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Abstract: This paper presents the morphological and genetical characteristics of small forms of modern periglacial
environment of the Balkan Peninsula mountains, called solifluctional scars. Except several previous observations,
these forms have not been distinguished and considered as a type of a modern periglacial relief so far. Solifluctional
scars are small phenomena of the horseshoe indentations in the pedological-vegetational base of the decimeter-
meter dimensions. They are formed by cleavage of the base by the use of a solifluctional sliding process with
secondary processes of frost and linear water denudation during their subsequent evolution. As such, they can be
seen as rudimentary phenomena of beginnings of linear flows of snowmelt, as well as a small mud solifluctional-
torrential flows, but also in general, as a segment of cryoplanation. These qualities classify them into a frame of
rudimentary phenomena at the lower limit of the periglacial climazonal belt in the Balkan Peninsula mountains.
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Introduction

Solifluctional scars are small periglacial forms in a relief, which have been recently
noted in the periglacial environment of the Balkan Peninsula mountains (Belij S., 1985,
1990, 1992, 2010, Milivojevi¢ M., 2005; Nesi¢ D., 2009; Nesi¢ D. et al., 2012). They are
singled out in the relief as horseshoe or semicircular indentations in the pedological horizon
in a form of small steps of decimeter-meter dimensions. Firstly, these forms had been
singled out as solifluctional scars (Belij S.,1985, 1990, 1992, Milivojevi¢ M., 2005, Nesi¢
D., 2009), but later the term of frost-denundation scars was used (Nesi¢ D. et al., 2012).
Recent findings has shown that in the genesis of these forms, solifluction is nevertheless
more significant than denudation, and therefore the previously allocated term has been
adopted. Denudation is in the domain of processes that occur after the genesis of the forms,
and refers to the nivational denudation, both surface and linear, but also the secondary
cryogenic and nival process.

Earlier, when displaying the periglacial relief of Crnook (1,881 m), an attempt was
made to explain the genesis of these forms (Nesi¢ D. et al., 2012). New facts collected in the
field and general theoretical considerations connected to these forms have opened a number
of issues and problems that may be a useful basis for understanding their nature, as well as
character of modern periglacial environment in which they occur. Solifluctional scars as
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complex and complicated micro forms of modern periglacial environment have been
discussed on the basis of qualitative observations at several sites and by comparison of the
obtained results with well-known theoretical facts. In this approach, the basic principles of
qualitative, theoretical and regional periglacial geomorphology were used.

Allocation and general characteristics

In the highest mountainous areas above the upper forest border, frost and snow are
the most important geomorphological agents. Wider altitudinal zone known as the upper
forest border, is not just the line of allocation of woody species, but it is the zone of limiting
factors that climatically and orographically do not allow the forest and individual trees
develop normally, causing the occurrence of dwarf and laying forms of woody species in the
first place, which then completely disappear, giving space to bushy and grassy communities.
Here, under the influence of snow and frost, the processes of destroying rocks, sorting of
debris materials and soil sliding take place and numerous relief forms create, known under
the synthetic name of cryo-nivational or periglacial forms. These forms have in common the
fact that they were formed under the influence of high mountanious periglacial climate
(Beljj S., 1985, 1990, 1992), which is why the entire area in the high mountains above the
upper forest border stands out as the periglacial environment (H. French, 2007; Beljj S.,
2010). In Serbia, these issues were especially dealt by D. Gavrilovi¢ (1968, 1970, 1990) and
Lj. Menkovi¢ (1972, 1978, 1989, 1995).

Solifluctional scars in the periglacial environment of the Balkan Peninsula
mountains can be seen as a single-sporadic or mass phenomena. The scars are very often
linearly arranged in the direction of greatest gradient on the mountain slopes, mainly in the
lower zone of the periglacial environment, just above the upper forest border or 100-300 m
lower, and often even significantly lower, azonal, by karst depressions and frost areas
(Veliko Rujno on southern Velebit, at 820-900 m, edge of Pester field, at 1,150-1,200 m,
uvala of Recke on Beljanica, at 900-1,000 m). It is best to present them by separated sites
with emphasis on their morphological characteristics and physical-geographical features of
the area.

