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Geodetic Surveying and Mountaineering

Trigonometric Points and
Mountaineers

A trigonometric point is a point of a
trigonometric network whose coordinates
are determined and which is permanent-
ly indicated on the terrain. It is therefore
also referred to as the triangulation point.
It is a permanent geodetic point used as
a reference point for other surveys. Such
points are regularly stabilized by setting
permanent marks. The form of stabiliza-
tion depends on the order of the trigono-
metric point and the terrain the point is
being set onto.

Trigonometric points of the 1st order
are stabilized underground by a stone or
concrete plate with a hole in it, covered in
lead and with an engraved cross. Above

or an iron bar with an engraved cross or
a hole.

Applying the classical geodetic meth-
od of triangulation, geodetic points or the
so-called trigonometric points were set at
certain distances in order to form an al-
most congruent triangle net. The points
were set at dominant points of the terrain,
such as mountain peaks, so they could
be viewed one from another in geodetic
survey (a direct line from one point to the
other). Geodetic points which determine
coordinates can be found at numerous
mountain peaks in Croatia.

Official topographic maps at the scale
1:25 000 contain permanent geodetic
points, and names of a number of moun-
tain peaks are related to geodetic objects
found on them (Piramida, Cardak, Kula...).

Fig. 1 Trigonometric point at the peak Satorina, 1624 m
SI. 1. Trigonometar, vrh Satorina, 1624 m

the ground, the point is stabilized by a
concrete pillar 1.4 to 1.8 m high, which is
secured on a concrete plate about 10 cm
thick and protruding through the earth 1.0
to 1.2 m, so an instrument for measuring
angles can be mounted directly on it. The
point itself is marked on the upper sur-
face of the pillar with an engraved cross

Thus, the highest peak of middle Velebit
— Satorina (1624 m), where there is a
geodetic point, was named, according to
anitinerary by D. Hirc, after awooden tent
(Croatian $ator = tent) geodesists had set
up for surveying, and the highest peak of
Croatia, Dinara (1831 m), where there is
a geodetic pillar, obtained the second

names Sinjal, after the archaic word for
signal.

According to Poljak (1981, 2001), the
highest peak of Velebit has been a prob-
lem for a long time and numerous profes-
sionals and amateurs were interested in
it. There are three issues: what is the high-
est peak, what is it called and how high is
it. There are many discussions about the
issues. Z. Rosandi¢ (1932) wrote an in-
teresting article, stating: “An equally, if not
even more actual is the issue which is
Babin vrh, and which Vaganski vrh, be-
cause data in mountaineering literature
do not match special topographic map
data or the terrain data, and the state in
geographic papers is even more chaotic.
Whether this resulted from ignorance or
a tendency to be original or a conse-
quence of flimsy office work, in any case,
one needs to seek the truth.”

According to Poljak (1981, 2001) and
a topographic map, Babin vrh on Velebit
has an altitude of 1723 m, Sveto brdo has
1751 m, and Vaganski vrh 1757 m. Va-
ganski vrh is the third highest peak in
Croatia, behind Dinara and Sv. Jure on
Biokovo.

A comprehensive positional descrip-
tion of trigonometric points and good
maintenance (marked and easy to go
paths) and knowledge of mountaineering
paths facilitate accessing those points.
Trigonometric points have to be preserved
in order to execute new control geodetic
surveys, which require good point stabili-
zation. Therefore, trigonometric points
must not be damaged by engraving or
writing inscriptions. Mountaineers should
know that damaging or destroying these
points is prohibited by the law. Establish-
ment and maintenance of permanent ge-
odetic points is under the authority of the
State Geodetic Administration of the Re-
public of Croatia (Premuzi¢, Bosiljevac,
2007).

