite. To study the verification of the theodolite. [2] pp.148-167.  

The control of the completed task will take place at the SRSP classes (according to the schedule of classes).

А) Control questions for the written exam 
1. Types of geodetic networks.

2. Creation of a planned geodetic network using the triangulation method.

3. Creation of a planned geodetic network using the method of polygonometry.

4. Creation of a planned geodetic network using the trilateration method.
Б) Test tasks for computer testing 
1. Linear scale 2 cm -100m. Determine the numerical scale of this map:
A) 1:5000;

B) 1:2000;

C) 1:10000;

D) 1:1000;

E) 1:25 000.

2. How is the Xb coordinate calculated if the directional angle  and the length of the side SA and the coordinate of the point XA are known?
               А)  ХВ=ХА+ S cos(;

               В) ХВ=ХА+ S sin(;

               С) ХВ=ХА- S cos(;

               Д) ХВ=ХА- S sin(;

                Е) ХВ= S cos(.

3. How is the Ув  coordinate calculated if the directional angle ( and the length SАВ and the coordinate УА are known? 
А) УВ =УА +S sin(;

B) УВ =УА -S sin(;

C) УВ =УА +S соs(;

D) УВ =УА -S соs(;

E) УВ =S sin(.

3. The accuracy of the scale is 0.2 m. What scale does this accuracy correspond to?
А) 1:2000;

A) 1:1000;
B) 1:5000;
C) 1:500;
Е)  1:10000.

4. What is called the convergence of meridians:

A) the angle formed by the axial and geographical meridians;

B) the angle formed between the axial and magnetic meridians;

C) the angle formed by the magnetic and geographical meridians;

D) the angle formed between the magnetic and true meridians;

E) the angle formed by the true meridian and geographical meridians.
5. What is called the eccentricity of the alidade of the horizontal circle of the theodolite?

A) mismatch of the center of division of the limb with the center of rotation of the alidade;

B) mismatch of the center of rotation of the limb of its divisions;

C) mismatch of the centers of rotation of the alidade and the limb;

D) not perpendicular to the axis of rotation of the theodolite and the axis of the cylindrical level;

E) not perpendicular to the axis of rotation of the theodolite and the sighting axis.
Glossary on the topic
	
	Rus/kaz/English 
	Content 

	1
	Съемка
	determination of the planned and altitude position of points 

	
	Түсіру
	

	
	Survey
	

	2
	Угловая засечка
	angle measurement method

	
	Бұрыштық қилыстыру
	

	
	
	

	3
	Геодезическая сеть
	a system of points fixed on the ground with special signs, for which their coordinates and heights are determined.
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