These little erosive forms of the modern periglacial environment were firstly
distinguished in South Velebit (Belij S., 1985), as well as on the northern slopes of Sar-
planina and Prokletije (Belij S., 1990, 1992), but they were not given greater attention. They
were described on Magli¢ (Milivojevi¢ M., 2005) and as a sporadic phenomenon on the
plateau of Kopren (1,935-1,963 m) in West Stara planina (Nesi¢ D., 2009). As a mass
phenomenon, the scars were noted on the slopes of Crnook (1,881 m) in Southeast Serbia
(Nesi¢ D. et al., 2012). Earlier, incidentally, these forms were observed on Pester within the
perimeter of the edge of the Pestersko polje, but also on Komovi mts.

Most sites have in common the position highly in the mountains, above the altitude
between 1,700-1,900 m, within the secondary or livestock conditioned (deforested) pastures.
The scarring around the edge of the Pestersko polje, at the altitudes between 1,150-1,200 m,
only deviates from this, but that is understandable because Pester is the coldest area in the
Balkan Peninsula with the lowest recorded air temperatures in this part of Europe. Similarly,
Veliko Rujno on Velebit and Recka on Beljanica are the great frost areas in karst
depressions. A common feature of scars on pastures is representation of earthy-grassy or
washed out surface within the scar and a horeseshoe or semicircular form that inclines
towards the gradient of the slope.

The position of these forms around the edge of a small karst field of Veliko Rujno
(820-900 m) is interesting, which is also extremely frost area on South Velebit, where they
can be seen in a larger number, and as a rule of a horseshoe shape with a diameter up to 1 m,
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height of steps of 10-25 cm, in the form of small hinterland of the solifluctional tongues
(Beljj S.,1985).

It was noted that on terrains in the lower zone of the periglacial environment,
where seasonally soil freezing occurs with a very tumultuous dynamics of daily fluctuations
in the freezing and thawing of the active layer, the solifluctional movements with numerous
manifestations and forms of relief very often occur. Pulsing of a layer of soil and vegetation
cover in the process of freezing and thawing leads to its sliding and gravitational moving in
the direction of the greatest gradient on the slopes, so that the folding and creasing of the
grassy layer with choppy turfs and grassy tongues occur. Further development of the process
and its increased dynamics and volume lead to the formation of real solifluctional tongues in
the form of doughy mass with distinctive frontal fold in the height of 10-20 cm, but also 1-
1.5 m. The increased volume and length of sliding lead to stretching of the grass cover in the
upper, sourcing part of the solifluctional tongue and eventually to its tear, so that the stepped
horseshoe forms or solifluctional scars appear (Belij S., 1985). Such solifluctional
movements are present on South Velebit starting from the frost areas in the karst depression
of Veliko Rujno, at 800-900 m, all the way to the main ridge, from Kozjak (1,522 m) to Sv.
Brda (1,753 m). By further solifluctional dynamics, in favourable conditions of abundant
moisture from snow melt in the hinterland and frequent freezing and thawing of the base,
the vegetational (solifluctional) terraces occur in places of the solifluctional scars, and in
extremely favourable conditions, it comes to a complete destroy of a vegetative cover and
formation of migrating clods (Belij S., 1985).
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Fig. 1. Mountains where the solifluctional scars were determined and described

Solifluctional sliding takes away the vegetational cover as well, so that the semi-
circular depression in the bottom of the microsteps remains bare. The main precondition for
occurrence of a number of smaller solifluctional scars is a rapid melting of snow in the
spring months, when the intensive processes of daily cycles of freezing and thawing of the
soil cover take place. Snow melts in the hinterland provide increased moisture which
enhances the volume of freezing and stretching of the grass cover, which eventually cracks
and allows the runoff of the solifluctional tongue, with a residual bare, shallow depression
completely free of grass vegetation (Belij S., 1985).
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On Magli¢, on the side of the cirque of Carev do, which base is of andesites and
keratophyres, the phenomena of solifluction are developed, where the solifluctional scars
dominate to the estimated to number of 150 (Milivojevi¢ M., 2005). These forms were also
established in the snow dent on Magli¢, but also to Volujak at Marculov do. M. Milivojevié
(2005), in addition to detailed morphometry in his review, also deals with the genetic
characteristics of these forms. In the interpretation of the genesis, the special importance is
attached to vegetation "by breaking the root system that can no longer keep the compactness
of the surface layer that begins to separate and slide downward in the form of a
solifluctional tongue of smaller dimensions" (Milivojevi¢ M., 2005).