A visit to a 1st order trigonometric
point can be an unforgettable experience.
This is witnessed by a recent venture of
the employees of the State Geodetic Ad-
ministration who, in order to “strengthen
body and spirit”, first visited the Cadastre
Branch Office in Knin, then the Knin for-
tress, rode horses at Burum, visited the
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Zanimljivosti

Geodetska mjerenja i planinarstvo

Trigonometri i planinari

Trigonometar je to¢ka trigonome-
trijske mreze kojoj se odreduju koordinate
i koja je trajno oznacena na terenu. Zbog
toga se jo$ naziva i trigonometrijska ili
triangulacijska tocka. To je stalna geo-
detska toCka koja se upotrebljava kao
referentna toCka za ostala mjerenja.
Takve se toCke redovito stabiliziraju po-
stavljanjem trajnih oznaka. Oblik stabi-
lizacije ovisi o redu trigonometra i terenu
na kojem se toCka postavlja.

Trigonometri |. reda stabiliziraju se
podzemno kamenom ili betonskom plo-
¢om u kojoj je izbuSena rupa, zalivena
olovom i u olovu urezan kriz. Nadzemno
je toCka stabilizirana stupom od betona
visine od 1,4 do 1,8 m, koji je fundiran na
betonskoj ploci debeloj oko 10 cm i koji
viri iz zemlje 1,0 do 1,2 m, tako da se na
njega neposredno moze staviti instrument
za mjerenje kutova. Sama toCka ozna-
€ena je na gornjoj povrsini stupa urezanim
krizem ili ubetoniranom Zeljeznom Sipkom
na kojoj je urezan kriz ili izbuSena rupica.

Geodetske tocke tzv. trigonometri
klasicnom geodetskom metodom trian-
gulacije postavljane su na odredenim
udaljenostima tako da €ine suvislu mrezu
trokuta, a smjeStene su na dominantnim
totkama terena, kao $to su planinski
vrhovi, kako bi se u geodetskoj izmjeri
mogle medusobno dogledati (direktna
linija od jedne do druge tocke). Na velikom
broju planinskih vrhova u Hrvatskoj nalaze
se geodetske tocke kojima su odredene
koordinate.

Na sluzbenim topografskim kartama
mjerila 1:25 000 ucrtane su stalne geo-
detske tocke, a imena mnogih planinskih
vrhova povezana su s geodetskim obje-
ktima koji se nalaze na njima (Piramida,
Cardak, Kula...). Tako je i najvi§i vrh
srednjega Velebita — Satorina (1624 m),
na kojem se nalazi geodetska tocka,
prema putopisu D. Hirca dobio ime po
drvenom $Satoru koji su geodeti tamo
podigli radi mjerenja, a najvisi vrh Hrvat-
ske Dinara visine 1831 m na kojem se
nalazi geodetski stup dobio je drugo ime
Sinjal prema starinskom nazivu za signal.

Prema Poljaku (1981, 2001), najvisi
vrh Velebita odavna je problem kojim se

bavio niz stru€njaka i amatera. Postoje tri
pitanja: koji je najvisi vrh, kako se on zove
i koliko je visok. O tim je problemima
napisan niz rasprava. Zanimljiv je ¢lanak
Z. Rosandic¢a (1932) koji izmedu ostalog
navodi ovako: “Jednako, ako ne i viSe,
aktualno je pitanje, koji je Babin vrh, a koji
Vaganski, jer se podaci u ovom pitanjuiu
planinarskoj literaturi ne slazu s podacima
specijalne karte, a niti s onim u terenu, a
u geografskim radovima je jo$ gori kaos.
Da li to potjece iz neupucenosti ili teznje
za originalno8cu ili pak kao posljiedak
povrSna kabinetskog rada, bilo Sto bilo,
ali valja ici za istinom.”

S

geodetska mjerenja, a ona zahtijevaju
dobru stabilizaciju to¢aka. Zato se trigo-
nometri ne smiju oStecivati urezivanjem
iliispisivanjem natpisa. Planinari bi trebali
znati da je zakonom zabranjeno svako
oStecivanje i uniStavanje tih to¢aka. Uspo-
stava i odrzavanje stalnih geodetskih
to€aka u nadleznosti je Drzavne geodet-
ske uprave (Premuzi¢, Bosiljevac, 2007).

