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THE LOWER ALTITUDINAL LIMIT OF THE PERIGLACIAL
CLIMAZONAL BELT ON KOPAONIK MOUNTAIN (SERBIA)

Abstract: The morphostructural relief of the highest parts of the central Kopaonik Mt was
altered by exogenous agents, by denudation as a primary and periglacial processes as a
secondary agent. Previous geomorphological studies were mostly focused on the traces of
the Pleistocene glaciation, although no reliable evidence was found for this. Recent
research, in the part of the mountain above 1,700 m of absolute height, points to
geomorphological phenomena resulting from more recent processes within the periglacial
environment. By means of geomorphological reconnaissance, analysis and mapping of the
highest part of the Kopaonik mountain massif, forms of relief were studied, the ones that
according to their morphology correspond to the periglacial forms and processes described
in the conditions of high latitudes and high mountains. Determining the spatial coverage of
the periglacial belt, especially its lower limit on Kopaonik Mt, is important for understan-
ding the distribution of this climatic morphology both in Serbia and in South East Europe.
The research contributes to one of the primary aims of exploring the concept of the
periglacial zone, in terms of the regional distribution of its specific relief forms.
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Introduction

The concept of "periglacial zone" is thematically and spatially related to the conditions of
high latitudes (zonal phenomenon) and high mountains (non—-zonal phenomenon). It
most often refers to the cold climate zone dominated by the frost process. In the
mountains it can also be defined as a space between the upper alpine timberline and the
snowline (French, 2007). The bases for separating this zone or this mountain belt are
climate factors (temperature and air currents and precipitation), as well as specific
geoecological conditions (presence of permafrost, upper alpine timberline and altitude
vegetation belts, periglacial processes and anthropogenic activities). Very often in the
mountains, periglacial forms, phenomena and processes, their dynamics and
morphogenetic properties are investigated and presented. Basically, the complex
perception of the mountain periglacial climazonal belt should be improved in order to
understand the nature of the high mountains more fully.
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Fig. 1. The position of Kopaonik Mt in the South East Europe (left) and locations of the studied
periglacial phenomena in the central part of the mountain massif (right)
(1—debris flows, 2—high mountain landslides)

Kopaonik is a predominantly medium—-high mountain of the central Serbia where
mountain periglacial climazonal belt is present on its edges. That is why it is interesting
for studying the lower limit of the contemporary periglacial climazonal belt. Periglacial
morphology of Kopaonik Mt has been studied before (Ne$i¢ & Milinéi¢, 2004; Nesié et al.,
2009; Nesi¢ et al., 2017). On the basis of previous results, as well as the recent ongoing
research, the aim of this paper is a complex study of the limits and characteristics of the
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periglacial environment of Kopaonik Mt. This will be done through the presentation of
orography, geological structure, climate, altitude vegetation zonality and analysis of the
observed periglacial morphology and processes in the highest parts of the mountain.

Research methodology

The lower limit of the periglacial climazonal belt on Kopaonik Mt was studied through
field observation and theoretical research. The theoretical framework of the paper
required the application of wvarious scientific methods: field research, analysis,
comparison and synthesis. The results of our long—term field research in this area,
especially those related to relict and recent geomorphological forms and processes, were
used. A qualitative geomorphological relief analysis was performed in the field: location
determination, mapping (standard GPS device) and morphometry (length, width and
inclination). Also, an analysis of the locations and forms of relief was performed according
to the geological conditions of the substrate in which these forms had developed the
determination of their sun exposure and other relevant facts.

Theoretical research included an analysis of the previously published papers, maps
and statistical bases of the Republic Hydrometeorological Institute of Serbia (RHMZ). Of
special interest were the papers that study the problems of geology, geomorphology,
climatology and biogeography in this area. Theoretical research included detailed
analyses of field results and their comparison with the existing thematic maps
(orographic, topographic and geological), drawing of geological structures and processing
of field results.

Orography and geological structure of Ravni Kopaonik area

Kopaonik is one of the highest (2,017 m) and the most extensive (2,758 km?) mountains in
Serbia. Together with the mountains in the surroundings (Zeljin — 1,785 m, Nerade —
1,350 m, Ravna planina — 1,542 m, Go¢ — 1,123 m and Stolovi — 1,375 m) makes the
Kopaonik group of mountains as vast as 3,452 km2 (Milin¢i¢ & Pecelj, 2008). The
mountain massif of Kopaonik is located in the northwest—southeast direction in the
length of 80 km, reaching in its middle part the width of more than 40 km (maximum
width — 63 km). The highest peaks are in the central Kopaonik area: Panci¢ev Vrh (2,017
m), Suvo Rudiste (1,976 m), Karaman (1,936 m) and Gobelja (1,934 m), and the peaks on
the Ravni Kopaonik (163.5 km2) whose height ranges from 1,500 —1,750 m. In this part,
with its altitude and its climate Kopaonik Mt stretches within the lower limits of the
periglacial climazonal belt.

In the geotectonic sense Kopaonik Mt belongs to the transitional Vardar-Dinaride
Zone. The mountain massif is uplifted in the form of a granodiorite mass, of Tertiary age,
which caused the contact metamorphism. This conditioned the complex lithological and
structural structure of the mountain. In the area of Ravni Kopaonik the granodiorite
complex dominates, while on the edges there is mainly a metamorphic complex presented
by a series of agriloschists and chlorite schists with phyllites within which the packages of
calcoschists and marbles are inserted. South of this complex, serpentinized harzburgites,
as a variant of peridotites or ultrabasic deep magmatites, are widely distributed (Urosevié
et al., 1970).



The climate of Ravni Kopaonik area

The main factors that determine climate of Kopaonik Mt are: geographic position,
distance from the sea, altitude, position relative to the prevailing atmospheric circulation
and vegetation coverage. When considering the lower limit of the periglacial climazonal
belt, special importance is given to the altitude and the vegetation complex.

Kopaonik Mt is located in the northern part of the Balkan Peninsula, approximately
in the middle of the northern temperate zone between 42° 43" and 43° 28' latitude, in the
zone influenced by the continental and maritime air masses. It is 150—220 km away from
the Adriatic Sea, and from the Aegean 290—375 km with the Dinaric and Sar-Pindus
mountain systems in between, which reduce the maritime influence. During winters, the
mountain is predominantly under the influence of continental polar air with mostly clear
weather. The summer period is characterized by the alteration of the influence of
continental polar and continental tropical air, which brings cloudy weather and
precipitation. For the transient seasons, the airborne masses alternate (Smailagi¢, 1995).

The highest part of the mountain in the area of Ravni Kopaonik, above the altitude of
1,700 m, covers an area of 20.4 kmz2, or 0.75% of the total surface of the mountain. In this
part of the area, there is a "Kopaonik" weather station (1,711 m above the sea level), at the
site Krst, with a series of observations since 1950 (Tab. 1).

Since the peripheral climatic framework of the periglacial environment is the mean
annual air temperature of less than +3°C (French, 2007), this part of the mountain,
during the observation period 1950—1994, with +2.9°C (Smailagi¢, 1995) could belong to a
periglacial environment. Longer (1950—2001) and shorter (1980—2015) series with mean
annual air temperatures of +3.4°C (Smailagi¢, 2002) and +3.8°C indicate that this space
is climatologically outside the influence of the periglacial environment.

