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Abstract: There are many users of spatial information, and quite large interest about the nature and genesis of such
information. Different users found spatial information in the form of maps, plans or alphanumerical tables.
Recently, there are more often in the form of spatial databases, and in the form of geographic information systems.
What is behind these spatial data? On what foundation are they designed? In this article we look at the basic aspects
of space, dimensionality and global coordinate systems in applications of global geospatial research. Here is
explained the definition of the coordinate system as an abstract entity and, consequently, its implementation or
establishment in the form of a geodetic reference frame, as real geodetic reference network. The applicative aspect
of coordinate systems in this article is emphasized through recommendations and considerations during usage of
their different implementations.
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Concept of space and dimensionality

Scientific debate about what is space and how to understand it dates back to the
ancient Greek philosophers. The famous Plato, Socrates and Aristotle in his writings
mentioned the term 'space' (anc. Gk. Xmpa / khora) and the concept of 'place' (Gk. Tomog /
topos). First setting of this philosophical, metaphysical and mathematical concept (Michael,
2007), was brought in the 17th century, during Renaissance. First foundations of a modern
space understanding have been profiled since then. Newton, Leibniz, Kant and many others
considered this question (O'Connor and Robertson). Newton formulated the space as
'absolute’, in the sense that it exists permanently and independently of whether there is any
matter in the space or movement through it (French and Ebison 1986). This definition is
perhaps closest to the general understanding of space. Basic postulates of Euclid about
point, line and plane, in his voluminous work in thirteen books "Elements" (anc. Gk.:
Ytoyeio-Stiheia), axiomatically define Euclidean geometry. This is finally the foundation of
today's understanding of three-dimensional Euclidean space, which provides basic settings
in research of almost all geosciences (Figure 1). The term and idea of space is nearly
connected with their dimensionality. It can be said that the concept of dimensionality
depends of specific research areas. In physics and mathematics, space dimensionality is
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defined informally as a minimal number of parameters, necessary to determine completely
and unambiguously the position of the point in such space. Straight line or curve is one-
dimensional space, because it’s used just one coordinate for entirely determined point
position. Plane, cylinder or sphere surface are examples of two-dimensional space. Two
coordinates determine the position of points in such space, the latitude and longitude for
example. Sphere or cube, along with their interior, are examples of three-dimensional space.
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Figure 1. Two-dimensional and three-dimensional Cartesian coordinate system

In classical mechanics, space and time are different categories, and the concept of
Universe is defined as a four-dimensional space. In quantum mechanics the space-time
entity is observed integrally, as infinite dimensional feature, where space and time are
mutually intertwined. Geospatial and engineering applications, defines the space usually in
three dimensions, according to the Euclidean paradigm of rectangular coordinate system. It
is often considered the time parameter, when are observed temporal changes in the space.
The time can’t be treated like fourth dimension, as in classical or quantum mechanics, but
more like an added value. When the space and its dimensionality are clearly defined and
understood, then they require an appropriate coordinate system. The coordinate system can
be defined, according to use, at the micro level-locally, or at the universal level-globally.
Geospatial studies are usually focused on the phenomena and processes that treat the Earth
as a global object, like a general geographic area. On the other hand, the construction and
engineering projects usually takes a small local area. Today’s technology allows a relatively
simple use of globally defined coordinate systems. Satellite technology, by its operation
characteristics provides such benefit. There are emphasized two key components that
characterize the coordinate system as an entity: the definition of the coordinate system and
its realization. The terms originate from astronomy, astrophysics and geophysics, generally
from most of sciences about the Earth and Cosmos.

Defining global reference coordinate system-imaginary model

The definition of the coordinate system is based on the abstraction about the
observed object and recognition of its form and its behavior in space and time (Kovalevsky
and Mueller 1981). In the Universe, where a constant movement and general positional
relativity are recognized, the coordinate system has a role to provide provisional and limited
in its domain, an illusion of absolute spatial positions. The definition the coordinate system
is an imagination about the targeted object of the research. So, to define a coordinate system
is nothing more than to imagine or to state a logical and abstract idea. Also, the coordinate
system definition must take into account the needs of all current and future tasks that would
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eventually be covered. Usually, coordinate system is defined as a rigid structure that does
not change over time (relative to the target object), especially not geometrically.

How do we imagine the Earth?

If we ignore historical and mythical assumptions, the Earth is seen like a ball-
shaped celestial body, that allmost uniformly rotates around its axis and, together with the
Moon, its natural satellite, orbiting around the Sun. Geological and geophysical research,
and also constant volcanic and seismic activity, provides legitimacy to consider the Earth’s
interior as a fluid of fairly viscous nature. This is especially valid for zones deeper than 150
kilometers. Earth's approximate sphere radius is about 6400 kilometers. Solid crust of Earth,
in comparison with that radius is quite small. If we look at the world's oceans and seas, there
is an enormous disparity in land and water surfaces. These facts fully justify the view of the
Earth as an elastic, fluid, i.e. viscous body in the Cosmos. The idea of various forces
influence to the elastic body, and consequently the formation of such a body shape, then has
a really reasonable legitimacy. So, the Earth has flattened shape due to the effect of
centrifugal force of rotation, and that phenomenon is fully complying with Newton's
classical theory of gravitation. Isaac Newton wrote in his major work “Mathematical
Principles of Natural Philosophy”, Book III, Proposition XX, (lat. Philosophiae naturalis
principia mathematica): “The Earth is higher under the equator than at the poles and that by
an excess of about 17 miles...” (Van Sickle, 2010).

Geoid and ellipsoid as a possible Earth’s figures

When we have in mind the specific characteristics of the Earth, it appears the
question: how do the best approximation of its shape and how to define its global reference
coordinate system? Having in mind unequal density of the various zones in the Earth's
interior, we can talk about an irregular geometric distribution and intensity of the gravity
force. If, for a moment, we forget the topography, the Earth can be represented as
imaginary, undulating closed surface, on which the potential of the gravity force have a
constant value. Such equipotential surface is called the geoid, and it is the first
approximation that reflects the spatial shape of the Earth and geophysical characteristics.
The geoid is the surface that is closest to the mean sea level surface in ideal conditions, with
no waves and tides effects. Although theoretically is completely valid concept, geoid is not
clear mathematically formulated surface. So, the computational complexity of the practical
applications is quite large. Another approximation of Earth is a flattened ellipsoid or
spheroid, obtained by rotating ellipse around its minor axis (Figure 2). Ellipsoid is entirely
mathematically formulated figure in space, which allows a variety of practical applications
and scientific research.

Figure 2. Exaggerated pictures of geoid and flattened ellipsoid
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Coordinate system models
Three-dimensional Cartesian orthogonal coordinate system-orthogonal triedron model

A simple way to clearly determine position everywhere on the Earth's surface is to
use a three-dimensional Cartesian coordinate system (Seeger, 1999) The following features
define such a geodetic coordinate system (Figure 3):

e The origin of the system coincides with the Earth’s center of mass,

e Z-axis coincides with the axis of the Earth's rotation and its positive direction passes
through the north pole,

e X-axis lies in the plane of prime, Greenwich meridian and it is perpendicular to the
previous axis,

e The Y-axis with the two previous makes the right-handed system orientation.

The coordinates X, Y and Z determine each point in space, in such a defined
coordinate system. Such defined triedron (Petit and Luzum, 2010) determines the entity
which International Earth Rotation and Reference Systems Service (IERS), denotes as
International Terrestrial Reference System (ITRS). The spatial reference system rotates
together with Earth and corresponds to all daily movements in space, with coordinate origin
close to geocenter. The term 'geocentric' indicates the center of mass of the entire Earth
system, including the oceans and mass of the atmosphere. For continuity with the previous
terrestrial reference system, according to the Resolution 2, of the International Union of
Geodesy and Geophysics (IUGG) in 1991, its formulation is very close to the middle
equator in 1900 and Greenwich meridian. So, when defined coordinate system is observed
in this way, we can’t ignore the fact that it is a rectangular Descartes coordinate system
model, which includes Euclidean three-dimensionality and classical Newton's postulates
about space and gravity. The notation 'Descartes' in various articles can usually be found as
Cartesian, as a result of the name translation of the famous French mathematician and
philosopher Rene Descartes (Fr. René Descartes), in Latin as: Renatus Cartesius. Often for
this coordinate system we find in the literature the term Earth Centered-Earth Fixed (ECEF),
which represents the Conventional Terrestrial System (CRS). Through the system name is
described its nature and definition: geocentric and rotate together with Earth. Its axis
complies with the directions of the International Reference Pole (ERP) and International
Reference Meridian (IRM), which are fixed to the Earth itself.
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Figure 3. Rectangular Descartes triedron and ellipsoidal coordinate system
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Ellipsoid coordinate system model

Approximation of the Earth with ellipsoid, give the opportunity to represent
previously defined coordinate systems in an ellipsoidal, so called geographical model
(Figure 3). We can place the ellipsoid within the Earth and within the geoid. This can be
done in such a way to best represent figure of the Earth. Thus, the point position can be
determined with latitude, longitude, and height above or below the ellipsoid surface. These
are the so-called ellipsoid or geographic coordinates: latitude, longitude, and ellipsoid
height (go,/l,h). Latitude ¢ is an angle in the plane of point meridian, measured from the
equator plane to the straight line, which is perpendicular to the ellipsoid and passes through
the observed point. Longitude A is the angle in the plane of equator, measured from the
prime meridian, usually Greenwich meridian, to the observed point meridian. Ellipsoid
height 4 is the strait distance from the ellipsoid surface to the observed point, measured
along a line perpendicular to the ellipsoid. Ellipsoid coordinates defined like this are called
geodetic, unlike geocentric latitude, longitude and height whose values are based on the
straight line that passes through the center of the ellipsoid. As opposed to the rectangular
coordinates X, Y and Z, the geographical model, gives more natural information about
location, and also the possibility of separating the horizontal and vertical position. Almost
everyone who deals with spatial exploration could easily recognize where is a specific
geographic area, simply by observing the coordinates. There are mathematical relations
between the coordinates of the points that have been expressed by one or another coordinate
system model. Conversion of coordinates from rectangular to the ellipsoid model is
mutually unambiguous, so-called ‘biunivocal’ relation. Both models essentially determined
the same thing, with few specific tendencies. The first Cartesian model indicates to the
dimensionality of space. Ellipsoid model pointing to the shape of the Earth’s figure and
allows the choice between integrated or separated treatment of horizontal and vertical
positions. Ellipsoid model is used in the gravity field research and, consequently, in defining
the heights coordinate system. Also, the aspect of cartographic applications is still more
easily implemented, using geographic coordinate system.

Local ellipsoids

Historically, the ellipsoid model of the Earth’s coordinate system is maybe older
than the Cartesian, because of application reasons. At the beginning times of modern
geodetic practice, definition of the reference coordinate system came together with its
implementation, or immediately after it. At first were performed measurements, and
according to results, were brought conclusions about ellipsoid and the coordinate system.
Measurements are carried out on a smaller or relatively limited area and it was not possible
to determine precise position of the ellipsoid center according to geocenter. It was important
for the ellipsoid to be best suited to the local territory, in which its use is planned. So, there
are a lot of different ellipsoids used today, in different regions of the world, like an historical
legacy. Not only their dimensions vary significantly, but for obvious reasons, also theirs
spatial positions are mutually different (Table 1). The historical legacy of local ellipsoids,
and their reference coordinate systems, now plays a multiple role. On the first place can be
recognized their positive historical importance for the surveying profession. On the other
hand, the existence of local ellipsoids and their associated enormous cartographic material
requires very extensive and complex tasks of transition. This is especially important today,
when is very rapid development of scientific research based on satellite technology. Also,
technology of Geographic Information Systems (GIS), work with globally distributed data.
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Using satellite technology of Global Positioning System (GPS) can, successfully resolve the
issue of lots of different coordinate systems and ellipsoids.

Table 1. Coordinate systems and associated ellipsoids with parameters (NIMA, 2000)

Coordinate Local ) a o 1/ f Eccentricity values
system name ellipsoid Major semi-axis Inverse flattenin AX AY AZ [m]
[m] g [m] [m]

World

World Geodetic 6378137.000 298.257223563 0.0 0.0 0.0
System 1984

(WGS84)

Geodetic
North American Reference
oo 1083 Systom 1980 6378137.000 298257222101 0.0 0.0 0.0

(GRS80)
Hermannskogel- | g 0 1841 6377397.155 299.152812800 682.0 | -203.0 | 480.0
Yougoslavia
Ordnance survey
of Great Britain Airy 1830 6377563.396 299.324964600 3750 | -111.0 | 431.0
1936
European datum International
1950 1924 6378388.000 297.000000000 870 | -96.0 | -120.0
North American | o 1866 6378206.400 294.978698200 9.0 | 1610 | 179.0
datum 1927

Horizontal coordinate system model

Inclusion of ellipsoids into the coordinate system issue, allow separate treatment of
the point position in space, especially on the Earth’s surface. Thus, the three-dimensional
coordinate system can be separated into two-dimensional (horizontal) and one-dimensional
(vertical) components. If the latitude ¢ and longitude 4 is known, then the horizontal
position of the observed point is fully identified. Current technology of global satellite
positioning permits easily determination of those coordinates. Of course, difficulties arise
when it is necessary to calculate the relationships between points: distance, azimuth, angle,
or showing a certain area on the flat map. The complexity of calculations on the ellipsoid
shape, and also the need for spatial data visualization, is solved with mathematical mapping
projection on the plane surface. Map projections and cartographic products also, as an
applicable part of spatial coordinate systems, provide a further basis for numerous
applications. It is very common practice using the term coordinate system, or geodetic
datum, for a map projection such as UTM, Lambert or Gauss-Krueger plane. That practice is
not properly in essential sense. Naturally, the projection for itself can't be determined
without a previously formulated ellipsoid and without parameters of coordinate system. A
lot of articles, books and numerous software tools today, have such terminological
confusion.

