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Abstract: This paper presents geometrically and physically defined height systems, along with their evaluation by
the means of Global Navigation Satellite Systems (GNSS) and Global Geopotential Models (GGM). The paper
defines ellipsoid heights as an instance of geometrically defined heights; with physically defined heights being
represented by definitions of orthometric and normal heights. Methods of normal heights calculation by the means
of ellipsoid heights are presented in detail, as determined using the GNSS and height anomalies calculated from the
GGM application. Apart from the above, numerical part of the paper evaluates normal height values and compares
them to their conditionally accurate values at 1073 points with relatively uniform distribution over the entire
territory of Serbia. Conditionally accurate values had been determined by the means of classical geodetic terrestrial
methods. Under the procedure of evaluating normal height values, GGM — GGMO5C was used, as created in 2016
by the Center for Space Research, University of Texas at Austin. In order to evaluate the quality of applying the
model above, data on normal heights evaluation were also presented, using the GGM EGM96, created in 1996 by
the National Imagery and Mapping Agency (NIMA), Goddard Space Flight Center (GSFC — NASA) and Ohio
State University, presently being the most commonly used model. The comparison above indicates that application
of the GGMO5C model provides 50 % greater quality of normal heights evaluations against the ones obtained using
the EGM96 model.

Keywords: Geometric Heights, Physical Heights, Global Geopotential Models, Global Navigation Satellite
Systems

Introduction

When solving the problem of positioning, i.e. the problem of determining
coordinates of points on the physical surface of Earth, the GNSS is presently being the most
commonly used technology (Hofmann-Wallenhof et al., 1994).

From the standpoint of the GNSS technology users, the procedure of coordinates’
determination is relatively simple. Pursuant to the agreed rules (Rulebook on Basic Geodetic
Works, 2012), it is sufficient to place a GNSS receiver over the point P for which the
coordinates are being determined (Figure 1), wait for a given period needed to collect and
process the data received from the satellites, the orthogonal point coordinates X, Y and Z are
obtained. The coordinates obtained are commonly determined in geocentric coordinate
system of the European Terrestrial Reference System 1989 — ETRS89 (IERS Conventions,
2010), presented in meter units.
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The ETRS89 itself is being established through the European Terrestrial Reference
Frame — ETRF, which is being implemented per epochs due to the Earth’s crust masses
movement and array of other influences. Due to the reasons above, the determined
coordinates of points also contain the designation of reference frame. For instance, the
coordinates presently determined in Serbia by the means of GNSS are linked to the
ETRS89, in implementation reference frame ETRF2000, epoch 2010.63 (Rulebook on Basic
Geodetic Works, 2012).

Geocentric coordinates of point P may be unambiguously transformed into
geodetic coordinates (Heiskanen and Moritz, 1967):
e geodetic latitude B,
angle in the plane of point P meridian, from the equator to the normal on the
ellipsoid, values ranging from 0 to 90, to the North and South from the equator,
e geodetic longitude L,
angle in the equatorial plane from the starting meridian to the meridian of point P,
values ranging from 0 to 180, to the East and West from the starting meridian, and
o ellipsoid height h;
section of normal line against ellipsoid, to the point P.
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Figure 1. Ellipsoid in geocentric coordinate system and ellipsoid height

Said transformation is possible after assigning a reference ellipsoid to the ETRS89,
with presently most common ellipsoid being the Geodetic Reference System 1980 — GRS80
ellipsoid (Moritz, 1984). After assigning an ellipsoid, transformation may be done using the
following expressions (Hofmann-Wallenhof et al., 1994):

z+e'*bsin’® 6
B =arctg —————, (1)
p—e-acos’ 8

L= arctgZ , )
X
h=—L__N, 3)
cosB

where N is radius of cross-section curve on first vertical
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a

N =
b(l +e'% cos’ B)l/2 )

and where p and @ are auxiliary values

p=qx+y", (5)

0 = arctgﬁ, (6)
pb

and a, b, e and e’ are minor and major axis, and first and second numeric eccentricity of the
GRS80 system ellipsoid, respectively.

Ellipsoid height obtained through the transformation above is purely geometrically
defined value, which significantly differs from the altitudes over the sea level. For the planet
Earth, these differences reach £100 m (Lemoine, 1998), and for the territory of Serbia,
differences range from 40 m to 47 m (Odalovic, 2005). This fact significantly limits
application of GNSS technologies for determining heights.

Height systems

A set of all agreements, algorithms, parameters and measuring methods providing
for ellipsoid heights determination is named geometric heights system. Term ‘“geometric
system” is being used essentially due to the method of ellipsoid height determination, and
the fact that the ellipsoid height is fully free of the gravity field influence. In the other
words, due to their fully geometric definition, ellipsoid heights, for instance, do not provide
the answer to the question if two points in the gravity field are at the same altitude over the
sea level.

In order to overcome this property of ellipsoid heights, the physical height systems are being
used, with their definition being based on the gravity potential (Heiskanen and Moritz,
1967):

W:W(xp,yp,zp):G‘fgwdxdydz+%wz(xz+yz), (7

where X,,Vp,Zp,and X, y,Zzare the coordinates of relevant points in the orthogonal
geocentric coordinate system, ETRS89 system for instance, G is universal gravitation
constant, O is Earth body density, @ is angular velocity of Earth’s rotation, and lis the
distance between relevant points of integration:

I=(e=x,) +(y=y,) +(z=2,)" ®)

The basic measurement value for establishing physically defined heights is
geopotential unit or geopotential benchmark (Figure 2).
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By P
Cp=dW =W, -W,) =~ g-dh = g-dh. 9)
P B

where dW is potential difference, W,is the potential value at level surface of a point

P, W, is potential value at geoid, g is gravity, and dh is altitude difference.

W =const
Level surface

W =const J
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Figure 2. Level surfaces

In practical works, geopotential benchmark is being realized by the means of
geometric leveling and gravity measurement results:

P B
Cszg‘dhngk-Ah. (10)
y

R

where A/ is the result of height difference leveling, and g, is the mean value of gravity

intensity calculated using the expression

gp T &p
—5

g, = (11)

Although the geopotential benchmark is the only way of determining the height
difference of points, its unit is m’ / s* instead of m, and it lacks geometric interpretation,

thus making practical works that much harder.

In order to establish height system with meter unit and geometric interpretation,
orthometric height system and normal height system are being created, i.e. orthometric and
normal height.

Orthometric height” is defined by the relation

C
H=—~, (12)
g

*Orthometric height is commonly called height above the sea level.
106



and normal height

HY = (13)

>

S
7

where g is mean gravity value along the orthometric height itself, and ¥ is mean value of
normal potential along the normal height itself. Both of the heights noted are being
expressed in meters and have geometric interpretation (Figure 3 and Figure 4). Reference
surface for orthometric heights is geoid, being one of the infinite number of level surfaces of
gravity acceleration, in particular the one which, in classical definitions, matches the surface
of ideally calm seas and oceans. Unlike the orthometric heights with level reference surface,
normal heights have quasigeoid for reference surface, being the surface that has no constant

potential.
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Figure 3. Orthometric height

[DULION

Figure 4. Normal height
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Orthometric and normal heights are related to geometrically defined ellipsoid
heights through:

h=H°+N, (14)
h=H"+(. (15)

where N designates geoid undulation of point P, and é' designates height anomaly of

point P .

