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GEOPOTENCIALNY MODEL ZEME - APROXIMACIA TVARU ZEME,
METODY TESTOVANIA GEOPOTENCIALNYCH MODELOV

GEOPOTENTIAL MODEL OF EARTH - APPROXIMATION OF EARTH SHAPE,

GEOPOTENTIAL MODEL TESTING METHODS

Stokesové geodynamické koeficienty v rozvoji tiaZového poten-
cidlu Zeme shizia na matematicko-fyzikdlny popis vonkajsieho tiazo-
vého pola, tvaru a rozmeru Zeme. V cldnku su uvedené vysledky
testovania presnosti geopotencidlneho modelu EGM96 na iizemi Slo-
venska.

1. Uvod - historické pozadie uréovania tvaru Zeme

Meskanie kyvadlovych hodin astronoma Richera pri pre-
miestneni z Pariza do Cayenne (pri rovniku) vysvetlil I. Newton
zmenSenim gravitacne;j sily v dosledku sploStenia Zeme na poloch.
Na zaklade vSeobecnej tedrie gravitacie (Philosophiae naturalis prin-
cipia mathematica, 1687) za predpokladu, Ze Zem je homogénne

a—b 1

teleso, urcil Newton jej sploStenie f = —— = % kde a, b su
a

vel’kosti rovnikovej a pdlovej poloosi.

Neskor Ch. Huygens predpokladal, Ze kazda castica Zeme je pri-
tahovana len do jej stredu (cela hmotnost je stustredena v tazisku).
Na zaklade svojho modelu vypocital splostenie /= 1/578.

Tento nestuhlas medzi oboma vysledkami objasnil A. Clairaut
(Theorie de la figure de la Terre, 1743). Uvazoval sféroid, zloZeny
z koncentrickych vrstiev, ktorych hustota rastie ku stredu Zeme
a odvodil vztahy zname ako Clairautov teorém, vyjadrujuci vza-
jomny vztah medzi geometrickymi a fyzikalnymi parametrami
Zeme

Stokes’ geodynamic parameters in the expansion of the gravity
potential of the Earth serve for a mathematical and physical descrip-
tion of an outer gravity field of the Earth, the shape and the size of the
Earth. In this article, the results from testing of an accuracy of the
geopotential model EGM 96 at the territory of Slovakia are published.

1. Introduction - historical background of
estimation of Earth’s shape

The delay of astronomer Richer’s pendulum clock during the
relocation from Paris to Cayenne (near the equator) was explai-
ned by I. Newton as a decrease in the gravitational force resulting
from flattening of the Earth at the poles. Based on the common
theory of gravitation (Philosophiae naturalis principia mathema-
tica, 1687) and providing the Earth to be a homogeneous body,
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Newton estimated the Earth’s flattening as /= = %
a

where a, b are the sizes of the equatorial axis and the pole axis, res-
pectively.

Later on, Ch. Huygens assumed every Earth’s element to be
forced just into the earth’s center (entire mass is centered inside
the center of gravity). Based on his model, he calculated the flat-
tening as f = 1/578.

The contradiction between both findings was explained by A.
Clairaut (Theorie de la figure de la Terre, 1743). He considered
a spheroid composed of concentric layers whose density increased
towards the Earth’s center, and has derived forms known as Clai-
raut’s theorem, expressing the correlation between the geometric
and the physical parameters of the Earth
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kde g, a g, st tiaZové zrychlenie na poloch a rovniku, w je uhlova
rychlost rotacie Zeme.

Na zaklade spracovania udajov o drahach druzic, altimet-
rickych udajov topografie povrchu svetového oceanu a udajov
z tiazovych merani je mozné v sucasnosti pomerne podrobne defi-
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where g,, g, are the gravity acceleration on the poles and on the
equator, w is the angular velocity of the Earth’s rotation.

Nowadays, it is possible to define the shape and the size of the
Earth and the gravity field outer the Earth with quite high accu-
racy based on processing of the satellite tracking data, the altime-
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novat tvar a rozmer Zeme, ako aj popisat tiazové pole v okoli
Zeme.

V spolupraci NIMA (National Imagery and Mapping Agency)
a NASA GSFC (National Aeronautics and Space Administration
Goddard Space Flight Center) bol vytvoreny Gravitatny model
Zeme EGM 96 (Earth’s gravity model 1996) [10].