Heights coordinate system model

Ellipsoid height in appropriate coordinate system is geometrical value, entirely
mathematically determined. One-dimensional coordinate system, which is used for altitude
positioning, primarily needs to take into account the gravity force. Water masses of the
whole Earth is, from the other side, completely under the influence of gravity. So, it seems
to be the most natural using of sea level as a coordinate origin. Today, it is widely used the
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term Mean Sea Level-MSL, which is, viewed from the perspective of gravity, the closest to
the geoid surface, consequently to the Earth’s shape. Mean sea level implies that the
influence of waves and tides is previously removed from such averaged surface. Geoid is
surface model of gravity force equal potential, at Mean Sea Level. Measurements of gravity
force, astro-geodetic measurements, spirit leveling, mareography and finally topographic
gravitational influence, are all included in geoid surface modeling. At greater depths below,
or higher altitudes above the geoid, can also be modeled different equipotential surfaces. As
the density of mass in the Earth's interior is different and unequally distributed, it is almost
impossible to find two parallel equipotential surfaces. The vertical line is perpendicular to
the geoid surface (Figure 4). Hypothetically, we can imagine a point that moves toward the
Earth’s center of masses, through different equipotential surfaces. It follows the line
perpendicular to those surfaces and creates the space curve of the vertical line, so-called true
vertical or plumb line. Figuratively speaking, it would have behaved like the stone in free
fall, if the stone were able to pass through the layers of the Earth’s interior. So, now we can
speak about two height lines in the observed point: the normal line, perpendicular to the
ellipsoid and vertical line (true vertical), perpendicular to the geoid. Normal line determines
the height relative to the ellipsoid and this ellipsoid height has a mathematical importance
for necessary calculations. The vertical line is used to determine the elevation, or in the case
of the geoid, the so-called orthometric height. Orthometric height has actually practical
significance, because it reflects the natural phenomena of the site. Figuratively speaking, the
water in the seas, lakes or rivers behaves respecting the law of gravity and orthometric
height.

ol gurface

s

Elipsoid surface

he=ellipsoid height
he-orthometrie height
Figure 4. Heights coordinate system
Coordinate system implementation-reference frame as a real model
The implementation of coordinate system is a process of its materialization. Often
the process of implementation is more complicated, compared to its definition. However,
regardless of the complexity, the coordinate system need to be implemented, otherwise there

will be nothing more than an idea. Therefore, the processes of coordinate system definition
and realization are inseparable parts of an integral whole (Figure 5).
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Figure 5. Conceptuality of network ilsage, Europe network and the network of Marilyn Monroe face
(Josh Bryan Artist, http://www.joshbryanart.com/ - 'Marilyn Monroe/zoom/c1tyq/imagejw2)

Geodetic reference frame

Geodetic reference frame represents the realization, i.e. the implementation of the
previously defined coordinate system. The frame is a material, visible part of coordinate
system. In geodesy, survey and other geospatial research, the reference frame is also called a
geodetic reference network. Point coordinates are the result of different values measurement
in the network, which allows determination of relative relations between points. The
reference frame is used to describe quantitatively the position and motion of observed
objects. Measurements performed in the process of the frame constructing, are carried out
according to the system definition. It is a common case, where physical marks or
measurements, implement two or more completely different coordinate systems definitions.

What is the Earth’s nature in fact?

Even though it doesn’t look that way, the Earth is not quite as calm and stable, as it
seems at the first glance. Earth can be observed as a rigid body, like an unchangeable shape.
It is not justified, especially in research dealing with the nature of the Earth itself and
phenomena that occur on it. More realistic, Earth could be treated as a collection of infinite
or finite number of elements, which moving over time, more or less. Movement of the Earth
parts, both in its interior and on its surface, has continuous, cyclical or random (stochastic)
character. The occurrence of cracks and faults in the solid part of its crust and formation of
global tectonic continental plates was also a result of constant dynamics. Moon gravity, and
the gravity of other planets in the Solar system, causing the tides phenomena. The Moon has
much more influence than the all other planets together, due to different distance. Also, the
phenomenon of poles displacement has a short and long periodic tendency, which is
recognized as the nutation and precession (Figure 6). Precession is a long periodic
movement of the Earth's axis and the North Pole consequently. It is considered that its path
has almost circular shape, with a period of nearly 25800 years. Currently, the North Pole of
the Earth's axis is directed to the star Polaris.
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Figure 6. The occurrence of the Earth's poles movement in the form of precession and nutation

For about 14,000 years it will be directed towards the star Vega from the
constellation Lyra. Nutation is a short periodic movement of the North Pole with a period of
about 18.6 years. British astronomer James Bradley discovered it in 1728. Nutation is
mainly caused by the Moon influence and the characteristics of its movement relative to the
Earth. Namely, every 18.6 years, the angle between the Moon’s orbit plane and the Earth's
equatorial plane, reaches its maximum of 28° 36', or a minimum of 18° 20'. Moving the
poles, thereby cause the wobble of the equatorial plane. Volcanic and seismic activity, solar
radiation, the water mass movement in the oceans and the movement of glowing liquid
magma in Earth’s shallow and deeper layers, are some of the many different influences that
affecting Earth. All these influences cause, more or less, the shape of the Earth as we know,
and its constant temporal changes. The object that behaves in such a dynamic way requires
complex procedures of coordinate system definition and implementation.

Shape and elements of the network

There are many different geodetic networks for different purposes. From networks
for surveying, cadastre, land and urban planning, networks for monitoring construction
projects, up to the global networks that exist only because of the coordinate system. The
spatial disposition of network points, actually monuments of geodetic network, is designed
so, for the best coverage of an observed object. If the network is used for monitoring the
bridge construction, in that case the marks should be set on those places that provide
uninterrupted observation of all relevant elements during construction. When we setting up a
geodetic reference network for a country, then points or marks should be set so, to evenly
cover and include the whole national territory. Global network has an essential task, and it is
exclusively determining the shape of the Earth and the realization of the coordinate system.
The goal of network set up is the most homogeneous coverage of the Earth. Of course, the
differences between examples are enormous. Besides conceptual distinctions, we can
consider the distance between network points, for example. In the network for construction
projects, distances are usually expressed in hundreds of meters, from 100 m to 500 m. State
territory are covered by the networks with distances expressed in kilometers and tenth of
kilometers, from lkm to 10, 25, 50, or even 100 kilometers (Figure 7). Global networks
have the structure where the distances between points are expressed in hundreds and
thousands of kilometers.
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Figure 7. Trigonometric network as a geodetic frame and trigonometric monument with point mark.
Building and spatial locating of geodetic network

In the process of building a global geodetic frames, shall be given an answer about
two important questions:

e To determine geometrical and geophysical relations between the points in a network.

e Positioning and temporal changes of the network itself, in the space of a globally adopted
reference system.

Building the geodetic network is usually achieved by measuring horizontal and
vertical angles, elevations and since recently, distances between points. In the past, the lines
in the network were arranged in triangle figures, due to measuring angular values as a
primary measurement method. So, such frames are called triangulation networks. In the
middle of the 20th century, in surveying practice are progressively introduced measuring
methods based on light waves and microwaves. Thus was opened an opportunity for
measuring very large linear distances of around 50-100 km. This gives the opportunity to
reprocess most of the nineteenth century triangulation networks (Seeger, 1999.). Measuring
distance between certain points in the network solves one of the fundamental requirements
of any network, determining the network scale in space. Positioning of a network, as a
single entity in the global system, is also implemented by measurements. Such specific
observations through the history of geodesy are performed on different ways. In addition to
the angular and linear values between the networks points, for the establishment of a
geodetic reference frame are necessary astronomical and astrogeodetical measurements.
Observation of the apparent stars movement across celestial sphere and registration of the
measurement time epochs, provides the values of astronomical longitude and latitude. These
values, along with measured deflection of the true vertical lines, at selected points of the
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network, offer much closer pictures about a local ellipsoid. As discussed earlier, the vertical
line and the normal line, in the observed point on the Earth’s surface, are not the same thing.
The vertical line is the result of gravity and its direction can always be seen or created. With
the normal line is not the same. With astrogeodetic measurements can be determined
deflection between these two lines. The deflection is necessary for the realization of
geodetic networks, and also for geoid model issue as the vertical reference frame. For the
beginning of cosmic era is considered 4th October 1957, when the Soviet Union launched
the first artificial Earth satellite Sputnik. Geodesy thus received technologically very
productive asset. Development in this area has led to the profiling of satellite geodesy as a
qualitatively new way of the space exploring. Satellites and new scientific breakthrough in
Earth observations, has created several new measurement methods, such as SLR, VLBI,
TRANSIT, DORIS, GPS, GLONASS and others. The nature of the satellite functioning
itself has a very useful application in the realization process of global reference coordinate
system. What was not possible before, now it is. Measuring relations between points,
between two continents, or comprehensive, globally, is now becoming a reality. Method of
Satellite Laser Ranging (SLR) determined the precise elements of the satellite orbits.
TRANSIT maritime navigation system, which is based on the Doppler effect of radio waves,
for the first time enabled the measurement of large distances on the Earth’s surface, with an
accuracy of 30 centimeters. French DORIS system is based on the same Doppler principle
(Fra. Détermination d'Orbite et Radiopositionnement Intégré par Satellite) is used to
determine the precise satellite positions in orbit, and also for positioning on the Earth
surface. Method of Very Long Baseline Interferometry (VLBI), which estimates correlation
between detected radio signals from distant quasars, is used for intercontinental distance
measurement (Figure 8). Extremely stable Space sources of radio signal are simultaneously
processed in two very distant receivers, for example at stations Wetzel in Germany (Ger.
Wetzell) and Santiago in Chile (Spa. Santiago de Chile). Knowing the propagation velocity
of the waves and measuring the time difference, base line can be determined with very high
relative accuracy of even 0,01ppm (Eng. Parts-per-million).

Figure 8. VLBI method of intercontinental distance determination and volatile satellite GNSS constellation

A new era of global navigation and positioning, occurs with development of the
American GPS system, in eighties of the 20th century (Figure 8). Soviet Union, at the same
time, develops their own, a parallel navigation system GLONASS, which is based on similar
technological basis (Rus. [JIO6aneHas HApurammonuas CnytaukoBas Cucréma-
I''IOHACC). Although started in the late nineties of 20th century, European satellite
navigation system Galileo, at the end of first decade of 21st century, still has contours of
incomplete constellation. At this moment, in 2016, Galileo has launched twelve satellites, of
the planned thirty, which are all in the testing phase. China is also developing its own
system, called Beidou, or COMPASS. All of these navigation systems are generally known
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as a Global Navigation Satellite Systems (GNSS). The development of these systems,
initiated a huge breakthrough in geospatial research today and in the future. As a
comparison with earlier mentioned measuring methods, we can consider their accuracy that
can be provided. The distance between two GNSS receivers, using the phase difference
measurements of carrier waves, can be estimated with an error of 0.001 ppm (Seeger, 1999;
Lange and Gilbert, 1999).

Temporal epochs of global reference frame

All of these measuring methods are used mostly to evaluate parameters of geodetic
reference frame, i.e. geodetic network. As shown, the Earth is a very dynamic structure that
permanently, periodically or randomly changes its shape and position in space. Geodetic
network realizes defined coordinate system respecting the dynamic aspects (Figure 9).
Methods for determining the current position of the poles, position of equator, speed of
rotation, monitoring the movement of the continental plates and many other processes,
requires reference coordinate frame that is constantly renewing. The ITRS organization
permanently performs all these activities and publishes reports about the status of the
International Terrestrial Reference Frame (ITRF). Terrestrial reference frame, as a global
geodetic network, is used to show all geodynamical processes. Earth and its rotation in
Cosmos, is displayed through continental plate tectonics, regional subsidence and
movements. The rotation of the Earth is observed in relation to the celestial reference frame
that is tied to stars. Organization IERS was founded in 1988 with the mission to establish
and maintain the celestial reference frame (ICRF-International Celestial Reference Frame),
and the terrestrial reference frame ITRF. Parameters of the Earth orientation are connection
between these two reference frames (EOP-Earth Orientation Parameters). Earth orientation
parameters include Universal Time (UT), coordinates of celestial pole (CEP-Celestial
Ephemeris Pole) and movement of celestial pole. Celestial pole movement is recognized
through the appearance of precession, nutation or Chandler wobble.

Figure 9. Global stations for ITRF2008 realization and the speed of tectonic displacement
(Altamimi and all, 2012)

Measurement results from different locations are compared through these two
reference frames. Four main geodetic measuring techniques are used today, to determine
geodynamical changes: GNSS, VLBI, SLR and DORIS. There are a large number of
measurements, which are conducted through a lot of years back. Also, because of a
continuous technological progress, the ITRF is constantly renewed and improved. Since the
year 1988 until today, there was eleven realization of ITRS system, and the last one is the
ITRF2005. The most important products of the coordinate system realization are point’s
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coordinates for the specific epoch and their speed. Each of realizations describes a
movement model of the Earth's crust.