Tab. 1. Average monthly and annual air temperatures on Kopaonik station (C)

Period I II Im [ 1Iv. | v | VI | VII |VIII| IX | X | XI | XII |Year
1950-1994 6 |-52|-27 |13 |62|95 (116|119 | 85 | 4.3 |-0.1|-3.8| 29
1950-2001 | -4.5 | -5.2 | -2.5 | 1.5 | 6.6 | 10.1 |12.3 | 12.4 | 8.9 | 4.9 |-0.5 | -3.6 | 3.4
1980-2015 | -4.6 | -5.0 | -2.2 | 2.0 | 7.2 |10.6 |12.8 |13.0 | 9.0 | 5.1 | 0.4 | -3.4 | 3.8

Sources: 1950-1994 (Smailagic¢, 1995), 1950-2001 (Smailagi¢, 2002) and 1980-2015 (RHMZ)

The frost days on Ravni Kopaonik occur during the colder part of the year, on average
172 days, of which 74.3 are frosty, and the number of days with strong frost is 38.9
(Smailagi¢, 2002). The absolute minimum air temperature on Kopaonik Mt was recorded
on January 25, 1954, —26.6°C, and the absolute maximum temperature was on July 4,
2000, +28.6°C (Smailagi¢, 2002), so that the absolute temperature amplitude is 55.2°C.
On Ravni Kopaonik, on average the snow cover lasts for 212 days, while its duration at
Panciéev Vrh peak is 180 days (Smailagi¢, 1995; 2002). The uneven duration of the snow
cover is conditioned by the sun exposure of the slopes, the exposure of the relief to the
winds, and the vegetation coverage. Starting from the standpoint that the negative
temperature has the greatest effect on the substrate during the frost days, without ice and
snow days, the concept of frosty potential was introduced (Belij et al., 2004), which is 15.2
days for Kopaonik Mt (Nesi¢ et al., 2009).



Tab. 2. Average monthly and annual amounts of precipitation on Kopaonik station (mm)

Period I I 111 IV | V | VI |VII |VIII| IX | X | XI | XII | Year
1950-1994 | 55 | 54 | 61 | 72 |111 | 117 | 95 | 79 | 68 | 69 | 73 | 62 | 018
1950-2001 | 56 61 71 89 (116 |109 | 89 | 79 | 78 | 61 | 83 | 72 964
1980-2015 | 63 64 83 96 (115|102 | 92 | 70 | 94 | 80 | 74 | 75 | 1,008

Sources: 1950-1994 (Smailagi¢, 1995), 1950-2001 (Smailagi¢, 2002) and 1980-2015 (RHMZ)

On Kopaonik Mt, in the period 1950-1954, the average annual rainfall was 918 mm
(Tab. 2), mostly in the warmer part of the year within the Danube variant of the
continental rainfall regime. The average monthly (especially during the winter season)
and annual rainfall indicate a growth tendency. Longer (1950—2001) and shorter (1980—
2015) series show that the annual sum of the precipitation increased by 46 and 9o mm
respectively. The wind on Kopaonik Mt most often blows from the south-southwest
direction with the highest speeds from the south-southeast direction (Smailagié¢, 2002).
According to Koppen’s climate classification, the area of Ravni Kopaonik has a moderately
cold or boreal climate of the Dfc type.

Upper limit of the forest and vegetation belts of Ravni Kopaonik area

Distribution of vegetation in the area of Ravni Kopaonik, apart from the influence of
climate, has been significantly determined (changed) by anthropogenic activity. Some of
them date from millennia ago, beginning with the ancient, and then medieval mining and
metallurgy. Intensive forestry and cattle breeding decreased during the second half of the
20th century. Over the past half century, the influence has been predominantly shaped by
activities related to the development of tourism and infrastructure for a ski resort.

Based on the literature data and photo documentation, the upper limit of forest or the
upper line of the high trees growth has been significantly altered and fragmented. In the
middle of the 20th century it was at different heights from 1,500 to 1,900 m. The
temperature analysis in several surrounding climate stations and the mean value of a
thermal gradient of 0.61°C indicates that the isotherm of the hottest month, as the climate
upper limit of tall trees, is at a height of over 2,000 m (Nesi¢ et al., 2009). This means
that under natural conditions, even the highest parts of the mountain would be under
high trees, or that the upper limit of the forest would be orographic under the influence of
the limiting factor of strong winds on the mountain peaks and boulders.

In this area, above 1,550 m of absolute height, a belt of beech forests is replaced by
thick coniferous forests, predominantly the spruce forests, which also form the highest
forest belt. It is here most typical of all the mountains of the Balkan Peninsula. They grow
best and are most commonly developed on the granitoid substrate. On the limestone
substrate (the gorges of Brzetka and Gobeljska Rivers), less productive but floristically
richer spruce forests were developed (Misi¢ et al., 1985).

The area of Ravni Kopaonik is characterized by two altitudinal vegetation belts with
the prevailing belt of the boreal spruce forest (Picea excelsa) in the Samokovska river
basin and on the slopes of Suvo Rudiste, Karaman and Gobelja and the upper belt of
juniper forest (Juniperus nana), blueberries (Vaccinium myrtillus) subalpine spruce
(Piceetum subalpinum) as a transitional belt or a zone of degradation of the upper forest
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limit to the highest mountain boulder. Remarkably large areas without forests are on the
southern slope of Gobelja and Suvo Rudiste with pastures and sporadic flattened juniper
and subalpine spruce trees. Significant reduction of pasture livestock and forestry
activities, during the second half of the 20th century, the phenomenon of the rise of the
upper forest limit was observed (Filipovi¢, 2002). More recent activities on the
infrastructure construction of the tourist center of Kopaonik resulted in significant
fragmentation of forests, especially at the contact line of the two vegetation belts on the
upper limit of the forest.

Periglacial relief of Ravni Kopaonik area

Morphostructural relief of Ravni Kopaonik has been altered by exogenous processes,
mostly by relict denudation and during cold phases by mass wasting. In contemporary
relief, the mountain peaks are rounded, and on the slopes and their foothills there are
deposits of blocks and remnants. Slope deposits are relict when they are covered with soil
and vegetation or are affected by recent solifluction when they are "exposed". In the lower
parts of Ravni Kopaonik and the mountain slopes, the fluvial relief dominates with
shallow valley peaks in the spring areas and deep valleys on the mountain slopes.

Relict slope depositions can be seen on the edges of the slopes or on the surface of
Ravni Kopaonik at the source of the Samokovska River, where large granodiorite blocks
are found on the surface. Significant covered valley deposits were noticed at Nezarovaca
between peaks Panci¢ev Vrh and Nebeske Stolice, where they correspond to the valley
kurum (Timofeev & Vtyurina, 1983).

The exposed mountain depositions, mostly washed away by suffosion, have been
affected by solifluction processes, i.e. by slow mass wasting process. Phenomena such as
thermogeno-solifluction landslides have been detected and described at the springs of
Samokovska, Velika and Duboka Rivers (Krémar), in the altitude zone from 1,770 to 1,940
m above sea level (Nesi¢ & Milinci¢, 2004). The nature of these landslides is not quite
clear, but it is likely that they correspond to the type of suffosion solifluctions in the
springs, or more precisely in areas of increased humidity (Fig. 2).

Fig. 2. Thermogenic-solifluction landslide on the southern slope of Gobelja (Author: D. Nesi¢)



On the southwestern slope of Suvo Rudiste, in the altitude belt above 1,750 m, the
occurrence of rock streams of the solifluction type of movement with solifluction arches
(ramparts) at the front and partially on their sides has been recorded (Nesi¢ et al., 2009).
The assumption is that these rock flows show a pattern of solifluctional movement in
climatically very dynamic conditions of the south exposed slope under the influence of
several processes: sliding, thermogenic and cryogenic desorption, and possibly plastic
deformation of the ice erosion horizon (Tyurin et al., 1982). On the northwestern slope of
Nebeske Stolice peak (1,913 m) towards Nezarovaca, the appearance of rock flows with
rudimentary occurrences of frost sorting and selective colluvial launching of the surface
remnants has been recorded.