Pracovna skupina WG GGT (Working Group Global Geodesy
Topics) spolupracuje na testovani presnosti urcenia EGM 96,
priCom pre tento ucel bola vytvorena metodologia testovania [1]
a vytvorena testovacia siet na uzemi oceanov a kontinentov [2],

(31, [4].

2. Aproximacia tvaru Zeme - normalny hladinovy
sféroid a elipsoid

Tiazovy potencial W(p, ®, A) vyjadruje jeho rozvoj do radu
sférickych funkcii (n, k - )

W(p,@,A):%[l+i 3

kde p je geocentricky radius vektor bodu P; @, A su jeho geocen-
trické suradnice, a, je lubovolny dizkovy parameter (spravidla
vel'ka poloos hladinového rotacného elipsoidu), J(,,k), S(,,k) su Sto-
kesove geodynamické parametre stupna # a radu k [5]

JO| (2= 8,) (n—k)!
SOl Mal (n+ k)

M je hmotnost Zeme, dm(p’,®’,A’) je hmotny element Zeme,
P® (sin®) su Legendreove pridruZené funkcie [9], [5]

n+k

dsiny R =

1 2n)!
PP (sin®) = Eon cos*® (2n)
n!

+ (m—k)Yn—k—1)n—k—2)(n—k—3)

GM S n ’ ' 1
=— {1 + Z (&) (D coskA + SO sink A)PP (sin®) + 3 p
o\ P

m k) s ' COSkA, _ 1, k= 0,
fMp P (sin®) {sinkA’}dm » O {o, k# 0,
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Obmedzenie stupna rozvoja tiaZzového potencialu na urcity
pocet Clenov popisuje normalny tiazovy potencial a hladinova
plocha nim definovana je normalny hladinovy sféroid. Pri splneni
A—C
——, JO =JP =50 =0 a rozvojom

4

podmienok J© =

stupfia n = n = 2, k = 0, je definovany tiazovy potencial Clairau-
tovho sféroidu

GM
p

sin" k4D — :|

4 \* 1) p(o), L (a,\7 )i
U=—-—+1+ (—) J5 P57 (sin®) +§q<—) [1 = Py (sin®)] ¢ .
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ter data of ocean surface topography and data obtained from the
Earth’s gravity measurements.

NIMA (National Imagery and Mapping Agency) and NASA
GSFC (National Aeronautics and Space Administration Goddard
Space Flight Center) have participated to develop the gravity model
of the Earth EGM 96 (Earth’s gravity model 1996) [10].

Working group WG GGT (Working Group Global Geodesy
Topics) collaborates on testing the accuracy estimation of EGM
96. For this purpose the testing methodology [1] and the testing
network over oceans and continents [2], [3], [4] have been created.

2. Approximation of Earth’s shape - normal level
spheroid and ellipsoid

The gravity potential W(p, @, A) expresses its expansion to
the series of spherical functions (1, k — ©)

n 1
(ﬂ) (D coskA + S© sinkA)PL (smcp)} + 5 pw’cos’d =
p

3

2
LAy - P(,?)(sinq))]} , @2.1)

GM

where p is the geocentric radius-vector of the point P; ®, A are its
geocentric coordinates, a, is an arbitrary parameter of length
(usually the semi-major axis of the level rotation ellipsoid), J(,,k),
Sf,k Jare Stokes’ geodynamic parameters of degree # and order & [5]

(2.2)

M is the weight of the Earth, dm(p’,®’,A") is the mass element of
the Earth, PO (sin®) are Legendre’s associated functions [9], [5]

_(n—k)(n—k—l)
2m—-1

coskCD|:sin"k<D in" k2P +

(2.3)

The limitation of a degree of the expansion of the gravity
potential to certain number of coefficients is described by the
normal gravity potential and the level surface defined by it is the

. . e (0) A-C 0)
normal leveling spheroid. Under the condition J,,” = ML JO=
a()
=J(= 8V =0 and by setting the degree of expansion n = 7 =

= 2, k = 0, the geopotential of Clairaut’s spheroid is defined as

(2.4)
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Geoid a normalny hladinovy sféroid st idealizované fyzikalne
telesa nevhodné na matematické vyjadrenie priestorovych vztahov
(Clairautov sféroid je plocha 14. stupna [8]). Tito poziadavku
spina az zemsky rotaény elipsoid, ktory je matematickou aproxi-
maciou tvaru Zeme. Plocha normalneho hladinového sféroidu je
blizka ploche zemského referenéného elipsoidu, preto je mozné
sféroid nahradif elipsoidom. Z rovnice rota¢ného elipsoidu vyplyva
pre geocentricky radius vektor p priblizny vztah