Posjet nekom trigonometru |. reda
moZe biti nezaboravan dozivljaj. O tome
svjedoCi nedavni poduhvat djelatnika
Drzavne geodetske uprave koji su u sklo-
pu “ja¢anja duha i tijela” najprije obisli

Fig. 2 Trigonometric point at the Dinara mountain, 1831 m
Sl. 2. Trigonometar na Dinari, 1831 m

Prema Poljaku (1981, 2001), koji se
poziva na topografsku kartu, na Velebitu
Babin vrh ima nadmorsku visinu 1723 m,
Sveto brdo 1751 m, a Vaganski vrh 1757
m. Vaganski vrh treéi je najviSi vrh u
Hrvatskoj, iza Dinare i Sv. Jure na
Biokovu.

Detaljan poloZajni opis trigonometra
i dobro odrzavanje (markacije, prohodne
staze) i poznavanje planinarskih putova
olak8avaju pristup tim to¢kama. Trigo-
nometre je potrebno oCuvati da bi se na
njima mogla obavlajti nova kontrolna

Ispostavu katastra u Kninu, zatim kninsku
tvrdavu, jahali na lokalitetu Burum, posje-
tili izvor rijeke Krke kod Topoljskog buka i
konacno popeli se na sam vrh Dinare
(Sinjal, 1831 m) do trigonometra (Pre-
muzi¢ 2008b, 2008c).

Trigonometrijska mreza u
Hrvatskoj

Nezamjenjivu ulogu u razvoju geo-
dezije i ostalih geoznanosti ima uspos-
tavljanje i osuvremenjivanje osnovnih
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spring of river Krka at Topoljski buk and
climbed to the top of Dinara (Sinjal, 1831
m) to the trigonometric point (Premuzi¢
2008b, 2008c).

Trigonometric Network in
Croatia

Establishing and updating basic ge-
odetic networks play an indispensable
role in development of geodesy and oth-
er geosciences. Basic geodetic networks
are a basis for executing other geodetic
works, practical or scientific. They are:
astronomic-geodetic network, trigonomet-
ric network, precise levelling network, high
accuracy levelling network and basic
gravimetric network (Bilajbegovi¢ 1997).
What follows is a brief overview of
Croatia’s trigonometric network.

The first triangulation works in Croatia
were done between 1810 and 1816. They
were done by the Austrian Military-Geo-
graphic Institute in Vienna in order to

determine a triangle network of 1st grade
points. A developed and detailed trigono-
metric network (Geodetska uprava NRH
1953) existed in Croatia until the begin-
ning of World War I. When World War |
was over, the 1st order trigonometric net-
work in Croatia was incomplete and non-
uniform (Adamik 1949). When Yugosla-
via came to be, there was a problem of
determining and adopting a unique map
projection, which could be used to calcu-
late the trigonometric network of the whole
area of the country. This issue was solved
by 1924, when the Gauss-Krliger projec-
tion of meridian zones was adopted as
the official map projection.

1st order triangulation network in
Croatia rests upon 13 Laplace points and
contains a total of 77 points determined
from 1850 to 1954. The 2nd order net-
work, which was produced from 1933 to
1961, contains 470 points. There are 1843
points in the 3rd basic order and 2670 in
the 3rd supplementing order, a total of
4583 points. The network of 4th order
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geodetic points contains 23 781 points.
Therefore, there are 28 854 registered
trigonometric points in Croatia, which
means there is one basic network point
for every 187 hectares (Bozi¢nik 1984b).

Contemporary methods of satellite
geodesy, primarily GPS (Global Position-
ing System), became at the end of the
20th century routine methods for estab-
lishing all orders of basic geodetic net-
works (Bilajbegovi¢ et al. 1991). The first
steps to include Croatia in the unique
European Reference Frame (EUREF)
were taken after Croatia was admitted into
United Nations at the beginning of 1992.
In the summer of 1993, foundations were
set for the international GPS campaign in
the Republic of Croatia and the Republic
of Slovenia titted EUREF'94. Establish-
ment of 10 points on the territory of
Croatia was definitely accepted, and 1st
order trigonometric points were chosen.
Observations were done from May 30 to
June 3, 1994 (Coli¢ et al. 1996).