Fig. 3. Rock flows on the southern slope of Suvo Rudiste and relict (covered) slope depositions on
Nezarovaca (Author: D. Nesi¢)

The sporadic appearances of sliding blocks on the eastern slope of Panci¢ev Vrh peak
in the altitude belt from 1,950 to 2,000 m also belong to the solifluction domain, whereas
rudimentary phenomena of frost sorting of fine remnants have been noticed on the
protruding parts of Suvo Rudiste, Karaman and Mala Gobelja (1,845 m).

Of the relict periglacial forms the cirque depressions described by Gavrilovi¢ (1976)
in the area of Krémar, Siroki do and Ledenica on Karaman and on the eastern side of
Gobelja should be mentioned, which, without sufficient evidence, he classifies as a
Pleistocene glacial relief. There are also sporadic shallow-level depressions that
morphologically differ from the before mentioned cirque depressions.

Especially important are relict Cryoplanational terraces south of Ravni Kopaonik.
The most typical are the ones on the southeastern slopes of Bugarin (1,636 m), Nebeske
stolice peak (1,913 m) and the Bedirovac (1,782 m) in the serpentinite metamorphic
complex (Nesi¢ et al., 2017), which have been so far a unique phenomenon in the relief of
Serbia. The described relic Cryoplanational terraces of Kopaonik Mt were formed at some
stage of extremely cold climate, perhaps during the last glacial maximum (LGM). More
reliable knowledge will only be possible after extensive regional research has been
conducted.



Fig. 4. Solifluction rampart at the top of the rock flow at Suvo Rudiste
(Author: U. Milincié)

Discussion

Based on previous remarks, the lower limit of the periglacial climazonal belt on Kopaonik
Mt, but also in general, needs to be proven climatologically, geoecologically and
geomorphologically. When all these aspects are considered, this limit is boundary and
zonal, with a tendency of increasing the height of the lower limit of the periglacial
climazonal belt. Statistical indicators of mean annual air temperatures, for more recent
monitoring sequences, point to the potential "climate warming" of Ravni Kopaonik. In
connection with this is the movement of the upper forest limit that is also proven
climatically, but also ecologically with the occurrence of the suppression of the belt of
flattened juniper, blueberries and and subalpine spruce (Filipovi¢, 2002). The
geomorphological phenomena of possible active solifluctions at the river springs or in the
rock flows of Suvo Rudiste, agree with the understanding that the climate framework of
the periglacial environment (zone) closely follows the approximate limit of the solifluction
process (Williams, 1961 as cited in: French, 2007).

Research from North America (Harris & Pedersen, 1998 as cited in: Wilson, 2013)
has shown that the mean annual thermal regime of active rock flows for 4—7°C is lower
than the surrounding land. Other research from Central Asia based on the mean annual
thermal regime of air in rock deposits lower than the environment by 2.5-4°C, indicates
that the occurrence of seasonal permafrost is also possible in conditions of a mean annual
air temperature of +4°C (Gorbunov et al., 2004 as cited in: Wilson, 2013), which is
probably also characteristic of the rock flows of Suvo Rudiste.
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The presented indicators demonstrate that the solifluction phenomena on Kopaonik
Mt are non—zonal in the boundary climate framework of the climazonal periglacial belt.
This statement is potentially useful for completing the image of the evolution of
periglacial landscapes on the mid-high mountains of the Balkan Peninsula.

Conclusion

Research results indicate that the lower limit of the periglacial climazonal belt is a
complex phenomenon that can be considered geomorphologically, climatologically,
geoecologically, but also from the aspect of anthropogenic activities. In the case of
Kopaonik Mt, the lower limit of the periglacial belt is at 1,700 m according to the
determined non-zonal periglacial forms and phenomena.

The lower limit of the periglacial climazonal belt on Kopaonik Mt has a tendency to
increase its absolute height under the significant influence of changes of global and local
geoecological conditions of the environment. In addition to the predominant natural
predispositions, an important factor that determines this limit is anthropogenic activity,
both in the past and in the present. First of all, it significantly influenced the layout of
altitude vegetation belts. Another human activity is the phenomenon of “global warming”
under the influence of greenhouse gas emissions, provided that this effect and factor are
correct. The fact is that the statistical indicators of mean annual air temperature on Ravni
Kopaonik indicate the warming of climate. Solifluction phenomena on the mountain agree
with the theoretical postulates about the nature of such phenomena in the sense that their
non-zonal development is possible even below the boundary framework of the periglacial
climazonal belt.

Research of the lower limit of the periglacial climazonal belt on Kopaonik Mt
indicates its significant sensitivity and conditionality to changes in the physical and
geographical conditions of the mountain environment. In the case of boundary relations,
as in Kopaonik Mt, changes in the recent frameworks of the periglacial environment can
be monitored as a contemporary indicator of the geoecological state of high mountains.
Based on the presented facts, it can be concluded that monitoring of the lower limit of the
climazonal belt is important for understanding the global, but also local environmental
framework on high mountains of this part of the Balkan Peninsula, but also in general.

© 2019 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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JOIbA TPAHUIIA ITEPUIVIAIITNJAJTHOT
KJINMMA3OHAJIHOTI IIOJACA HA INTAHNHH KOITAOHHUK
(CPBUJA)

Ancrpakr: MopdocTpyKTypHH pebed HAjBHINMX JieJ0oBa LeHTpaiaHor KomaoHuka je
HU3MemeH ersoreHNM areHCHUMa, AOMHHAHTHO IEeHYAALUjoM, a CEeKyHJAapHO U Ilepuria-
nujasHUM 1npouecuMma. PaHuja reomopdoJsiomika ucTpakuBama Cy Hajuerrhe Oruta
ycMepeHa Ha TparoBe IUIEHCTOIIEHe Tjalfjalyje, Uako 3a TO Hucy HaljeHH moyszaHu
nokasu. HoBuja mcTpakuBama, Ha Jieyly IUIAHHMHE H3HAZ, 1.700 M alcoJyTHE BUCHHE
ynyhyjy Ha reomopdoJonike I0jaBe Koje Cy IMOCJIeAHIla PElEeHTHUX Ipoleca Iepu-
rIanyjanae cpeauHe. ITocTynikoM reoMop@osIOMKOTr PeKOTHOCHMpPAaka, aHAIU3Upaka U
KapTUpama HajBUIIEr Jejla IUIAHHHCKOT MacuBa KollaoHHMKa TpeTHpaHU cy OOJIHIU
pepeda koju mpeMa cBOjoj MOPGOJIOTHjU OATrOBapajy MEepUIIAlUjaHUM ObJuIUMa U
TpolecuMa OIMCAHUM y YCJIOBHMA BEJIMKUX reorpad)CKux IMPHUHA M BUCOKUX IUIAHMHA.
JleTepMuHUCabe IPOCTOPHOT 00yXBaTa MEPUIJIAIMjATTHOT H0jaca, IOCEOHO HHEeroBe JI0He
rpaHune Ha KonaoHHKy, 3HAa4YajHO je 3a II03HABam€ PACIPOCTPAEha OBE KIUMAaTOTEHE
mopdoutoruje kako y Cpbuju Tako u y Jyroucrounoj EBponu. cTpakuBame mpecTaBba
JIOIIPUHOC jeJTHOM OJ1 IIPUMapHHUX I[WJbeBa UCTPAKUBAha KOHIENTA [IEPUTJIAIUjaIHE 30HE,
V CMUCJIY PETMOHATHOT PACIPOCTPakhekha lheHNX crienudIHuX GopMHu pesbeda.

