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Abstract: The article deals with the morphogenesis of the through cave Pe¢ina na Reci
Zamni (meaning in Serbian: Cave on the Zamna River; in further text: the Zamna Cave).
The Zamna Cave was the subject of several geomorphological studies, mostly aimed at
explaining the cave genesis through the evolutionary concept from through caves to
natural bridges. In order to get better insight into the morphogenesis of this cave, modern
geomorphometrical methods were applied. The cave and the surface topography above it
were scanned in high resolution using the instrument Leica Nova MS50, applying the
method of terrestrial laser scanning (TLS). Data processing produced the model for the
analysis of the relation between surface and underground forms of karst relief. The results
point to the conclusion that the Zamna Cave is an example showing that in the process of
natural bridges formation by cave roof collapse, it is not necessary that there is a dry valley
above the cave, as previously thought.
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Introduction

Karst of the Carpatho-Balkanides of Serbia covers about 3,400 km2 (Petrovié¢, 2015). It is
developed on the areas of various sizes and planar shapes. The largest karst areas are
those of the mountains Beljanica, Kucaj, Ozren, Devica, Svrljiske Planine Mts, as well as
Suva Planina Mt and Vidli¢ Mt. On the other hand, there are a large number of relatively
small karst areas — patches of isolated karst, belts, and ridges (Fig. 1).
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Fig. 1. Map of karst units within the Carpatho-Balkanides of Serbia
(Areas according to the Basic Geological Maps 1:100,000 and 1:25,000 of the Federal Geological
Survey; cartography: Petrovié¢, 2015)
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Karstic units of small dimensions generally belong to the contact karst, because the
impacts of the surrounding non-karstic areas overlap from almost all sides of karst
outcrops. During the morphogenetical evolution in the mentioned circumstances, specific
karst relief is formed (Gams, 2004). Some of these forms are through (tunnel) caves and
natural bridges, the latter being a very characteristic trait of Carpatho-Balkan karst in
Serbia (Ambert & Nicod, 1981). Formation of natural bridges by roof collapse of through
caves (Cviji¢, 1918; 1960) was described exactly on the case studies from this karstic area.
After Cviji¢, the genesis of through caves and natural bridges was the subject of many
studies (Petrovi¢ & Gavrilovi¢, 1969; Petrovié, 1971; 1974; Gavrilovi¢, 1981; 1998; 2005;
Manojlovi¢, 1985; Cali¢-Ljubojevi¢, 2000; 2001; Petrovi¢ & Carevi¢, 2015). One of the
most conspicuous landforms within this group is the cave Pec¢ina na Reci Zamni (Cave on
the Zamna River; in further text: the Zamna Cave). The aim of this paper is to re-consider
its morphogenesis using the modern, technically advanced methods.

Previous studies

Within the 20th century studies, the Zamna Cave was treated as an example of a
genetically identical landform as the natural bridges in the valley of the Vratna River,
about 15 km to the north-east from Zamna, but in the different phase of morphological
evolution (Petrovié, 1971).

By explaining the morphological evolution of karst, Cviji¢ (1918) correctly claims
that the surface and the underground karstic processes jointly lower the karst surface.
Within a couple of phases, the cave passages open up towards the surface. Firstly, the
cave ceilings are eroded on several spots, and the daylight holes appear. Later on, larger
parts of ceilings collapse, and natural bridges are formed (e.g. the Vratna River Gorge).
In the end, it is possible that the caves become completely opened (Cviji¢, 1918). On Mt.
Kuéaj, Cviji¢ (1960) noticed that dry valleys with dolines extend above the cave passages.

In order to confirm the above-mentioned way of natural bridges formation, Petrovi¢,
(1971) supposed that a part of the dry riverbed of the Zamna River extends above the cave
passage (Fig. 2).
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Fig. 2. Longitudinal section of the Zamna Cave (modified after Petrovié, 1971)

Analysing the relation between passage height and width on the examples of through
caves and natural bridges, Gavrilovi¢ (1982) concluded that this relation in case of
natural bridges is between 1:0.5 and 1:2.5, exceptionally up to 1:10. Using this criterion

31



later on, the author concluded that the Zamna Cave falls within the category of natural
bridges (Gavrilovi¢, 2005).

Karst of the Zamna River drainage area was included in the wider research on valleys
in karst of the Carpatho-Balkanides in Eastern Serbia (Petrovi¢, 2015). The research
indicates that the remnants of the bottom of the former Zamna valley are parallel with
the cave, as a hanging (on both sides) dry valley, but further to the west with regards to
the cave (Fig. 3).

In order to determine the dimensions and correct spatial relations (both more
precise and more accurate), it was necessary to apply the modern morphometric
techniques.