Fig. 3 State Geodetic Administration employees around the trigonometric point at Dinara mountain, Spring 2008
SI. 3. Djelatnici DrZzavne geodetske uprave oko trigonometra na Dinari, proljece 2008.
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geodetskih mreza, koje su temelj za izvo-
denje ostalih geodetskih radova, bilo za
prakticne ili znanstvene namjene. Osnov-
ne geodetske mreze jesu: astronomsko-
geodetska mreza, trigonometrijska mre-
Za, mreza preciznog nivelmana i nivel-
mana visoke to€nosti i osnovna gravi-
metrijska mreza (Bilajbegovi¢ 1997). U
nastavku dajemo kratki osvrt na trigo-
nometrijsku mrezu Hrvatske.

Prvi triangulacijski radovi na podrucju
Hrvatske izvr§eni suizmedu 1810.i1816.
godine. Te je radove izvrSio austrijski
Vojnogeografski institut u Becu u svrhu
odredivanja jedne trokutne mreze toaka
I. reda. Od tada pa do pocetka |. svjetskog
rata na ¢itavom podrucju Hrvatske bila je
razvijena i detaljna trigonometrijska mreza
(Geodetska uprava NRH 1953). Po zavr-
Setku |. svjetskog rata trigonometrijska
mreza |. reda u Hrvatskoj bila je nepot-
puna i nejedinstvena (Adamik 1949).
Stvaranjem Jugoslavije nametnulo se
pitanje odredivanja i usvajanja jedin-
stvene projekcije, u kojoj bi se trebala
izraCunati trigonometrijska mreza cijelog
drzavnog podrucja. Do 1924. godine to
je pitanje bilo konacno rijeSeno, te je kao
jedinstvena projekcija usvojena Gauss-
Kriigerova projekcija meridijanskih zona.

Triangulacija |. reda u Hrvatskoj po-
Civa na 13 Laplaceovih to¢aka i sadrzi
ukupno 77 to¢aka odredivanih u vremen-
skom rasponu od 1850. do 1954. godine.
Mreza Il. reda, koja je izradivana od 1933.
do 1961. sadrzi ukupno 470 to¢aka. U Il
osnovnom redu ima 1843 tocke, a u lll.
popunjavajucem redu 2670 to¢aka, uku-
pno u lll. redu 4583 tocke. Mreza geo-
detskih toCaka IV. reda sadrzi ukupno
23 781 tocku. U Hrvatskoj postoji, prema
tome, ukupno evidentirano 28 854 trigo-
nometrijskih to¢aka, $to znali da jedna
toCka iz osnovnih mreza dolazi na 187
hektara povrSine (Bozi¢nik 1984b).

Suvremene metode satelitske geode-
zije, prvenstveno GPS (Global Positioning
System), postale su krajem 20. stolje¢a
rutinska metoda u uspostavljanju svih
redova osnovnih geodetskih mreza (Bilaj-
begovi¢ i dr. 1991). Prvi koraci u priklju-
Civanju Hrvatske u jedinstveni europski
koordinatni okvir EUREF (European Refe-
rence Frame) poduzeti su nakon primitka
hrvatske drzave u Ujedinjene narode
pocetkom 1992. U ljeto 1993. postavljeni
su temelji za medunarodnu GPS-kam-
panju u Republici Hrvatskoj i Republici
Sloveniji pod nazivom EUREF’94. Defini-
tivno je prihvaceno uspostavljanje ukupno
10 to¢aka na podrucju Hrvatske za koje
su odabrani trigonometri I. reda. Opa-
Zanja su izvrSena od 30 svibnja do 3.
lipnja 1994. (Coli¢ i dr. 1996).

Nakon te prve kampanje odrzano je
u Hrvatskoj sljedecih godina jo§ nekoliko

Zanimljivosti

medunarodnih GPS-kampanja (CRO-
REF-95, CROREF-96, CRODYN-94,
CRODYN-98).

U Republici Hrvatskoj pokrenut je i
projekt pod imenom Obnova trigono-
metrijske mreZe 2. reda i uspostava
homogenog polja Hrvatske. Tim projek-
tom predvidena je revizija trigonometrijske
mreZe 2. reda i ukljucivanje svih trigono-
metrijskih toCaka pogodnih za GPS-
mjerenja u homogeno polje GPS-to¢aka
rastera 10x10 km.