K/byuHe peumn: nepurianujasna 30Ha, KomaoHuk, KJnMa, Bereranuja, pebed

1 dragan.nesic@zzps.rs (ayTop 3a KOPECIIOH/IEHIIH]Y)
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Konuent "nepurianujaiHa 30Ha" je MpobJIEMCKH U IIPOCTOPHO Be3aH 32 YCIOBE BEJTUKHIX
reorpadCKUX INHpHHA (30HAJIHA II0jaBa) M BHCOKMX IIaHMHA (Q30HATHA IIOjaBa).
Hajuenrhe ce oxHocH Ha mojac xJIaziHe KJIMMe y KOMe JOMHUHUpa MpasHHU npouec. Ha
[JIaHWHaMa ce MoXke JiepUHMCaTH U Kao IPOCTOp u3Melly ropme IIyMcKe IpaHMIE U
cueskue rpanuie (French, 2007). OcHOB 3a u3/iBajame OBE 30HE WIH IUIAHUHCKOT II0jaca
¢y wimMaTcku (dakropu (Temmepatypa U CTpyjarbe BasAyXa U INa/laBUHE), I U
crenuUIHY Te0eKOJIOIKY YCI0BH (IIPHCYCTBO IepMadpocTa, FOpha IIIyMcKa IPaHUIA U
BUCHHCKH BeTeTAINjCKU II0jaceBH, IEPUTTIANMjaHNA IPOLECH M AHTPOIIOTeHE AKTHB-
HOCTH). Bpsio wecTto Ha IJIaHMHAMA Ce HCTPAKYjy W IIPE3EHTUPAjy IepUTJIalHjaTHU
001Uy, TI0jaBe M MPOIECH, FBUXOBA AUHAMHUKA M MOP(]OTeHeTCKa CBOjCTBA. YTJIABHOM,
130CTaje KOMILIEKCHO CarJie/iaBaibe IUIAHWHCKOT MEepUTJIAlUjaTHOr KJIMMa30HAIHOT
rojaca y iby IMOTIIYHUjeT pa3dyMeBaba MPUPOie BUCOKUX IVIAHUHA.

Ca. 1. Hoaoxcaj Konaonuka y Jyzoucmounoj Egponu u nokayuje ucmpaicusaHux nepuaayujattux
nojasa Ha YeHMpPaAHOM 0eay NAAHUHCKO2 Macuea (1- KamMeHu MOK08U, 2- BUCOKO NAAHUHCKA
Kausuwma) (cmp. 2)

KomaoHuK je JOMUHAHTHO Cpe/ibe BUCOKA IUIaHMHA IfeHTpasiHe CpOuje Ha K0joj je y
rPAHUYHUM OKBUPHMMA 3aCTyIUbEH IUIAHWHCKU MEPUTJIANMjaIHN KIMMa30HAIHHU I10jac.
3aTo je OHa MHTEpPECAHTHA 32 PA3MAaTPabe /I0Ibe IPAHUIE CABPEMEHOT MTEPUTJIAIII]ATTHOT
KJIMMa30HAJHOT Tojaca. Ilepurtanujaina mopdosioruja Komaonuka 6uia je mpeaMer
HCTpakuBamba y Buiiie HaBpaTa (Hermuh & Muiununh, 2004; Hemuh et al., 2009; Nesié
et al, 2017). Ha ocHOBamMa MpeTXOAHUX pe3yJITara, Ka0 U HOBUX KOHTHHYUPAHUX
HCTPAKUBAha, Wb PaJia jeé KOMILJIEKCHO Carjie/laBame TPAHUYHUX OKBHPA U KapaKTe-
pucrika nepurianujaiie cpequde Komaonwka. OBo he GUTH yUHIBEHO KPO3 IPHKA3
oporpaduje, reosoiike rpalje, KJuMe, BUCHHCKE BereTalujcKe 30HATHOCTH M aHAJIU3E
KOHCTAaTOBaHe Mepurianujaine Mopdosorije W Impoleca y HAJBUMIMM JI€JIOBHMA
[JIAaHKHE.

MeTopos10THja HCTPAKUBaKHa

Jloma rpaHuIia MepUIIANHjaTHOT KIMMa30HAJIHOTr ojaca Ha KomaoHUKy mpoy4aBaHa je
TEPEHCKUM U KaOHMHETCKUM MeTo/laMa UCTPAKUBAaMa. TeOpeTcKy OKBUD Pasia je YCIIOBUO
HIPUMEHY PA3IHUUTUX HAYYHUX METO/IA: TEPEHCKA UCTPAKUBAha, aHAIN3a, KOMIIapaluja
u cuHTe3a. KopuirheHu cy pesysTaTti HaIIuX JyTOTOAUIIBUX TEPEHCKUX UCTPAKUBAMA
HA OBOM IIPOCTOPY, ITOCEOHO OHUX BE3aHHUX 33 PEJIUKTHE U PElleHTHe reoMopdOJIoNIKe
obuke u mporiece. Ha TepeHy je cipoBeZieHa KBaJIMTAaTHBHA TeOMOP(OJIONIKA aHATH3a
obsinka pesbeda: Jorupaibe, Kaptupame (cranmapanu GPS ypehaj) u mopdomerpuja
(myxuHa, mupuna u Harub). Takohe, n3BpiIeHa je aHaM3a JIOKanyja u 06IuKa pesbeda
IpeMa TeOJIOIIKUM YCJIOBUMA IOZJIOTE y KOjOj Cy Pa3BUjeHU OBU OOJIMIIM, YTBP)UBAIbE
P UXOBE €KCIIOHUPAHOCTH U IPYTUX PEJIEBAHTHUX UHEHEHUIIA.

KabuHeTcka ucTpaxuBama cy [oipa3yMeBayia aHaIu3y 00jaB/heHHUX PasioBa, KapaTta
U CTAaTUCTHUKUX 0asza PemyOsmukor xujpomereoposomkor 3aBoga CpbOuje (PXM3).
ITocebHO cy aHaJIM3WpaHU paJlOBH KOjHU HA OBOM IIPOCTOPY TpETUpajy mpobieme
reosoruje, reomopdororuje, kaumarosaoruje u 6uoreorpaduje. On KaOMHETCKUX MeToZA
MPUMEBEHN Cy HOCTYIIM [JeTa/hHUX aHAJIN3a TEPEHCKUX pe3y/ITara ca MocTojehnm
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TeMaTCKUM Kaprama (oporpadcke, Tormorpadcke U TeosIOIIKe), U3pajia CKUlla 1 o6paja
TePEeHCKUX pe3yJITara.

Oporpaduja u reosromka rpaha Pasaor Komaouuka

KomnaoHnuk je jemua oj Hajsumux (2.017 m) u HajupocrpaHujux (2.758 km?) mianuna
Cpbuje. 3ajequo ca wianuHama y okpyxkemwy (PKessun — 1.785 m, Hepahe — 1.350 m,
PapHa maHvHA — 1.542 m, I'ou — 1.123 m u CTos10BH — 1.375 m) YnHU KOMaoHUYKy Tpymy
IUTAHWHA YKyITHE MOoBpIInHE 3.452 km2 (Mutuauuh & Ileness, 2008). [I1aHUHCKY MacHB
KomaoHuka Tmpy:ka ce IpaBIEeM CeBepOo3amaj-jyrOMCTOK Ha AyXKUHU ox 80 km,
JocTikyhu y cpefseM zesty mupuHy Behy on 40 km (mMakcumasnna mupuaa — 63 km).
Hajsehe BucuHe noctinke y npezneny nenrpaiasor Komaonuka: ITanuuheB Bpx (2.017 m),
CyBo Pymumire (1.976 m), Kapaman (1.936 m) u I'oGespa (1.934 m), BpXoBa KOjHU ce
u3amKy ca nospinu PapHor Komaonuka (163,5 km?) Bucune 1.500-1.750 m H.B. Y OBOM
JleJIy CBOjOM BHUCHHOM U HOME YCJIOB/BEHOM KJIMMOM KOIMaoOHHWK yJsia3u y OKBHUpPE JIOHE
TpaHUIle MEPUTIIANHjATHOT KIIMMAa30HATHOT Mojaca.

