Summary of the lesson 
The concept of the zonal transverse-cylindrical Gauss-Kruger projection. Coordinate system. Rectangular and geographic coordinates of points. Additional coordinate grid on the borders of adjacent zones.
Gauss-Kruger projection In this projection, all topographic maps in our country are compiled, 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. The layout and nomenclature of multi-sheet topographic maps are a simple and at the same time strict system in which each sheet is assigned a specific place. And, it would seem, it is not difficult to get an image on the plane of significant sections of the spherical surface of the Earth by gluing together the boundary sheets of the map of the same scale. And, it would seem, it is not difficult to get an image on the plane of significant sections of the spherical surface of the Earth by gluing together the boundary sheets of the map of the same scale. However, if each sheet of a topographic map is obtained as a flat image of the corresponding ABSD spherical projection (Fig. 15, a), in which the arcs of meridians and parallels are replaced by chords that subtend them, and the surface is replaced by a plane, then the spherical surface of the Earth, being depicted in parts on many such sheets, is presented in the form of a polyhedron (Fig. 15, b). 
[image: image1.jpg]Fig. 15. Image of the spherical surface of the Earth in the form
of polyhedra (12, p. 34]




When gluing even a relatively small number of sheets (faces of a polyhedron), gaps appear on the plane between them, while with an increase in the number of sheets to be glued, the gaps increase (Fig. 15, c). This circumstance was one of the reasons for the introduction in our country since 1928 of a special projection for topographic maps, proposed by Gauss in the 1930s. 19th century It is often referred to as the Gauss-Krueger projection because Kruger provided formulas for calculations in this projection.
The essence of the Gauss-Kruger projection is as follows. The terrestrial ellipsoid is divided by meridians through 6 ° in longitude into 60 zones, extending from pole to pole.
The zones are numbered from west to east from the Greenwich meridian, which is the western border of the first zone. The average meridian of each zone is called axial.
The surface of each zone separately is projected onto a plane; in this case, the entire zone passes from an ellipsoid to a plane in a somewhat expanded form.
As a result of such a projection, an image of the surface of the globe (ellipsoid) is obtained in the form of sixty zones adjacent to each other at the equator. Each of these zones has a rectangular coordinate system with its own origin - the point of intersection of the equator with the axial meridian of the zone.
The axial meridian of the zone is represented on the plane by a straight line and is taken as the abscissa axis (x); the ordinate axis (y) is the image of the equator. The remaining meridians and parallels within the zone will be represented by curved lines (arcs). Abscissae are counted from the equator to the north and south; abscissae are positive to the north of the equator, negative to the south. Ordinates are counted from the axial meridian to the east (positive) and to the west (negative).
Based on the above, we can say that the Gauss—Kruger projection is determined by the following conditions: 

1. The projection is conformal (equiangular), i.e. the image scale is constant at a given point and depends only on the coordinates of the point. 

2. The axial or central meridian of the zone is represented on the plane by a straight line and is taken as the axis of the abscissa.
The y-axis coincides with the image of the equator. The scale of the image on the axial meridian is equal to one, i.e. for the points of the axial meridian, the abscissas are equal to the arcs of the meridian counted from the equator.

Longitude of the axial meridian 
calculated by the formula:


L= 6°n -3°

n- zone number.

The axial meridian,

the ordinate part of Ecuador, is taken 
as the abscissa. The origin

of the coordinates is the point of their
intersection.Since the

territory of our country is located in

the northern part, abscissa (+).

Ordinates have both (+) and (-).

To avoid dealing with (-) values, the origin is 
assumed to be 500 km

Such ordinates are called positive.
In front of their value is indicated 

zone number. For example: Point with ordinate

y= 3850 km means that the point is located

350 km east of the central meridian.

Rectangular coordinates. For the convenience of using the introduced coordinate system, a coordinate grid is applied to the sheets of topographic coordinates, which is a system of lines parallel to the coordinate axes of the given zone. On sheets of scales 1:10,000, 1:25,000, 1:50,000, grid lines are drawn every 1 km, on sheets 1: 100,000 - every 2 km, smaller scales - every 10 km. 
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In this system, the coordinate plane coincides with the horizontal plane at the point O, which is taken as the origin (Fig. 27). Two mutually perpendicular lines XX and YY pass through the origin of coordinates, called the coordinate axes. The XX axis is aligned with the direction of the meridian and is called the abscissa axis, and the YY line, perpendicular to the abscissa axis and passing through the point O, is called the y-axis. The coordinate axes divide the plane into four quarters: I (northeast), II (southeast), III (southwest), IV (northwest).
[image: image4.jpg]Fig. 27. Flat rectangular coordinates [13, p. 9]




The position of any point on the plane, for example, the point M, is determined by its two coordinates +xM and +yM, i.e., the lengths of the perpendiculars dropped from the point M on the X and Y axes. The coordinates are accompanied by plus or minus signs and depend on the names of the quarters in which the given point is located: x, y. 