Reference system or reference datum?

The geodetic datum is a very common term that is used to determine realized
spatial reference coordinate system, an entity as a whole. The term geodetic datum usually
includes both procedures: definition of the coordinate system and its implementation
through a reference frame. Mentioning of ellipsoid, which defines geodetic datum, can be
found very often in specialized books and articles. The datum is realized through a network
of corresponding points. In the glossary of the organization IERS, the term datum is
explained as follows (Petit and Luzum, 2010):

“Datum is a geodetic reference frame (plural datums). In surveying and geodesy, a datum is
a set of reference points on the Earth's surface, and (often) an associated model of the shape
of the Earth (reference ellipsoid) used to define a geographic coordinate system. Horizontal
datums are used to describe the location of a point on the Earth's surface, in latitude and
longitude or other appropriate coordinates. Vertical datums are used to describe site
elevations or depths.”

Figure 10. Helmert transformation between two coordinate systems

So, the term geodetic datum refers to the integrated concept of coordinate system,
which is recognized through reference ellipsoid, through geodetic network and its physical
and visible marks. When we talk about ellipsoid as the geodetic datum, it is necessary to
formulate its basic dimensions and parameters of its spatial position relative to the globally
defined Earth figure (Figure 10). Parameters of Earth figure are: its geocenter, axis of
rotation and reference values of middle equator and Greenwich meridian. These parameters
are determined in the global geocentric coordinate system. Such a geocentric coordinate
system, or geodetic datum, is World Geodetic System, implemented in the year 1984 by the
United States Department of Defense (WGS84-World Geodetic System 1984). Its main
purpose is to provide a geodetic basis for operating of the global positioning system,
GPS/NAVSTAR. Also, global definition of the Earth parameters, through global system like
ITRS, continuously provides IERS organization. Local geodetic datum is determined by the
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values of its eccentricity from the global datums ITRS or WGS84. Parameters of
eccentricity, so-called geodetic datum parameters include three linear translations along
coordinate axes X, Y and Z, three angular rotations around each of the axes and one scale
parameter. Then, the transition between datums can be performed according to Helmert
rules (Hofmann-Wellenhof and all, 2001). Ellipsoid is determined by its semi-major axis a,
and its coefficient of inverse flattening // f . So, by specifying of these nine values, the

local geodetic datum and its associated ellipsoid are fully formulated.

Basic recommendations in work with different space coordinate systems-
Conclusion

Spatial data and geodetic datum parameters requires to be carefully treated. The
main problem and usual trap that can occur, is irregular use of parameters in several
geodetic datums, which are presented in different data sets. There is a great historical
legacy, in the form of maps, plans, alphanumerical tables and other geodetic materials. It is
still in use, especially in Europe, cartographic material based on the coordinate system of
local character. Combining such maps from south Europe, for example, with maps from
north Europe, produces significant inconsistency. Different maps can be products of map
projection from different ellipsoids. Ellipsoids are previously associated with different
coordinate systems, which are not all geocentric and their position and orientation are with
local character. At the same time it flows production of voluminous data quantity,
measurements and geodetic data basis. Geographic map that is created today is a product of
the modern, global systems, so its geodetic datum has to be of a global geocentric character,
for example WGS84. As an important repercussion, the obvious disagreement of geodetic
datums between older data and today's collected material is presented. The requirements of
modern researchers and the use of IT solutions, also creates pressure to solve the problem in
a systematic way. Disagreement between coordinate systems of different spatial datasets can
be recognized through two forms of appearance:

e Spatial datasets have on the same way defined coordinate system, but is implemented
differently for different data. Hence, the particular realizations, each in its own way, are
implemented improperly or do not match modern requirements.

e Datasets have two, or more differently defined geodetic coordinate systems.

First case is often found during exploitation of geodetic surveys from earlier
period. It is reasonable to talk about geodetic networks that are never implemented in the
right way, or so-called meglected' networks. Due to different reasons, throughout history,
during realization of the reference frames have been often ignored important scientific facts
and produced the essential errors. Mathematical calculation in the geodetic network does not
performed integrally and homogeneously, due to lack of adequate computing resources. The
expansion of the network covered territory or its densification is performed often with
unscientific assumptions and approximately. Geodynamical facts such as tectonics, regional
and local ground movements were mostly ignored. The problem is even more significant
because there is a huge amount of data that are systematically linked to the network.
Cadastral surveying and geodetic dataset basis of urban planners, cartographers and others,
depends substantially from such a reference system (Figure 11). Overcoming the problems
of this type is a today’s challenge primarily in geodetic profession. There are many, very
demanding and complex, proposals and models for solutions of this deviation (Blagojevic,
2009). The second case is primarily logistic and organizational issue. Several different
datums, by theirs definition and realization, can be transformed into one homogeneous,
unified coordinate system. In order to solve this problem, it is necessary to adopt a target
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coordinate system. There is often taken, a global geocentric coordinate system WGS84,
which can be established simply by applying of the GNSS technology. According with such
adopted target coordinate system, it is necessary to determine the datum parameters of each
local datum. It is used further, a so-called datum transformation, which is today an necessary
tool and it its integrated in all GIS software systems.

[\ﬁ

Pigh Wwier h'llrl.
4 020 faal

Figure 11. The result of position and height disagreement between two coordinate systems of nor American
continent. Horizontal datums NAD27 vs. NADS83 and height datums NGVD29 vs. NAVDS8
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KOHIEIT NPOCTOPHUX KOOPJIUHATHUX CUCTEMA, bUXOBO
JEOUHUCAIBE U PEAJIM3AIINJA KAO ITPEJYCJIOB Y TEOITPOCTOPHUM
INPUMEHAMA

30PAH HEJIEJLKOBUR', AIEKCAHIAP CEKYJINR'

! Vuusepsumem y Beozpady — I'paliesuncku gaxyimem, Odcex 3a 2eodesujy u ceoundopmamuxy, Bynesap kpawa
Anexcanopa 73, 11000 Beoepao, Cpouja

AbécTpakT: bpojHu cy KopucHHIM HHGOpPMAIHja 0 IPOCTOPY, YHje je HHTEPECcOBamhEe O CaMoj BUXO0BOj IPUPOIU U
HACTaHKY, IPHINYHO Benuko. Came mpocTopHe HH(pOpManuje pa3sInIuTd KOPHCHUIM MPOHAIa3e y BUIY KapaTa,
IIaHOBA WM anaHyMepHiKuX Tabena. Y HoBHUje BpeMe, cBe yemifie y BUAy IPOCTOPHUX 6a3a mojartaka, y OONuKy
reorpadckux uHbOpMAMOHHX cucTeMa. I1lITa CTOjH y OCHOBH OBakBHX IpPOCTOpHHX momnora? Ha kaxBum
TeMeJbHMa Cy OHE 3aCHOBaHe? Y OBOM WIAHKY C€ IHOCMATpajy OCHOBHH acHEKTH IIPOCTOpa, AMMEH3HOHAIHOCT U
rI00aTHN KOOPJIMHATHH CHUCTEMH y NMpHMEHaMa KoOJ IJI00OaHMX TIeONpOCTOPHHMX HCTpaxkuBama. Objamrmara ce
neduHICake KOOPAMHATHOT CHCTEMa Kao alCTPaKTHOT GHTHTETa U IIOCISIHYHO, IHUXOBA pealn3alija WIN
YCIOCTaB/BAE Yy BHUAY TEOACTCKOr pe(epeHTHOr OKBHpa, Kao pealHe pedepeHTHe TeoJeTCKe Mpexe.
AIUTMKaTHBHM aCIeKT KOOPAWHATHMX CHCTEMa C€ Yy WIAaHKy amocTpodupa Kpo3 Hpernopyke M 00a3puBOCT Y
MOCTYNKY Kopuihema BIXOBUX Pa3IHINTUX pealn3anyja.

Kibyune peun: 3emiba, KOOpIMHATHU CHCTEM, FEOACTCKH AAaTyM, pedepeHTHH OKBUP, exurcous, reout, ITRF,
GNSS

HOjaM MpoCTOopa M KOHUENT TUMEH3UOHATHOCTH

Hayuna nebata o ToMme ImTa je MpOCTOp W Kako Ta pasyMeTH cexe jom y moba
craporpukux ¢unozoda. Yysern [lmaron, CokpaT M ApHUCTOTEN Cy y CBOjUM [einuMa
HOMHBAIM TojaM ‘mipoctop’ (cT. rpu. ydpo/khora) u mojam ‘mecto’ (rpy. TOTOG/tOpos).
Job6a penecance y Empomm, y 17. Beky, JHOHOCH MpBE IOCTaBKE OBOT (HHI030(CKO-
MeTapU3MIKO-MaTeMaTHYKOr MojMa. Taja ce NpouiIMIly IpBE OCHOBE MOJEPHOT
cxBaTtama rnpocropa. Tume cy ce GaBunu bbytH, Jlajonuu, Kant u mHorun apyru. byrtn
(dbopmynmie mpocTop Kao "amncoiayTr" KOjU MOCTOjH CTAJIHO W HE3aBHCHO, 0e3 003upa Ha
NIOCTOjame MaTepuje U KpeTame Koje ce y iemy poraha uiam ne noraha, (French and Ebison
1986). Ta meropa meduHUNMja je MOXKAA HAjUPHOIIKHIjAa OIIITEM CXBAaTamky MPOCTOPA.
OcuoBHH nocTynatd Eykimnna o mojMoBHMa Tadke, IIPaBe W PaBHH, y HETOBOM OOMMHOM
neny y TpuHaecT Kmura "Emementn" (ctaporpuku: Xtotyelo-CTHxHja), aKCHOMATCKH
nebunumry Eykmuacky reometpujy. To je Haj3am TeMelb JNaHAIIbEer pasyMeBamba
TpoAMeH3noHaTHOT EyKimackor mpocTopa, OITo 1aje OCHOBHE ITOCTAaBKE y UCTPAKUBAHMa
rotoBo cBux reo-Hayka (Cnmka 1). Ilojam mpocTopa je ycko moBe3aH ca KOHIEITOM
JVMEH3MOHAJIHOCTH M MOXe ce pehum na cxBarame JUMEH3HMOHAJIHOCTH 3aBHUCH OJ
KOHKpPETHE O0JIaCTM HCTpaKuBama. Y (HU3MIM M MaTreMaTulMd c€ JUMEH3MOHAIHOCT
npocropa HeopManHO AeduHHIIE Ka0 MHHMMajlaH Opoj mapaMmerapa MoTpeOHuMX na ce
HOTIIYHO jE€JHO3HAYHO OJpEAM II0JIOKa] TAauKe y TakBOM Ipoctopy. [IpaBa mium KpuBa
JHMHUja jecTe jeJHOJMMEH3MOHaJaH IIPOCTOp, jep Ce 3a IMOTHyHO ojpehuBame monoxaja
Tauke Ha IHOj KOPUCTHU jeIHa KoopauHata. PaBaH, MOBpII LMJIMHIpA WIX TOBPII cdepe cy
IpUMeEpPH JBOAMMEH3HOHAIHOT IIPOCTOPa 3aTO MITO C€ MOJI0XKaj Tauke Ha muMa ozapelhyje ca
JIBE KOOpJWHATE: JIAaTUTyda W JIOHTHTyAa Ha mpumep. Cdepa wmiam Kolka, 3ajemHo ca
BUXOBOM YHYTPAIIKBOLINY, Cy IPUMEP TPOAUMEH3MOHAIHOT IIPOCTOPA.