¥V reorexroHckoM cmuciy KomaoHuk mpumana mpesaszHoj Bapzmapckoj 30HH mpema
Junapunauma. ITaHUHCKY MaCHB je U3AUTHYT y BUY IPAHOAMOPUTCKE Mace, TepIUjapHe
CTapOCTH, KOjU je MHTPOAYKOBAKEM U3BPIINO MeTaMopdu3aM KOHTAKTHOT apeana. OBoO
je YCJIOBUJIO CJIOXKEHY JIUTOJIONIKY U CTPYKTypHy rpal)y ruiaHune. Y mpezeny PaBHor
Komaonuka fOMHUHUpaA KOMILIEKC TPAHOAMOPHTA, 0K je II0 000y 3aCTyI/beH YIJIaBHOM
MeTaMOpGHU KOMIUIEKC TIPEJICTAB/beH CEPUjOM CEPUIUTCKHX U CEPHIIUTCKO-XJIOPUTCKUX
IIKpHU/bana ca GIINTIMA y OKBUPY KOJUX CY YMETHYTH IAKETH KAJIKIIUCTa U MepMepa.
JyKHO O OBOI KOMIUIEKCA BEJIMKO PpAaCIPOCTPAmele HMajy CepIeHTHHHCAHU
XaplOypruTH, Kao BapHjeTeT MePUAOTUTA WIH YJATpaba3WdHUX JyOWHCKHX MarmMaruTa
(Urosevi¢ et al., 1970).

Kianma Pasaor Konaonuka

I'naBHu ¢akropu Koju ycjaoBpaBajy kiauMy KomaoHuka cy reorpadCky IIOJIOXKaj,
yIQJBEHOCT O MOpa, HAaJMOpCKa BHCHHA, IOJOXKA] Y OAHOCY Ha mnpeosnahyjyhy
UPKyJIanujy arMocdepe U MOKPUBEHOCT BETETANMjOM. 3a pa3Marpambe JOe TPAHHUIIE
HMEPUIVIALMJATHOT KJIMMA30HAJHOT II0jaca mocebaH 3Havaj UMajy HagMOpCKa BHCHHA U
BETeTAlOHN KOMILIEKC.

KomaoHuK je JonmupaH y ceBepHOM ey BaJKaHCKOr IOJIyOCTpBa, MPUOJIILKHO Y
CpeIMHKM CEeBEpHOT yMmepeHOr mojaca usamely 42° 43' u 43° 28' ceBepHe reorpadcke
MIpUHE, ¥ 30HU YTHIAja KOHTMHEHTAJIHUX W MapUTHUMHHX BazaymiHux wmaca. Of
JazpaHckor Mopa je yaasbeH 150-220 km, a of Erejckor 290-375 km ca JluHapckum u
[IapcKo-TUH/ICKUM TJIAHMHCKUM CHCTeMHMa u3Mel)y, KOju cMambyjy MapUTHMHH YTHUIA].
ToxoM 3uMe IJIaHWHA je JOMUHAHTHO MO/ YTHI[ajeM KOHTHHEHTATHOT TI0JIAPHOT Ba3/yXa
ca TPETEXKHO BEIPUM BpeMeHOM. JIeTibM IEepUoj KapaKTepHIlle CMeHmUBaIbe yTHIaja
KOHTHHEHTAJTHOT TI0JIADHOT ¥ KOHTUHEHTATHOT TPOIICKOT Baz3/lyXa, KOjU JJOHOCE 00JIauHO
BpeMe U TaJaBuHe. 3a IMpesia3Ha TOAUIIba /1002 KapaKTEPUCTUIHO je CMEHUBAbe
MOMeHyTHX Basayiraux maca (Cmawtaruh, 1995).
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Hajsumu sieo nianvHe y npesiesy PasHor KonaoHuka, m3Haj BUCHHE 0ff 1.700 m,
3axBaTa IMOBPIINHY Off 20,4 km2, wiu 0,75% yKyIIHe MOBpIKHE 1aHuHe. Ha oBom ey
IIpocTopa ce Haja3Ww W MeTeoposomka craHuna "Komaommk" (1.711 m H.B.), Ha
snokayurety Kper, ca HU30M ocMaTpama o7 1950. roxune (Tab. 1). Kako je rpaHUYHU
KJINMATOJIONIKA OKBHpP IIEpUIJIAl[jaIHE CPEAMHE CPE/ba TOAUIIEA TEMIIEPATypa
Bazzayxa mama of +3°C (French, 2007) mpoucruye fa je 0Baj /10 IUIAaHUHE, Y IEPHOIY
ocMaTpama 1950-1994. roxmuHe, ca +2,9°C (Cmammarwh, 1995) MOrao IpUIIAATH
MepUIIANVjaIHoj cpeauau. [ly:xu (1950-2001) u kpahu (1980-2015) HU30BH ca CPEAHUM
TOAUIIBPUM TeMIlepaTypamMa Basayxa of +3,4°C (Smailagi¢, 2002), omHocHO +3,8°C
yKagyjy Zia je 0Baj MPOCTOP KJIMMATOJIONIKY M3BaH YyTUIIAja IIEPUTIIAIIjaTHE CPEVHE.

Tab. 1. Cpedrve meceure u 2oduwrve memnepamype 8azdyxa ha cmanuyu Konaonux (°C)

ITepuog, I I Im [ v | Vv VI | VII | VIIT | IX X XI | XII | Tox.
1950-1994. | -6 |-52 | -2,7 | 1,3 | 6,2 | 9,5 [ 11,6 | 11,9 | 8,5 | 4,3 | -0,1 | -3,8 | 2,9
1950-2001. | -4,5 | -5,2 | -2,5 | 1,5 | 6,6 | 10,1 | 12,3 | 12,4 | 8,9 | 4,9 | -0,5 | -3,6 | 3,4
1980-2015. | -4,6 | -5,0 | -2,2 | 2,0 | 7,2 | 10,6 | 12,8 | 13,0 | 9,0 | 5,1 | 0,4 | -3,4 | 3,8

HW3Bop: 1950-1994. (Cmamnaruh, 1995), 1950-2001. (Smailagié, 2002) 1 1980-2015. (PXM3).

Mpasuu ganu ce Ha PaBHOM KomaoHUKy jaBsbajy TOKOM XJIaJHHjEr fiejla TOUHE,
TPOCEYHO 172 JlaHa, Of] 4yera je 74,3 JiefieHuX, a Opoj JaHa ca jakuM MpaszeM je 38,9
(Smailagi¢, 2002). AncosyTHa MHUHUMaJIHA TeMIeparypa Ba3ayxa Ha KomaoHUKy
3a0esiexkeHa je 25.01.1954. TofuHe of -26,6°C, a alCoJIyTHO MaKCHMaIHa 04.07.2000.
roguue ox +28,6°C (Smailagi¢, 2002), Tako 7a je ancosyTHa TeMIepaTypHa aMIUIUTyZa
55,2°C. Ha PaBHOM KOmaoHWKYy CHeXXHU MOKPHBA4 IMPOCEYHO Tpaje 212 JiaHa, JIOK je
BHEroBo Tpajame Ha IlanunheBom Bpxy 180 mana (Cmawtaruh, 1995; 2002). HejemHako
Tpajalkhe CHEKHOT TOKpHBada YCIOB/BEHO je eKCIIO3WIIMjOM MajJrHa, W3JI0KEHOINy
pemeda BeTpy u obpacyorrhy mosore Bereraiujom. Ilosazehu o craBa a HeraTHBHA
TeMIlepaTypa uMa HajBehu edekaT Ha MOZJIOTY TOKOM Mpa3HUX JJaHa, 6e3 Je/IeHUX U JJaHa
ca CHEeXKHUM TIOKpHBaueM, YBeJIeH je mojam mpasuu noteHimjan (beiyj et al., 2004), koju
3a Kommaonuk usHocu 15,2 gana (Hemwuh et al., 2009).