On the plateau of Kopren (1935-1963 m), on Stara planina, the solifluctional scars
are present as individual phenomena noted in a shallow fluvio-nivational valley, which basis
is of the Triassic sandstones with the horizon of skeletal black soil. At the slightly inclined
bottom of a shallow polygenetic valley, there are semi-circular soil steps of 20-30 cm
height, of meter diameters (Fig. 2). Similar small steps are on the western slope towards the
highest peak of Kopren (1,963 m), but here the pedological horizon is sporadically washed
out to the rocky base (Nesi¢ D., 2009; Belij S. et al., 2008).

Fig. 2. Solifluctional scars in the fluvio-nivational valley on the plateau of Kopren
(photo: D. Nesi¢)

On metamorphites and pastures of Crnook (1,881 m) within the scope of the
mountain of Dukat in the mountain rankers, a greater number of solifluctional scars of
different morphological characteristics was incised. Horseshoe scars have diameters of 0.5-5
m, although they may be even greater, with amounts of indentation in a pedological base of
0.1-1 m, which wedges towards the inclination of the slope and sporadic phenomena of
washout soil within the scar (Fig. 3) (Nesi¢ D. et al., 2012). On Crnook, the solifluctional
scars are a mass phenomenon that is seen on all slopes of this morphological entity in the
higher altitudinal belt above 1,700 m and slope inclination of 10-40°, so they are one of the
main features of the periglacial environment. On the same site, the phenomena of
solifluctional tearing of the thin pedological horizon were also observed with the formation
of small terraces.
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As individual phenomena, the solifluctional scars were found at the southern slope
of Trojan (1,351 m), on the edge of Pestersko polje. Here, similarly to the other sites, the
centimeter-meter indentations or scars were observed in the wide pedological horizon that
had the serpentised harcburgites for a base (Fig. 4).

Fig. 3. Solifluctional scar on the slope of Crnook (photo: D. Nesi¢)

W, i‘ - T z : '
Fig. 4. Solifluctional scars on the southern slope of Trjan, Pestersko polje (photo: D. Nesi¢)
On Trojan, the phenomenon of solifluctional tearing of thin pedological horizon

with the formation of small terraces was also observed (Belij S. et al., 2004). This is the type
of colluvial-solifluctional tearing of the vegetation-pedological base, which by genesis in a
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certain sense differs from the solifluctional scars. The scars that we consider are mainly
located in the broader perimeter of the phenomenon of the solifluctional base tearing at the
slope inclination of 5-20°.

One phenomenon of the solifluctional scar was found on Komovi in Montenegro
within the morphostructure of Koma Vasojevickog (2,460 m) at the altitude above 1,800 m.
On the slope of eastern exposure sporadically covered with limestone colluvium below the
contact of limestones and metamorphites in the pedological horizon which has the
metamorphites for a base, several periglacial phenomena in the form of solifluctional
tongues, stripes of sliding debris and sliding blocks with a single phenomenon of a
solofluctional scar were distinguished. Here, the scar of a diameter of 1.5 m cut into the
surface by 30 cm was noticed, below which the solifluctional trace of the flow was visible

(Fig. 5).

Fg. 5. Small solifluctional scr on the slope of Koma Vasjevic’kog (photo: D. Nesi¢)

On Sar-planina, giant mountain barrier of the Central Balkan, with 85 km long and
15-30 km wide ridge, sharply morphologically individualized between the basins by the
edge (400-500 m) and the majestic main ridge with 70 peaks over 2,000 m and 30 peaks that
exceed a height of 2,500 m, a specific combination of a relict glacial and modern periglacial,
karst and fluvial relief was noted, creating a remarkable landscape diversity of an
extraordinary dynamics, power and attractiveness. As the upper forest border was lowered
from climatogenous, here at the altitude of 2,000-2,200 m, to the secondary (anthropogenic),
at 1,500-1,600 m, the preconditions were created for the periglacial processes to drop below
2,000 m as well, which was noted in a number of the sites as well (Belij S., 2006).