Geoid undulation is ellipsoid height of geoid point, and height anomaly is
ellipsoid height of quasigeoid point.

Moreover, the last two relations were the only way to determine ellipsoid heights
in the past, before emergence of the GNSS. Orthometric and normal heights were
determined by the means of geometric leveling and gravimetric measurements, and geoid
undulations and height anomalies were determined by the means of astronomic
measurements and gravimetric survey data.

Geoid and quasigeoid

Definition of orthometric and normal heights had resolved the issue of
unambiguous determination of points’ heights while accounting for the gravity field.
However, practical establishment of said height systems is very complicated and
demanding.

For instance, Serbia has leveling network with over 4000 points (benchmarks) on
which the point heights were determined during the past century in both height systems
(Figure 5) (Bratuljevic, 1995). Several thousand kilometers of leveling network lines
needed to be leveled by the means of geometric leveling, with determination of gravity by
the means of the appropriate gravimetric methods at all network benchmarks. Leveling
activities were performed from 1971 to 1973, followed by several years of gravimetric
measurements, with heights being formally calculated as late as the last decade of the past
century, since there was the need to wait for the tide gauges on the Adriatic shore to
determine the mean sea level for the period of 18.6 years. Although all of the works were
completed successfully late in past century, the network was never properly maintained or
densified, thus the heights remained known on the network lines only. Determining heights
outside the lines requires performance of additional leveling and gravimetric
measurements.

Emergence of GNSS significantly changes the situation regarding ellipsoid heights
determination. Ellipsoid heights are being determined relatively easy and very fast,
independent from orthometric heights and geoid undulations or normal heights and height
anomalies.

Although the GNSS had brought up some improvements regarding orthometric
and normal heights, when determining benchmark position for instance; however, the
majority of activities for multiannual establishing of a new leveling network are still the
same as for establishing the network shown in Figure 5.

To practically extend all advantages brought up by the GNSS regarding
positioning to the points’ altitude, instead of coordinates only, the problem of orthometric
and normal altitudes determination may be viewed in a completely different manner, also
through relations (14) and (15) written as follows:
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Figure S. High accuracy leveling network

H°=h-N, (16)
HY=h-¢. (17)

Relations in this form provide a simple conclusion that orthometric or normal
heights may be determined directly, without any sort of leveling network, at an arbitrary
point in Serbia, using GNSS, providing that geoid or quasigeoid shape is known over the
territory of Serbia.

Geoid and quasigeoid determination

Geoid determination involves determination of geoid undulations at a given
number of points on the physical surface of the Earth, continent, territory of a country or
local territory, for instance area of 10 x 10 km. Present determinations may be categorized
as determinations with centimeter accuracy.

Number and layout of points where undulations are being determined define the
geoid resolution, which needs to be such that it provides for interpolation of undulation in
any given point from undulations determined, also with centimeter accuracy.

Geoid determined under the conditions above is called high-resolution geoid with centimeter
accuracy, with similar definition to be given to the Aigh-resolution quasigeoid, when height
anomalies are being considered instead of undulations.

Methodology of geoid or quasigeoid determination, i.e. a set of methods to be used
in geoid determination, depends on the data at disposal at the time of determination, and
determination methods may be classified as terrestrial and satellite methods, considering
data source.
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Terrestrial methods include (Vanicek, 1988)

e astro-geodetic leveling (combination of astronomic and geodetic determinations)
e gravimetric method, method using Stokes’ formula (or Molodenski’s orders when
determining quasigeoid),

and satellite methods include the methods based on the results of

e altimetry observations,
e gradiometry observations, or
e results of satellite trajectory observations.

Integrated model deserves special place, providing for use of any available data,
regardless of origin.

Combination of methods above defines and utilizes combined undulations
determination methods, which are in fact being the most commonly used today when geoid
undulations or height anomalies determination with centimeter accuracy.

The most common combined method is remove-compute-restore (Forsberg, 1993) (RCR)
method. This method combines nearly all types of data available:

e global geopotential models;
e digital models of topographic masses (Earth’s crust masses above the geoid); and
e data obtained from a set of terrestrial methods, commonly gravimetric

measurements.

There are two official solutions presently in Serbia: the preliminary geoid of Serbia
from 2008 (Odalovic, 2008) and the quasigeoid of Serbia from 2011 (Agren et al., 2011).
Both solutions were determined using the RCR method, using various input data, with the

accuracy up to 5 cm.

Global geopotential models (GGM) and its implementation

One of the most important steps in the procedure of geoid or quasigeoid
determination is selection of the appropriate GGM and its proper application under the RCR
method.

GGM’s are sets of coefficients of spherical harmonic development of gravity
potential. Using theoretically defined expressions below, height anomalies can be
determined in an arbitrary point (GOCE Level 2 Product Data Handbook, 2010)

REF Nyay( REF "™ n . -
w(r,0,4)= GA/IIQEF Z(a J (Cn]fnLL cosmA + SEL sinmA P, (cos 6)+
n=0 r m=0 (18)

1 2 5 .
+E(a)REF r*sin’ 0,
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U(r,0,2)= GMR—;EF ZS“ a™ CFEFP (cosB) |+ l(a)REF )2 r¥sin® @, (19)
a n=0)\ 7 2
where
CELL GM M \( 61 " C oM
§%:2L "\ gar REF || REF EZG:GM ’ (20)
T=w-U ’ (@3]
c=T (22)

e
GM is the product of gravitation constant and Earth’s mass, @ is major semi-axis
— mean radius of Earth’s equator, #andMare degree and order of GGM, N__ is the

maximum degree of GGM, 7, @ and 1 are spherical coordinates, P and ﬁn are fully

nm

normalized Legendre’s functions, C, ~and S, are coefficient of spherical-harmonic and

@ 1is angular velocity of Earth’s rotation. Values designated with REF are related to the
adopted reference system (GRS80 in this paper), values designated with GGM are related to
the GGM adopted, and values designated with ELL refer to the values pertaining to
spherical-harmonic coefficients after adjusting to scale, as shown in the equation (20). In the
equation (21), T is anomaly potential that represents the difference between real (W) and
normal (U) potential.

The International Association of Geodesy — IAG publishes all available global
models over the International Centre for Global Earth Models — ICGEM. At the official
ICGEM webpage, there are 153 GGM’s available for download, with the oldest one dating
back from 1966, and the newest one being from 2016. The models are downloaded in the
form of textual files containing archived estimates of énm and §nm coefficients and

accuracy of their determination.

norm fully_normalized
errors formal
tide system tide free

url http://www.itsg.tugraz.at/research/goco

key L M c s sigma C sigma 3
end_of head
gfc 0
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Figure 6. Part of the textual file storing data on global geopotential model

Figure 6 shows part of the textual file containing data on the GGIM, with second
and third column showing the model degree and order, respectively, with fourth, fifth, sixth
and seventh column showing model coefficients, together with the accuracy of their
determination.
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Normal heights determination by the means of GNSS and GGMO0SC global
geopotential model

For determination of normal heights using (17), as noted above, there are 153
publicly available Global Geopotential Models, and it was decided to use the GGMO05C
(Ries et al., 2016) in this research, for two reasons:

e  GGMOSC is the latest model published by the ICGEM

e it is the model with 360 degree and order, which provides direct comparison to
the applications of previously most commonly used EGM96 model (Lemoine
et al., 1998), having the same degree and order.