Valley in karst
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Fig. 3. Geomorphological map of the Zamna karst unit
1 — carbonate rocks; 2 — clays, marls and sandstones; 3 — faults (a: observed; b: suspected); 4 —
vertical fault, relative movement of blocks; 5 — rivers (a: with permanent flow; b: with seasonal
flow); 6 — daylight holes; 7 — cave passage; 8 — gorge; 9 — blind valley; 10 — hanging valley; 11 —
hanging valley with dolines at the bottom; 12 — hanging valley on both sides.

Methods
Geomorphological mapping

Geomorphological mapping and production of basic and structural-geological profiles
was carried out for the karst areas of the Carpatho-Balkanides of Serbia, with the aim of
karst valleys research (Petrovi¢, 2015). Geomorphological mapping was carried out using
the previously prepared Geomorphological Information System (GmlIS), for 19 karstic
units of the Carpatho-Balkanides, using the software package Esri ArcGIS, according to
the guidelines for geomorphological mapping (Gams et al., 1985), karstological mapping
(burovi¢, 1994) and for ArcGIS 10.x (Srbovi¢ & Gajovi¢, 2015). GmIS consists of 10
layers: lithological composition of the area (with particular layer for the types of
carbonates), tectonic pattern, hydrographic network, vegetation cover, karst forms (with
particular layer for valleys in karst), precipitation zones, temperature zones, digital
terrain model, 3D relief and the inclination map. Formation of GmIS extensively
improved the further data analysis, reduced the time necessary for the analysis and

32



enabled easier overview of the spatial relations (Petrovi¢ et al., 2015). The obtained data
pointed to the specific evolution of valleys in contact karst, especially in the conditions of
small karstic units, turning the focus to that direction.

Data acquisition

Measurements of the relations between surface and underground karst landforms were
carried out using the instrument Leica Nova MS50 (Fig. 4a), which is a combination of
the surveying total station and a laser scanner. This instrument was used for a detailed
terrestrial laser scanning (TLS) in high resolution. Characteristics of the instrument and
the applied method of measurement (described in detail in Petrovi¢ et al., 2018) enable
the processing of a large number of points, in a short time-span, with mm-scale
precision.

Surface measurements started by locating two points using the GNSS RTK
instrument for geo-positioning, which received the coordinates of the Reference network
AGROS GNSS (VECOM, 2018). These coordinates were taken for the first setup of the
instrument, one as a starting station, and the other as orientation. During the
measurements, all subsequent points were defined in relation to the coordinates of the
starting station. The working method and instruments enabled a relatively easy and
precise measurement of the cave (Fig. 4b). However, application of the same method for
the detailed surface measurement was almost impossible, due to dense vegetation (Fig.
4c¢), which is one of the limitations of this instrument. Therefore the method was slightly
adjusted. A precise polygon line was made on the surface above the cave. The visibility
between the instrument and the markers (geodetic prisms) was acquired thanks to
manual cleanup of vegetation. The points (stations) were positioned almost exactly above
the points in the cave, thanks to the performances of the instrument which enable the
good insight to spatial relations between surface and underground forms.

Fig. 4. Measuring with Leica Nova MS50 (a);
conditions during underground (b) and surface scanning (c)
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Data processing

Processing of the acquired data had two steps. While still in the field, it was checked in
the instrument whether the data are complete, to ensure that the whole studied area is
covered. Having in mind that the instrument viewer (screen) shows the data in reduced
resolution (about 20,000 points), the real results of the measurements can be seen only
after the upload to the Leica Cyclone software, which shows all measured points as a
cloud of points (Fig. 5). By using of this software, it is possible to perform the data
cleaning, i.e. deleting the points that are not of interest.

Fig. 5. Zamna Cave presented as a point cloud

Subsequent to the data cleaning, the points were exported to another software —
3DReshaper, which performed the triangulation process in order to create a three-
dimensional model of the cave, with high level of precision (Fig. 6). After being processed
in the 3DReshaper, the model was exported back to Cyclone, which enabled the detailed
measurements (lengths, heights, widths, angles, etc), as well as automatic creation of
oriented cross sections. This method of modeling offers a wide range of possibilities for
further analysis and additional measurements, which were not possible in the field.

Fig. 6. 3D model of the Zamna Cave
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Results and discussion

The results obtained by measurements on the model of the cave are considerably more
precise and more accurate compared to the previous results. The length of this through
cave is only 142 m. Maximum height reaches 31 m (Fig. 7; Fig. 8a) and the width is up to
12 m. General orientation of the main passage is 346°-166° (Fig. 7), which is in
accordance with the strike of the guiding fracture, dipping at the average angle of 80°.
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Fig. 7. Longitudinal section of the Zamna Cave (based on the TLS measurements)

Among the specific traits of the cave are two daylight holes situated near the
entrance and the exit of the cave (downstream direction) (Fig. 8b, 8c). Daylight holes are
situated on the places where the bottoms of the former dolines reached the ceiling of the
cave, causing the collapses. A remnant of the ceiling (huge block) is still present close to
the downstream exit from the cave (Fig. 8c).