Cauka 1. HBOHHMCHBHOH&J’IHH U TPOAUMEH3HOHAIHH HeKapTOB KOOPAUHATHH CHCTEM

VY KITacHYHOj MEXAHHIU CYy TPOCTOP M BpeMe pa3iInduTe KaTeropHje, Te ce mojaM
yHUBep3yMa Je(UHHIIEe Ka0 YeTBOPOAMMEH3MOHAIIHN MPOCTOpP. Y KBAaHTHOj MEXaHHIU Ce
EHTHTET IIPOCTOP-BpeMe TIOCMaTpa HHTETPATTHO, Ka0 OECKOHAYHO ANMEH3MOHANHA (QYHKIHja
re ce mpocTop W Bpeme MelhycoOHO Tpokumajy. Y TEOompOCTOPHHM HCTPaKUBAFmHHMA,
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npocrop je nedunucan Hajuewrhe ca Tpu auMmeHsuje, 6azupan Ha EykinmoBoj nmapagurmu
NPaBOYIJIOr KOOPHUAHATHOr cucTeMa. YecTo pasmarpame NapaMerpa BpeMme, Kajga ce
MocMarTpajy BpEMEHCKEe MpPOMEHe Yy MPOCTOpYy, HE MOXE Ja ce TpeTHpa Kao ueTBpTa
IUMesnja, Kao y KIIAaCHYHO] WM KBaHTHOj MeXaHUIH, Beh BuIIe kao monara BenndnHa. Kama
Cy IIPOCTOP W F-ETOBa ITUMEH3HOHATHOCT, jaCHO JeHUHHCAHW W cXBaheHH, OHAA 3aXTEBajy
oAroBapajyhu KoopauHaTHH cucTeM. KOOpIMHATHH CHCTEM MOJXKe Jia ce AepuHHUIIE, CXOTHO
ynoTtpebu, Ha MHKPO HHBOY-JIOKQJIIHO, WJIH CBeoOyxBaTHO-TJIo0amHo. [‘eompocropHa
HCTpakWBama Cy Hajuemhe ycMepeHa Ha I0jaBe M IPOIece KOjH TPETUPAjy IIaHETy 3eMIbY
Kao miobasHu objekar Tj. ommTH reorpadceku mpocrop. Mako ce yecto mpumemyje Ha
OTpaHMYCHOM JIOKAINTETY, JaHAC j€ TEXHOJIOUWIKM PEeJIATHMBHO jeIHOCTAaBHAa YIoTpeda
rJ00aIHO Ne(UHUCAHOT KOOpAMHATHOT cucteMa. CaTequTcKa TEXHOJIOIHja CaMUM CBOjUM
¢dyHkoHNCcameM o00e30ehyje kopuiheme ro6amHO AEe(UHUCAHOT M yCHOCTABIHEHOT
KOOpJMHATHOT cucrema. 13/1Bajajy ce Be KJby4HE LIEJIMHE KOj€ KapaKTepHIIy KOOpANHATHH
CUCTEM Kao EHTUTET; NeuHHIMja KOOPIMHATHOT CHUCTEMAa U HEroBa peain3aluja HiIH
MaTepHjanu3anyja. TepMUHN BOAE MOPEKII0 M3 acTpOHOMHje, acTpodmsmke, reopusnke u
yommTe u3 Behure Hayka o 3emspr 1 KocMocy.

Jedunucame riaodaaHor pedepeHTHOr KOOPAMHATHOT cucTeMa-MarnHapHu Moaen

Jedunnimja KOOpAMHATHOT CHCTEMa C€ 3aCHMBAa Ha alcTpaxoBamy oOjekra
rocMarpama, Te INperno3HaBamby EeroBe (OopMe U IOHAIIaka Yy HPOCTOPY M BpEMEHY
(Kovalevsky and Mueller 1981). V yHuBep3ymy y KOMe ce NpENo3Haje CTATHO KpeTamke U
OIIIITa PEIaTHBHOCT I10JI0Kaja, KOOPAWHATHH CHCTEM MMa YJIOTY J1a IIPUBPEMEHO U Y CBOM
OrpaHHYEHOM JIOMEHY 00e30e/1u IPUBH/L aricoiTyTHE ro3uiyje. JedrHncame KOOpANHATHOT
cUCTeMa je MMarvHalyja O LUJBHOM O0jeKTy HCTpakuBama. Jlakie, neguHUCATH HEKH
KOOPJMHATHU CUCTEM HHje HHIITA JPYro, HEr0 3aMHCIUTH WM W3jaBUTH jeJHY JIOTUYHY H
anicTpakTHy wuzaejy. Takobe, xama ce meduHuMIIE cHCTeM, MOpPajy ce y3eTh y o03mp cBe
cajamme morpede n Oymyhm 3amamu xoje OM eBeHTyaTHO KOOPAWHATHHA CHCTEM 0OYXBaTHO.
Hajuenthe je koopauHaTHH cucTeM JeHHNCAH Kao KpyTa CTPYKTypa Koja ce Kpo3 Bpeme He
Mema, (Y OJHOCY Ha IHUJBFHH 00jeKaT), HAapOYNUTO HE TEOMETPH]jCKH.

Kako 3amunbamo 3emiby?

IIpe cBera, ako ce 3aHeMape HCTOPH]CKO-MHUTOJIOLIKE MpEJCTaBe, 3eMiba ce
rnocMmarpa Kao HeOEeCKO TeJo JIONTacTor 00JMKa, KOje paBHOMEPHO POTHPa OKO CBOj€ OCe U
3ajesiHo ca MeceloM, ’beHUM IPUPOJHHUM caTeuToM, opoutnpa oko CyHua. ['eopusuuka u
TCOJIOIIKA MCTPAKUBAa, a Takol)e U FOTOBO CTalHa BYJIKAHCKA U CEM3MUYKA AKTUBHOCT
Jajy ompaBaame Aa ce 3eMJbHHA yHyTpammbocT Ha Behoj ayomnm ox 150 kwmiometapa
cMmatpa 3a GUIyHn, Tj HEKy BPCTY TEYHOCTH NPHJIMYHO BHCKO3HE mpupoxe. Cama nebiprHA
yBpcTe 3eMJbHHE KOpe, Y Tmopehemy ca paaujycoM 3emibuHe cBepe of mpudmmkao 6400
KAJIOMeTapa je NPIIMYHO Mana. [locMaTpameM CBETCKOT OKeaHa W MOpa, yodaBa ce
OTpOMHa HECpa3Mepa y KOIHEHHNM W BOJCHUM IoBpuImHaMa. OBe YHILEHUIIE TMOTITYHO
OIpaB/aBajy IMoriyiea Ha 3eMJby Kao Ha eNacTU4HO, TEYHO, Tj. BUCKO3HO Teno y Kocmocy.
Hneja o nenoBamy pasiMYUTHX CHJIA HA CJIACTHYHO TEJIIO M IMOCICAMYHO (DOPMHUpPAE
0o0JHMKa TakKkBOI Tela, Tala KMMajy 3aMcTa YTEMEJbEHO OIpaBlame. 3eMiba j€ JaKIe
CIUBOILITEHOT 00JIMKa 300T JeNoBamba HeHTpU(YraHUX CHIa pOTaluje, WTOo je caryiacHoO ca
IbyTHOBOM KJIAaCMYHOM TEOpUjOM TIpaBuTandje. IbyTH je y CBOM KAamUTAHOM JEITy
“MareMaTHuky npuHUMNKM npupoxHe duinosoduje, Kmwura 111, IIpernocraka XX (nar.
Philosophiae naturalis principia mathematica), mammcao: ‘“3emipa je HCHyITYeHHja KOJ
€KBaTopa, HEro Ha MoJ0BUMa U TO 3a oko 17 mmpa...” (Van Sickle, 2010.).
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I'eonn u exuncona kao moryhe gurype semibe

Kana ce umajy y Bumy cenmpudHe KapaKTEpPUCTHKE 3eMJbE, TOCTaBJba C€ IHUTAhE:
Kako Ha HajOOJpM HAYMH J1a Ce apOKCHMHpPA HEH OONMK M KaKo Ja ce NeUHHIIE HeH
ro6aHu peepeHTHH KOOPANHATHU CHCTEM?

VY3umajyhu y 003up HepaBHOMEpHY TyCTHHY pPa3lIWYUTHX 30Ha y 3eMJBHHO]
YHYTPAIIlOCTH, MOXE CE€ TOBOPUTH O HETPABHIHOj T€OMETPH]CKOj PACIPOCTPABEHOCTH U
WHTEH3WUTETY JAeIOoBamka CHie rpaBUTanuje. AKO ce Ha TpeHyTak 3a0opaBu Tomorpadwuja,
3eMiba ce MOKE MPEICTABUTH KA0 MMAarMHapHa, 3aTallacaHa 3aTBOPCHA IOBPII, HA KO0jOj je
MOTEHIIMjaJ CUJIC 3eMJbHHE TE)KE KOHCTaHTaH. TakBa CKBUIOTCHIIMjaHA TIOBPII CE Ha3UBa
reouJi ¥ OH je MpBa ampoKcHMaIlMja Koja oJpaxaBa 3eMJbUH HPOCTOPHU OOJIHMK U
reoduznuke ocobune. ['eon] je MOBpII Koja je HajOIMKa MOBPIIM CPEAEr HUBOA MOpa Y
WJICAJTHAM YCIIOBMMa, 0€3 Tajaca W JelIOBama IUIMME W oceke. Mako MOTIYHO TEOPETCKH
UCIpaBaH KOHIENT, TCOMJ HHUje MATEMaTHYKU jeIHO3HAYHO (popMynucaHa MOBPII, Ma je
pauyHCKa KOMIUIEKCHOCT y TIPaKTHYHUM [pUMEHamMa [pWINYHO Benuka. Jlpyra
anpoKCHMaIija 3eMJbe jecTe CIUBOIITEHH EIMIICOWI WIH cdeponn, TOOWjeH POTAIHjoM
enurice oko cBoje Mame oce (Cruka 2). Enunconp je moTHyHO MaTeMaTHdk (GopMyJIrcaHa
¢urypa y mpocropy, mro omoryhaBa pasziuduTe MPAKTUYHE MNPUMEHE M HAYYHO
UCTPaXHUBAhE.

Cauka 2. Hpeﬂamameﬂo NMPHUKA32aH reou] M ClJbOLITEHH eJIUICOUIU

Mopgenu KOOPAMHATHOT CHCTEMA
Mogen npaBoyrJor JlekapToBor KOOPAHMHATHOT CUCTEMAa-NIPABOYIJIH TPHEAPOH

JenHocraBaH HauMH Jia Ce jeTHO3HAYHO OJPE/H I0JI0XKaj TAUuKe UCIOJ, U3HAJ U Ha
caMoj MOBPIIMHH 3eMJbe jecTe yrmorpeda TpOIMMEH3HOHATHOT J[ekapTOBOT KOOPAMHATHOT
cucrema (Seeger, 1999.). TakaB reoeTcku KOOPAWHATHU CHCTEM ce Aedurumre cienchum
ocobunama (Crnuxa 3):

¢ KOOpJAMHATHU MOYCTAK, NI UCXOAUIITC CUCTEMA, KOMHIIUAWPA Ca ICHTPOM Maca 3CMJ'I)€,

e oca Z ce noayaapa ca ocoM 3eMJbUHE POTALH]je U BCH TIO3UTHBHH CMEp MPOJIa3u KPo3
CEBEPHHU M10J1,

e oca X JIeKH y paBHU [TOYETHOT, TPHHUYKOT MEPHUIMjaHa 1 YIIpaBHA je Ha MIPETXOJHY OCY,
e oca Y ca/iBe IPeTXOIHEe YUHH MPABOYTIIH CHCTEM JICCHE OPHjCHTAIIH]E.

CBaka Tayka y HpOCTOPY, KOJ OBaKko Je(uHHCAHOT KOOPAWHATHOI CHCTEMaA je
onpehena xoopaunarama X, Y u Z. OBako nedpunucanu tpuenpos (Petit and Luzum, 2010.)
onpehyje ono mro Mehynapoaau Cepsuc 3a Poranujy 3emibe u Pedepentne Cucteme (eHr.
IERS-International Earth Rotation and Reference Systems Service) HasuBa
WNureprannonanau Tepectpuuku Pedepentan Cucrem (enr. ITRS-International Terrestrial
Reference System). TakaB npocTopaH pedepeHTHH CHCTEM POTHpPA 3ajeTHO ca 3eMJHOM U
OJIroBapa CBUM [HEBHUM KpeTamhMa y KOCMOCY, Ca KOOPJMHATHHUM IOYETKOM KOjU je
6mm3ak reouentpy. [lojam 'reoneHTrap' nogpasymeBa LIEHTAp Mace 1IEJIOT CUCTEMa 3eMJbe,
yKJbydyjyhu okeane u armocBepy. 300r KOHTHHYHWTETa Ca HPETXOJHUM TEPECTPHUKUM
pedepeHTHHM cucteMoM, y ckiany ca Pezonynujom 2, Melhynaponne Yuuje 3a ['eonesujy u
I'eogpusuxy (enr. [UGG-International Union of Geodesy and Geophysics), u3 1991. ronune,
merosa GopMysanyja je Beoma Oincka cpenmeM exBaropy u3 1900. ronuHe ¥ TpHHUYKOM
mepunujany. Jlakne, kajga ce mocMaTpa Ha OBaj HAUMH JIeUHUCAH KOOPAWHATHH CUCTEM, HE
MOXE Ja ce 3aHeMapd YHWIbCHHIA Ja je y NuTamby Mojed mpasoyrior JlekaproBor
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KOOPJMHATHOT CHCTEMa KOjH 1ojapa3ymeBa EyKIMICKY TPOJMMEH3MOHAIHOCT M KIaCHYHE
BbyTHOBe moctynare o mpocropy u rpasuranuju. Oapennuna ‘JlekapToB’ ce y JUTEPTYpH
Moxke Hajuemhe mnponahm kao Kapresmjanckm (emr. Cartesian), mTo je mocieanma
npeBohema UMEeHa MPOCIaBIbEHOT (paHIlyCKOT MaTemarndapa u ¢umo3oda Penea Jlekapra
(bpa. René Descartes) Ha matnHCKOM je3uky kao: Penatryc Kapteswjyc (mat. Renatus
Cartesius). Uecto 3a oBaj KoopauHaTHH cucteM y quteparypu cpehemo repmun ECEF-Earth
Centered Earth Fixed, xoju mpecTaBba KOHBEHIMOHAIHN TepecTprdku cucteM (eHr. CRS-
Conventional Terrestrial System). Kpo3 Ha3uB cuctema ce ommcyje meroba mpupona u
neUHHULUja: TCOUSHTPUYHU M POTHpa 3ajenHo ca 3emsboM. HberoBe oce cy cariacHe ca
npasiuMa mehynapoaHor pedepentHor nona (enr. ERP-International Reference Pole) u
MehyHapogHor pedepentHor mepuamjaHa (enr. IRM-International Reference Meridian),
KOju cy pUKCHpaHH 3a caMy 3eMiby.