The model is applied based on the expressions (18) — (22), at 1073 points over the
territory of Serbia (Agren et al., 2011) (Figure 7), for which the ellipsoid heights were
determined by the means of GNSS. Apart from that, normal heights are known at the
points, as determined by the means of classical geodetic method. This fact provided for
normal height determination quality comparison using (17), considering terrestrially
determined normal heights to be conditionally accurate values. The quality itself was

uantified by creating the basic statistic data of the set of differences R ““™M*¢ determined
q y g
from the following relation:

(R omee )i = (H éVGMOSC ),- —-H iN 23)

where H éVGM is the normal height value obtained from the Global Geopotential Model, and

H" are conditionally accurate normal height values determined terrestrially, with i ranging

sequentially from 1 to 1073.

GGMO5C EGM96
R R

Along with establishing set of differences, set of differences

was also established when using the EGM96 model, in the identical manner as when using
the GGMO05C model.

Basic statistical data for all determinations are shown in Table 1, general shape of
difference surfaces are shown in Figure 8, and histograms of differences in Figure 9.

Table 1. Basic statistical data for Ri

Designation Number | Minimum Maximum | Mean value Stm.ld?rd
deviation

ROGMO5C [m] 1073 -0.42 0.62 0.01 0.18

REGMO6 [m] 1073 -2.03 0.39 -0.87 0.59
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Figure 7. Spatial layout of points over the territory of Serbia where ellipsoid and normal heights were
determined

GGMO05C EGM96
R , right: R )

Figure 8. General shape of difference surfaces (left:
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Figure 9. Histogram of differences (left: RGGMOSC , right: R EGM96 )

Basic statistical data shown and general shape of difference surface for REGMOC

provide for the following conclusions:

e minimum value is -0.42 cm, maximum is 0.62 ¢m, with mean value of 0.01 m and
standard deviation of 0.18 m,

e in the northern part of Serbia, over the territory of Vojvodina, quality of normal
heights determination ranges at £10 cm,

over the territory of prominent topographic masses (masses above the geoid), on
the territory of Zlatibor bordering Bosnia and Herzegovina, differences reach
minimum extremes from -45 ¢cm to -40 cm,

e maximum positive value of 60 cm is reached in the southern part of Serbia,
bordering Macedonia and Albania,

in central part of Serbia, nearby Velika Morava River, the majority of differences
have the values close to zero, and it is obvious that in that area the value does not
exceed the limit of £10 cm (shown in white in Figure 8).

GGMO05C EGM96
R R

Comparison of set of differences and set of differences

indicates that the GGMO5C global model provides significantly greater quality of normal
heights evaluation:

EGM96
R

e range of set of differences is 2.42 m being 1.38 m greater range than for

GGMO5C
R set,

e comparison of the histograms of differences (Figure 9) indicates that the histogram
of the set of differences is asymmetric, and that the differences are grouped into

three parts: around -1.6 m, -0.6 m and 0.2 m, while for the RO histogram of
differences has clearly notable symmetry of differences distribution grouped
around the mean value of 0.01 m.

Everything noted indicates that the new model provides significantly better

evaluation of normal heights against the commonly used EGM96 model. Sole comparison of
the range of differences indicates that the improvement exceeds 50 %.
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Conclusions

The paper presents evaluation of normal heights by the means of GNSS and GGM
at 1073 points, with relatively uniform distribution over the territory of Serbia, with normal
heights being previously determined by the means of classical geodetic terrestrial methods.
When evaluating the normal heights, ellipsoid heights determined by the means of GNSS
and height anomalies determined by the means of GGM GGMO05C were used. Overview of
comparison shown indicates that estimates of normal heights deviate from the conditionally
accurate values by a minimum of -0.42 m, maximum of 0.62 cm, with mean value of 0.01 m
and standard deviation of 0.18 m.

Apart from application of the GGMO05C model, the EGM96 model was also used
for evaluation of normal heights. The results of comparison between applications of the two
models indicate that application of the GGMOS5C model provides higher quality of normal
heights evaluation in excess of 50 %.
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OIIEHA HOPMAJIHUX BUCHHA TPUMEHOM INIOBAJIHUX
HABUTAIIMOHUX CATEJIUTCKUX CUCTEMA U ITTOBAJIHUX
TEONNOTEHIINJAJTHUX MOJEJIA

OJIET OZIAJIOBUR', JIAHMIIO JOKCUMOBUR', CAIbA [PEKYJIOBUR', MUBbAHA TOLOPOBUR-JIPAKYI', JOBAH

IonoBuH'
1

Vuusepsumem y beozpaoy, I pahesuncku ¢paxynmem y beoepady — O0cek 3a 2e00e3ujy u 2eoungopmamuxy,
bBynesap Kpama Anexcanopa, 11000 Beoepao, Cpouja

Caskerak: Y OKBUpY pajia NpPUKA3aHH Cy TCOMETPUjCKM M (DH3MYKM JCPUHHUCAHU CHCTEMH BHCHHA, Ka0 U
bUXOBA OIICHA NPUMEHOM TIOOAaTHMX HAaBUTAIIHOHMX caTenuTckux cucrema (GNSS) u rmnobamHmx
reonoreHnyjarHux momena (GGM). V pany je nara nedHHUINMja SIUICOUAHUX BHCHHA KA0 IPEICTaBHUKA
TeOMETPHjCKU Ae(UHUCAHNX BHCUHA, a Y TOTIeaAy (pU3HUYKH Je()UHUCAHUX BUCHHA NpHKa3aHe cy AeduHuInje
OPTOMETPHjCKHX U HOPMAJHHUX BHCHHA. J[eTaJbHO Cy NPENCTaB/LCHU HAYHHU padyHama HOPMAIHUX BHCHHA
IIPUMEHOM eIHMICOMIHHX BHCHHA, Koje cy onpehene mpumenom GNSS um aHOManuja BHCHHA KOje Cllefe H3
npumene GGM. Ilopen HaBeIeHOT y HyMEPHUYKOM JICTy paja OLCHCHE Cy BPEAHOCTH HOPMAIHHMX BUCHHA U
ynopeleHe ca BUXOBUM YCIOBHO TadHUM BpegHOCTHMA M To y 1073 Tauke Koje Cy pelaTUBHO IIPABHIHO
pacnopehene nmo uuraBoj Tepuropuju CpoOuje. YCIOBHO TauHEe BPEAHOCTH oApeheHe cy MpUMEHOM KIACHIHHX
TEOIETCKUX TEPECTPUUKHX MeTofa. Y IMOCTYNKY OLIEHE BPEAHOCTH HOPMalHMX BHCHHA kopuiihen je GGM
GGMO5C xoju je kpeupan 2016. rogune ox cTpane LlenTpa 3a kocMuuka ucTpaxuBama y Tekcacy (Center for
Space Research, Univesity of Texas at Austin). ¥ nmipy oleHe KBaaHTeTa IPHMEHE HAaBEACHOI MOjena
MPUKA3aHM Cy M MOJalX OLeHe HOpMalHHUX BucHHa npu npumenn GGM EGM96 koju je kpeupan 1996. ronnne
o cTpaHe Harmmonanne areHnuje 3a AUTHTanHy oOpany ciamka u kaptupame (National Imagery and Mapping
Agency - NIMA), Llenrpa 3a xocMmuuke neroBe Hammonamue xocmumuxe arennuje (Goddard Space Flight
Center — GSFC - NASA) u amepuukor Yuusep3urera Oxajo (Ohio State University), koju 1o manac
npencraiba Hajuyemhe kopumthenn monmen. V3 HaBemeHor ymopehema clienm Ja ce NpUMEHOM Mogjela
GGMO5C nobujajy 50% KBamuTeTHHje OICHE HOPMaJHHX BHCHHA OJf OHHX KOje clele M3 NpPHMEHE Mojena
EGM96.