Fig. 8. Zamna Cave (a); upstream daylight hole (b); downstream daylight hole (c)
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Zamna Cave is a through cave formed by the breakthrough of the permanent Zamna
River through the narrow limestone ridge situated at the mouth of the Udubasnica River
to the Zamna River. The analysis of the Geomorphological Information System and field
observation led to the conclusion that a part of the bottom of the paleo-valley of the
Zamna River is situated on the ridge west of the strike of the through cave (Fig. 3). The
bottom of this 120 m long, double hanging valley, is situated at the 292 m a.s.l, which is
35 m higher than the bottom of the present Zamna valley (Fig. 9a, point 1) and 30 m
lower than the highest point of topographical surface above the cave (Fig. 9a, point 2).
These points to the considerable incision of the Zamna River below 300 m a.s.l. The
incision had the impact both on the dimensions of the cave and on the formation of 1200
m long and 30-40 m deep gorge upstream from the cave entrance (Fig. 3; Fig. gb).

Fig. 9. Bottom of the dry valley and the highest point above the cave (a); Zamna River gorge
upstream from the cave (b)

In cases of small karstic units of contact karst, the "reaction" of an allogenic stream
depends on the strength of the stream. Stronger streams manage to overcome the karst
process and continue the surface flow, forming gorges (Mili¢, 1963; Gams, 1974). On the
other hand, weaker watercourses sink and resurge after a certain segment of an
underground flow. This is a frequent case with narrow limestone belts (Lauritzen, 2001).
In the Carpatho-Balkanides of Serbia, karst belts were studied on the ridge of DZevrinska
Greda (Cali¢, 2008).

Strength of a watercourse depends both on the actual climatic conditions and the
development of the karstic process in a studied area. During the morphological evolution
of the Zamna River drainage area, karstic process started to develop only after eroding of
marine sediments which covered the Jurassic (Tithonian) limestones (Petrovi¢, 1974).
Fluvial process in the Zamna valley (area of the Plavna village) was for a certain time
dominant even in limestones, until the downstream contact with marine sediments was
considerably lowered to enable the hydraulic gradient. Up to that moment, the small
gorges were incising simultaneously in limestone segments of Zamna and Udubasnica (to
the terrace of 30-35 m). With intensification of the karst process, the Zamna started to
sink to a fracture on the right bank. The fracture stretches through the whole ridge, which
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enabled the resurgence of water exactly after the confluence with Udubasnica. Intensified
formation of the through cave started from the moment when the whole course of the
Zamna started to sink into the fracture. Downstream from the ponor, part of the valley
floor situated between the ponor and the confluence with Udubasnica, remained as a
hanging segment of the valley. Adjustments of the longitudinal profile of the Zamna to its
mouth to the Danube enabled the considerable incision of the Zamna below 300 m a.s.l.
This influenced the dimensions of the cave, as well as the incision of 1,200 m long and
30-40 m deep gorge upstream from the cave (Fig. 3; 9b). Progress of the karstic process
resulted in formation of two deep dolines, which led to the cave roof collapse and
formation of two daylight holes.

Conclusion

The results of the previous studies claimed that the Zamna Cave is one of the phases
within the formation of natural bridges. It was suggested that the existence of the dry
valley above the through cave was a condition for the development of the natural bridge
after the ceiling collapse due to the deepening of the dolines at the bottom of the dry
valley. However, considering the new research, it may be concluded that the Zamna Cave
is an example showing that it is not necessary in such cases that a dry valley is present
directly above. This stands regardless of whether the Zamna Cave is treated as a natural
bridge (Gavrilovi¢, 2005) or a through cave which precedes the formation of a natural
bridge.

© 2018 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia
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ITERhHA HA PEII1 3AMHMU Y CBET/IY HOBUX
MOP®OI'EHETCKHMX NCTPAYKVBAIDA

Amncrpakr: [lehnna Ha peru 3amHu 61Ia je 10 cajia IpeaMeT BHIIE HCTpaskuBara. Heka
0] BHX UMaja Cy 3a IWb objallmere reHe3e NehUHe y CBETIy €BOJIyLUje TYHEJICKUX
nmehrHa ka npepactuma. Y nusby 6osber pasymMeBarba reHe3e oBe IehiHe MPUMEIbeHe Cy
caBpemeHe Mopdomerpujcke TexHuke. [lehnHa v noBpivHA U3HAJ e CHUMJBEHU CY Y
BHCOKOj pe3osynuju ypehajem Leica Nova MS50, IIOCTYIIKOM TEPECTPUUKOT JIACEPCKOT
ckennpama (TJIC). O6pagoM HPUKYIUREHUX IO/aTaka AOOWjeH je Mo/es Ha KoMe je
moryhe aHaJIM3UpaTH OJHOC MOBPUIMHCKHAX U MOA3EMHHX KpPAIIKUX 0obOaMKa pesbeda.
Pesynratu aHasn3e HaBOZe HAa 3aK/bydak Jia je mehwHa Ha pery 3aMHU NPHMEDP KOjH
yKasyje Ha TO Aa MpuInkoM GbopMupama IpepacTy ypyllaBambeM TaBaHUIA IehiHa Hije
IIPaBUJIO I ce HEIOCPEHO U3HAJ IIPY2Ka CyBa A0JIMHA.