Canxka 3. [IpaBoyriu JlekapToB TpHeIPOH U eJTUNCOMAHH KOOPIAUHATHH CHCTEM

Monaen eJuncouaHOT KOOPAMHATHOTI CUCTEeMa

Arnpokcumaiija 3emibe CIMICOMIOM, MpyXKa TMPWIKKY [a C€ MPeaxoIHO
JeUHICAaHH KOOPAMHATHH CHUCTEM MOXKE MPEACTABUTH Yy EIUICOMIHOM, Tj. Treorpad)ckom
Mojeny. CMmelrame enuicona yHyTap 3eMJbe M reouza, Tako Ja Hajoosbe perpeseHryje
weHy (urypy, omoryhasa npukas moJioxaja Tauke y Buay reorpadcke mmpuHe, reorpagcke
JIy’KMHE ¥ BUCHHE M3HAJ WM UCIIOJ MOBPILIM enuncouaa To cy Tako3BaHe EIMIICOUIHE, Tj.
reorpadycke KOOp/IMHATE: JIATHTY1a, JIOHTUTY/IA M eTMICOMaHa BucuHa: (¢, A, k). Jlatutyma
@ je yrao y paBHH MepuAHjaHa Tauyke, MEPEH OJ PaBHU €KBaTOpa JI0 MpaBe Koja je HopMaa
Ha NUICOWJ Y TocMaTpaHoj Tauku. JIOHruTyna A je yrao y paBHH €KBaTOpa, MEpeH Oj1
PaBHM TIOYETHOT MepHJMjaHa, Hajuelmrhe TPUHUYKOr, JI0 MEpUAMjaHa IOCMaTpaHe Tayke.
Enmunconnna BUcHHA /i je MPaBOJIMHU]CKO OJICTOjambe O/ CIMIICOM A JI0 IIOCMaTpaHe Tauke,
MEpeHOo JyX HopMaiie Ha enurcona. OBako aeUHHCAHE EIUIICOMIHE KOOPANHATE CE 30BY
Te0JIeTCKE, 3a PA3JIMKY OJ JIATHTYAE, JIOHTHTY/Ie U BUCHUHE YHje C€ BPEAHOCTH 3aCHHUBAjy Ha
IpaBOj KOja MpOJa3HM Kpo3 LIEHTAp EJIMICOMJAa U 30BY C€ ICOLECHTPUYHE. 3a Pa3jIMKy OJ
koopauHata X, Y, Z KOoJ IpaBoyIJIor MoJieia CucTeMa, reorpad)cku MoJies1 Koop/inHaTa Jaje
pUpoIHHjy MH(GOPMALH]y O JIoKauujH, a Takohe u MoryhHoCT pa3/Bajamba XOpPU30HTAIHOT
W BEPTUKAJIHOI NOJIOXaja. |'0TOBO CBaKo KO ce 0aBU NMPOCTOPHUM HMCTPAKUBAKEM MOXKE
JaKo Ja Tperno3Ha TIJe ce Hala3n KOHKpeTaH reorpad)CKu MpoCTOp, jEeAHOCTABHUM
mocMaTpameM KoopawHaTa. [locTtoje mMaremarnuke penaruje m3Mmel)y KoopamHaTa Tadaka
KOje Cy M3paKeHe II0 jeIHOM WM JPYroM MOy KOOpIUHAaTHOT cucrema. [IpeBoheme
KOOpAWHATA W3 MPABOYTJIOT y ENUIICOUAHH O0NHK je 000CTpaHo jefeHo3HauHo oapeleHo, 1j.
OouyHuBoko. O6a Mozena KOOpIUHATHOT CHCTeMa Yy CymTHHH onpehyjy ucty ctBap. [IpBu
MoOJeNn KapTe3ujaHckw, ymyhyje Ha ITUMEH3HOHATHOCT IpocTopa. Emmmcommam. Tj.
reorpadckn Mozen ymyhyje Ha o06muk ¢urype 3emibe M J103BOJbaBa H300p u3Mely
OJIBOJEHOT W MHTETPAIHOI TpeTMaHa XOPH30HTAJIHE M BEpTHKaJIHE nosunuje. Enunconnnu
MOJIEJI C€ KOPHUCTH KOJI MCTPaKHBamba JeJI0Baba IPaBUTALMOHOT 110Jba M HOCIEIUYHO, KO/
neduHECcamba BUCHHCKHX cucTeMa. Takole, acrekT kaprorpadcke NpuMeHe ce 1ajbe MHOTO
JEAHOCTaBHUje UMIIEMEHTHpA KopulnhemeM reorpa)ckor Moziea KOOpAXHATHOT CHCTEMa.

JlokaJHH eTuncous
Hcropujcku mocMaTpaHo, €IUIICOMAHU MOJET KOOPIHMHATHOT CHUCTEMA je MOXKJa
CTapuju O] KapTe3MjaHCKOT M3 AIUIMKATUBHHUX pasjiora. Y BpeMeHy IOuYeTaka MOJEepHE
Te0eTCKe Tpakce je nehuHnIja pedepeHTHOT KOOPAWHATHOT CHCTEMa J0Jla3uiia 3ajeqHo

Ca BECTOBOM peaJ’II/I?)aIII/IjOM, WJIN TCK I10CJIC BEC. HpBO cy I/ISBOBGH& MEpECHa, Ia €€ Ha OCHOBY
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pe3yiTaTa JOHOCHO 3aJbydak O EJIUIICOMIY M caMOM KOOpPAWHATHOM cucteMmy. M3 pasmora
HITO Cy TaJga MEpema M3BOljeHA HA MAFEM WM PEIIATHBHO OTPAHMYCHOM JIOKAIHUTETY, HUjC
6mo moryhe oxpenuTH MONI0Ka] IEHTpa EIUIICOUAa y OTHOCY Ha TeoreHTap. Tama je 6mio
Ba)XXHO Ja enuncons Oyne HajooJse mpuitaroheH TEpUTOPHjH Ha KOjOj je IUTaHMpaHa HEeroBa
ynotpeba. Tako y HCTOPH)CKOj 3a0CTAaBIITHHH JaHAC ITOCTOJH IIYHO PA3NUIATHX EIUIICOHIA
KOjH ce yrmoTpeOJpaBajy y pa3InIuTuM pernoHnMa ceera. He camo 1a ce mUXoBe AUMEH3H]je
3HAYajHO Pa3NuKyjy, Beh je, 3 pasyMJBMBHUX pasiiora, Takole u BUXOB IPOCTOPHH ITOJIOKA]
Mehycobno apyraumju (Tabema 1). Mcropujcku neraT JOKaTHAX €IUIICOMIA, U FBUXOBHX
pedepeHTHHX KOOPIMHATHUX CHCTEMa, JaHac Urpa BUILE3HA4Hy yiory. Ha mpBoM mecty
MOXeE J1a C€ TPENo3Ha HUXOB IIO3UTUBHH UCTOPH]jCKHU 3Ha4aj 3a reofeTcKy cTpyky. Ca apyre
CTpaHe, MOCTOjamke JOKATHUAX CIUIICOUA U BhUMa MPHIPYKEHOT OTPOMHOT KapTorpagckor
MaTepHjana, 3axTeBa jako OOMMHE M KOMIICKCHE IOCJIOBE TpaH3ulmje. To ja HapOYUTO
3HAYajHO JlaHac, KaJia je jako yOp3aH pa3Boj HAyYHHMX MCTPaXKHMBama, KOja je 3aCHOBaHA Ha
caTeJInTCcKoj TexHosoruju. Takohe, TexHonoruje reonHpopmanronux cucrema (enr. GIS-
Geographic Information Systems) ¢yHKOIHOHHITY ca TJO0ATHO pPACHpPOCTPAmEHUM
noganuMa. OBaKkBO CTame C€, Yy CHTYyallljH IIOCTOjarba BEIHMKOT Opoja pa3IHduTHX
KOODJMHATHUX CHCTEMa W EIIUIICOWAA, YCHEUIHO IMpeBa3mia3d MNPUMEHOM CaTelnTCKe
TEXHOJIOTHje riobanHoT mo3uimonor cuctema (eHr. GPS-Global Positioning System).

Tabesa 1. KoopauHaTHH cHCTeMU M PUAPYKEHHU eJiMnicouan ca napamerpuma (NIMA, 2000.)
Moaen XOPHU3OHTAJHOI KOOPAUHATHOI CUCTEMA

YBoheme enmmnconma y MpoOIEeMAaTHKy KOOPAMHATHOT CHCTEMa, O3BOJhaBa
Pa3zABOjeHO MocMaTpame MO3UIKje TauKe Y MPOCTOPY, KOHKPETHO Ha moBpiuu 3emibe. Tako
je moryhe TpoaMMEH3MOHAJIHM KOOPIMHATHU CHCTEM DPa3[BOJUTH Ha JBOAMMEH3HOHAIHY
(XopHu30oHTaNHY) W jeJAHOAMMEH3HOHAJIHY (BHCHHCKY) KOMIIOHEHTY. AKO Cce TIO3Haje
JATATyJa ¢ W JOHTUTyJa A, OHOA C€ y MOTIIYHOCTH II03HAje XOPH30HTAIHH IIOJIOXKA]
mocMaTpaHe Tadke. TexHolordja TIO0aJHOT CATeNUTCKOT MO3WIMOHHpama JaHac
omoryhasa onpehuBame 0BHX KoopauHata ca jakohoM. HapaBHo, moTemkohe HacTajy xaaa
je moTpeOHO HM3padyHaBame MehycoOHMX omHoca u3Mel)y Tadaka: pacrojama, a3uMyTa,
yIJ0Ba WM TpHKa3 oapeheHor mpoctopa Ha KapTH. KOMIIEKCHOCT M3padyHaBama Ha
eqmrcony, a takohe m morpeda 3a BU3yeNM3AIMjOM IOJaTaka O MPOCTOPY, CE peliaBa
MaTeMaTHYKOM IIPOjeKInjoM Ha kaprorpadcky pasaH. [locrynak kaprorpadcke npojexiuje
U came Kaprorpadcke moajiore, Kao aliiMKaTUBHY 160 NPOCTOPHUX KOOPAWHATHUX CUCTEMa,
Jlajy Jajby OCHOBY 3a MHOroOpojHe mpumeHe. Jlanac ce Beoma 4ecTo 3a Kaprorpagcke
npojekuuje nomytr UTM min Gauss-Krueger ynorpe6sbaBa TEpMHH KOOPJMHATHU CHCTEM
WM TEOJETCKH JaTyM, LITO CYIUTHHCKM HHje HcrpaBHO. HapaBHo, cama mpojekuuja He
MOke OuTh oxapeheHa Oe3 mpeTxoaHO (OpPMYITHCAHOT eNHIcouaAa W 0e3 mapaMerapa
TEOJIETCKOT JaTyMa, Tj. KOOpJIMHATHOT cucTeMa. Beoma oOnMHA TUTEpaTypa 1 MHOTOOpOjHU
co(TBEpCKH aaTH U AaHAC CagpKe OBAaKBY TEPMUHOJIOMIKY 3a0yHY.