Imajuéi u vidu takvo stanje poloZajne
mreze Republika Hrvatska prihvatila je
poziv europskih zemalja i spremno se
sredinom devedesetih ukljucila u reali-
zaciju Europskog terestrickog referentnog
sustava 1989 (ETRS89). Realizacija
sustava ETRS89 je EUREF-mreZa stalnih
toCaka razmjestenih preko cijele Europe
i ta se realizacija naziva ETRF89. Hrvat-
ska je ukljuéena u taj sustav s deset to-
Caka ravnomjerno rasporedenih po cijel-
om teritoriju. Od 1989. godine taj se sus-
tav progusc¢uje u mnogim europskim zem-
ljama kako bi se omogucio dobar lokalni
pristup tom datumu. Na taj nacin smo i mi
u Republici Hrvatskoj progustili mrezu od
10 osnovnih to¢aka GPS-mjernom kam-
panjom CROREF, provedenom 1996. go-
dine. Ta mjerna kampanja rezultirala je
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mrezom od 78 trajno stabiliziranih stalnih
geodetskih toCaka Cije su koordinate
izraCunane u sustavu ETRS89.

Godine 2004. donijeta je Odluka o
utvrdivanju novih sluzbenih geodetskih
datuma i ravninskih kartografskih projek-
cija Republike Hrvatske kojom 78 stalnih
toCaka geodetske osnove €ine novi slu-
Zbeni hrvatski terestricki referentni sustav
HTRS96 i kao takve imaju temeljno zna-
Cenje za geodetski prostorni sustav Repu-
blike Hrvatske.

Projekt sanacije stalnih tocaka
geodetske oshove

Vecina od 78 osnovnih to¢aka su
trigonometrijske to¢ke stare triangu-
lacijske mreze stabilizirane u vrijeme
bivSe drzave, dok je samo nekoliko toCaka
novostabilizirano. Sadasnje fizicko stanje
i izgled stalnih to¢aka geodetske osnove
prilino je loSe, $to je posljedica gotovo
nikakvog odrzavanja tih to¢aka u posljed-
njih pedesetak godina. U svrhu spreca-
vanja daljnjeg propadanja osnovnih
toCaka geodetske osnove, 2006. godine
Drzavna geodetska uprava krenula je u
postepenu obnovu svih 78 to¢aka refe-
rentne mreze Republike Hrvatske. Cilj

Fig. 4. Distribution of 78 basic points of positional reference frame of the
Republic of Croatia

SI. 4. Raspored 78 stalnih to¢aka geodetske osnove Hrvatske
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Several more international GPS cam-
paigns were held in Croatia (CROREF-
95, CROREF-96, CRODYN-94, CRO-
DYN-98).

A project titled Renovation of 2nd Or-
der Trigonometric Network and Establish-
ment of Homogeneous Field of Points for
Croatia was also started in the Republic
of Croatia. This project specified the revi-
sion of the 2nd order trigonometric net-
work and included all trigonometric points
suitable for GPS surveys into a homoge-
neous field of GPS points of 10x10 km
raster.

Taking into consideration the state of
the positional network, the Republic of
Croatia accepted the invitation of Euro-
pean countries and readily entered the
realization of the European Terrestric
Reference System 1989 (ETRS89) in mid
1990s. The realization of the ETRS89
system is EUREF-network of permanent
points situated all over Europe and called
ETRF89. Croatia is included in this sys-
tem with ten points evenly distributed over
the whole territory. Since 1989, the sys-
tem has been densyfied in numerous
European countries so as to enable good
local access to that datum. In this way,
we densyfied the network of 10 basic
points in Croatia by means of GPS sur-
vey campaign CROREF, executed in
1996. The campaign resulted in a network
of 78 permanently stabilized permanent
geodetic points whose coordinates are
calculated in the ETRS89 system.

The Decision about Determination of
New Official Geodetic Datums and Map
Projections of the Republic of Croatia was
made in 2004. 78 permanent points of
geodetic basis formed the new official
Croatian terrestric reference system
HTRS96 and as such have a fundamen-
tal meaning for the geodetic spatial sys-
tem of the Republic of Croatia.