Kspyune peum: Tynescka nehuna, npepact, TJIC cuumame, peka 3amHa, Kapmato-
bankaauau

tapetrovic@gef.bg.ac.rs (ayrop 3a KOpeCIOH/IEHIH]Y)
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YBojg

Kpamiku pesbed Kapmnaro-6ankanuga Cpbuje mpoctupe ce Ha oko 3.400 km?2 (ITerposuh,
2015). Pa3BujeH je Ha MOBpIIMHAMA PA3THUYUTUX BeTUUYnHA 1 061uka. Hajsehe moBpiu-
He 3ay3uMa kpac bespanune, Kyuaja, O3peHa u [lepune, CBp/bUINKUX IUIAHWHA, KA0 U
CyBe mwiaHuHe u Bupnunua. Meljytum, 3HauajHy ITOBPIIMHY YV OBOj KPAIIKOj PETHjU
3ay3MMajy U KpallKe IeJIMHE MaIUX JUMEH3Mja, Y BHAY KPAIIKUX OCTPBA, IojaceBa U
rpena (Co. 1).

Kpamike mennHe Maiux JUMEH3Hja 110 IPABUIY Y LEJOCTH MIPUNAZAjy KOHTAKTHOM
Kpacy, jep ce IPOCTOpU YyTHIIaja He-KPALIKOT OKPY)Keka INpeKjamajy ca CBHUX CTpaHa
Kpeumhaykux usfaHaka. TokoM MOpQOreHeTCKe €BOJIyLHje Y HABEZAEHUM OKOJIHOCTHMA
MOTYy HacTaTH crenuduuHu obsuiu Kpamkor pesbeda (Gams, 2004). Y Te obiuke,
u3melly ocranux, crnazajy TyHesicke nmehuHe u mpepactu. IloceOHO mpepacTu mpescTa-
BJbAjy jeJUHCTBEHH aCIeKT Kpaca oBor fesia Cp6uje (Ambert & Nicod, 1981).

Hacranak mpepactu ypyinaBameM TaBaHuIla TyHesckux mehwna (LBujuh, 1918;
1960) objalimeH je 6all HAa MPUMEPY IIPEPACTH U3 OBe Kpallike peruje. HakoH Tora je
reHesa TyHeJCKuX mnehuHa u mpepactu y Kapmaro-Gankanumuma Cpbuje Omiaa Tema
Beher 6poja ucrpakuBarba (IlerpoBuh & TaspmioBuh, 1969; IlerpoBuh, 1971; 1974;
Tapuiosuh, 1981; 1998; 2005; Manojrosuh, 1985; Calié-Ljubojevié, 2000; 2001;
Petrovi¢ & Carevi¢, 2015). Ilusb oBOr pajzia je /1a ce reHesa jeAHOT O MPOy4YaBAHUX
Jokanureta, [lehune Ha peru 3aMHHU, TPOYUH Y CBET/Iy HOBUX HCTPAYKUBAMA.

Ca. 1. Kapma kpawxux yeauna Kapnamo-6aaxanuda Cpouje (cmp. 30)

(Apeaau npema nodayuma OcHogHe 2eo10wke kKapme 1:100.000 U 1:25.000 CagesHoz 2e010UKo2
3as00a; obpada: ITemposuh, 2015)

IIperxoaHa ucrpa:xkuBama

V¥ panujum pasmarpamuma [lehunna Ha penu 3amMHE HaBol)eHa je Ka0 MPUMeED reHETCKU
HCTOPOAHOT ODJIMKA IIPepacTUMa y AOJIMHY peke BpaTHe, au y pas3jindauToM CTAZujyMy
mopdostomke eBosnynrje (Ilerposuh, 1971). OGjammaBajyhu MOPQOIIONIKY €BOIYIIH]Y
kapcra, 1[Bujuh (1918) mcrnpaBHO TBPZAH [a MOBPIIMHCKA U MOA3EMHA KpallKa epo3uja
3ajeJHUYKUM [[eJIOBAheM CHI)KaBajy MOBPLUIMHY Kapcra. Y Hekoauko ¢dasa he gohu 1o
orBapama nehuHckux kanana. [Ipso he 6utu npobujere nmehuHcke TaBaHuie 1 HacTahe
ursienu. Kacuuje he ce obypBaBatu Behu neo nehmHcke TaBaHune, 1 Hactahe mpepactu
(anp. xox peke Bpartne). Ha kpajy je moryhe na mehwHe ocTaHy HIOTIIyHO OTBOpEHE
(IIBujuh, 1918). Ha Kyuajy je 3anaskeHO Jia ce M3HAJ NENMHCKUX KaHAJa IPYKajy cyBe
nonuHe ca Bprayama (L[Bujuh, 1960).