Tab. 2. Cpedrve meceuHe u 200ullkbe KoAUHUHe nadasuHa Ha cmaHnuyu Konaonuxk (mm)

Iepuog, I II III | IV | V | VI | VII |VIII| IX | X | XI | XII | Toga.
1950-1994. | 55 54 61 72 |11 | 117 | 95 | 79 | 68 | 69 | 73 | 62 | 918
1950-2001. | 56 61 71 89 |116 /1109 | 89 | 79 | 78 | 61 | 83 | 72 | 964
1980-2015. | 63 64 83 96 | 115 102 | 92 | 70 | 94 | 80 | 74 | 75 | 1.008

U3Bop: 1950-1994. (Cmannaruh, 1995), 1950-2001. (Smailagi¢, 2002) u 1980-2015. (PXM3).

Ha KomaoHuKy ce y nepuoay 1950-1994. TOAMHE IIPOCEYHO TOAUINEGE HU3IYIHBAIIO
918 mm nagasuHa (Tab. 2) u To BUllle Y TOIUIHjEM eIy TOJUHE Y OKBUDY MOAYyHABCKE
BapHjaHTe KOHTUHEHTAIHOTI pexuMa mnajiaBuHa. Cperme MeceuHe (HAPOUYUTO TOKOM
3MMCKe Ce30He) U TOAUIIbe KOJIWUYUHE IaJaBUHA IOKasyjy TeHAeHIujy pacra. dyxu
(1950-2001.) u kpahu (1980-2015.) HM30BU YKa3yjy [a Ce TOAHUIIEA CyMa TaJyora
mosehasna 3a 46, ogHocHO 90 mm. Berap nHa KomaoHuky Hajuemthe myBa w3 jy»KHOT-
jyroszamagHor mpaBna ca HajBehum 6p3uHamMa u3 jyKHOT-jyTOMCTOYHOTr IIpaBIa
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(Smailagi¢, 2002). Ilpema KemeHoBo] kiacudukanuju kauMara Moapydje PapHor
KomaoHrka uma yMmepeHo XJ1aiHu win 6opeaanu kiaumat Dfc Tumna.

Topmba rpaHMIa IyMe U BereranuoHu nmojacesu Pasnor Konaonuka

Pacopocrpameme Bereranuje Ha mpocropy PaBHor KomaoHuKa, OCHM IO, YTHIIQjeM
KJIMMe, 3HAa4ajHO je oxpeljeHo u anTponorenom aesarHoirhy. [Tojeaune 1e1aTHOCTH CEXKY
JABHO Yy IIPOIJIOCT, IIOYE€B OJ AHTHUYKOI, a 3aTUM U CPEAIEBEKOBHOI pyJapCTBa U
Metanypruje. IHTEH3UBHO [IyMapCTBO M CTOYAPCTBO CE CMarbyje TOKOM J[PyTe MTOJIOBHHE
20. Beka. [Toceibux 1MoJia BeKa Jby/ICKe aKTUBHOCTH Cy IIOBe3aHe ca Pa3BojeM Typu3Ma U

nHDpACTPyKType Yy PYyHKIIJU CKUjaIuIITa.

Ha ocHOBy JuTepaTypHuX mojiataka u (GHOTO JAOKYMEHTalldje 3aK/bydeHo je Ja je
ropma IpaHMANA IIyMe IJIM TOpHa JIMHWja BHCOKOT ApBeha 3HA4YajHO HW3MeEmeHa |
(parmenroBana. CpequHOM 20. Beka Owia je Ha pasjd4WTHM BHCHHAMa Of 1.500 [0
1.900 m. AHa/iM3a TeMIlepaType ca BHUIIlEe OKOJIHUX KJIMMATOJIOIIKKUX CTAHUIA U Cpeha
BPEIHOCT TEPMUIKOT TPajidjeHTa oA 0,61°C yKasyje Jla ce U30TepMa HajTOIIHjer Mecena,
Kao KJIMMAaTCKa TOpba TPaHUIa BUCOKOT ApBeha, Hajla3u HA BUCHHH O IIPEKO 2000 m
(Hemwh et al., 2009). OBo 3HauM 7a 6W y IPUPOJHUM YCJIOBHMA M HAjBUINU JI€JIOBU
IUTaHWHe OWIM ToJ| BUCOKUM JpBeheM, win OM Tafa TOplka TpaHUIA IIyMe Omia
oporpadcka moz yrunajem suvurupajyher gaxropa jakux BeTpoBa Ha IUIAHWHCKHUM
BPXOBHMMa U OMIHMA.

Ha oBoMm mpocropy, u3Ha/i 1.550 m arcoIyTHe BUCHHE, 0jac GYKOBUX IIIyMa CMEYjy
TycTe YeTHHAPCKe IIIyMe, IOMHHAHTHO CMpYe KO0ja je yjeHO ¥ HajBHUIIM IIyMCKH I0jac.
CMmpua je OB/e HAJTUNHYHHUje M3PAKEHA OJ] CBUX IUIAHWHA BaJKaHCKOr IMOJIyOCTpBA.
Haj6osbe u Hajuemnrhe ¢y pasBHjeHe Ha TPaHUTOMAHOj MOmIo3u. Ha Kpeumbaruma
(xmucype bpaehke u Tobe/bcke peke) cy pasBUjeHE Mambe IPOAYKTHBHE aJId
dopucruuku 6oratuje myme cmpue (Mumuh et al., 1985).

ITpocrop PaBHOr KomaoHuKa KapaKTepHINy /Ba BHCHHCKAa BeTeTAlMjCKa Iojaca ca
JIOMHUHAHTHUM II0jacoM OopeasiHe IIyMcKe 3ajequuile cmpue (Picea excelsa) y ciuBy
CaMmoKoOBCcKe peke U Ha maanHama Cysor Pyawuinta, Kapamana u I'o6ejbe ¥ BUIIM IOjac
3ajeHUIlE ToJierie Kieke (Juniperus nana), 6opouure (Vaccinium myrtilus) u Hucke
cybanmcke cmpue (Piceetum subalpinum) xao mpeia3HM T0jac WKW 30HA Jerpajanije
TOpIbe LIYMCKe TPAHUIlE IO HAjBUIIET IIAHUHCKOT Onyla. YIIa/JbUBO BEJIMKE MOBPIIIIHE
6e3 myme cy Ha jyxHOj naguau I'obesbe u CyBor Pyjpumira y BuAy Hamimaka ca MambUM
mojaBaMa IOJIeryie Kjeke ¥ cybaircke cMmpue. 3HAaYajHUM CMAabeHeM IallhayKor
CTOUAPCTBA U IIyMCKe IPUBpPeZE, TOKOM APyTe IOJIOBHHE 20. BeKa, 3ala)keHa je 1mojaBa
U3Au3ama Topme IyMcke rpanune (OuiunoBuh, 2002). HoBHMjuM aKkTHBHOCTMMA Ha
UHOPACTPYKTYPHO] HBTPaJbU TYPUCTHYKOT IleHTpa KomaoHWKa BpIIM ce 3HaAudajHA
dparmenTaimja nyma moce6HO Ha KOHTAKTy /IBa BETeTAIMjcKa [ojaca Ha TOPEb0j TPAHUITH
LIy Me.