Since the upper border of the subnival zone is in the amount of a snow line (and it
is above the highest peaks of Sar-planina because it was reconstructed at the altitude of
3.000 m), then the complex of the periglacial processes mostly takes place from the
secondary upper forest border to the highest mountain peaks. One of the most common
manifestation of frost destroying of slopes are the solifluctional slidings. They occur when
thawed surface layer as a doughy mass slides over the foot, still frozen layer. This sliding
usually takes the form of doughy tongue or bag (hinterland of Golemo jezero, slopes
beneath Bistra, Piribreg, Jezerski vrh, Rudoka, Vrac). As all the areas above the upper forest
border, all the way to the highest peaks were affected by the periglacial movements on steep
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slopes, a turbulent solifluctional dynamics could be met practically on every step in the
various phases of the daily and seasonal dynamics of movement. The largest solifluctional
tongue is in the hinterland of Gornje Bukoravicko jezero (2,420 m), in the lenght of 150 m
and the butt tongue thickness of 1.5 m, with a whole series of semicircular solifluctional
scars and large snowpatch just under the ridge. Larger and smaller scars, in groups or
individually, are encountered along the entire main ridge, all the way to Rudoka and Vraca
over Sutman plateau in the furthermost southwest of Sar-planina (Menkovié Lj., 1978, 1989;
Belijj S., 1990, 1992, 1994, 2006).

Prokletije, the largest mountain in the Balkan Peninsula (Makrooronim in the
plural-Prokletije), is divided into 24 mountain groups with 152 peaks above the altitude of
2,000 m. Prokletije is not presented by a long unique ridge, but consists of isolated,
networkly distributed mountains that have a common feature to be very high and to rise
above the upper forest border, forming a periglacial climazonal belt in which periglacial
climate and dominating periglacial geomorphological processes with appropriate forms of a
relief are expressed. Depending on geological base, thickness of a pedological layer and
compactness of a vegetational cover, the solifluctional processes are very represented and in
the total dynamics of the periglacial movement on steep slopes occupy an important place.
Particularly interesting locations with favourable predisposition for the occurrence of the
solifluctional movements and solifluctional scars are the following: Popadija-Volusnica
above the Grbajska dolina, Mokra planina-Sjekirica above Andrijevica, Bogicevica-
Tromeda above Ridsko jezero, Peravica-Junicka planina above Djakovica, Koprivnik-
Lumbardska planina-Nedzinat above Rugovska klisura, Rusolija-Zljeb above Pe¢ and
Mokra gora-Pogled above Istok (Belij S., 1994, 1999, 2010).

Within the scope of work on the Project of the periglacial relief study in the
mountains of Serbia, which was organized by the Institute for Nature Conservation of
Serbia, the researches on Suva planina were conducted as well, on a high karstified plateau
of Valozje and the solifluctional scars were observed in many places (1,700-1,800 m). The
same project included the mountain of Kopaonik, and a modern solifluctional scars were
found on the northern and southern slopes of Panc¢i¢ev vrh (1,800-2,000 m) and on the
western side of Gobelje (1,700-1,900 m).

During the research of tufurs on the mountain of Beljanica, the solifluctional scars
were registered on the southern edge of the uvala of Recke, where it came to stretching and
tearing of the grass cover in the hinterland of smaller solifluctional tongues (Belij S. et al.
2004).

Genetic characteristics of the solifluctional scars

Genesis of the solifluctional scars takes place in the conditions of boundary
frameworks of the periglacial forms allocation with all specificities of the polygenetic
development together with modifications by denundation and cryogenic, nivational, nival
and fluvial processes.