Moaea BUCHHCKOT KOOPAMHATHOTI CUCTEeMa

Bucnna y onmHocy Ha enWIcon] KOOPAMHATHOT CHCTEMa je BEIHMYMHA Y
MOTIYHOCTH  ojpeheHa  mareMaTWdkd, Tj. TEOMETPHjCKH.  JeTHOAMMEH3MOHATHHU
KOOPJWHATHU CHCTEM KOjH CIY)XH Ja c€ y HmeMy ofpeljyje BHCHHCKa IO3WIMja, Mopa
IprMapHO Oa y3Me y o03mp cwiy 3emipuHe Texke. CBa BojgeHa Maca Ha 3eMJBH je Y
HOTITYHOCTH 1O/ YTHIajeM IpaBHTalyje, Ma je OHJAA HajIpupojHHje Kopuinheme HHUBOA
MOpa M OKeaHa 3a KOOpAMHATHM BUCHHCKHM Ioyerak. [laHac ce IIMpPOKO ymnoTpeOshaBa
TepMUH cpelmu HHBO Mopa (eHr. MSL-Mean Sea Level), koju je, rmemaHo u3 yria
rpaBUTallMje, HaAjONIDKM TOBpIIM reouja, Tj. o0muky 3emibe. Cpenwmbu HUBO Mopa
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NoJipa3yMeBa Jia je IPETXOAHO YKIIOKECH YTHIa] Tajlaca, IUIMME M OCEKE Ha TaKO OCPEIbEeHy
nospml. ['eomp je ca apyre cTpaHe MOJENMpaHa IOBPLI jEAHAKOr MOTEHIMjaja CHIIC
3eMJbHHE TEXKe, Ha HUBOY Cpeber Mopa. [1oBpII ce MaTeMaTHYK{ MOJeipa Kopuinhemnem
Mepema CHie TpaBUTalHje, acTPOT€OJCTCKUX Mepema, TeOMETPHjCKHX oapehuBama
BHCHHCKHX pa3JIdKa W ypadyHaBameM TOIMOTpad)CKOT I'paBUTAMOHOT yTulaja. Ha Behum
nyOvHaMa WMCIoA, Wik BehrM BHCHHAMa HM3HAJ TOBPIIM I'€OMIa, MOTY Jia Ce MOJACIHUpPAjy
pa3nuunTe eKBUIOTEHIM]aaHe noBpid. Kako cy ryctuHe Maca y 3eMJbHHO] YHYTPAIIBOCTH
pas3nMuMTe W HEpaBHOMEpPHO pacmnopelene, petko he ce Hahm 1Be mapanenHe
EKBUIIOTECHIMjaHe NoBpuM. JIMHMja BepTHKaje je y MOCMaTpaHoj Tauykd, Ha (H3UUKO]
noBpmK 3eMibe, ynpaBHa Ha noBpm reouga (Cnuka 4). AKo ce 3aMHCIM Tayka Koja ce
kpehe ka ueHTpy 3emibe, Kpo3 pazIMyuTe EKBUIIOTEHIMjaIHE TOBPILY, IpaTehn JIMHKjy Koja
je ympaBHa Ha Te NOBpPLIM, KpeWpa ce NPOCTOpPHA KpHBA JIMHHMja BEpTHKale, Koja ce
NPUPOJHO yJIMBa y LeHTap rpaBuranuje. CIMKOBUTO PEYECHO, TaKo OM ce MOoHANIao KaMeH y
cno0oHOM Tajy, Kaja OM MMarMHapHO MOrao Ja IpoJiasu Kpo3 ciiojeBe 3emibe. 3aTo ce
cazla MOXE TOBOPUTH O JBE BHCHHCKE JIMHHjE MOCMATpaHe TadyKe: JIMHHja HOpMaje Ha
SJUIICON W JIMHUja BepTHKaje Ha reoua. Ha nwHMju HOpMane ce oxapelhyje emmmcommHa
BHCHHAa M OHa MMa MaTeMaTWYK{ 3Hauyaj 3a MoTpede M3padyHaBama. JIMHU]ja BepTUKale
CIIy’)KH 33 oJpehuBame Tako3BaHE HAJAMOPCKE BUCHHE WJIM y Cliydajy reoujia, TaKO3BaHE
oproMetpujcke BHcHHE. OpTOMETpHjcKa BHCHHA HMMa 3allpaBO YHOTPEOHW, MPaKTHIHU
3HaYaj, jep oJpakaBa caMy IIPHPOIY MojaBe Ha Jokanuju. CIHKOBUTO pEYCHO, BOIa Y MOPY,
je3epy WM pelny ce MoHala 1nomTyjyhu 3aKoHe rpaBUTanuje, Tj. OpPTOMETPH]jCKY BHCHHY.

Cauka 4. BUCHHCKH KOOPAMHATHH CHCTEM
Peanu3zanmja koopauHaTHOT ciucTeMa-PedepeHTHH OKBHD Ka0 peaJHu MoJeN

Peanmsaupja ~ KOOpOMHATHOT  CHCTeMa  IIPEACTaBjba  HPOLEC  HEroBe
Marepyjanmzanyje. Yecro je mpolec peanu3zanyje CHCTEMa MHOTO KOMIUIMKOBAHHU]H, O]
werosor aepunncama. Ho, 6e3 003upa Ha KOMIUIEKCHOCT, KOOPAMHATHH CHCTEM MOpa Jaa
Oyne peanu3oBaH, HHaue Hehe OMTH HUILITA BUILIE OJ] HAEje. 3aTo Cy nmpouecH AeGuHuLrje 1
peanMzalyje KOOpJMHATHOT CUCTEMa HEOABOjHBH JAEJIOBH jeaHe uHTerpanHe nenune (Ciuka
5).

Cauka 5. KonuenryanHoct ynorpede mpeske, Mpe:ka Eppone u mpe:xa 1nua Mepiaun Monpo
I'eogercku pedepeHTHH OKBHP

l'eonercku pedepeHTHH OKBHP IPEACTaBba pEaIM3alujy, Tj. HUMIUIEMEHTALU]y
MIPETXOAHO Ne(QHHHUCAHOT KOOpPAWHATHOT cucTema. OKBUp je MaTepHjalHH, BUIJBHBH JIEO
KOODJIMHATHOT cHCTeMa. Y Teole3HjH, IpeMepy ¢ OCTAUM TeOHpPOCTOPHUM
HACTpaXUBamkuMa, peepeHTHH OKBUpP C€ Takoe 30Be M TreoJieTcKa pedepeHTHa Mpexa.
Koopaunate Tayaka Mpexe Cy pe3yirar Meperha Pa3MuUTHX BEIUYHHA Y MPEKH, LITO
omoryhaBa onpehuBame penaTHBHUX oJHOce M3Mehy Tadaka, Ma W caMHX KOOpAHMHATA.
Pedepentan okBUp ce Jakiie KOPUCTH 332 KBAHTHUTATHBHO OIMCUBAIE I10JI0KAja U KPEeTarba
o0jekara koju Cy mpeaMeT HHTepecoBama. Cama Mepema Koja ce W3BOJE Y IIPOLECy
n3rpajmbe OKBHpa, OJBHjajy ce y CKiaay ca aeuHUIMjoM cucTtema. YecT je ciydaj na
¢usuuke Oerere, WM Mepema BUXOBUX Mel)yCOOHUX OJHOCA, peanu3yjy JBa WM BHIIC
MOTIIYHO Pa3JIMuUTO JepUHIUCAHUX KOOPJMHATHUX CHCTEMA.

Kaksa je 3anpaBo 3emJba?

Wako Ha mpBHU mOTIEN Tako Aenyje, 3eMiba HHUje Oaml Tako MUpHA W CTaOMIIHA.
3emipa MOXKE J1a ce IMOCMaTpa Kao TelIOo KPYyTOT, HEMPOMEHJBMBOI OONHKa, IITO HHje
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OIpaBIaHO, HAPOUYUTO y MCTPAXKUBambUMa Koja ce OaBe ynpaBo caMOM IPHPOAOM 3eMJbE H
nojaBamMa Ha 1oOj. Peannuje, 3emiba MOXeE Ja C€ TPETUpPa Kao CKyHn OECKOHAYHO WM
KOHaYHO MHOTO eJleMEeHaTa KOjH Ce KpOo3 BpeMe, y Mamo] mwin Behoj Mepu momepajy.
IMomepama nemoBa 3emibe, KakO y FHEHO] YHYTPAIIBOCTH, TAKO M Ha FEHO] MOBPIIMHU
UMajy TpajHH, NUKIWYHH WA CIy4dajHU (CTOXacTHYKM) Kapakrep. IlojaBa MykoTWHaA Yy
YBPCTOM JIeNTy F-eHe Kope B (popMHpame INT00aTHNX TEKTOHCKAX KOHTHHEHTATHUX IUI0Ya je
takohe pesynrar cramHe nuHammke. ['paBuTanmmja Mecena y Hajehem meny m y MHOTO
Mam0j MEpH I'paBHTallFja OCTAINX MaHeTa CyHUYEBOT CUCTEMA, N3a3UBajy T0jaBy TUIUME U
oceke. Takohe, mojaBa momeparma MNOJIOBA MMa KPAaTKONEPHOAWYHE M IyrONEPHOJMYHE
MaHudecTanmje, MTO ce Mpeno3Haje kao Hyranuja u npenecuja (Crnuka 6). [Ipenecuja je
JYTOTIEPHOIMYHO KpeTame 3eMJbHHE OCe W CEBEpHOI II0Jla U CMaTpa ce Jia je Herosa
MyTama NpUOIMKHO KPY>KHOT 00JIMKa, ca nepruoaoM oz 6nuzy 25800 roxuna. TpenytHo je
CEeBEPHU I10J1 3eMJbHHE Oce Yy TpaBiy 3Be3ne CeBepmaue (eHr. Polaris), amu he 3a oko 14000
rojuHa aa Oyae ycMepeH ka 3Be3au Bera us caszsexha Jlupe (enr. Lyra).

Camnka 6. [TojaBa kpeTamwa 3eM/bHHOT N0J1a Y BHY Npeniecuje 1 HyTauuje

Hyrannja je KpaTKONEPHOAMYHO KpPETAalkE CEBEPHOT IIOJIa Ca MEPUOIOM OJ
npubmxao 18,6 roauHa, Kojy je oTkpro OpuraHcku actpoHoM Ilejmc bpennu (enr. James
Bradley) 1728. roagune. Hajehum nmenom je Hyramuja uszasBaHa pnenoBameM Mecena u
KapaKTepUCTUKaMa HEeroBOr KpeTama y ofHocy Ha 3emipy. Hamme, cBakux 18,6 roguna,
yrao u3Mel)y MeceueBe opOuTe M paBHH 3€MJBHHOI' €KBaTOpa JOCTHKE CBOj MAKCUMYM OJ
28°36', unu munumyM ox 18°20'. Ilomepame monaoBa, caMUM TUM, YTUYE HAa HECTAIHOCT
€KBaTOpHjalIHE paBHU. BynkaHCKa M cem3MHUKa aKTHBHOCT, AenoBame CyHUEBOT 3paucma,
KpeTame BOJCHHX Maca y OKGaHHMa M yKapeHe TeyHe MarMe y mimhum u ayOspum
ciojeBMMa 3eMJbMHE YHYTPAIIEOCTH CY HEKH OJ BEJIMKOT Opoja pa3MunTHX YTHIIaja Koje
Tpu 3emspa. CBH TH YTHUIIAjH TIPOY3POKY]jY, Y Mamoj min Behoj MepH, o6k 3eMibe KakaB
M03HAjeMO W HErOBe CTaJHE BpeMeHcKe mpomeHe. OQjexkaT KOju ce IoHama Ha OBaKo
JUHAMHWYaH HA9WH 3aXTEBa CJIOXKCHE IOCTYIKE Ae(UHUINjE U peann3alnje KOOpANHATHOT
cucrema.

00,11k U eJIeMeHTH Mpe:Ke

[TocToju myHO pa3ITMINTHX FeOJETCKUX MpeKa 3a pa3inndante HameHne. O Mpexa 3a
nmpemep, Karactap W ypOaHuzaM, Mpexa 3a npaheme rpalleBHHCKHX TpojekaTta, ma CBe JIO
rII00aJTHUX Mpeska Koje rmocroje 300r caMmor KoopauHaTHOr cucreMa. [IpoctopHu pacnopen
Oesera Mpexe, 3alpaBo Tayaka reoeTCKe MpeXke, Ce Kpeupa Tako Ja ce Ha HajOooJbU HauYuH
o0yxBaTH o0jekar mocMaTpama. AKO ce YCIIOCTaBJba Mpeska 3a npaheme M3rpaame jeJHor
MOCTa, OHJIa ce Oeliere 1MocTaBibajy Ha OHUM MecTUMa Koja 00e30el)yjy HecMeTaHo onakame
CBHX pEJICBAHTHHX ejleMeHaTa TOKoM rpahema. Kana ce mocraBiba pedepeHTHa reoseTcka
MpeXa 3a jeAHy Jp)KaBy, OHJA CE Tauyke WJIM Oejere Mpexe IOCTaBjbajy TaKo Ja
paBHOMEpPHO TOKPHUBajy W 00yxBaTajy OpKaBHY TepHTOpHjy. ['mobamHe mpexe, duju je
CYIITUHCKY 3a/1aTak UCKJbYUHBO ojipeljuBame 00mKa 3eMJbe U pean3aliija KOOpIuHATHOT
CHCTeMa, ce TI0CTaBJbajy ca IIJbEM HH-CHOT IITO XOMOTEHHjeT o0yxBarama. HapaBHo na cy
pa3nrke KO HaBEJCHHUX IpUMepa OTPOMHE, U OCHM KOHIIENITYaTHHX, MOKE Ja ce ITocMaTpa
pa3masemHa u3Mmel)y Tauaka, Ha mpumep. Kox mpeka rpal)eBHHCKOT IIpojekTa Cy pa3fabhHe
Hajuenrhe m3paxkeHe y crotmHama metapa, on 100 m mo 500 m. Teputopuje apxkasa cy
NPEeKPUBCHE MpeKama dYHhja Ce YHAJbCHOCT H3pakaBa y KWIOMETpPHMAa U JIeCeTHHaMa
kuiomeTapa, og lkm mo 10, 25, 50, ma u 100 km (Cnuka 7). Kox riobamHux Mpexka ce
pasfajbiHE MEepe CTOTUHAMA U XUJbaJaMma KHJIoMeTapa.

Ciuka 7. TpuronoMeTpujcka Mpeska Kao reoJeTCKH OKBHP H TPUTOHOMeTpHjcKa Geliera ca 03HaKoM

98



H3rpaama v POCTOPHO JTOUUPAaH-€ Te0IeTCKe MpesKe

VY mpouecy u3rpaame rio0anTHOT Fe0AETCKOr OKBHpPA CE [aje OATOBOP Ha [Ba BayKHA
[HUTabA:

e onapehuBame Mel)ycOOHHX reoMeTpHjCKUX U reou3ndKuX ofHOoca n3Mel)y Tauaka Mpexe.

e onapehuBame Mosokaja U BpeMEHCKHX MMPOMEHA caMe MPEXe y POCTOPY TII00aTHO YCBOjEHOT
pedepeHTHOT cucTema.