Kbyune peun: reomerpujcke BHCHHE, (DH3HYKE BHCHHE, IIOOAIHH TICONMOTCHNIUjaTHH MOJIENH, II00aTHU
HABUTALMOHH CATENUTCKH CUCTEMHU

YBon

I[Ipu pemaBamy mnpobirema MO3UIMOHUPAka, OJHOCHO mpolieMa onpehuBamba
KOOpJIMHATA Tayaka Ha (PU3UYKO] MOBPIIH 3eMJbE WU Y HCHO] HEMTOCPEIHO] OKOJIIMHHU, JaHAC
ce y HajBehoj mepu kopucrte GNSS (Hofmann-Wallenhof et al., 1994).

I[Mocmarpano ox crpane kopucHuka GNSS TexHONOTHjE, mocTymak oipehuBama
KOOpJMHATA PENaTUBHO je jenHoctaBaH. CarmacHo noroBopeHnM npasmwinMa (IIpaBmiHuK 3a
OCHOBHe reozercke panose, 2012), noBossHo je moctaButu GNSS npujemMHnK u3Haxg Taduxe P
gmje ce koopamHare onpehyjy (Cnmka 1) m HakoH ompelheHor BpeMmeHa, moTpeOHOT 3a
MPUKYIUbalke M 00paxy Mojgaraka NPUCIENHX ca caTeluTa, A00Wjajy ce mpaBoyrie
koopaumHate Tauke X, Y wm Z JloOmjeHe koopmuHaTe Cy Hajuemhe oxpehene y
TCOICHTPHUYHOM KOOPAMHATHOM CHCTeMy EBPOICKOT TepecTpHukor pedepeHTHOr cUcTeMa
1989. rogune (European Terrestrial Reference System 1989 — ETRS89) (IERS Conventions,
2010) 1 u3paxkeHe Cy y jeMHULIAMA METPA.

Cam ETRS89 ycnocraBipa ce mytem EBpOmCKor TepecTpHyKor pedepeHTHOT
okBupa (European Terrestrial Reference Frame — ETRF), xoju ce 30or momepama maca
3emibrHE KOpe W HHU3a APYIHX yTHUI@ja, peanmsyje mo emoxama. M3 HaBemeHMX pasiora
onpeleHne kKoopAaMHATE Tayaka HOCE ca coOOM U 03HaKy okBHpa. [Ipumepa paau, nanac ce y
Cpbuju xoopaunare onpehene npumenom GNSS ogroce ra ETRS89 y peammzanuju okBupa
ETRF2000, ermoxa 2010.63 (ITpaBuiiHAK 32 OCHOBHE reojieTcke paaose, 2012).
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leonentprune KoopauHate Tauke P Moryhe je jeAHO3HaYHO TpaHCHOPMHCATH Y
reonetcke koopaunare (Heiskanen and Moritz , 1967):

e 2eodemcky aamumyoy B,
yrao y paBHM MepHUIdjaHa Tadyke P, 0] eKBaTopa J0 HOpMaje Ha eUIICOU U MOXKE
nmaru BpeaHocTr of 0 1o 90, ceBepHO | jy)KHO Off €KBaTopa,

e  2eodemcky aoHeumyoy L,
yrao y paBHHU €KBaropa Oj MIOYETHOT MEpH/HjaHa A0 MepuIujaHa Tauke P u Moxe
nmaru BpeaHocTH o7 0 1o 180, MCTOYHO U 3amagHo O HOYETHOT MEpHH]jaHa,

® U enuncoudHy eucumy h;
OJICEYaK HOpPMAJie Ha CIMIICOU] O CIUIICOUIA 10 Tauke P,

Cauka 1. Enuncous y reolieHTpU4YHOM KOOPIHHATHOM CHCTEMY M eJIUIICOMIHA BHCHHA

Hasenena tpanchopmanuja moryha je Tek HakoH npuapyxusamba ETRS89 nexor
pedepenTHor enunconna, a JgaHac ce Hajuemthe kopuctH enunconn [eonmerckor
pedepentror cucrema 1980 (Geodetic Reference System 1980 — GRS80) (Moritz, 1984).
Haxon npuspyxuBama equIconsia 3a TpancopMalnjy Mory ce Kopuctutu cienehu uzpasu
(Hofmann-Wallenhof et al., 1994):

z+e'*bhsin’ @

B=arct , 1
gp—ezacos39 o
L= arctgl , (2)
X

h=—"L_-N, ()

cosB

rac je N TMOJYTIPCYHUK KPUBUHE IPECCKaA 10 IPBOM BECPTUKAITY
2

a

N = “)

b(l +e'? cos’ B)l/2

urnecy p u 0 nomoline Benudune

p=yx’+y", (5)

0 = arctg 22 (6)
pb

aa, b ewn e’ Mama W BeNWKAa OCa M NMPBU U APYTH OPOjHU EKCEHTPHUIUTET EIUICOMIA
cuctema GRS80, pecriekTHBHO .

Emunconpna BucwHa J00WjeHAa HABEACHOM TpaHC(GOPMANHjOM je YHUCTO
TEOMETPHjCKH JeHHNCAHA BEIMYMHA W 3HAYAjHO C€ Pa3NUKyje O BHCHHA HM3HAJ HHBOA
Mopa. 3a TuTaHeTy 3eMJby pasJinke BUCHHA ocexy BpeaHocty ox =100 m (Lemoine, 1998),
a Ha Teputopuju CpOuje pasiuKe ce Halla3ze y ¥ HHTepBaTy o nmpuommkHo 40 m ma 1o 47 m
(Omanosuh , 2005). OBa uumeHHIA Yy 3Ha4ajHOj Mepu orpaHudasa npuMeHy GNSS
TEXHOJIOTH]j€ y Morieny oapelhuBama BHCHHA.
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CucreMH BHCHHA

Ckyn CBHX JIOTOBOpa, aJTOpUTaMa, mapaMeTapa U MeTojia Mepema Koju omoryhasa
Ja ce OApeNe eNUICOWIHE BUCHHE Ha3MBa Ce€ 2ceomempujcku cucmem @ucuna. Vime
TEOMETPHjCKH CUCTEM KOPUCTH C€ Y OCHOBH 300T HauMHA JAeHUHUITH]E SIUIICONTHE BUCHHE
any u 300T YAH-CHUIE [1a je eTUIICONIHA BUCHHA Y MOTITYHOCTH Ocio0oljeHa yTumaja mojsa
3emupnHe Texe. pyruM peurMa 300T CBOj€ YHCTO Te€OMETpHjcke AehUHUIMje KOpUIIhekheM
SNUIICOMIHUX BUCHHA HHje Moryhe, mpumepa paay, OArOBOPUTH Ha MHUTAkE 1A JIH Cy JBE
TadkKe y N0Jby 3eMJbHUHE TEXKE HAa UCTOj BUCHHU M3HA]] HUBOA MODA.
Jla Ou ce mpeBasmIUia HaBeJCHA OCOOMHA CJMIICOMTHUX BUCHHA KOPUCTE CTE CC usuuxu
cucmemu 6UCUHA, & BHUXOBO Je(DUHUCAKE 3aCHUBA CEC HA MOTCHIMjaly yOp3ama 3eMIbHHE
texe (Heiskanen and Moritz, 1967):