In geodesy, the direction of the abscissa axis is usually taken to coincide with the direction of the meridian passing through the point taken as the origin of coordinates on Earth, and the direction to its northern end is taken as the positive direction of this axis. Sometimes the direction of the abscissa axis is taken not in the plane of the meridian, but along some other direction, outlined according to the circumstances of the case. Such axes are called conditional.

Geographic coordinates of points. Behind the outputs of the kilometer grid, a minute frame is given, which allows you to determine the geographical coordinates of the points. 
The geographical coordinate system unites under the general name two systems: astronomical and geodetic. In the astronomical system, the coordinates of points are determined relative to the directions of plumb lines at points on the earth's surface, and in the geodetic system, relative to the normals to the reference ellipsoid. Astronomical coordinates can be measured by technical means and methods of geodetic astronomy. 

Geodetic coordinates of points are obtained by calculations using the formulas of spheroid geodesy in accordance with the parameters of the adopted reference ellipsoid and its orientation in the body of the Earth. These systems are interconnected through the deviation of plumb lines - the angle U between the directions of the normal to the surface of the ellipsoid and the plumb line at a given point.
The deviations of the plumb lines depend on the uneven distribution of masses in the body of the Earth and average 3 - 4 ", reaching tens of seconds in some regions. Therefore, the coordinates of the same points in the two systems under consideration can differ up to 100 m, and in anomalous regions (usually in mountainous areas) is much larger. This must be taken into account when using the geographical coordinates of points determined from astronomical observations.
In the future, the geographical coordinate system should be understood as the elements and coordinates of the geodetic system associated with the normals to the surface of the reference ellipsoid.
Geodetic latitude B is the angle formed by the normal to the surface of the ellipsoid at a given point and the plane of the equator. Latitude is measured by the arc of the geodesic meridian AdA' from the equator to a given point and, depending on the hemisphere, can be northern (+) or southern (-); its value varies from 0° (at the equator) to ± 90° (at the poles).
The geodesic longitude L is the dihedral angle formed by the planes of the initial meridian and the geodesic meridian of a given point. Longitude is measured by an arc of the equator or an arc of parallel from the Greenwich meridian to the meridian of a given point. It varies from 0° to ±180° and can be western (-) or eastern (+).
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Fig. 4. Geographical (geodetic) coordinate system:
a - evasion of vertical lines;
b - a scheme for determining geodetic coordinates!




Assignment for independent work of a student
The concept of zonal Gauss-Kruger transverse-cylindrical projection. coordinate grid.
Coordinate systems. Minute frame. Determination of geographical coordinates of points on maps. [1] p.50-55, [2] p.30-45.
Assignment for independent work of a student under the guidance of a teacher - calculated graphic work (RGR) "Working with a map" [3] p.13-18, [4] p.73-75.

Minute frame. Kilometer grid. Determination of geographical and rectangular coordinates of points on maps.
The control of the completed task will take place in the classes of the SIWT (according to the class schedule)
Control questions for the written exam
1. The essence of the Gauss projection?
2. How is the Earth's surface divided into zones, how are they numbered?
3. How are the transformed coordinates obtained?
4. What is the value of the coordinate (kilometer) grid lines?

5. How to determine the rectangular and geographical coordinates of a point on the map?
Test tasks for computer testing

1. In the 6th six-degree zone, determine the longitude of the axial meridian:

A) 33(;

B) 27(;

C) 30(;

D) 36(;

Е)  39(.


2. Determine the longitude of the eastern meridian of the 2nd six-degree zone.
А) 12(
В) 21( 

                       С) 18( 

D) 20(
Е) 22(

3. The longitude of the western meridian in the six degree zone is 30(. Determine the longitude of the eastern meridian of this zone?
A) 36(;

B) 24(;

C) 33(;

D) 27(;

E) 30(.


  4. By a given longitude of the eastern meridian (=30(.. Determine the number of the zone in which it is located:    
A) 5;

B) 4;

C) 6;

D) 3;

5. Determine the transformed ordinate (Gauss-Kruger system) of a point if it is located in zone 5   124 km east of the axial meridian? 
A) 5 624 km;

B) 3 755 km;

C) 6 753 km;

D) 5 376 km;

E) 6 388 km.

                6. What sign will the abscissa (x) have in the CIS countries?
A) only positive;

B) only negative;

C) positive and negative;

D) depends on the latitude of the location of the point;

E) depends on the longitude of the location of the point.
7. Determine in which zone the axial meridian is located if its longitude is 9( ?

A) 2;

B) 3;

C) 1;

D) 4;

E) 5.

8. Determine the transformed ordinate (Gauss_Kruger system) of a point located in zone 3   45 km west of the central meridian?
A) 3 454 km;

B) 3 455 km;
C) 151 km;
D) 3 500 km;
E) 6 545 km.
9. Determine how far from the axial meridian the point with coordinate y = 803 km is removed:
A) 303 km to the east;

B) 353 km to the north;

C) 353 km to the west;

D) 350 km to the east;

E) 0 km to the west.
                10.Are meridians and parallels shown on topographic maps?
       A) yes;

       B) no;

       C) only on the plans;

       E) only on small-scale maps are given;

       E) is given at the request of the customer.
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