Usrpaama reosmercke Mpexe, ce o0OaBjba Hajuemhe MeEpemeM XOPU3OHTAIHUX H
BEPTHKATHUX YIJOBa U O HENaBHO MepemeM NykuHa. Hekama cy nuHUje y MpPEXH YHHUIE
TpOyrioBe, 300T Mepema YrIOBHUX BEJIMYMHA Kao IPHMapHE MEpPHE METOZE, Ma Cy ce TaKBe
Mpexe 3Bane TpuaHrynandja. CpeIuHOM IBaJeCETOT BEeKa Cy Y I€0JETCKYy MPaKCy MOCTETEHO
yBol)eHe MepHe MeTole 3aCHOBaHE Ha CBETJIOCHMM TallaCHMa M MHKpOTalacuMma. Tako je
oTBOpeHa MOTYhHOCT J1a ce Mepe BeoMa BelliKa JIMHeapHa pactojama oa 50-100 km, mro naje
OPWIMKY Ja ce mpepaxu BehWHa TPHAHTYITAIIMOHMX MpexXa M3 JIEBETHAeCTOr Beka. MepeHa
Iy)KUHa u3Mely TojeIMHUX Tayaka y MpPEXH pellaBa jelaH O] CIeMEHTAPHHUX 3aXTEBa CBAKe
Mpexe, a TO je YCIOCTaBJbamke pasMepe y mpocropy. OnpehuBame monoxaja Mpexe Kao
JEOMHCTBEHOT CHTUTETAa Y TIJIOOAHOM CHCTEMy, Ce peanusyje Takohe mepewmuma. Taksa
crenu(HYHa Olaxkama Cy Kpo3 HCTOpHjy Teojesuje m3BolheHa Ha pasznmuure HaunmHe. OcuM
Mepema YIIOBHUX U JIMHEApHHUX BeIMUMHA H3Mely Tauaka Mpexe, 32 yCIOCTaBIbake Ie0IeTCKOT
pedepeHTHOT OKBHpa Cy HEONXOJHA acTPOHOMCKA M AacTPOreoJeTCka Mepema. OnaxkameM
KpeTama 3Be3a M PETHCTPOBAKEM BPEMEHCKHMX €I0Xa TaKBUX Mepema, onapehyjy ce
acTpOHOMCKa JIOHTUTYHa M jarutyga. OBa Mepema, 3ajeqHO ca onapehuBameM OTKIOHA
BepTHKaJIe Ha OJa0paHUM TadukaMa MpeXKe, YCIIOCTaBJbajy OCHOBHE BPETHOCTH JIOKATHOT
enuncouna. Kako je paHuje pedeHo, JNMHMja BEpTUKAJe M JIMHUja HOPMAJle HAa EIMICOUI Y
MoCMaTpaHOj TAuKW Ha MOBPIIA 3eMJbe, HUCY UCTa cTBap. BepTukana je nocneauia rpaBuraimje
U BCH IpaBall yBeK MOXe Ja ce BHAM Wi kpeupa. Ca HOpMAJIOM HUje TaKo, aCTPOTeOACTCKHM
MepemhHMa Ce MOXKE U3MEPHUTH OTKIIOH OBE JIBE JIMHH]jE, IITO IITO je MOTPEOHO 3a peann3aiujy
reoeTcke Mpexke, a Takohe W mpunmkoM oapehuBama Mopmena reomza Kao BEPTHKATHOT
pedepentHor okBupa. [louetkom kocMmuuke epe ce cmarpa 4. okrobap 1957., kana je CCCP
JIAHCHPao MPBU BeIITayku 3eMibMH cartenuT CrmyTHHK. VcTpaxuBama y 001acTH reonesuje cy
Jo0Kna TEXHOJIOIIKM BeoMa IMPOAYKTUBHO cpeacTBo. Pa3Boj y Toj obnactu je moBeo 10
npodunucama caTeIMTCKE TeoAe3dje Kao HOBOT INpaBla HMCTPAKUBAKA Y CBEPH IIPOCTOPA.
Kopumheme catennTa ¥ HOBUX HAyYHUX IPOJAOPA y ONaKamHMa 3eMJbe Pa3BHja HOBE MEpHE
metone, kao mro cy SLR, VLBI, TRANSIT, DORIS, GPS, I'"IOHACC u apyre. Cama mpupona
caTenuTCKOr (YHKIUOHHCAa HMMa jako KOPHUCHY NpHMEHY Yy pealu3alujd TI00aTHuX
pedepeHTHUX KoopauHaTHHX cucteMa. OHO mITO paHuje HUje Omino moryhe, caaa jecte. Mepemwe
MelhycoOHMX onHOca Tayaka u3Mel)y /Ba KOHTHHEHTa, WJIM CBEOOYXBAaTHO, IJI00AJIHO, cajaa
MocTaje CTBApHOCT. METO/IOM JTacepCKOr Mepema AYKHUHE JI0 CaTelUuTa KOju OpOMTHUPajy OKO
3embe, (eHr. SLR-Satellite Laser Ranging), oapelyyjy ce npenusHu eneMeHTH opOuTe caTenuTa.
Cucrem nomopcke Hauranuje TRANSIT, koju je 3acHoBan Ha JloruiepoBoM e(eKTy paano
Tajaca je 1o ImpBY IIyT OMOTylino Mepeme BEINKHX PAacTOjama Ha IMOBPIIXM 3eMJbe ca TaYHOIIhy
on 30 uentumerapa. 3acHoBaH Ha ucToM JloruiepoBoM mpuHIMMy, ¢paniycku cucrem DORIS
(ppa. Détermination d'Orbite et Radiopositionnement Intégré par Satellite) cioyxu 3a
ozpehuBame Mperu3He NO3UIUje caTelITa Yy OpOUTH, a Takohe U 3a MO3UIIMOHUPAE Ha TTOBPIIH
3emibe. Mutepdepomerpuja Beoma ayrux OasHux nuHuja, (eHr. VLBI-Very Long Baseline
Interferometry) koja omoryhyje oxmpehuBame Kopenanuje NETEKTOBAHOT pajJMO CHUrHala ca
yOaJbeHOT KBa3apa, ce KOPUCTH KOJ HHTEPKOHTHHEHTAHHX Mepema IyKHHa. ExcTpeMHO
crabuiiaH CHTHall KOCMHUYKOT DPajio H3BOpa Ce HCTOBpeMeHO oOpaljyje y hBa jako ynasbeHa
[IpUjeMHHKa, Ha IpuMep Ha craHunama Beuen y Hemaukoj (Hem. Wetzell) u Cantjaro y HYuney
(urma. Santiago de Chile). Io3najyhu Op3uHy mnpocTtupama Tajaca, MEpeHEM BpPEMEHCKE
pasnuke, 6a3sHa JuHHja ce oxpehyje ca Beoma BenukoM TaunHomhy ox yak 0,01ppm (eHr. parts-
per-million).
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Ciuka 8. VLBI MeTo1a MHHTeDKOHTHHEHTATHOT ofipehuBama qy:kKuHA U NpoMeH/bHBa caTeuTcka GNSS
KOHCTeJIanuja

HoBa epa rnobanHe HaBUraluje U IO3ULMOHUpAaKma HACTajeé Pa3BOjeM aMEpPUYKOT
cucrema GPS, ocamzecetux roauna, aageceror Beka (Ciuka 8). YV ucro Bpeme CCCP pa3zBuja
napanenHo concrBeHu HaBurauuoHu cucreM I'JIOHACC, xoju je 6a3upaH Ha CIMYHUM
TEXHOJONMIKMM OCHOBaMa. Mako 3amoder KacHUX J€BEAECETHX TOJMHA, E€BPOICKH CHCTEM
carenurcke HaBurauuje Galileo, Tek kpajeM IpBe JelieHUj€ OBOI BeKa J1001ja 0Opuce HEMOTIIyHE
KOoHcTenanuje. Y oBoM TpeHnytky, 2016. rogune, o manupanux tpuuaecer, Galileo je mancupao
JBaHAECT caTelUTa, KOjUu cy Yy (a3u TecTupama. KuHecka apxkaBa Takolhe pa3Buja CBOj CUCTEM
Ha3BaH BeiDou, nniu COMPASS. Cge oBe HaBHralMoHe CHCTEME MOXKEMO JIaHAC YOIIITEHO Ja
Ha3zoBeMo InoGamnu Hapuranmuonu Catenurcku Cuctemu (eHr. GNSS-Global Navigation
Satellite System). Pa3BojeM OBHMX cuUCTeMa, MHHUIMPAH jeé OTPOMaH MPOJOP Y T€ONPOCTOPHUM
UcTpaxkuBawbUMa JaHac U y OyayhHoctu. Kao mopeheme ca mpeTxoiHO HaBeIEHUM MEPHHUM
MeToJaMa MOXe Ja HOCIYXKU Ta4YHOCT KOjy JaHac OHU Ipyxajy. Melhyco6Hu nonoxaj usmehy
GNSS npujemuunka, kopumhemeM MepeHHX (a3HUX pas3liKa Tajaca, MOXE Ja ce H3Bele ca
rpemkoM pena Benuuuse 0,001 ppm (Lange and Gilbert, 1999.).

Bpemencke emoxe ri1o00ajHor pegepeHTHOT OKBHPa

CBe oBe MepHE MeETOZe Ce YHOTpeOJbaBajy MPEBACXOMHO Aa Ce OXApele IapaMeTpu
pedepeHTHOr Te0IeTCKOT OKBHpA, Tj. TeoleTcke Mpexke. Kako je mpukazaHo, 3emiba je jako
JUHAMU4aH 00jeKaT KOjU TpajHO, NEPUOJMYHO WIM Ha CllydajaH HauMH MElba CBOj OONMK U
nosnoxaj y npocropy (Cnuka 9). ['eonercka Mpexa peanusyje n1epUHHUCAHH KOOPAWHATHU CUCTEM
nomtyjyhu aunamuuke acnekte. Iloctynuu oapehuBama TpeHYTHOr MOJOXKaja 3€MJBMHUX
I0JIOBA, €KBATOPa, OpP3MHE POTaIHje, PETUCTPOBAkE TOMepamba KOHTHHETATHNX IJI09a 1 MHOTO
JPYTUX TIIpoIleca, 3aXTeBajy pe()epeHTHH KOOPJMHATHH OKBUP KOjH C€ CTaIHO OOHABJbA.
Opranunzanyja IERS nepmaneHTHO 00aB/ba CBE OBE aKTUBHOCTH U 00jaBJbyje M3BEIITAjC O CTaY
MmehyHapoxHor Ttepectpuukor pedepentHor okBupa ITRF, Tj. TiobamHe reomercke Mpexe
3emsbe. TepecTpuuku pedepeHTHH OKBHDP CIYXH Ja C€ HM3pa3Hd TEKTOHWKAa KOHTHHEHTATHHX
IUI0Ya, PETHOHAIHO CIIeTae M IIOMepamke U Jia ce IpHKaxe 3eMiba M beHa poranuja y KocMmocy.
Poranuja 3emsbe je onaxkana y oHOCy Ha HeOecku peepeHTHH OKBHUP KOjU je Be3aH 3a 3Be3[e.
Opranunzanyja [ERS je nHacrana 1988. rogune ca 3aaTKOM Jja YCIOCTaBU W OJprKaBa HEOECKH
pedepentnn oksup (enr. ICRF-International Celestial Reference Frame), u Ttepectpuuku
pedepentun okBup ITRF. IMapamerpu 3emsbune opujentanuje (enr. EOP-Earth Orientation
Parameters) mose3yjy oBa aBa pedepeHTHa okBupa 3ajenHo. Ilapamerpe EOP cauumabajy:
yauBep3anHo Bpeme (eHr. UT-Universal Time), koopaunate HeGeckor nona (eHr. CEP-Celestial
Ephemeris Pole) u kperame HebGeckor moiyia, IITO Ce MpENoO3Haje IPEeKo I0jaBe Hperecuje,
Hyranuje wiu Yenaneposor noapxrabama (eHr. Chandler wobble).

Ciuka 9. I'to6anne cranuue 3a peaausanujy ITRF2008 u 6p3uHa TeKTOHCKHX MOMepamba

Pesynratu Mepema ca pa3IMUUTUX JOoKauyja ce ynopelhyjy mpexo oBa JBa peepeHTHa
okBupa. [lanac ce KOPHUCTE YETHPH IIIaBHE T€0JIETCKE MEPHE TEXHHUKE a O ce n3padyHaie TauHe
xoopaunare: GNSS, VLBIL SLR, u DORIS. 13 pa3nora nocrojama BeJIUKOI Opoja Mepera Koja
cy obaBJbeHa KpO3 J0CTa TOJUHA YHAa3aJ, T€ HEMpecTaHor TexHojomkor Hamnperka, ITRF ce
HenpectaHo oOHaBJba U yHanpehyje. Ox 1988. ronune 1o nanac je Oulo jenaHaecT peanu3alyja
cucrema ITRS, on xojux je mnocmeawa ITRF2005. HajBakHWju NpOAYKT peanu3aiuje
KOOPJMHATHOI CHCTEMAa Cy KOOpAUHATe Tadaka M HUXOBE Op3uHe KpeTama. CBaka of
peanM3anyja OCIMKaBa MOJIEN KpeTama 3eMJbUHE KOpe.

