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 Brief content of the lesson.
The subject of geodesy and its tasks. Communication of geodesy with other sciences. The concept of the shape and size of the Earth. Projection method. Plan, map and profile of the area. Units of measures used in geodesy.
Geodesy is the science of measuring the earth's surface in order to determine the shape and size of the Earth, create maps, plans, mathematical, geometric terrain models, build vertical sections (profiles) along given directions, as well as solve other various engineering problems.
Under the shape of the Earth in geodesy, it is customary to understand the surface of water in the seas and oceans, which is in a calm state, continued under the continents. Such a closed surface at each point is perpendicular to the plumb line, i.e. to the direction of gravity. It is called the level surface or the surface of the geoid.
Geodetic measurements are made by various special instruments and instruments on the surface of the, Earth, in its depths, in the surface layer of the atmosphere, at sea and in space. Therefore, in the course of geodesy, much attention is paid to the study of theory, the design and study of geodetic instruments and instruments, the study of methods and techniques for making measurements on the earth's surface. Such measurements are necessary to study the shape and size of the Earth and to draw up plans and maps, which are conditional images on paper, on a computer screen, of both individual sections and the entire planet as a whole. Thus, we can give the following definition of the subject of geodesy: Geodesy is a science that, by means of measurements on the ground, determines the shape and dimensions of the Earth and depicts the earth's surface in the form of plans and maps. More precisely, geodesy is an applied mathematical science that studies the geometric relationships between the elements of the earth's surface. Geodesy also includes shooting and office work. In essence, geodetic knowledge arose and formed as knowledge about the geometry of the surrounding space and its objects. 
With the development of human society, the increase in the level of science and technology, the content of geodesy is also changing. Thus, relatively recently, geodetic science was given the task of studying the horizontal and vertical movements of the earth's crust by geodetic methods. The content of geodesy has recently expanded significantly in connection with the launch of artificial Earth satellites and space rockets. The task of determining the figure and dimensions of the Earth, studying the vertical and horizontal movements of the earth's crust is the subject of higher geodesy.
Higher geodesy studies methods for determining the shape of level surfaces and surveying large areas of the earth's surface using a horizontal projection and a system of heights, taking into account the shape of level surfaces. Issues related to the depiction of small parts of the earth's surface in the form of plans, constitute the subject of geodesy and topography. In other words, higher geodesy includes all methods of measurements and calculations that take into account the non-parallelism of level surfaces and the actual curvature of the earth's surface. Geodesy, on the contrary, includes all methods of measurements and calculations that do not take into account the actual curvature of the earth's surface and take the horizontal plane as the reference surface.
The water surface in a calm state will be one of the level surfaces. Geodetic measurements are associated with the direction of the plumb line at the points at which they were performed. This means that at each such point, the measurement results can be attributed precisely to that level surface that passes through this point. But in this case, the results of measurements at the points of any geodetic network will be related to different level planes and do not form closed figures in the network. In this regard, it becomes necessary to reduce the results of all geodetic measurements, first of all, to some given or accepted as a common initial level surface. In practice, the so-called average level of the ocean (sea) is taken as the main level surface, which is determined from long-term observations of the sea level from sea-gauge at marine water measuring stations. In the CIS countries, the Kronshtadt sea-gauge is the main one, according to which the level of the Baltic Sea has been observed since 1825. The zero of the Kronstadt sea-gauge corresponds to the average level of the Baltic Sea and is taken as the beginning of the calculation of absolute heights for all geodetic networks.
Geoid. If the main level surface is mentally continued under the continents so that at any point the plumb line is perpendicular to this surface, then a continuous closed surface without folds will be formed, covering almost the entire mass of the Earth. A geometric body bounded by the main level surface, at the suggestion in 1873 of the German physicist  Johann Benedict Listing (1808–1882), is commonly called a geoid. So, a geoid is a geometric body, the surface of which coincides with the unperturbed surface of the ocean and is mentally extended under the continents so that at each point of this surface a plumb line is perpendicular to it. The geoid well represents the Earth as a whole, and therefore, until recently, in geodesy, the figure of the Earth was understood precisely as the surface of the geoid.
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Quasi-geoid. To study the shape of the physical surface of the Earth, M. S. Molodensky proposed some auxiliary surface, very close to the surface of the geoid and called by him a quasi-geoid. This auxiliary surface, or quasi-geoid, is determined from the results of only one astronomical-geodesic and gravimetric measurements on the physical surface of the Earth without reducing them to any other surface. On the oceans and seas, the surfaces of the geoid and quasi-geoid coincide, on the continents they diverge: in flat areas by several centimeters, in mountainous and high-mountainous areas by about 1–2 m.
General earth ellipsoid. The solution of geodetic problems (solving triangles, calculating coordinates, azimuths, etc.) directly on the physical surface of the Earth is impossible due to the irregularity of this surface. The geoid as a whole comes very close to an ellipsoid of revolution with little compression, a figure that has been well studied mathematically. The ellipsoid that best fits the geoid figure as a whole is called the general earth ellipsoid. The general earth ellipsoid has not been determined due to the insufficiency of astronomical and geodetic measurements and due to the fact that not the entire Earth is covered by a gravimetric network. In 1940, F. N. Krasovsky (1878–1948), with the participation of Professor A. A. Izotov, determined the dimensions of the ellipsoid of revolution:
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Fig. 5. Geoid [11, p. 13]
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       Ellipsoid of Krasovsky: 