In the case of small scars, their genesis occurs by a similar mechanism of
solifluctional sliding of a thawed layer above the frozen layer of soil and ice leaving behind
the horseshoe indetations on the slope which was not affected by the solifluctional
movement. In the case of genesis of these forms, the process of separation or limited
solifluctional tearing of the pedologically-vegetational horizon takes place, with significant
contribution to the abundant inflow of moisture from melting of the firn snow in the
hinterland of the slope, and the turbulent dynamics of everyday freezing and thawing of the
active layer as well.
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Fig. 6. Large solifluctional scar on he saddle of Northwestern Djeravica peak, Prokletije mountains (photo:
S. Belij)

According to the morphology of the recorded forms of the scars, it seems that the
thawed soil soddened by melted water behaves like a liquid-doughy mass, when simply
comes to sliding of this mass, with or without the formation of classical baggy
solifluctuional fold. In most cases, the frosty-solifluctional scar, besides a small steps in the
soil, has a pedological horizon in its base overgrown by vegetation. In many other cases, the
area of scars serves for the outbreak of frosty debris from the pedoligical horizon, as well as
the occurrence of frosty boiling of the soil at the bottom of the scar. The phenomena of a
scar base being washed up to the rocky base were observed. This seems to be happening on
the higher inclinations of the slope in cases where denudation covers the bulk pedological
layer unprotected by vegetation, during the summer months, when the cryo-nivational
process is numbed and when denundational-fluvial processes dominate.

For a more complete explanation of the genesis of the frosty-solifluctional scars, it
is necessary to monitor this phenomenon when it takes place, that is, in a very dynamic
conditions of the solifluction occurrence under the intensive melting of snow and freezing
and thawing of the base. In the field, the solifluctional scars are generally ascertained as
"mature" perennial forms in which the primary genetic process was completed. Upon the
genesis of the scars, a secondary process of regressive degradation of a soil steps takes
place, with or without a skeleton, similar to the phenomenon of cryoplanation development
in the basic rocks, but in this case at a rudimentary level.

On certain sites, it was noted that the solifluctional scars were linearly layered,
stepwise in the direction of the greatest inclination of the slope. Here, the noticeable traces
of shallow, barely noticeable depression were observed, where the surface disorganized
runoff of snowmelt in the spring, and rainwater during the short summer, transformed into
the initial forms of linear flows, by which pairing became initial forms streams. As this
washout includes a thawed and soggy active layer of the soil, so large concentration of soil
and debris elements in the snowmelt occurs, so that this surface washout resembles the
solifluctional-muddy torrents, that is, earthy-debris streams, and there are conditions for the
emergence of mud avalanches on the higher inclinations (Belij S., 1990). All these
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phenomena are basically related to the solifluctional transport of materials such as
pluvionivation—slopely disorganized washout under the intensive melting of snow and
snowpatches. Classically slow sliding of the solifluctional tongues is supported by extreme
melting of snow and snowpatches and transport of the materials by snowmelt leads to the
formation of the solifluctional scars in a linear arrangement in accordance with the largest
inclination of the slope. In cases of slow sliding of a doughy solifluctional material, very
often a cryoturbational debris sorting and its displacement to the surface is present as well,
which contributes to tearing of the grass cover under its stretching, so that the vegetational
(solifluctional) terraces are secondarily formed and, with increased wetting of the base and
attached share of deflation, the migrating turfs also occur (Belij S., 1985, 1992, 1994, 1999,
2006, 2010).

It is precisely from these genetic characteristics, allocation and morphology of
these forms, that some conclusions about their genesis in isolated sites can be drawn, but
also in general about a certain aspect of the nature of the periglacial environment of the
Balkan Peninsula mountains. Based on the above considerations it follows that the
solifluctional scars are a form or a phenomenon of a limited and fast solifluctional type of
flow.

Based on the position of the scars from the described sites, it follows that the scars
are a sporadic phenomenon precisely because of the non-homogeneous phenomenon of soil
freezing in the boundary scopes of the periglacial environment of the altitudinal belt of
1,700-1,900 m. It seems that a very important cause of scarring is local accumulation of
water and its freezing. The emergence of larger quantities of ice in the soil horizon, which in
terms of partial melting gives a mass for solifluctional phenomena of slurry mass of a small
muddy flow, is an essential precondition for the formation of scars. On these bases, the
solifluctional scars would be an indication of non-homogeneous freezing of the base with
the local accumulation of icy lenses. The causes of water accumulation that freezes later
may be different, ranging from the weather conditions to heavy rainfall or intensive snow
melting and rapid cooling, local divert of groundwater circulation at the contact of the parent
substrate and soil layer (local inclination of rocky base, underground channels of animals
that live in the ground, etc.). In the field, for example, the phenomena of simultaneous influx
of water and its freezing were also recorded, which created icy asymmetric lenses on slopes
that might be the cause of arc tearing of the base under the influence of solifluction.