Geoid and the normal level spheroid are only idealized physical
bodies, which are not suitable for mathematical expression of spatial
relations (Clairaut’s spheroid is an surface of 14" degree [8]). Just
using the earth’s rotation ellipsoid, which is the mathematical
approximation of the Earth’s shape, can satisfy this condition. The
surface of the normal level spheroid is similar to the surface of the
earth’s reference ellipsoid therefore the spheroid can be replaced
by the ellipsoid. For the geocentric radius-vector p following form
can be derived from an equation for the rotation ellipsoid

X+ Va2 + 7% — 7 = 1 =a?[pPcos’Dcos’A + p*cos’Dsin®A] + a2 p? sir*®(1 —?) ' — 1=

Vi-¢ 1
= preos’®(1 — &%) + pPsin*® —d*(1 — )0 p= M =qVI1 - e2<1 + Eezcossz) =
— e’cos

1 1
=ai{l-——é+—
a{ 2477

a z rozvoja normalneho tiazového potencialu Clairautovho sféro-
idu vyplyva pre jeho radius vektor

p= Ro{l +1, (&)73 n [(&)2 JO
3°\p p

kde R, je dizkovy rozmerovy faktor.

Z porovnania rovnic radius vektorov elipsoidu (2.4) a sféroidu
(2.5) vyplyva Clairautova rovnica

1 ae’ 1
R\ ——q|=—-0JQ ——q=
”(2 39)7 73 2 73973

vyjadrujica vzfah medzi geometrickou veli¢inou f a fyzikalnymi
veliginami sféroidu J, ¢ s ohladom na prijaté zjednodusenia

—b 1
a =1*\/17625582,p=a0.

a

R,=af=

Pozndmka: Helmert doplnil rozvoj potencidlu hladinového sféroidu
zondlnym clenom stupna n = 4 a odvodil tiaZové zrychlenie na povrchu
normdlneho hladinového elipsoidu (aproximujiiceho sféroid), ktoré sa
pouziva napriek jeho zastaranosti aj v sucasnosti v pripadoch geodetickych
zdkladov na Krasovského referencnom elipsoide, pretoze oba elipsoidy
majii prakticky rovnaké hodnoty splostenia.

Normalny tiazovy potencial U a zrychlenie y normalneho hla-
dinového rotacného elipsoidu vyjadruju rovnice [8]

M ' 1 2 2
U=——arctan e +Ea) a,

GM

2 2 1 1
& [3 -3 Pg(’)(smcb)ﬂ = a[l 5 e - EP(ZO)(sind))} :

1 fa\3 , GM
g q <7> :| P(ZO)(sm(IJ)} , R, = 70 ,

(2.5)

The radius vector can be derived from an expansion of the
normal geopotential of Clairaut’s spheroid

(2.6)

where R, is the size factor of length.

The comparison between the equations for radius vector of
ellipsoid (2.4) and spheroid (2.5) yields the Clairaut’s equation

1 2 3 1
OJY =3a=3/0f=—/+74,

5 2.7

which expresses the relation between the geometric parameter f
and the physical parameters of spheroid J(zof g, considering adopted

—-b 1
a I*VI*eZEEeZ,pIaO,

simplifications R, = a, f = =
a

Note: Helmert added a zonal member of degree n = 4 into expan-
sion of the potential level spheroid and derived a gravity acceleration on
a surface of the normal level ellipsoid (that approximates spheroid),
which is still used in causes of geodetic bases on Krasovsky's reference
ellipsoid, as both ellipsoids have practically equal value of flattening.

The normal gravity potential U and the acceleration vy of the
normal level rotation ellipsoid are expressed by equations [8]

(2.8)

2 2
wab ,

v aVa® sin’B + b? cos*B

GM

2 3 ’
1 1
1+ 2282 —sin®f——| —
P, \2 6

cosS

i , (2.9)
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kde

1

pl=31+e DU —e arctane'y -1, p,= 5

3. Teoreticky princip testovania geopotencialnych modelov

Na urcenie presnosti geopotencialneho modelu je potrebné
poznat geocentrické suradnice a Molodenského normalne vysky /
na bodoch testovacej siete. Pouzitie ortometrickych vysok A’
a geoidu v oblastiach kontinentov nie je vhodné z dovodu pouzitia
hypotézy o rozlozeni hustoty hmoty medzi geoidom a zemskym
povrchom. Naproti tomu teoria Molodenského normalnych vysok
nepredpoklada nijaké hypotézy [12].