W:W(xp,yP,zP):GI”dedydz+%a)z(xz+y2), (7)
Q

e ¢y Xp,Vp,ZpHX,Y,Z KOOPDAMHATE pPEICBAHTHHX Tadaka Yy IIPaBOYIVIOM

TeOLIEHTPUYHOM KOOPAWHATHOM CUCTEMY, puMepa paau cucteMy ETRS89, G ynusep3anna
rpaBUTAllMOHA KOHCTAaHTa, O IyCTHHA Mace Tena 3eMibe, () YyraoHa Op3uHa 3eMIbUHE

porammje, a [ pactojame u3mel)y peleBaHTHHX Tauaka MHTETpaLHje:

I=(x=x,) +(y=y,) +(z=2,)" ®)

OcHOBHa MepHa BEJIMYMHA 32 YCIOCTaBJhathe (PU3NUKU Ne(PUHHCAHUX BUCHHA j€
eeonomenyujanua jeOunuya um eeonomenyujanna koma (Cnvxa 2)

B P
Cp=dW =—(W,~W,)=—[g-dh=g-dh. ©)
P By

rae je dW pasmuxa notennujana, W, BpensocT moTeHIMjaTa Ha HUBOCKO] TIOBPIIH TauKe

P, W, Bpennoct norenumjana Ha reomdy, g ybpsame 3eMIbHHE Texe, a dh pazmuxa

BHCHHAa.
Cauka 2. HuBocke nospuu

Y [pakTHYHMM paJOoBHMa TEOIOTECHIMjajHA KOTa CE€ peaiusyje HpPUMEHOM
reOMETPHjCKOT' HUBEJIMaHa U pe3y/TaTuMa Mepema yop3ama 3eMIbUHE TexkKe:

4 B
CP=Ig~dhngk~Ah. (10)
k=4

)

e je A/ pesynrar HUBenama BHCHHCKE PasinKe, a g, CPEeIiba BPEIHOCT MHTCH3HTETA

yOp3ama Koja ce pauyHa IPUMEHOM H3pa3a

+
g, =g”o—2gf’, (11)
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Hako je reonoTeHuMjanHa KOTa jeOuHu HauuH 1@ C€ OAPEOH BHCHHCKA pa3jIHKa
. 2/ 2 .
n3mel)y Tagyaka oHa HeMa jeAuHMIy m, Beh m / S”, a mopex Tora OHa HEMa T€OMETPHjCKY

MHTEPIIPETaNyjy ITO Y 3Ha4ajHOj MEPH OTeXaBa MPAKTHYHE PaJoBe.

VY muiby Kpenpama ccTeMa BUCHHA KOJU MMa METapCKy jeAMHHILy M TEOMETPHjCKY
UHTEPIIPETALUjy KPEUpajy Ce OpmoMempujcku cucmem 6UCUHA U HOPMATHU CUCTEM 8UCUHA,
OJHOCHO OpmOMempujcka i HOPMAIHA 8UCUHA.

OpromeTpujcka BrCHHA® TeuHHIIE ce peTarmjom

C
H =2~ (12)
g
a HOpMaJIHa
HY :%, (13)
v

e je g cpeimba BPeAHOCT yop3ama 3eMIbUHE TEKE YK CaMe OPTOMETPUjCKE BUCHHE, & )/

Cpelha BPEIHOCT HOPMATHOT MOTCHIMjalia Ty came HopMmanHe BucuHe. O0e HaBeneHe
BHUCHHE HM3pa)kaBajy c¢ y METpUMa U UMajy reoMerpujcky umHTepnperanujy (Cnuka 3 u
Crnuka 4). PedepeHTHa MOBPII OPTOMETPHjCKHAX BHCHHA j& 2eoud, KOjU je caMo jemHa of
0ECKOHaYHO MHOTO HHBOCKHX ITOBPIIY MOTEHIIM]jala yop3ama 3eMJbHHE TeKEe U TO OHA Koja
ce, y KiIacuuHuM JeUHHUIIjama, [IOKIana ca MOBPIIMHOM HACATHO MUPHUX MOPA M OKeaHa.
3a pa3nuKy O]l OPTOMETPHjCKHX BHCHHA YHja je pedepeHTHa MOBPII HHUBOCKA, HOpMAalTHE
BHCHHE MMajy 3a pedepeHTHy MOBPII K8d3uzeoud, OAHOCHO IMOBPII Ha KOjOj ITOTEHIIH]al
HUje KOHCTaHTaH

Cauka 3. OpToMeTpujcKa BUCHHA

Cauxka 4. HopmanHa BucHHA

Ca FGOMeTpI/IjCKI/I ,He(i)I/IHI/ICElHOM CIIMIICOUJHOM BHCHHOM OpTOMeTpI/IjCKa u
HOpMaJIHa BUCHHA IMOBE3aHEC CYy penaquaMa:

170
h=H"+N, (14)

_ 7N
h=H"+¢. 15

rae je ca N obenesxena yuoyrayuja 2eouda tauke P, a ca é/ anomanuja eucune tauxe P .

YHaynamyja reouia je enuIconHa BUCHHA Tadyke TeOnAa, a aHOMaJIja BICHHE je
€JIMIICOU/IHA BUCHHA TaYKe KBa3UT€OU/IA.

[Ita BumIe, mocieAme IBE penanyje cy Omie jeIwHH HadWH 3a oxpehuBame
STUIICONIHNX BUCHHA y Tponuioctu cBe a0 mojaBe GNSS. OpromeTpHjcke W HOpMaTHE
BUCHHE ofipel)iBaHe cy MPUMEHOM reOMETPHjCKOT HUBEJIMAHa U IPaBUMETPH]CKUX MEpeiba,
a yHZyJaluje reoua 1 aHoMallije BUCHHA PUMEHOM aCTPOHOMCKHX Mepema U MojaliuMa
IPaBUMETPHU]jCKHUX TIpeMepa.

2 OpTOMeTpI/IjCKa BUCHHA CC YC€CTO Ha3duMBa HAIMOPCKOM BUCHHOM WJIHW BHUCUHOM H3HA[

HHBOA MOpa.
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T'eona m kBa3ureoma

JedunncameM OPTOMETPHjCKMX M HOPMAJHWX BHCHHA peEHICH je mpobiem
jeIHO3HAYHOT ofpelnBama BHCHHA Tadaka y MPUCYCTBY MMOJba yOp3ama 3eMJBHHE TEXKe.
MelhyTuMm, IpakTHIHO YCIOCTaBIbAahE HABEIEHNX CHCTEMa BUCHHA BEOMa j& KOMILTHKOBAHO
1 3aXTEBHO.