Kako 61 ce mOTBPAMO paHMje IIPE3EHTOBAHU €BOJIYTHBHU IIyT HACTAHKA IIPEPACTH,
YCTAHOBJbEHO je /1a ce HaJ MehrMHCKUM KaHaJIOM Hajia3H JIe0 CyBOT KOPUTA pPeke 3aMHe
(Cn. 2) (TITerposuh, 1971).

Pasmarpajyhu omHOC BrcHHE U Iy’KIHE KaHaIa KOJ TYHEJICKUX rehrHa U [IpepacTy,
TaspunoBuh (1982) je momao 10 3aKJ/pyYKa Zja je Taj OAHOC KOJ IIpepacTu usMmely 1:0,5
0 1:2,5, a WU3y3eTHO Moke whu u 70 1:10. Ilopeznehm Ha OBOj OCHOBH IpepacTu U
TyHeJsicke niehuHe y uctounoj CpOuju, 3ak/bydeHo je fa nehuHa Ha per 3aMHHU Craia y
npepacru (FaBpuioBuh, 2005).
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Ca. 2. IIpogun Iehure Ha peyu 3amuu (modugurxosaro npema: Ilempoguh, 1971)

Kpac cimuBa 3amue u Ilehnna Ha penm 3amuu Ouie cy obyxBaheHe mupum
HCTpakKMBambeM JoJnHA y Kpacy Kapmaro-6ankanuga Cpbuje (IlerpoBuh, 2015). Tom
MIPIJIMKOM je YTBp)EHO Zia ce OCTalX JHA HEeKaJalllme JOJINHEe peKe 3aMHe INpYKajy
napasnenHo ca nehunom y Buay obocrpano Bucehe cyBe [10JIMHE, ajld HEIITO 3aNaJHHje
ox nehune (Ci. 3).

Y mwby npenusHUjer U TavyHHjer YTBphHUBama IIPOCTOPHHUX OAHOCA M AMMEH3Hja
HCTpaXKMBAHUX 00JIMKa pesbeda, OUIIO je HEONIXOHO IPUMEHHUTH caBpeMeHe MopdoMe-
TPHjCKe TEXHUKE.

Jowne y rpacy
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Ca. 3. I'eomopgonowika kapma xpawke yeauHe 3amHe

1 - kapb6oHamHe cmeme; 2 — 2AuHe, AANOPUYU U newuapu; 3 — pacedu (a, ocmompenu; 6,
npemnocmas/beHu); 4 — 6epMuKaIHU paceod, peaamueHo nomepare 610k08a; 5 — peke (a, ca
cmaaHum moxom, 6, ca nepuoduHHUM Mokom); 6 — eueaedu; 7 — nehuncku kanan; 8 — kaucypa; 9
— caena 0oauna; 10 — euceha doauna; 11 — suceha doauma ca epmavama no OOAUHCKOM OHY; 12 —
obocmpano suceha donuna.

MeroaxoJioruja
I'eomopdhorowro kapmuparse

T'eomop@dosomKo KapTHUpame U HU3Pajfia OCHOBHUX CTPYKTYDHO-TEOJIOIIKUX Ipodusia
U3BPILIEHO je 3a Kpamike TepeHe Kapmaro-6ankanuga CpOuje y nuby HCTpa’KHBamba
nonuHa y kpacy (Ilerposuh, 2015). I'eomopdosioniko KapTHpame U3BPLIEHO je IToMohy
npeTxoaHo uspaljenor reomopdostomnikor uHbopmaruonor cucrema (I'mHC). TMUC je
ypaljeH 3a 19 kpamkux nenuna Kapnarto-6ankanuna Cpbouje codprBepckum anatuma Esri

41



ArcGIS-a, cxomHO ymyTcTBHMa 3a u3paay reomopdovionike kapre (Gams et al., 1985),
Kapcrosiomko Kaptupamwe (Byposuh, 1994) u 3a ArcGIS 10.x (Cp6osuh & TajoBuh,
2015). I'MUC ce cacToju U3 eceT ¢JI0jeBa, U TO: JINTOJIONIKA Tpal)a TepeHa (ca moce6HUM
CJI0jeEM 3a JIMTOJIOIIKE TUIIOBE KapOOHATa), CKJION TepeHa, xuaporpadcka Mpexa,
BereTanyjCKU MOKPUBAY, Kpamku obyunu (ca MU3ABOjEHUM CJIOjeM JOJIHHA Y Kpacy),
ImaZlaBUHCKE 30HE, TeMIIepaTypHe 30HE€, TUTUTAJIHU MOJEJI TE€pEHa, TpOﬂI/IMeHBI/IjaJ'IHI/I
npukas pesbeda u kapra Haruba pesbeda. HFberopa uspaza je y MHOromMe oJIakIaia Aaby
AQHAIN3y I[0Z]aTaKa, CMamWIa BpeMe MOTPeOHO 3a aHaIu3y W OMOryhwsia Jiakiime
carJieiaBame MpoCcTopHuX ofHoca (Petrovié et al., 2015). JlobujeHn moAamny ¢y ykazauiu
Ha crenudUIHOCT pa3Boja JAOJIUHA Y KOHTAKTHOM Kpacy MaJIMX IOBPIIMHA, Ia Cy OHe
ITOCTAJIE TEMA /IAJbIX UCTPAKUBAHA.