                  а= 6 378 245 m
                  в= 6 356 863 m
                  α= 1 : 298,3
Reference ellipsoid. To use one or another ellipsoid (from among the known ones) in solving geodetic problems, one needs to know not only its dimensions, but also its position in the body of the Earth, i.e., the ellipsoid must be oriented in a certain way in the body of the Earth. Such an ellipsoid is called a reference ellipsoid - a “working ellipsoid”, which is derived from the results of geodetic work covering the territory of a given country or part of it, or several countries.
The latitude φ of point M is the angle MOM1 between the plane of the earth's equator and the plumb line passing through point M. Geographic latitude is measured from the equator in the range from 0 ° to + 90 ° (northern latitude), from 0 ° to -90 ° (south latitude) .
The longitude λ of the point M is called the dihedral angle M0OM1 between the plane of the initial meridian and the plane of the meridian passing through the given point M..
	Height:
absolute - the height of a point on the earth's surface, measured from sea (ocean) level. The height of the sea takes over 0 meters.
Relative - the excess of a point on the earth's surface above another point, i.e. relative to another point.
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A reduced image on the plane of part or all of the earth's surface is called a map. In practice, various methods of depicting the spherical surface of the Earth on a plane are used. All of them are reduced to the construction of a grid of straight or curved lines, representing parallels and meridians, according to a certain mathematical law. The combination of these lines on the map is called the cartographic grid, and the method used to display them is called the cartographic projection.
According to the nature of distortions, map projections are divided into three main groups.
Equiangular or conformal projections are called, on which the angles between the directions on any landmarks are equal to the angles between the same directions on the ground.
Equivalent or equivalent projections are those that preserve the proportionality of the areas of the plots depicted on them to the same areas on the ground. 

Arbitrary projections are projections that do not preserve either the equality of angles or the proportionality of areas.
Gauss-Kruger projection. In this projection, all topographic maps are compiled in our country, except for maps of a scale of 1: 1,000,000 in a modified simple polyconic projection. The Gauss-Kruger projection is a conformal transverse cylindrical projection. For topographic maps of scales 1 : 1,000,000 and smaller, the difference between the longitudes of these meridians is 6°. Thus, the entire surface of the Earth is divided into 60 zones. The boundaries of the zones coincide with the boundaries of the columns in the layout of sheets of maps at a scale of 1: 1,000,000. The zones are counted from the Greenwich meridian to the east. Therefore, the number of the zone and the number of the column of the millionth sheet of the map always differ by 30.
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Task for Student's independent work
1.The role of geodesy in scientific research, national economic construction and defense of the country. [1] p. 6-8, [2] p. 3-4.

2. Historical information about the development of geodesy. [3] p. 1-5.
Report form: abstract, volume 8-10 pages, submission deadline in 6 days.
Task for independent work of a student under a teacher
Fulfillment of tasks 1 and 2 of the RGR “Working with the map”. [3] p. 6-8.
The control of the completed task will take place in the classes of the SIWT (according to the class schedule).
А) Test questions for the written exam
1. What is a flat surface? 

2. Why is processing performed on the surface of the reference ellipsoid?
3. How is the size of an area taken to be flat determined if the influence of the curvature of the Earth is neglected?
                                                Б) Test tasks for computer testing
1. What is the polar compression of the Earth:

А) 1:298,3;

В) 1:209,3;

С)1:397,4;

D)1:283,7;

E) 1:381,7.

2. Average radius of the earth:

А) 6 371 km;

В) 3800 km;

С)6 357 km;

D) 6 378 km;

E) 6 287 km.

3. Geographic coordinates are:
A) parallel, meridian;
B) latitude, longitude;
C) coordinate, abscissa;
D) normal, height ;

E) flat coordinates.
4. In what coordinate system determine the position of a point on a plane in geodesy ?
A) the Baltic coordinate system;

В) The system of transverse coordinates;

C) System of orthogonal coordinates;

D) Rectangular coordinate system;

E) Zonal coordinate system
5. What shape does the earth have?
A) sphere;

B) a ball

C) Ellipse;

D) Geoid;

E) circle.
Related Glossary
	№
	Russian/Kazakh/English 
	Content

	1
	Широта
	the angle between the normal to the surface of the ellipsoid at a given point and the plane of the equator.

	
	Ендік
	

	
	Latitude
	

	2
	Долгота
	dihedral angle between the plane of the geodesic meridian of a given point and the plane of the initial meridian.

	
	Бойлық
	

	
	Longitude
	

	3
	План
	an image on paper of a horizontal projection of a small plot of Land in a reduced form.


	
	План
	

	
	Plan
	

	4
	Карта
	a reduced image on paper of the Earth's ellipsoid as a whole or a significant part of it, taking into account the curvature of the Earth.

	
	Карта
	

	
	Map
	


	№
	Russian language 
	Kazakh language
	English language

	1
	Земля
	Жер
	Earth

	2
	Масштаб
	Масштаб
	Scale
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