[Ipumepa paan, y Cpbuju mocToju HHUBeIMaHCKa Mpexa ca mpeko 4000 Tagaka
(penepa) y kojuMa cy y HpOLUIOM BeKy ojpeljeHe cBe BHUCHHE Tadaka y o0a HaBelcHa
cucrema (Cnuka 5) (bparyssesuh, 1995). Bumie xuipaga kuiomerapa JMHHja HUBEJIMaHCKE
Mpexe OMo je moTpeOHO M3HMBEIATH NPUMEHOM I'€OMETPHUjCKOT HUBEJIMaHa, a Takohe
oarosapajyhomM rpaBUMETpHjCKOM METOIOM OJPEIUTH M yOp3ame 3eMJbHHE TEXKE Ha CBUM
penepuma Mpexke. Cama HuBenama u3BoheHa cy on 1971. romune nma no 1973. roaune,
rpaBUMETpPHjCKa MEPEHA Yy HApeJIHUX HEKOJIMKO TOANHA, a (POPMaJIHO BUCHHE Cy CpauyHaTe
TEK Yy MOCIEkH0j NEICHIjH IIPOIIUIOT BeKa, jep je OMIo HEeOmXOoIHO YeKaTH Aa Mapeorpadu
Ha JazmpaHckoj 00ay ofpere Cpeqmi HUBO Mopa 3a nepuon oxn 18.6 roguHa. Mako cy cBu
pPaloBM YCHEUIHO 3aBPIICHH, KpajeM INPONUIOr BeKa, Mpeka HHUje HHKaga aJeKBaTHO
oIpkaBaHa HUTH TporymihaBaHa Ia Cy BUCHHE OCTajie MO3HATE caMO Ha JIMHHjaMa caMme
mpexe. Jla Om ce ompenuie BHCWHE BaH JIMHWja HEOIMXOMHO j€ H3BOAWTH JIOJaTHA
HUBEJIMaHCKa ¥ TPaBUMETPHjCKa Mepemba.

Canka 5. Mpe:ka HUBEJIMaHA BHCOKe TAYHOCTH

[Tojaom GNSS cuTyanmja ce y 3Ha4ajHOj MEpH Mema y Torieny oxpehmBama
eJIMICOUIHUX BUCHHA. Enurnconnne BucuHe ce oapelyjy penaTuBHO Jlako U BeoMa Op30 u
TO HE3aBUCHO O]l OPTOMETPUjCKMX BHCHHA W YHAYIallMja TeouAa WIM OF HOPMAaJHHX
BHCHHA M aHOMAJI¥ja BUCHHA.

MelyTuM, y norieny oproMeTpujckux U HopmasiHux BucuHa GNSS je noHeo Heka
yHanpehemwa, npuMepa paau y morieny oapehuBama monoxaja perepa, anu Behm neo
AKTHUBHOCTH 32 BUILETOJMIIHE yCIIOCTAaB/bakhe HEKe HOBE HUBEIIMAHCKE MPEXKE U JaJbe je Yy
MOTITYHOCTH MCTH Ka0 U KOJ yCIIOCTaBJbarkha Mpeke IMpHUKa3aHe Ha CIIHUIHN 5.

Jla 6u ce cBe mpemHoctu koju GNSS moHOCHM y TOTIEAY TMO3HIIMOHUpAma M
MpakTHYHO oMmoryhmie u 3a BHUCHHE Tadaka, a HE CaMoO 3a KOOpOMHATE, IpoOiemM
onpelhuBama OPTOMETPHjCKAX ¥ HOPMATHAX BICHHA MOXE CE IIOCMATPaTH Ha jelaH CaCBUM
IpyTH HauuH, Takohe myteM penanuja (14) u (15) 3anmucanux y obnuky:

H°=h-N, (16)

N

HY =h-¢. (17)

W3 oBako 3ammcaHuX peiandje jeTHOCTAaBHO je 3aKJbYUHTH Ja CE OPTOMETPH]jCKe

WA HOpMAaJIHe BUCHHE MOTY JAMPEKTHO OJIPSIUTH, 03 OHII0 KaKBe HUBEIMAHCKE MpPEXe U

TO y Ipon3B0OJbHO] Tauku CpbOuje, mpumenoMm GNSS, anu moj ycIioBOM JAa je Ha TEPUTOPHjU
CpOwuje mo3HaT 00JIMK reon 1a WIM KBa3UIeou 1a.

OnpehuBame reoua u KBa3ureonaa
OnpehuBame reousa noxpazymesa ojapehuame yHayIanuja reouqa y oapehenom

Opojy Tayaka Ha (M3MYKOj MOBPLIM 3eMJbE, KOHTHHEHTA, TEPUTOPHjE HEKE APIKaBe WIH
HEKOT JIOKAITHOT Topy4ja, npumepa pamu nospumue 10x10km . J{anamma oxpehusarma

MOTY c€ CBpCTaTH y oapelhrBama ca IEHTUMETAPCKOM TadHOIIhy.
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Bpoj m pacnopex Ttauaka Ha KojuMa ce yHxayidauuje ozapelyjy neduHunry
pesonyyujy Teonaa, a OHa Mopa OUTH TakBa Ja ce Ha OCHOBY ojpeheHHX yHIylaluja Moxe
OJIPEeIUTH yHAyJauWja y OWIIO KOjoj ApYyroj TadykW MPUMEHOM HHTEpIoianuje, Takohe ca
TayHOmhy EHTUMETAPCKOT HUBOA.

I'eoun onpehen mox HaBeIEHHM YCIOBHMa HA3HMBA CE 2e0UOOM GUCOKe pe30ayyuje
yeHmumemapcke mayHocmu, a Ha HCTH HaA4YMH Moryhe je NeHHUCATH U K8a3u2eouod ucoke
pe3onyyuje, Kaga ce yMECTO YHAYJAIH]je TeonIa pa3MaTpajy aHOMarje BUCHHA.

Mertoponoruja ogpehuBama reonaa Wi KBa3UTeon1a, OAHOCHO CKYI MeToza Koje he
npu oxpehuBamy reouna OUTH NPUMEHEHE, 3aBUCH O]l 110JIaTaka ca KOjUMa ce y TPEHYTKY
oxpehuBama pacrnonaxe, a came Merone oapehuBama Moryhe je mopenutu ¢ 003upoM Ha
MOPEKJIO 10/IaTaKa Ha: TEPECTPUUKE U CATEIIMTCKE METO/IE.

Kon repectprukux merona mory ce uzasojutu (Vanicek, 1988)
®  aCTpPO-TCO/IETCKM HUBEIMaH, (KOMOWHAIMja acTPOHOMCKHMX W TE0JETCKUX
onpehuBama)
e TpaBHMETpHjCcKa MeToma, Meroia mpumene CrokcoBe Qopmyne (WM peaoBa
MoutoieHCKOT TpH opehuBamy KBa3Ureona),

a KOJ CaTeIMTCKUX METOJIa METOJIe, Koje ce 0a3upajy Ha pe3yJaTaTuMa
®  ANTHMETPHjCKUX ONaXama,
®  TIPaTUOMETPHjCKUX ONAKAMA,
® WM pe3yJITaTUMa OMa)kara MyTama CaTeIUTa.

IToceOHO ce u31Baja MHTErPaIHA MOJIEI IIyTEM Kojer je Moryhe HCKOPHCTHTH CBE
pacriosioxxuBe nojatke 6e3 063upa Ha BHXOBO MOPEKJIO.