ITpuxkynsare nodamaxka

Mepemwa OfHOCA MOBPUIMHCKUX U IOA3EMHUX KPAIIKUX OOJIMKa BpIIeHAa cy ypehajem
Leica Nova MS50 (Ci1. 4a). OBaj ypehaj je kombuHaNMja TOTaIHE CTAHUIIE U JIACEPCKOT
cKeHepa, mTo omoryhaBa [ieTa/bHO TepecTpUUKo Jacepcko ckenuparse (TJIC) y BHCOKO]
pesonyiuju. Ilepdpopmarnce ypehaja u merony mepema (IlerpoBuh et al., 2018)
omoryhaBajy Mepere BeqHMKOr 6Gpoja Tauaka y KpPaTKOM BPEMEHCKOM pasMaky ca
MIJIEMETAPCKOM Ipenu3Horhy.

[ToBpIIMHCKA Meperba Cy OTIIOYesIa JIONUPAheM IBE Tauke Ha TepeHy nomohy GNSS
RTK ypehaja 3a reomnosurinonupame, Koju je mpuMuo koopauHate pedepentae AGROS
GNSS mpeske (VECOM, 2018). OBe Be TauKe Cy y3eTe 3a [TOYETHA MMOIelaBaba ypehaja,
jenHa Kao Tayka IOYETKA Mepema a JApyra Kao opujeHTanuja. CBe ocTasie Tauke TOKOM
Mepema CMeIITeHe Cy y IPOCTOpP y OZHOCY Ha KOOpJWHATe IOoYeTHe Tauke. OBakBe
nepdopmance Mepema u ypehaja omoryhiie cy 3HATHO JIAKIIe U [IPELU3HUje MEPEHe
came nehune (Ci. 46). Meljyrum, AeTa/bHO MOBPIITHHCKO CKEHUpParbe OWIO je OHEMO-
ryheno ycien Gyjue Beretamuje (Cii. 411), MITO MpeACTaB/ba jeqHY Of orpaHmuaBajyhux
(daxkropa 3a mpumeHy oBOT ypehaja. 360r Tora je ypehajem m3ByueH mpenusaH Bak IO
MOBPIIMHY Ha OCHOBY omabpanux Tauaka. MeljycoOHa Bum/buBOCT MepHOr ypehaja u
Mapkepa (reoserckux npusMu) omoryhena je pyunum parmrgurrhaBamem TepeHa. Tauke
cy uzabpaHe Tako jja Oyy TauHO M3HAJ, BIaKa Ay’ KOT je ckeHupaHa nehuna. To je jor
jemua om mepdopmancu ypehaja koja omoryhaBa m00po carjiemaBarbe IIPOCTOPHUX
OZIHOCA TI03€eMHUX U MOBPIINHCKUX O0JIMKA.

Ca. 4. Mepewe ymehajem Leica Nova MS50 (a);
ycaosu npuauxom nodzemoe (6) u nogpwuHckoe ckemupara (u) (cmp. 33)

O6pada nodamaxa

O6paza nobujeHUx NoZaTaKka IoipasyMeBaa je BUllle Kopaka. JoIll Ha TepeHy, y MEPHOM
ypeDhajy, mpoBepaBaHoO je Zia JIi Cy MEpPEHM MOZAIM KOMIUIETHH, OZHOCHO, /1a HEKH JIe0
mpocTopa Huje octao 6e3 mepewma. Mmajyhu y BuAy 71a ce Ha WHCTPYMEHTY MOJAIU
IPUKa3yjy Y MHOTO Mam0j pe3osyIiji (0KO 20.000 Tavaka), IPaBH Pe3yJITaTH Meperba
ce BUJE TeK IPUJIHNKOM yBojjema mopataka y Leica Cyclone mporpam, rae cy oHH
MPUKa3aHU Kao BUIEMWIHOHCKU oOsak Tauaka (Ci. 5). Kopumrhemem oBor mporpama
omoryheno je yuirthewe HenmoTpeOHMUX MoslaTaka (Tauaka) 3a motpebe UCTpaKuBarba.