Project of Recovering
Permanent Points of Geodetic
Basis

Most of the 78 basis points are trigo-
nometric points of the old triangulation
network stabilized during the period of the
former country, whereas only several
points are newly-stabilized. The current
physical condition and appearance of per-
manent points of geodetic basis is quite
bad, which is a consequence of almost
no maintenance of the points during the
last fifty years. In order to prevent further

deterioration of basic points of geodetic
basis, the State Geodetic Administration
started to gradually recover all 78 points
of reference network of the Republic of
Croatia in 2006. The goal of recovery is
to improve stability and aesthetic appear-
ance, ensure durability and embed a
metal plate informing the public about the
geodetic point. Special importance was
put on preserving the mark on the upper
surface, which defines the position of the
point.

Recovery is executed according to a
civil engineering recovery project pro-
duced by the Gradevinski institut Hrvat-
ske (Institute of Civil Engineering of
Croatia). In 2006, seven trigonometric
points were recovered: Brusnik, Klostar
Ivani¢, Kalnik, Kozja€a, Samoborska Ple-
Sivica, Kapavac and Veli vrh on the island
of Krk (Premuzi¢, Bosiljevac 2007). Ac-
cording to the annual work program of the
State Geodetic Administration, 17 trigo-
nometric points were recovered in 2007:
182/z Montaur, 391/z Novoselsko Brdo,
194/z Privis, 316/z Molve, 402/z Donji Mi-
holjac, 362/z Gradiste, 403/z Brezi¢, 465/
z Trojna$, 200/z Alije, 198/z Priseka, 362/
z Gorica, 363/z Bakovo, 20 Sisak, 401/z
Gradina, 249/z1 Osijek, 101 IvSi¢ Brdo
and 527 Babjak (Premuzi¢, 2008a).

GPS and Mountaineers

Lately, mountaineers have been us-
ing GPS devices which can have integrat-
ed digital maps, in place of mountaineer-
ing maps and compasses. By using the
simplest GPS devices, nowadays every-
one is able to collect geodetic coordinates,
which is not negligible, especially in moun-
taineering. Amountaineer can use a GPS
device at any moment to obtain current
coordinates of position and facilitate ori-
entation, especially when orientation is
made difficult by unknown or monotonous
landscape. Furthermore, some cameras
have an integrated GPS module, so a dig-
ital image contains coordinates of the
position it was taken, which can often help
in research and expeditions. There are
also satellite images and digital maps (e.g.
Google Earth), so one can get a repre-
sentation of mountaineering route on a
screen by loading that log track obtained
with a GPS device.

In addition to determining the Earth’s
shape and country survey, the triangula-
tion method was used to determine moun-
tain peak heights. The highest peak in the
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Fig. 5. Renewed trigonometric point at

the Samoborska Plesivica mountain

SI. 5. Obnovijeni trigonometar na
Samoborskoj Plesivici

world, Mt. Everest was determined thanks
to geodetic surveys, i.e. triangulation net-
work established by Sir George Everest.
Everest invested immense effort to estab-
lish the triangulation network all over In-
dia, which required constructed towers,
designed by Everest himself, many of
which are over 15 m high (URL1). His
successor Andrew Scott Waugh calculat-
ed the height of the highest peak and
published his results, according to which
“peak 15" is 8840 m high and probably
the highest peak in the world. He pro-
posed to name the peak Mt. Everest in
honour of his predecessor. The height
changed as a result of more precise sur-
veys. Last surveys of the Everest peak in
1999 using satellite images and GPS in-
dicated the height of 8850 m, two meters
more than the last official survey in 1954.