KomOuHamnujom noMeHyTux Meroja AeUHHMILY ce U KOPHCTE KOMOUHOBAHE METO/IE
onpehuBama yHIyman#ja ¥ ympaBo ce OHE JaHac Hajuermhe kopucte mpu onpehmBamnuMa
YHIyJanuja reouia Uik aHoMallrja BUCHHA ca TayHOIIhy IIEHTUMETapCcKOT HUBOA.

HajpacmpocTpameHrja KOMOWHOBaHA MeToJa je  remove-compute-restore
(Forsberg, 1993) (RCR) merona, ogHOCHO MeToAa OTKJamama-lpeAnKiuje-Bpahama. Y
OKBHPY METO/Ia C€ KOMOHMHY]Y FOTOBO CBE BPCTE PACIONIOKUBHX [10JATAKA!

e T1J00aJIHU FeONOTEHIIM]jaTHU MOJIEIIH,
® IMTUTAIHU MOJENH Tormorpadckux Maca (Mace 3eMJbHHE KOPe HU3HA TeOna),
® ¥ TOjAIM KOje CJIe/ie U3 HU3a TEPEeCTPUUKUX METoja, Hajueuthe rpaBuMeTpujcka

Mepema yop3ama 3eMIbIHE TEXKeE.

Y Cpbuju 10 paHac NOCTOje 3BaHUYHO JBa pellea: npeauMuHapau reoun Cpouje
n3 2008. romune (Odalovi¢ , 2008) wu kBasureoma Cpouje u3 2011. 'ogure (Agren et al.,
2011). O6a pemrewa onpehena cy myrem RCR, a npiMeHOM pasIMuUTHX yla3HHUX MOJaTaKa,

ca TagHomhy He BehoMm ox 5 cm.
I'modannu reonorennujaanu mogeau (GGM) n \HUX0Ba IpUMeEHA

Jeman op Haj3HAYajHUjUX KOpaka y TMOCTYNKy oapehuBama reonna WA

KBazureouza je nzdop anexBarnor GGM u merosa npasuiHa npuMmena y oksupy RCR.
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GGM mpencTaBipajy cKyn KoedumujeHaTa CGEepHO XapMOHH]CKOT pa3Boja IOTEHITHjasia
3emupuHe Teke. [Ilpumenom cnepehux Teopujcku IeuHHCAHMX U3pa3a Moryhe je y
MpOn3BOJbHO] Tauku onpeanty anomanyje BucuHa (GOCE Level 2 Product Data Handbook,
2010)

REF Nya(  REF \"1 n
W(r,0,1)= GMREF Z ( a ) (6,5”“ cosmA + S E sin ml)ljnm (cos @)+
a n=0 r

m=0 (18)

1 2 .
+—(a)REF) 2% sin? o,

2
GMREF [ 8, (gREFY™_ 1 5
U(r,H,ﬂ):T z CnREFPn(cosﬁ) +—(a)REF) r?sin’ 6, (19)
a n=02)\ T 2
rze je
CELL GM M [ 4G " C oM
GELL [ GM REF || REF goeuM [ (20)
T=W-U 1)
T
c== 22
P (22)

GM je nponsson rpaBuTaIOHE KOHCTAHTE U Mace 3eMibe,  je BEIMKa Moayoca

— CpellibH TNOJYNPEYHHK ekBatopa 3emsbe, /1 u M cy crened u pex GGM, N - je

makcumanan cremen GGM, 7, @ u A cy chepre koopammare, P, u Pn

opronopmupane Jlesanapose ynkumie, C, wu S, xoeduumjentu cdepro-

XapMOHHUJCKOT U (U yraoHa Op3uHa 3eMJbHHE poTauuje. BpeaHoct koje y o3Haum uMajy
REF onHoce ce Ha ycBojeHu pedepentnu cucteMm (y oBoM paxy GRS80), Bpeanoctu ca
o3HakoM GGM ce onnoce Ha ycBojenu GGM, a BpenHOCTH ca o3HakoM ELL o3Ha4aBajy
BPEJHOCTH KOj€ Ce OJHOCE Ha C(epHO-XapMOHHjCKE KOe(pHINjeHTe HAKOH ypa3MepaBamba,
Kao MITO je npukazaHo y jeanaunnu (20). V jennaunnu (21) T je aHOMAIUjCKU MOTEHIIH]al
KOjH Ipe/IcTaBJba pa3nuky peanHor (W) u HopmanHor (U) norenuujana.

MehyHapogHo yapyXkeme 3a Teole3djy opranumzanmja 3a reoxe3wjy (International
Association of Geodesy — IAG), nmy0nrKyje cBe pacroJIOKHBE IJI00aJHE MOAEIe MPEKOo
Mehynapoanor meHTpa 3a rodamHe mojaene 3emsbe (International Centre for Global Earth
Models - ICGEM). TpenytHo ce ca 3BannuHe uHTepHeT cTpane ICGEM moxe npeyseru
153 GGM, ox kojux mpBH natupa u3 1966. roguHe, a 3a caga nocieamu Beh u3 2016.
roauHe. Mozenu ce npey3uMajy y oOJIMKY TEKCTyaJHHX JaToTeKa y KOjuMa Cy apXHBHUpPaHe

ouene koedunmjenara C, u S, 1 TadHOCT BUXOBOT O1pehUBaIbA.
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Cinka 6. /leo TexcTya/IHe JaTOTeKe Y KOjOj Cy CMEIITEHU MOJALHU O I100aJTHOM re0NOTeHIHjaTHOM MOy

Ca ciauke 6 ce MOXe BHAETH €0 TEKCTyallHE AATOTEKE Y KOjoj Cy CaApKaHH
nogaim o GGM, rae ce y apyroj u Tpehoj KOJOHM Hama3e O3HAKe 3a CTEICH U Pell MOJIEIa,
PECIECKTUBHO, JOK Cy Yy YETBPTOj, METOj, MIECTOj U CEAMOj KOJIOHH JIaTH KOC(UIIM]CHTU
MojIesa 3aje/iHo ca TauHouthy BUXOBOT oJpeluBama.

OnpehuBame HopMaTHUX BUCHHA TPUMeHOM GNSS M 17106a,JJHOT TeonoTeHIHjaJTHOT
moaeaa GGMO5C

3a onmpehuBame HOpMaTHMX BUCHHA mpuMeHoM (17), kao mTo jep Beh HaBemeHo,
moctoju 153 jaBHO MOOCTYMHHX TIIOOATHUX TECOMOTHIMjAJIHUX MOJeNa, a y OBUM
UCTpaXKUBABLMMa OITY4YeHO je Ja ce ynorpebu momen GGMOSC (Ries et al., 2016) u3 nBa
pasiora:

e  GGMOS5C je najaoBuju Mozaen myonukoBan o ctpane ICGEM

e u Mozen je creneHa u pexa 360, mrto omoryhaBa ampektHo ymnopeheme ca

npumenama Hajuemhe o cazna xopumthenor mogena EGM96 (Lemoine et al.,
1998) koju je Takole UCTOT cTeTeHa U pera.