Ca. 5. IIpuxa3 Ilehune na peyu 3amHu nymem obaaka mavaka (cmp. 34)
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Haxkon ynnrthewa nmopaTka onu cy nmpebauenu y mporpam 3DReshaper. ITomohy wera
je ypahena tpuaHrysanyja mojataka u uspaleH je TpoAMMEeH3UOHATHN Mo/iesia niehue,
pesnke mperusHocty (Ca. 6). Moaen je Bpahen Haszag y Cyclone mporpam, y Kome je
Jlajbe 6mwIo Moryhe BPIIUTH CBa JeTa/bHA Mepema (JyKUHe, BUCHHE, IIUPUHE, YTJIOBU U
Ip.) W ayromMarcku wuspahjuBaTu mpodruie mo 3amatoM ImpaBily. OBakaB Ha4YHH
MO/IeJIOBarba 00jeKTa Ipy»Ka MIMPOKe MOTYNHOCTH 3a J1ajby aHAIU3Y U JI0/IaTHA Meperha,
Koja HuCy 6mia Moryha Ha caMOM TepeHy.

Ca. 6. H3ened 3D modena nehume Ha peyu 3amuu (cmp. 34)
Pe3yjTaTH U JUCKyCHja

Pesynratu mobujeHn MepermruMa Ha MOJiesty ehrHe 3HaTHO ¢y MPEIU3HUjU ¥ TAYHUJU OF,
OHHX JO0WjeHNX paHUjuUM MeperuMa. J[y>KMHa OBe TyHeJICKe IehrHe U3HOCH CBera 142
m. MakcuMayiHa BUCHHA joj mocTike 31 m (Cin. 7 u Ci. 8a), a mupoka je 70 12 m.
TeHepasiHM MpaBall IpyKama KaHasa je 346,/166° (Ci. 7), Koju mpaTH IMyKOTHHY UCTOT
TpaBIia ¥ MPOCeYHOT Haruba 80°.

Ca. 7. IIpogpun nehurne na peyu 3ammu (na ocrosy TJIC mepersa) (cmp. 35)

Jenuy of cnenuduaHOCTH IehyHe IPeACTaB/bajy BE BEJIMKE BUIJIEAN CMEIITEHE HA
ynasy u Ha ussnasy us nehune (C. 8 6;11). Burienu ce Hajla3e Ha MECTUMa Ha KOjuMa Cy
JIHA HEKaJAIUX BPTaya fjoce3asia /10 TaBaHUIE HehnHe, MITo je MPOy3pOKOBAJIO HEHO
ypyiaBame. OcTaly TaBaHHUIIE Ce jOIII YBeK Hasia3e Ha mehuHckoMm any (Co. 81r).

Ca. 8. Ilehuna Ha peyu 3amuu (a), npea sueaed (6) u dpyea sueaed (u) (cmp. 35)

ITehuua Ha peru 3aMHHM je TYHEJICKOT THIIA U uM3rpaljeHa je mpobujambeM CTaJHOT
BOJIOTOKA KPO3 YCKHM Kpe4rhauku rpebeH KOju ce Haymasu Ko yirha YaybamrHuie y
3amuy. Ananuzom uspahenor I'mMCa u TepeHCKHM OcMaTpamUMa 3aKJby4eHO je J1a ce
Jle0 [HA TaJeo[0JIMHe 3aMHe Hajla3u Ha rpe0eHy 3amafHO Of NpaBla IIpYy:Karmba
tynesncke nehune (Ci. 3). JTHo oBe 120 m ayre, o60cTpaHo Bricehe JOIMHE CMEIITEHO je
Ha 292 m H.B., OJTHOCHO, HaJIa3u ce 35 M WU3HAJ JHA perieHTHe noiuHe 3amHe (Ci. 9a,
Tayka 1) ¥ 30M KCITOJ HajBUIIE TauKe Tormorpadcke moBpiirHe Haz nehuHom (ci1. 9a,
Tauka 2). OBo ymyhyje Ha 3HauajHO ycename peke 3aMHe UCIO KoTe o 300 m H.B. To je
YTHIAJI0, KaKO Ha AuMeH3Huje nehrHe Tako W Ha U3rPajiby 1.200 M Ayre U 30-40 m
JyOOKe KIucype y3BomHo of yiasa y nehuny (Ci. 3 u Ci. 96).

Ca. 9. /Tno cyse doaune u Hajeuwa mavxa Haod nehurom (a); kaucypa pexe 3amHe y3eoo0Ho 00
nehuwe (6) (cmp. 36)

Koz KOHTAaKTHOT Kpaca MaJIuX IIOBPIIMHA PeaKIHja IIPU HAaUJIACKy BOJZOTOKA Ha Kpac
MoxKe fia Oyze ABOjaka. Jaduw BOZOTOIM YCIIEBAjy Jia CAaBIAAajy KpAIIKU IPOIEC U
HACTaBJbajy KAa0 KOHTHHYHPAHH IOBPIIMHCKU TOK, IIPU YeMy HACTajy NPOOOjHHYKE
wincype (Munuh, 1963; I'amc, 1974). Cnabuju BOZOTOIM Y jeTHOM TPEHYTKY ITOYHIbY J1a
TIOHUPY ¥ ITOHOBO M30Mjajy Ha MOBPIINHY HAKOH OZpel)eHOr cerMeHTa MOJ3eMHOT TOKA.
OBO je BeoMa UecT CIy4aj KOZ YCKUX KpaIIKux mojaceBa (Lauritzen, 2001), koju cy y
Kapnato-6ankannnuma Cpbuje mpoydyaBaHu Ha HOpuUMepy Kpaca LleBpuHcke rpene
(hanuh, 2008).