Ilepuraanujaauu pesbed PaBaor Komaonuka
Mopdoctpykrypau pesbed PaBHOr KomaoHuka je HM3MeEHE€H €ersoreHUM IpOIECHMA,

VIJIABHOM PEJIMKTHOM JIEHYAAIMjOM, 4 TOKOM XJIQ[IHUX (ha3a MHTEH3UBHUM IaIUHCKUM
mmpoliecuMa. Y caBpeMeHOM pesbedy IJIAHUHCKUA BPXOBU Cy 3a00/b€HH, a Ha MMafiInHaMa U
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BUXOBOM IIOIHOXK]y €y Haciare 0GjokoBa U JipobOuHe. IlafnHCKe Haciare cy peuKTHE
Kajia cy MOKPUBEHE 3€MJ/bOM M BETeTAI[joM HIH 3axBaheHe PEeleHTHOM COTU(IIYKIIH]OM
kaza cy "oTkpuBHe". Y HIDKUM JenoBuMa PapHor KomaoHuka M ajbe Ha IUIAHUHCKUAM
MmaJirHaMa JoMuHUpa (QiyBHjasiHN pebed ca IUIUTKUM BPXOBHUMA JIOJIMHA Y U3BOPU-
IITUMA U yDOKUM JI0OJIMHAMAa Ha IVIAHUHCKUM MTaIHHaMa.

PenukTHE MagAUHCKEe Hacjare ce MOory BUJeTH Ha ycenuMma IIainHa Wi Ha IIOBPIIN
PaBHor KomaoHuka Yy U3BOpULITY CaMOKOBCKe PeKe rAe Cy Ha NOBPIIUHU BEJIUKU
IPAHOMMOPUTCKY OJIOKOBH. 3HA4YajHe IOKPUBEHE JOJMHCKe Hacjlare 3alakeHe Cy Ha
Hesaposauu, uzmelyy ITanunhesor Bpxa u Hebecke cTosuIle, I/ie 0AroBapajy JTOJIHMHCKOM
kypyMmy (Tumocdees & BriopuHa, 1983).

OTKpuBeHEe MAJMHCKEe Hacjare, yrJlaBHOM WcIpaHe cydo3ujoM, 3axBaheHe cy
coUGIIYKIIMOHUM TIPOIIECHMA, OJHOCHO CIIOPUM U PYAMMEHTAPHUM KOJIYBUjATHUM
MaIMHCKUM TporiecuMa. Y usBopuintuma CaMmokoBcke, Benuke u Jly6oke peke (Kpumap),
y BHCHHCKOM I0jacy of 1.770 10 1.940 m H.B, OIHCaHe Cy U W3/BOjeHe II0jaBe Kao
TepMoreHo-conudykiuona kimsumTa (Hemuh & Mwinaunh, 2004). [Ipupoga oBux
KJIM3WIITa HHUje CacBUM jacHa, ajJyd BEPOBATHO /la OArOBapajy THIYy CY(hO3UOHMX
conmudIIyKIja y ©U3BOPUIIITHMA, OJHOCHO 30HaMa noBehane BiaxkHoctu (Ci1. 2).

Ca. 2. TepmozeHO-COAUGAYKYUOHO Kauduwme Ha jyxcHoj nadunu I'obeswe (Aymop: /1. Hewuh)
(cmp.6)

Ha jyroszamazuoj maguuu CyBor Pyauinra, y BUCHHCKOM Iojacy WM3Haj 1.750 m,
KOHCTaTOBaHe Cy I[I0jaBe KaMeHHX TOKOBA COJMHU(IIYKIIMOHOT THIA KpeTama ca
conuduyKIuoHuM JykoBuMa (beeMrma) y 4ely U MECTUMHYHO HA IBUXOBUM OOYHUM
crpanama (Hemmwh et al., 2009). IIpernocraBka je Jia ce OBU KaMEHU TOKOBHU COTTUDPIIYK-
[UOHO Kpehy y KIMMATCK{ BPJIO JMHAMUYHHM YCJIOBHMA jy:KHO E€KCIIOHHUpPAHE IaiHe
07l YTHUI[AjeM BUINIE MPOLIECca: KJIN3ama, TEPMOreHe M KPHOTeHe JIECOPIIIMje U MOXKA
IIacTUuHe naedopmalyje JeneHo-mpobuHckor xopusdonTta (TopuH et al., 1982). Ha
ceBeposamna/Hoj naguau Hebecke cronwmie (1.913 m) mpema HesapoBauu 3amaxkeHe cy
[ojaBe KaMeHUX TOKOBA €a PyANMEHTAPHUM I10jaBaMa MPAa3HOT COPTHPAIha U CEJIEKTHB-
HOT KOJIYBHjaJIHOT [TOKPETAatha MOBPIIMHCKE POCHHE.

Ca. 3. Kamenu moxosu Ha jyxcHoj nadunu Cysoe Pyouwma u peauxmue (noxpusere) naduHcke
Hacaaze Ha Hesaposauu (Aymop: /. Hewuh) (cmp. 7)

U3 momena conudJiyKiyje ¢y U COpajiuHe mojaBe Kian3ehux 6JI0K0Ba Ha UCTOYHO]
naguHu [lanurheBor Bpxa y BHCHHCKOM Iojacy o7 1.950 /[0 2.000 m H.B, a Py/UMEH-
TapHe M0jaBe MPa3HOT COPTUPAA CUTHE APOOUHE 3aMaXKeHe Cy Ha UCTYPEHHUM JIeJIOBUMA
Cysor Pynuinta, Kapamata u Maste T'obesbe (1.845 m).

Op peJIUKTHUX IEPUTJIANFjaTHUX 00IMKa Tpeba MOMEeHYTH IIUPKHE JIeTIpecHje Koje
onucyje TI'aBpwioBuh (1976) y mpemeny Kpumapa, Ilupokor mosna u JleaeHnwiie Ha
Kapamany 1 Ha ucrouHOj cTpaHu l'obesbe, koje 6e3 MOBOJBHO [l0Ka3a H37Baja Kao
IUIEUCTOIEHH TJIalMjaTHu pesbed. MecTUMUYHO y pesbedy ce 3amakajy IUINTKE
HUBAIUOHE Jenpecuje (y0Ke) KOju MOPGOJIOMIKY OAYAAPajy Of, IOMEHYTHX LHPKHHUX
Jlerpecyja.

ITocebHO cy 3HauajHe peJIMKTHE KPUOIUIAHAIIMOHE Tepace jy:kHO of PaBHOr
Komaonuka. Hajrunnanuje cy Ha jyroucrouHnuM naguHama byrapuna (1.636 m), Hebecke
cronune (1.913 m) u behupoua (1.782 m) y cepmeHTHHUTCKOM MeTaMOphHOM
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komiutekcy (Nesié et al., 2017), koje ¢y 3a caja jefMHCTBEHA ITO3HATA I10jaBa y pesbedy
Cpbuje. Onvcane peJTUKTHE KpPUOILUIAaHAIMOHEe Tepace KomaoHuWka cy HacTrajie y HEKOj
¢a3u K3y3eTHO XJIaJIHE KJIUMeE, MOXKJA TOKOM IIOCIJIEAIher TJIALMjaTHOT MaKCHMyMa
(LGM) (last glacial maximum). Iloy3ganuja casHama he Outr Moryha TeK Ha OCHOBY
OOMMHHjUX PETHOHAHIX UCTPAYKUBAHA.