Mopgen je mpuMemeH Ha 0CHOBY m3pasza (18)-(22) u To y 1073 Tauke Ha TepUTOpHjU
Cp6uje (Agren et al., 2011) (Ciuka 7) 3a koje cy myrem GNSS onpehene emuncougae
Bucune. Ilopen Tora, y MCTUM THM Tadykama [O3HaTe Cy M CaMe HOpPMajHE BHCHHE
onpehene KIacHYHMM TeoAeTCKUM MeTomama. OBa uYnWmeHHIa oMmoryhmia je mpoBepy
KBanMTeTa ofpehuBama HOpMalHWX BHCHHA TpuMeHoM (17) cmartpajyhm TepecTpuuku
ompeheHe HoOpMmalHE BHUCHHE YCIOBHO Ta4yHMM BpenHocTumMa. CaMm  KBaJHTET

KBaHTUTATHUBHO je oapeljeH KperupamkbEeM OCHOBHUX CTATUCTHYKHUX MOJaTaKa CKyIla pasJiiKa

RGGMosC .
Koju je oxpehen npumeHom cienehe pemanuje:

GGMOSC | _ (7N N
(REMOSC ). (18 osc ) — H (23)
. N . .
rne je H;, BpeAHOCT HOpMajHE BHCHHE JIOOMjeHE W3 IJI00ATHOT IeONOTEHINjaTHOT

N
Mmozacia, a H YCJIOBHO Ta4YHE BPCAHOCTHU HOPMAJIHUX BUCHUHA oapeljeHI/[x TCPECTPUIKUM

IyTeM, TIpH 4eMy i y3uma pesioM BpeaHoct ox 1 ma mo 1073.

GGMO5C
R

ITopen dopmupama ckyna paszinka dbopMupaHe je W CKyn paszinka

EGM96 .
R pu npuMenn monena EGM96 Ha uaeHTHYaH HauWH Kao W y Cly4ajy TMpHMEHe

moneina GGMOS5C.

Canka 7. IIpocTopHu pacnope] Tauaka Ha Teputopuju Cpouje y kojuma cy oapelyene Bpeqnoctu
eJTHIICOMTHUX H HOPMAJHUX BHCHHA

OCHOBHU CTaTHUCTHYKH TOJAIM CBUX onpehuBama mpukazanu cy y tabenu 1,
ONIITH OOJHMIN MOBPINX pasiiKa MPHUKa3aHU Cy Ha CIUIM 8, a XUCTOTPaMH pa3iihKa Ha
cauiu 9.
Tabesa 1. OCHOBHH CTATHCTHYKH MOJALH Ri

GGMO5C
R

EGM96
Canka 8. OnumTH 00J1MK NOBPUIN Pa3/IHKa (JIEBO , necio R )

GGMO05C EGM96
Canka 9. XucrorpaMm pasiuka (J1eBo R , necio R )
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U3 MpUKa3aHUX OCHOBHUX CTATUCTUYKUX IOAAaTaKa W OILITOI o0/HKa NoBpIIH

GGMO5C
pasmuka R

MOXe ce 3aKJbYIuTH cienehe:

e MuHHUManHa BpegHocT u3Hocu -0.42 cm, makcumanHa 0.62 cm, ca cpegmboM
Bpenuourhy ox 0.01 m u crangapaaoM aesujanujom 0.18 m,

e y cesepHoM jneny CpOuje, Ha teputopuju BojBoamue kBamureT ozapehusama
HOpPMaJIHUX BUCHHA Haja3| ce y pacrnony +10 cm,

e HAa TEPUTOPHMjH H3pAXKECHUX Tomorpapckux maca (Maca HW3HAI Teowaa), Ha
moapydjy 3matubopa Ha TpaHHIM ca bocHOM u XepIeroBMHOM, pa3JiKe
JIOCTHKY MUHHUMAITHE €KCTPEMHE BPETHOCTH o1 -45 ¢cm 10 -40 cm,

® MaKCHUMAaJHY TO3UTHBHY BpeaHOCT on 60 cm pa3iuke MOCTHXKY Yy jY’)KHOM Hely
Cpbuje, 0OTHOCHO Ha TpaHUIM ca MakeqoHHjoM U AnbaHujoM,

e vy meHTpanHoM Aermy CpOuje y HemocpenHoj OMmu3uHU ToKa pexe Bemmke Mopase
BEJIMKH Opoj pasiMka MMa BPEAHOCT OJIMCKY HYIM M OYUIJIENHO Jia y THUM
NoApyYjuMa HUTZAE He mnpenasu rpanuny ox +10 cm (Ha ciamuu 8 monpydja
obenexxeHa 6e1oM 60jom).

6

GGMO5C EGM9
R ca ckynoM pasmuka R CJIen Ja ce

VYnopehemwem ckyna pasimka

ca tnobamamm MoxaenoM GGMOS5C mocTwke maneko KBaJIWTETHHja OIEHA HOPMATHUX
BHCHHA:

EGM96 .
® pacmoH cKyma pasnuka R n3HOCH 2.42 m mto je 3a 1.38 m Behu pacron ox

GGMO5C
ckyma R ,

e ymopehemeM XUCTOTpaMa pasiiika (Ciuka 9) MoXe ce YOUWTH Oa je XHUCTOrpam
CKyIa pa3jivka aCUMETPHYaH Kao M TO Ja Ce pa3jidKe TPYIHIILY Y TPHU Jena, OKO

BpenHocTH -1.6 m, 3atum -0.6 m u 0.2 m, AOK y ciy4ajy XHCTOTpama pasinka

GGMO5C . . . .
R jacHo je yousbHMBa CUMETpHja pacrope/a pasjinka KOju ce IPYIHIILY OKO

cpenme BpeHOCTH urja je BpeaHoct 0.01 m.

N3 cBera HaBezeHOT MOXe ce pehn na HOBM MoOJEN Naje 3HadajHoO 00JbY OICHY
HOpMAaJTHMX BHCHHA Yy OJHOCY Ha decTo kopumrhenu momen EGM96. Camo u3 ymopehema
pacriona pasnmka Moxke ce pehu na je yaanpeheme Behe ox 50%.

3akbydak

VY pany je npukazaHa oneHa HopManHux BucuHa npumeHoMm GNSS u GGM y 1073
Tayke, KOje Cy pelaTuBHO MNpaBwiHO pacnopehene Ha Ttepuropuju CpOuje M umje cy
HOpMaJIHE BHCHHE IIPETXOIHO ozpeljeHe KIIaCHYHUM T'€0JICTCKUM TEPECTPHUYKUM METoAama.
ITpn oueHn HOpManHUX BHCHHA KopuinheHe Cy eIMIICOMAHE BHCHHE oxpeleHe MmpuMEHOM
GNSS u anomamuja BucuHa oapehenmx mnpmmenom GGM GGMOSC. U3 mpukazaHor
ynopehema Moxke ce pehu ma orjeHe HOpPMAaTHUX BHCHHA OJICTYIAjy OJl YCIOBHO Ta4HHX
BpPEIHOCTH 3a MUHHMAITHO -0.42 m, MmakcumaiHo 0.62 m, cpeamoM Bpeanomhy ox 0.01 m
ca cTamapaIHoM aeBujanujom o 0.18 m.

[opexn mpumene moxena GGMOS5C 3a oleHy HOPMaJTHHX BHCHHA IPUMEHHBAH je U
monen EGMO96. Pesynaratu ymopehema mnpumene HaBeieHa JBa Mojena ykasyjy Aa ce
npumenoM mozena GGMOS5C nobujajy KBaJIUTETHHjE OLIEHE HOPMAIHUX BUCHHA 32 BUILE OJ1
50%.

Jlurepatypy Buaeru Ha ctpanu 115.
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