JaurHa BOZOTOKA 3aBHCH, KAaKO O/ TPEHYTHUX KJIMMATCKHX YCJIOBa, TaKO U OF
Pa3BHjeHOCTH KpamnIkor mporeca. Tokom mopdosolike eBosynje pesbeda y CIUBY PeKe
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3aMHe KpallKy MpoIlec MMOYNbe TeEK HAKOH epO/IoBaha MAPUHCKUX CeZJUMeHaTa KOju Cy
JIeXKaJd y TOBJIATU TUTOHCKUX Kpeumaka (IlerpoBuh, 1974). ®ayBUjaysiHU HpoOIEC y
nomuan 3aMHe (okonmHa cena IlnaBHa) HacraB/ba fa Oyzle JOMHHAHTaH Uy
KpeumalMa CBe JOK HU3BOJHU KOHTAKT KpeUYmaKa ca MapUHCKUM CeJUMEHTHMa He
6uBa 3HaUajHUje CHUIKEH. JIo TOT TpeHyTKa yCellaHU Cy KJIMCYpacTH JEeJIOBH JOJIUHE
3amMHe U IeHe IPUTOKe YaybalrHuile cumyiataHo (mo Tepace on 30-35 m). Hakon
MHTEH3UBUPamka KPAIIKOT IPOIeca JI0JIa3U 10 MOHUpamha 3aMHe y IyKOTUHY Ha JIECHO]
JIOJIMHCKOj cTpaHu. IIyKOTHHA ce NIpOCTHpe Kpo3 Ieo rpebeH, 1mTo je omoryhasasio
U3BHpame BOJEe HEMOCPeHO HakoH ymha Yaybamuune y 3aMHy. VIHTEeH3UBHpambe
usrpaljuBama TyHesIcKe niehuHe Kpehe o7 TpeHyTKa Kajia YUTaB BOJAOTOK 3aMHe IOUYUEHE
Jla TIOHUpE y OBy IyKOTHHY. HU3BOAHO OZ MOHOpA OCTaje Jla BUCH 10 JTOJIMHCKOT JHA,
KOjU ce Hayla3uo u3Mely moHopa u yirha Yaybamsuie y 3aMHy. YcaryiamaBambe PEUHOT
npodumia pexke 3amHe npeMma yirhy y JlyHaB omoryhaBa 3HauajHO ycelamhe peke 3aMHe
HCIOJ, KOTe oA 300 m H.B. To je yTumasio, Kako Ha JUMeH3HUje NehuHe, TaKO U HA
HU3Tpaziiby 1.200 M AyTe U 30-40 m AyOOKe KIUCype y3BoAHO of nehute (ci. 3; 96).

HampemoBameM Kpalikor mporeca (GopMuipaHe cy HW3HA[A TyHeJICKe nehuHe fBe
nyboke Bpraue, IITO JOBOJAU A0 cjlaMarba MehWHCKe TaBaHHUIlE U (OpMHparba /Be
BUIJIEIH.

3axk/pydak

PesynTatu paHMjUX WCTpaskuBama MpecraBbanu cy IlehwHy Ha peun 3aMHU Kao
npumep jeaHe oy ¢asa y HaCTaHKy mpepacTu. Tazia je MpeTocTaB/heHo Jja je TIOCTOjambe
CyBe [IOJIMHE HaJl TYHEJICKOM IeNMHOM yCJIOB 32 HACTAaHAK IPEPACTH HAKOH ypyIlaBamba
TaBaHUI[E U3a3BAHOT IPOAyDbaBatbeM BPTaya HACTAINX HA JHY cyBe monuHe. Mehytum,
y CBETJIy HOBUX HCTPAXKHUBaba, MOXKe ce 3akbyuuTu Aa je [lehuna Ha peru 3amuu 1o6ap
mpuMep [Aa HpuiaukoM ¢dopMupama IpepacTH ypyllaBarbeM TaBaHWIa IehuHa Huje
006aBe3HO /a Cce HEMOCPEAHO WM3HAJA HpPYy)Ka CyBa AOJMHA. IIPETXOJHO PEUYEHO BaKU
HE3aBHCHO 07 TOra /Aa jiu rnehuHy Ha peru 3aMHU BUAMMO Kao mpepact (IaBpmioBuh,
2005) Win ce OHa Hajmasu y ¢as3u TyHeslcke mehwmHe Koja mperxomu GopMHpamy
MpepacTu.
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