PedepenTHu cuctem uiau pedepeHTHu gatym?

I'eonercku naTyMm je BeoMa 4eCT TEPMHH KOjU ce€ YNoTpeOsbaBa Ja OM ce OApelnuo
HIPOCTOPHH pedepeHTHH KOOPAWHATHM CHUCTEM Kao CHTUTET y MEIWHH. TepMHH TeOmeTCKH
JaryM, Hajuemhe mojpasymeBa o0a MOCTyIKa: Je(GUHHIM]Y KOOPAMHATHOI CUCTEMA U HErOBY
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peanuzanujy Kpo3 pedepeHTHH OKBHp, Tj Mpexy. UYecTo ce y JMTepaTypu MOXKE CPecTH
MOMHbAILE SIUIICOUIA KOjH olpeljyje Te0JeTCKH IaTyM MpeKo Mpexe oaropapajyhux tadaka. Y
pEYHUKY TepMHuHa moMeHyTe opraHu3zauuje IERS, TepmuH gatym ce ofjamrmaBa Ha ciepehu
HauvH (Petit and Luzum, 2010.):

“Hamym je eeodemcku pegepenmuu oxeup (MHodcuna oamymu). YV npemepy u Ileodesuju,
oamym je ckyn peghepenmuux madaxa Ha 3eMbUHO] NOGPWU U (YeCHo) NpuopysiceHu Mooein
obnuxa 3emme (pepepenmuu enuncoud), kopuwhen oa deunuuie eeoepag)cku KOOPOUHAMHU
cucmem. Xopuzonmannu oamym je kopuwhien 0a onuuie nonodicaj ioxayuje mauke Ha 3emwsunoj
nospui, npexko ramumyoe u IoHeUmyoe, uiu 00208apajyhux xoopounama. Bepmuxainu damym
Jje xopuwihen 0a onuute gucuny unu 0youny mecma.

Cauka 10. XeameproBa Tpancdopmanuja uzmel)y 1Ba KoopaMHaTHa cucTeMa

Jlakiie TepMHH TEOACTCKH JaTyM ymyhyje Ha HHTErpalHH I0jaM KOOPAWHATHOT
cucTeMa, KOra Hajiupe Mperno3HajeMO IPEeKO TEOJIETCKe MpPEKe, MPEKO HEHUX (U3UYKH
BUJUBMBHX Oeliera M Ipeko enmmnconaa. Kama ce TOBOpH O @IUICOHIY, Ka0 O TEOACTCKOM
JaTyMy, HENXOTHO je (OpPMYJIMCATH HErOoBE OCHOBHE AMMEH3Mje U MapaMeTpe HEeroBor
IPOCTOPHOT 0JI0XKaja Y OAHOCY Ha riobanHo AeduHucaHe napameTrpe ¢urype 3emsbe (Crnuka
10). ITapametpu ¢urype 3emibe Cy HBEH I'eOlCHTap, 0ca poTraluje U pedepeHTHE BPETHOCTHM
CpeAmer eKkBaTopa W TIpUHUYKOr MepuaujaHa. OBu mapamerpu Qurype 3emibe ce Takohe
ozpelyjy Kpo3 HekakaB KOOPAMHATHUA CHCTEM INIOOATHOT KapakTepa, YMju KOOPIMHATHH OYETaK
KOMHIMUpPA ca LEHTPOM Maca 3emibe. TakaB jeqaH eINHMICOMA KOOPAMHATHOT CHCTEMa WU
reojercku aatym, jecre Cpercku ['eonmercku Cucrem, peanuzoBan 1984. rommHe o cTpaHe
muHucrapcrsa oxopane Cjenumenux Amepuukux JpxaBa (enr. WGS84-World Geodetic
System 1984). tberosa cBpxa je na 006e30e11 reoIeTCKy OCHOBY 32 ()yHKIIMOHUCAHbE III00aTHOT
nosunuosor cucrema, GPS/NAVSTAR. Taxole, rnobanHo agedpuHucame mnapamerapa 3eMibe,
Kpo3 JnedpuHuMjy riobanHor cucrema ITRS, o0aBba mnepmMaHeHTHO U MeljyHapoaHa
orpanuzanyja IERS. ITapamerpu 3emibe U BUXOBE BPEMEHCKE IIPOMEHE CE IpaTe CTaIHO KPo3
peanuzanujy MmehyHapoaHor tepectpuukor pedepentHor okBupa (enr. ITRF-International
Terrestrial Reference Frame), mTo je o3Haka 3a peanusanujy nepunucanor cucrema ITRS.
JlokamHM TEOmeTCKH AaTyM je oXpeheH mo3HaBameM Mapamerapa HETOBOT OJICTYyMama OJ
rnobanHor ngatyma ITRS umu WGS84. [Mapamerpu ojicrymama, Tj. MapaMeTpH Te0JeTCKOT
JlaTyMa Cy TpH JIMHeapHe TpaHCJauje AyxXK KoopAuHaTHUX oca X, Y U Z, TpU YIJIOBHE poTanuje
OKO CBake OJ KOOpAMHATHMX oOca M jemaH mapamerap pasmepe. OBakBa JaTymcka
TpaHc(opMaIHja ce 4ecTO H3BOAU NpeMa XeIMepTOBHM IpaBmwinMa. Emmmcoun je oxpelen
CBOjOM BEIHKOM IIOJYOCOM d, WM CBOJUM KoeduIUjeHToM crubomteHoctd [/ f, Jakie,

onpehuBameM OBHX IEBET BEIWYMHA, C€ MOTIYHO (HOPMYIHIIE JIOKATHH T'€OJETCKH HaTyM M
BEMY OPUIPYKEHU €IUICOUN.

OcHoBHe npenopyke y paay ca pa3sJH4MTHM NPOCTOPHUM KOOPAMHATHHM CHCTeMHMa-
3ak/pyyak

Pan ca mpocTopHHMM HoAanMMa U MapaMeTprMa I'eoeTCKOT AaTyMa 3aXTeBa MaXKJbHBO
nocryname. [1aBHE mpo6aeM U decTa 3aMKa Koja MOXE Ja ce II0jaBH je HellpaBHIHA yIoTpeda
rapaMeTapa BHIIE T€OJSTCKUX JaTyMa, KOjH Cy MPHCYTHH Y Pa3IMYUTHM CKYIOBHMA IOJATaKa.
ITocToju BenHKa HCTOPHjCKA 3a0CTABIITHHA, y BUAY KapaTa, IUIAHOBA, alnpaHyMEepHIKUX Taberna
U JIpyror Te0JeTCKOT Marepujana. Joul yBeK je y ynoTpedu kaprorpad)Cku MaTepHjal 3aCHOBaH
Ha KOOPAWHATHHMM CHCTEMHMa JIOKATHOT Kapakrepa. KoMmMOWHOBame, Ha IpuUMep Kapara U3
ceBepHE M jy)kHe EBpore, mpou3Boau 3HauyajHe Hecyriacuie. Pasmuuure reorpadcke kapre cy
HOPOAYKT KapTorpadcke mpojeknuje ca pasiHIUTHX eNUICONa. Eimmconmy cy NpeTxomHo
npuApyKeHn MelycoOHO pasNuuuTUM KOOPAMHATHUM CHCTEMHMa KOjU HHUCY T'€OLEHTPHYHU U
4MjU je N0JI0XKa] U OpUjEeHTalM]ja JIOKAIHOT KapakTepa. FIcToBpeMeHO ce JaHac MpoAyKyje BeoMa
00MMHA KOJMYMHA TMOJaTaka, Mepema M TeoleTCKuX mojyiora. ['eorpadcka kapra koja je
KperpaHa JaHac je IPOHU3BOJ KOpHUIIlierma CaBpeMEHNX INIOOATHUX CHCTEMa, 1A HBEeH Ie0JeTCKU
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JaTyM MoXke Ja Oynae Ti00aimHor KapakTepa Tj. reoleHtpudaH, Ha npumep WGS84. 3aro je
3HAYajHa MOCIEAMIA HM3PAKEH HECKNIaJ TeOJCTCKHX JaTyMmMa CTapujux IojaTaka, ca JaHac
CHUMJBCUM MATEpPHjaioM. 3aXTEBH CaBPEMEHHX HCTPaXKHBa4ya W Kopuiuheme HHPOPMAIMOHUX
peliema Takolje cTBapajy MPUTHCAK Ja ce mpoblieM PEellr Ha CUCTeMCKH HaunH. HecarmacHocT
KOOpJIMHATHAX CHCTEMa MPOCTOPHMX IOJaTaka MOKe Aa Oyae mpemo3Hara Kpo3 [Ba IMOjaBHA
obnuka:
® [OJAlK UMajy HAa UCTH HAYHMH Je(UHUCAH KOOPJUHATHHU CHCTEM, aJlH j& PeaTM30BaH
Pa3IMYMTO 32 Pa3IMIKUTE CKYMOBE Mmojaraka. Tako je cBaka MojeIMHavYHa peann3alyja, cBaka
Ha CBOj Ha4YMH, U3BEJICHA HEIPABHIIHO, T HE OArOBapa CaBPEMEHUM 3aXTEBHMA.

e Toganu I/IMajy ABa, UJIX BULIC PA3JINIUTO ,Z[e(l)I/IHI/IcaHI/IX T€OACTCKHUX KOOPANHATHUX CUCTEMA

IIpBu cnyvaj ce yecro cpehe mpuimkom ynorpebe cTapujux CHCTEMa T'e0JIETCKOT
npemepa. Moxe ce ca pa3noroM roBOPUTH O TE0JETCKHM MpekaMa Koje HUCY 3alpaBo HHUKazaa
peann3oBaHe Ha WCIpaBaH HA4YMH, O TAKO3BaHMM ‘3alyIITCHUM Mpexama. M3 pa3nmuauTux
pasiiora, Kpo3 UCTOPHjy Cy NPHIMKOM peanu3aiuje peepeHTHOr OKBHpPA, YECTO 3aHEMapHBaHE
BaKHE HAy4yHE UHMICHHUIE M IPABJbCHE CYIITHHCKE Ipemke. Y BpeMeHy Oe3 padyHapa, y
NPOIUIOCTH je OMO 4YecT ciyyaj Ja ce MaTeMaTHYKa HM3pauyHaBamba Yy T'€O/IETCKO] MPEKH He
H3BOJIC MHTETpAIHO M XoMoreHo. Illupeme Tepuropmje Mpeke WM BeHa JeHCH(HKaIHja je
u3BOheHa YecTo y3 HeHaydyHe NPETIOCTaBKE M aMpOKCUMATHBHO. UWIbeHHIE Kao INTO Cy
TEKTOHCKA, pEeTHOHAJHA U JIOKAJHA MOMepama Tia Cy yrilaBHOM 3aHeMapuBane. [Ipobiem He Ou
01O TOJMKO 3HaYajaH, Jia HeMa OIPOMHOT Opoja mojaTaka Koju Cy CHCTEMCKH BE3aHHU 33 MPEKY.
TeomeTcku M KaracTapcku Mpemep, Momiore ypOaHucTa, Kaprorpada W OCTalHX, 3aBHCE
CYWITUHCKH Of oBakBor pedepeHtHor cuctema (Cnuka 11). [IpeBasmiaxeme npobieMa OBOT
THIIA, JaHAC HPEJCTaBjba M3a30B MPBEHCTBEHO Y reojerckoj crpyuu. Iloctoju MHOTrO, Beoma
3aXTEBHUX W KOMIUIEKCHUX NpEJiora U MoJiena peletha oBe HecarnacHocTH (bnarojesuh 2009.).
Jpyru city4aj je IPBEHCTBEHO IPOOIEM JOTHCTHYKE M OpraHH3alMoHe npupone. Pasmmunth
KOOPJMHATHH CHUCTEMH, MO CBOjO] MCPHUHUIMH M pealu3aldjd MOTY Ja c€ TPaHCHOPMHILY Y
jelaH XoMOoreHu o0jeaumbeHy AaTyM. Jla 6u oBaj mpoOiem GUO pellieH, HEOMXOJHO j€ YCBajarme
JEIHOT IIMJFHOT T€OJIETCKOT JaTyMa, na ce Hajuyemhe Oupa ma To Oynae riioOalHu reoleHTPUYHN
reopercku gatyM. Hajuemrhe je To eaurncounn u koopauHatau cucreM WGS84, koju ce mHave 1o
notpedH, jeJHOCTaBHO MOXKe ycroctaBuTdH npumeHoM GNSS texHosoruje 3a Tako yCBOjeHH
UWBHH JIATyM je Jajbe HEONMXOJHO ojapelhuBame AaTYMCKHX Mapamerapa CBaKOr IMOjeIHMHAYHOT
JokajgHoT naryma. [IpuMemyje ce Jakiie Tako3BaHa JaTymcka TpaHcdopmaidja, Koja je JaaHac
o0aBe3aH aaT U UHTErpucaHa je y cBUM codrBepckuM cucremuma GIS-a.

Cunka 11. ITocsieanna noJiokajHe 1 BHCHHCKE HECATIACHOCTH 1BA KOOPAMHATHA CHCTeMa
ceBepHOAMepHYKOr KOHTHHeHTA. [losoxkajuu natymu NAD27 vs. NADS83 u Bucunckun NGVD29 vs. NAVDSS

Jlurepatypy BuIeTH Ha cTpanu 91.
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