Teoreticky je skutoény tiazovy potencial W(p, @, A) v bode P
na zemskom povrchu rovny normalnemu tiazovému potencialu
v bode P, na teluroide (obr. 1)

Wp, ®, A) = UD,. h). (3.1)

Vzdialenost medzi teluroidom
a elipsoidom je normalna vyska 4 &
a vzdialenost medzi zemskym povr-
chom a teluroidom je vyskova ano-
malia {.

Normalny tiaZovy potencial
U,, h, GM, a,, w, f) na teluroide
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where

1 =2 ' r—1 b
1+§e arctane' — 3e ,tan3 = —tanB.
a

3. Theoretic principle of geopotential model testing

The accuracy estimate requires the geocentric coordinates and
Molodensky’s normal heights / at the points of testing network.
The orthometric heights /2’ and geoid over continents are not sui-
table for using because of hypothesis about distribution of density
of mass between the geoid and the earth’s surface. On the other
hand, the Molodensky’s normal heights theory does not assume
any hypothesis [12].

Theoretically, the actual gravity potential W(p, @, A) at the
point P on the earth’s surface is equal to the normal potential at
the point P, on the telluroid (Fig. 1)

) Wp, @, A)=UD,, h). (3.1)

N Wi A
q“'“ﬁ,__q_ The distance between the tel-
TTm—— luroid and ellipsoid is the normal

height / and the distance between
the earth’s surface and the tel-
luroid is the height anomaly .
The normal gravity potential
U@®,, h, GM, a,, v, f) on the tel-
luroid is defined as a function of

je definovany ako funkcia geocen- T 1 the geocentric gravitational con-
trickej gravitaénej konStanty GM, e 5 stant GM, the mean angular veloc-
strednej uhlovej rychlosti rotacie i rami L ity of the Earth’s rotation w, the

Zeme o, velkosti hlavnej poloosi a,
a splostenia f'hladinového rotacného
elipsoidu vztahom [8]

M S e
W o=, [1 200 (2n+1><2n+3>(

Obr. 1. Tedria vysok, normdlna vyska a ortometricka vyska h'
Fig. 1, Theory of heights, normal height and orthometric height h'

size of the semi-major axis a, and
the flattening f of the level rota-
tion ellipsoid [8]

J 2n 1
1 —n+5n 2—2 Lo PO(sind,) | + ) w’p? cos’ D, =
e

0

GM [ a, \? sind d" 1
=—]1- -2 & [—sin® 1D cos™ D | POGin®,) | + = 0?p? cos*D, , 3.2
Py [ Zl< po) o dey L B cos @] PGinD,) | + 5w cos’®, (3.2)
alebo v uzavretom tvare pomocou krivociarych suradnic u, v, w [7] \ or in closed form using curvilinear coordinates u, v, w [7]
GM =1 . 1 2 22 2 (0)
U@®,, h) = Ulu, v, w) = —— arcotan™ " sinh w + 3 w a“e” cosh™w + Py’ (cosu) X
ae
| w'a® o2 -1 . L 5ss 2
X ? 7 [(Bsinh™w + 1) arcotan™ " sinh w — 3sinh w] — gw a“e” cosh”wp =
M -1 . 1 .2 —1 . .
= ——arcotan” " sinhw + 3 ge [(3sinh” w + 1) arcotan™ " sinh w — 3sinh w] X
ae
3-2¢ e Vi-é& |-t [ 0
X >— arctan Vi > —3 eP5 " (cosu) + gqe cosh™w [1 — P3"(cosu)] ¢, (3.3)
e —e e
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kde

3—2¢ e 1-
P= > arctan -3 !
e 1-f
Vzajomny vztah medzi u, v, w a X, Y, Z, resp. geodetickymi
zemepisnymi suradnicami B, L, H vyjadruju rovnice [6], [5]

3
, P(ZO)(cosu) == cos® u—

‘ where

1, a— b a—b o’a;
—, =2 = = Lq=—". (34
PR A = E A A VI

The relation between u, v, w and X, Y, Z, or geodetic coordi-
nates B, L, H can be expressed as follows[6], [5]

X = ae cosh w sinu cosv = (N + H) cosB cosL,
Y = ae cosh w sinu sinv = (N + H) cosB sinL,