Ca. 4. Conudayxyuoru 6edem y 8pxy kameroe moka Ha Cysom Pyouwmy (Aymop: Y. Muaunuuh)
(cmp. 8)

duckycuja

Ha oCHOBY IpeTXO[HUX HAllOMEeHA /I0Iba TPAHUIA MEPUIJIAIV]ATHOT KIMMAa30HAIHOT
mojaca Ha KomaoHWKy, ajii ¥ yOINIITe, /OKa3yje Ce KJIMMATOJIOLIKU, TE€OeKOJIOUIKUA U
reomopdoutomku. Ca CBUX acrekara oBa TpaHUIA je MBUYHA M 30HAJIHA, €A TEHAESHIIN]OM
moBehama BHCHHE [Ole TpaHHIle [epUIJIAlMjaTHOr KJIMMAa30HAJIHOr —Iojaca.
CTaTHUCTUYKY [TOKA3aTeJby CPEIHbHX TOAUIIBHIX TEMIIEPATYpa Bas/yxa, 3a HOBHje HI30Be
ocMaTpama, yKasyjy Ha IMOTeHIUjalHo "oTombaBame kinMme' PaBHor Komaonmka. Ca
OBHM Yy Be3U je U IIOMepame ropibe IIyMCKe IPaHMIle KOja ce Z0Ka3yje KJINMATOJIOMIKHY,
aly U eKOJIOIIKM ca IojaBaMa IIOTHCKHBAama Iojaca Iojiersie Kjieke, OOPOBHHIE U
cybanmucke cvpue (dumunosuh, 2002). I'eomopdosomKy 1nojaBe MOryhux aKTHBHUX
comudiyKIja y M3BOPUINTHMA peKa IWIM Ha KaMeHMM TokoBuMa CyBor Pyzmmira,
carJacHe Cy ca CXBaTameM Ja KJIIMMAaTCKU OKBHP IIepUITIaIijayiHe cpeuHe (30He) 6JIMCKO
Tpatu TpUOJIKHY TpaHuily conuduykiuonor mporeca (Williams, 1961, mutupaHo y:
French, 2007).

Ha ocHoBy uctpaskuBatba n3 CeBepHe Amepuke (Harris & Pedersen, 1998, riutupano
y: Wilson, 2013) ytBpheHO je 71a je cpelibe TOAUIIBH TEPMUUYKUA PEKUM AKTUBHUX
KaMEeHHX TOKOBa 3a 4-7°C HIDKM OJf OKOJIHOI 3eMybHINTa. Jlpyra HCTpaKuBama U3
LeHTpasHe A3Wje Ha OCHOBY CpPe/iibe TOUIIHET TEPMUYKOT PEXKIIMA Bas/yxa y KaMeHUM
HacyIaramMa HIDKET 0] OKOJIMHE 3a 2,5-4°C ykazyjy /Aa je IojaBa ce30HCKe mmepMadpocTe
moryha u y ycIoBUMa cpefiibe TOAMIIEbE TeMIlepaType Basayxa of +4°C (Gorbunov et al.,
2004, nutupano y: Wilson, 2013), 1ITO je BepOBAaTHO KapaKTEPUCTUYHO U 3a KaMeHe
TokoBe CyBor Pyzumra.

V3HeTH OKa3aTesbH yKazyjy Jia ¢y conudIiyKIuoHe mojaBe Ha KommaoHUKy a3oHaIHe
y TPAaHUYHUM KJIMMATCKUM OKBHpHMAa KJIMMAa30HAIHOT IEepUIJIAlfjaHor mojaca. OBa
KOHCTAaTalllja je IIOTEHIVjaJIHO KOPHCHA 3a VIOTIYHAaBarkhe CJIHKE O €BOJIYLIHjU
HMEPUIVIALINjATHOT TIej3aKa Ha CPe/iibe BUCOKUM IUTaHMHaMa BajikaHckor mosyocTpBa.

3axk/pyuyak

VcrpackuBama ykazyjy Zia je JOma I'DAaHUIA IEePUIJIAMjaIHOT KJIMMAa30HAJIHOT IIojaca
KOMILJIEKCHA [I0jaBa KOja Cce MOXKe pPa3MaTpaTH TIeoMOPGOJIOUIKY, KJIMMATOJIOIIKY,
TE0EKOJIOIIKH, I M Ca aCleKTa aHTPOIOreHuX akTUBHOCTH. Ha mpumepy Komaonuka
JIOa TPaHMIIA MEPUIVIANMjATHOT II0jaca je Ha 1.700 M H. B, a Ha OCHOBY yTBpheHHX
A30HAJIHUX MTepUITIAIjaHuX 00JINKA U I10jaBa.

Joma rpaHuIla NepUIVIANMJTHOT KJIMMA30HAJIHOT Iojaca Ha KomaoHuwky wma
TeH/IEHIMjy noBeharba arncoIyTHe BUCKHHE IO/ 3HAYAjHUM yTUIajeM MPOMeHa IJI00aTHIX
U JIOKQJIHUX TeOeKOJOIIKNX ycIoBa cpeamHe. OcCHM JOMUHAHTHUX IPHUPOAHUX
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MPEeIUCIIO3UIMja BaskaH (AaKTOP OBe IPAHHUIIE je AHTPOIIOreHa IEJIATHOCT, Y MPOIILIOCTH U
camanrssocty. OHA je Tpe cBera 3Ha4YajHO yTUIAIA Ha PACIIOPE, BUCHHCKUX BEreTAI[HOHUX
mojaceBa. 113 joMeHa Jby/ICKE aKTHBHOCTH je W II0jaBa 'TJIODAJTHOT OTIIOJhaBamba' IO/
VTHIIajeM eMHUCHje racoBa ca epeKToM CTakjeHe Oarlre, IO YCJIIOBOM Jia je oBaj edekar u
dakrop TauaH. YumbeHHIIA je [la CTATUCTUYKHM I[IOKA3aTeJbU CpEeArbe TOMHIIEE
TemIeparype Basayxa Ha PaBHoM KomaoHWKY ykasyjy Ha OTOIUbABAaEh€ KJIUMATa.
CosnuduiykipioHe 1ojaBe Ha IUIAHWHU CarjlaCHE Cy Ca TEOPHjCKHUM IIOCTyJIaTHMa O
MPUPOIM OBAKBUX I10jaBa y CMHCJY /ia je EHUXOBO a3oHaIHO paspuhe moryhe u wcmon
rPAaHMYHUX OKBUPA IIEPHUTJIAIM]aHOT KIIMMAa30HAIHOT Iojaca.

VcrpakuBama [IOE€ TpaHUIlEe MEepUIVIANMjaTHOT KJIMMA30HAJIHOI Iojaca Ha
KonaoHuKy ykasyjy Ha leHy 3Ha4ajHy OCETJBUBOCT U YCIJIOBJHEHOCT ITpOMeHaMa GU3UIKO-
reorpad)CKUX yIoBa IUIaHHHCKe cpefuHe. Ha mpuMepy rpaHMYHHX OZHOCA, Kao Ha
KomaoHUKy, MOTy ce IpaTUTH IPOMEHe PEIeHTHUX OKBUpA IEepUTJIAIUjasIHE CPEHHE,
Kao caBpeMeHH II0Ka3aTesb TeO0EKOJIONIKOT CTama BHCOKMX IUTaHWHA. Ha OCHOBY cBera
HU3HETOT IIPOMCTHYE /ia je mpaheme 0me rpaHUIle KJIMMA30HAJIHOT I0jaca 3HAYajHO 3a
pasyMeBame IVIO0ATHUX, Al W JIOKAJHUX OKBHpA IPHUPOAHE CPEIMHE HAa BHCOKUM
IJIAaHMHAMA OBOT Jiey1a BaskaHCKOT 1oyIyocTpBa, ajIu U YOIIIITE.
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