Lately, GPS technology has enabled
research and determination of mountain
peak heights, as well as depths of sub-
terranean caves and pits. Thus, GPS de-
vices enabled the research of Lukina jama
on Velebit, 1392 m deep (from the height
of 1426 m to the depth of 81 m above the
Sea) in 1994,

Margareta Premuzic
Berto Slevka
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Fig. 6. Geodetic measurement of Lukina
Jama in Velebit mountain

SI. 6. Geodetska mjerenja Lukine jame na
Velebitu

obnove je popraviti stabilnost i estetski
izgled, osigurati trajnost te ugradnjom
metalne plocice pruziti javnosti osnovne
informacije o geodetskoj tocki. Poseban
je naglasak stavljen na o€uvanje oznake
na gornjoj plohi, kojom je definiran poloZaj
tocke.
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Zanimljivosti

Obnova se provodi na temelju grade-
vinskog projekta sanacije izradenog od
Instituta gradevinarstva Hrvatske. U 2006.
godini sanirano je ovih 7 trigonometara:
Brusnik, Klostar Ivani¢, Kalnik, Kozjaca,
Samoborska Plesivica, Kapavaci Veli vrh
na Krku (Premuzi¢, Bosiljevac 2007). Pre-
ma godiSnjem programu radova DrZzavne
geodetske uprave, u 2007. godini obnov-
lieno je ovih 17 trigonometara: 182/z
Montaur, 391/z Novoselsko Brdo, 194/z
Privis, 316/z Molve, 402/z Donji Miholjac,
362/z Gradiste, 403/z Brezi¢, 465/z
Trojnas, 200/z Alije, 198/z Priseka, 362/z
Gorica, 363/z Dakovo, 20 Sisak, 401/z
Gradina, 249/z1 Osijek, 101 IvSi¢ Brdo i
527 Babjak (Premuzi¢, 2008a).

GPS i planinari

U planinarstvu se u novije vrijeme
planinarske karte i kompas zamjenjuju
GPS uredajem koji u sebi moze imati i
integriranu digitalnu kartu. Upotrebom
najednostavnijih GPS uredaja danas je
svakome omoguceno prikupljanje geo-
detskih koordinata, to nije zanemariva
¢injenica posebno u planinarstvu gdje se
koritenjem GPS uredaja u svakom tre-
nutku mogu dobiti koordinate stajalista te
tako omoguditi bolje snalazenje u prostoru
posebno u uvjetima gdje je zbog nepoz-
natog i jednoli€nog krajolika nemoguca
orijentacija. Takoder neki fotoaparati imaju
integriran GPS modul pa se u digitalnoj
snimci odmah zabiljeZe koordinate gdje
je snimana fotografija a to ¢esto pomaze
kod istraZivanja i ekspedicija. Na kraju tu
su i satelitske snimke i digitalne karte (npr.
Google Earth) te se ucitavanjem log
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tracka dobivenog GPS uredajem dobiva
prikaz planinarske rute na digitalnoj
podlozi.

Osim odredivanja oblika Zemlje i
drzavne izmjere metoda triangulacije
upotrebljavana je i prilikom odredivanja
visina planinskih vrhova. Najvi§i vrh na
svijetu Mt. Everest odreden je zahvaljujuéi
geodetskim mjerenjima odnosno trian-
gulacijskoj mrezi §to ju je uspostavio Sir
George Everest. On je uloZio ogroman
trud da bi uspostavio trigonometrijsku
mrezu preko velikog podruc¢ja Indije §to
je zahtijevalo konstrukcije zidanih tornjeva
koje je dizajnirao sam Everest, a mnogi
od njih su bili visi od 15 m (URL1). Njegov
nasljednik Andrew Waugh izracunao je
visinu najviSeg vrha te objavio svoje rezul-
tate prema kojima je “vrh 15” visine 8840
m najvjerojatnije najvisi vrh na svijetu. U
Cast njegovog prethodnika predloZio je da
se vrh zove Mt. Everest. Preciznijim mje-
renjima visina se naknadno mijenjala.
Posliednja mjerenja vrha Everest 1999.
godine uz pomo¢ satelitskih snimaka i
GPS-a pokazala su visinu od 8850 m, dva
metra viSe od prethodnog sluzbenog mje-
renja 1954. godine.
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U novije vrijeme GPS tehnologijom
omoguceno je istraZivanje i odredivanje
visina planinskih vrhova, ali i dubina pod-
zemnih spilja i jama. Tako je npr. upotre-
bom GPS uredaja 1994. godine omogu-
¢eno istrazivanje Lukine jame na Velebitu,
duboke 1392 m (od visine 1436 m do
dubine od 81 m n/m).
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