Z = ae sinh w cosu = [N(1 — &* + H)] sinB, (3.5)
Y
u = arccos - , v=arctan —, w = log(cosh w + sinh w), cosh>w=V1 +sinh2w,
ae sinh w X
2 22 2 2 22 2 27
. \/p—ae+\/(p—ae)+4an ) ) ) 2 a
hw= , =X"+Y +Z",N= ,
S w 24%¢* P Ql — e*sin* B
B
tan® = (1 — e*) tanB = — tanB. (3.6)
a

Na testovanie geopotencialneho modelu na uzemi Slovenska
je potrebné vyjadrif tiazovy potencial W(p, ®, A) v slapovom
systéme MEAN [13]

S B

L
p
GM,;

+ (1 + kg —h)[ o

kde &g, 6;, ps, p, su geocentrické deklinacie a geocentrické radius
vektory slapotvornych telies (Slnko a Mesiac); GM;, GM su sele-
nocentrickd a heliocentrickd gravitacna konstanta, &, 4, su seku-
larne Loveho ¢isla [11], ktoré vyjadruju plasticku reakciu pruznej
Zeme na gravitacné posobenie Mesiaca a Slnka, » je maximalny
stupen rozvoja potencialu.

Presnost urcenia geopotencialneho modelu je mozné vyjadrit
ako funkciu rozdielu medzi anomaliou vysky vypocitanou z modelu
a anomaliou vySky urCenej z GPS a nivelacie

5;-11—/1—[ W(P,‘D,A)—U(p,d))}

, 3.8
¥(p, D) 38)

kde H je elipsoidicka vyska bodu P; U(p, ®@), y(p, @) su normalny
potencial a normalne tiazové zrychlenie v bode P na zemskom
povrchu v tvare [8]

(i) P (sind,) PP (sin®) +
p

The testing of the geopotential model over the territory of Slo-
vakia requires expressing the gravity potential W{(p, @, A) in the
mean tidal reference system MEAN [13]

) O coskA + SDsinkA) PO (sin D) + + ( ) gl — PO (sin®)] +
p

3.7)

GM.
GMS< ) PO (sindg) P<°)(smc1>)ﬂ

where g, 6, , ps, p,. are the geocentric declinations and the geo-
centric radius-vectors of the Sun and the Moon; GM; , GM are the
selenocentric gravitational constant and the heliocentric gravita-
tional constant, respectively, k;, &, are the secular Love numbers
[11], which describe the elastic response of the Earth to the grav-
itational effect of the Sun and the Moon, 7 is the maximum degree
of expansion of the potential.

The accuracy estimation of the geopotential model can be
expressed as a function of difference between the height anomaly
computed from the geopotential model and the height anomaly
determined from GPS and leveling.

W(p, ®, A) — Up, ®
S, =H—h— (o ) — Ulp, D) ’
¥p, @)
where H is the ellipsoidal height of the point P; U(p, ®), y(p, D)
are the normal potential and the normal gravity acceleration at
point P on the earth’s surface in form of [8]

(3.8)

_ || 9Up.®) |2, 1| 0Up D) |2 _ GM
y(p,fb)—\/[ o }*,_—,2[ W | P L

| or[6]

alebo [6]

; i(2n+l)<%> JO P (sin ®), (3.9)
i=0

ey, (1 avy
Y w) = h,, Ow h, Ou |’

(3.10)
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0U 2 2
6— = E w*a*e? cosh® w sin*u — E [(3sin Bw+ 1) arctan sinh w — 3 sinh w] sinu,
u
o _
ov ’
U GM 1 ’q? inh’
— = ——— + — W’ a*e* sin*u sinh*w + — [3sin h*w arctan sinh w — 2 mrT Y 4cosh w] P (cosu),
ow aecoshw 2 3 cosh w
2
— e 1 —
h,z, = h% = a*e*(cosh® w — sin*u), P= > arctg -3 f,
e 1—-f e
1 GM \?2 1 . ) .
Y(u, w) = \/ 2 cosIEw — sl ) {(ae wosh w) + " w*a*e* (sin*u sinh* 2w + sin® 2u cosh* w) +
1 o*d® inh? 2
+— % 3sinh 2w arctan sinh w — 2 wmr W 4coshw| [P (cosu)] +
9 P cosh w
1 o'd 1
+ Z 7 [(351’nh2 w + 1) arctan sinh w — 3 sinh w]2 sim? Qu bt . (3.11)

4. Presnost urcenia geopotencialneho modelu EGM 96
na uzemi Slovenska

Presnost urcenia geopotencialneho modelu EGM 96 bola tes-
tovana na 55 bodoch, ktorych predbezné vysledky st zo spoloc-
ného spracovania kampani SGN 93, 95, 98, 99, CEGRN 94, 95,
96, 97 a TATRY 98, 99 [11] a pripojenia do ITRF97 postupom
uvedenym v [10].

TiazZovy potencial W(p, ®, A) na zemskom povrchu je rovny
normalnemu potencialu U(®,, &) na teluroide iba teoreticky.

Rozdiel

oW = W(p, , A) — U(D,, h) (4.1)
definuje nepresnost urenia geopotencialneho modelu za predpo-
kladu, Ze chyby v uréeni vySok mozeme zanedbat.

Obr. 2 vyjadruje rozdiely 6W = Wygy, 96 — U(P,) medzi tiaZo-
vym potencidlom Wiy, o6 Vypocitanom z modelu EGM 96 a nor-
malnym potencidlom na teluroide U(P,) ziskaného z GPS
a nivelacie.

V obr. 5 st vyjadrené rozdiely medzi anomaliami vySoK {zgus 96
vypocitanych z geopotencialneho modelu EGM 96 a anomaliami
vySok {5, ur¢enych z GPS a nivelacie.

4. Accuracy estimation of geopotential model EGM 96
at territory of Slovakia

The accuracy estimation of the geopotential model EGM 96
was tested at 55 points. The estimations can be obtained from
a common processing of the campaigns SGN 93, 95, 98, 99,
CEGRN 94, 95, 96, 97 and TATRY 98, 99 [11] and connection
into ITRF97 according to the technique described in [10].

The gravity potential W(p, ®, A) on the earth’s surface is
equal to the normal potential U(®P,, /) on the telluroid only theo-
retically.

The difference

0’

W= W(p, ®, A) — UD,, h) (4.1)
defines the inaccuracy in the geopotential model under
assumption that errors of heights estimation can be neglected.

Figure 2 shows the differences 6W = Wygy, o6 — U(P,)
between the gravity potential Wy, o4 computed from EGM 96
model and the normal potential on the telluroid U(P,) obtained
from GPS and leveling.

Figure 5 shows the differences between height anomalies
Ceom 06 computed from EGM 96 model and height anomalies
{y—, determined from GPS and leveling.
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Obr. 2. Rozdiely medzi tiazovym potencidlom Wy, o5 vypocitanym z EGM 96 a normdlnym potencidlom U(P,) urcenym z GPS a niveldcie [m’s™?]
Fig. 2. Differences between gravity potential Wy o5 computed from EGM 96 and normal potential U(P,) obtained from GPS and leveling [m’s™?]
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Obr. 3. Anomadlie vysok (y _,, urcené z GPS a niveldcie [m]
Fig. 3. Height anomalies {;;_, determined from GPS and leveling [m]
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Obr. 4. Anomalie vySok (g o6 VypOCitané z EGM 96 [m]
Fig. 4. Height anomalies {pgpy o5 computed from EGM 96 [m]
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Obr. 5. Rozdiely 8 = {y—j, — Lugur o6 Medzi anomdliami vysok vypocitanych z EGM 96 a uréenych z GPS a niveldcie [m]
Fig. 5. Differences 6 = {y_,, — Lgau o6 between height anomalies computed from EGM 96 and obtained from GPS and [m]
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5. Zaver 5. Conclusion
Nepresnost urCenia geopotencialneho modelu EGM 96 na The inaccuracies in the EGM 96 model estimation at terri-

uzemi Slovenska vyjadruju maximalne rozdiely tiazového potencialu | tory of Slovakia are expressed by the maximal differences of the
O6WD = 20 m?s ™2, maximalne rozdiely anomalie vysky 08/0 = | gravity potential 08WO = 20 m’s~ 2, the maximal difference of
= 1,50 m, stredna chyba tiaZového potencialu o7, ., a stredna | height anomalies J6/0J = 1.50 m, the mean error of gravity poten-
chyba anomalie VySky o7, o: tial o7y, ,, and the mean error of height anomaly O tronr o6

n n

> W D8

TWieron = 1| o £6.8mMS 7, Oppres = ’:1—1 =046m,i€(1,n),
_ n—

kde n je pocet bodov. | where # is the number of points.
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