Besides the aforementioned genetic characteristics, the solifluctional scars of
earthy-grassy base point to the perennial age of these forms. The scars where the area was
washed out inside the steps, except from the indicators of the solifluctional flow to the rocky
base, may be also a consequence of a denundational washout by the solifluction of a
destabilized base. Once formed scars exist for several years with smaller processes of cryo-
solifluctional and denundational activities on small steps of the scars. This gave rise to
individual researchers to isolate this genetic mechanism as active cryoplanational processes
on the cryoplanational terraces (Zietara T., 2004).

Conclusion

According to some beliefs, the periglacial environment stands out in the areas of
the average annual air temperature below 2-3°C (French M., 2007). Recent climatological
researches on the Balkan Peninsula mountains show that precisely the altitudes of 1,700-
1,900 m correspond to the average annual air temperatures of 2-3°C or boundary frames of
the modern mountainous periglacial environment. Recent geomorphological researches with
prevailing representation of the forms and phenomena where the solifluction dominates
exactly point to the dominance of the solifluctional processes or "hotter variants" of the
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periglacial climate (Belij S., 1985, 1990, 1992, 2010, Belijj S., Cuki¢ D., 1990, Nesi¢ D.,
Milinci¢ M., 2004, Nesi¢ D.et al., 2009, 2012 and others). Even the phenomenon of the
soilifluctional scars does not deviate from this regularity.

Concisely, the solifluctional scars are indicators of very dynamic conditions of
boundary frames of the modern periglacial environment on the Balkan Peninsula mountains.
On the basis of calculating the thermal gradients of soil temperature in the mountainous area
of Prokletije above the altitude of 1,000 m, a stable type of seasonal freezing of soil occurs
(Beljj S., 1994). Researches on solifluctional scars show that the relations of seasonal
freezing of soil on the Balkan Peninsula mountains are highly variable phenomena and that
in addition to the air temperature, one of the basic conditions for scarring is precipitation,
with specific local frames of ground moisture distribution in the soil horizon above the
rocky base.

The phenomenon of the solifluctional scars should be also considered in the
context of the changed conditions of the natural environment, which is primarily related to
the artificial - secondary or livestock breeding caused pastures. Solifluctional scars are
exclusively noted at pastures, while in areas of low vegetation (area under juniper) or forest,
these forms are excluded. From this, one can conclude that the destruction of high
vegetation in the modern climate frames has triggered the periglacial processes in the
boundary frames of the mountainous periglacial environment. In this context, the
denundational scars can be also considered as a form of indirectly caused devastation of the
mountainous areas, but truthfully of a rather small extent. Much larger forms of devastation
are manifested by intensive livestock breeding with phenomena of line erosion and
denudation up to the rocky base.
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HEKA 3AITA’XKAIBA O COJIM®JTYKIIMOHUM OKH/bIIUMA KAO
CABPEMEHOJ ITIOJABHU HA TOBOJ TPAHUIA TEPUTJIAITMJAJTHOT
KJIIMMA3OHAJIHOT ITIOJACA

JIPATAH HEIIR', CPHAH BEJIAI

' 304600 3a sawmumy npupode Cpbuje, Paoua jedunuya Huw, Boxcoa Kapahopha 14/2, Huw, Cpouja
? 3a600 3a 3awmumy npupode Cpéuje, [Jp Heana Pubapa 91, Hoeu Beozpad, Cpbuja

Caskerak: Y pany cy npukasaHa Mop(OJIOIIKa M TeHETCKa CBOjCTBAa MaJIUX OOJMKA CaBPEMEHE IepHITIalfjaiHe
cpequHe IUIaHUHA bankaHCKor momyocTpBa, COMMGIYKINOHUX 0XMIbaka. OCHM HEKOIHKO IPETXOJHUX 3alakamba
OBM 00NMMIM [0 caJ HUCY H3ABajaHH M pa3MaTpaHM Kao TUII CaBPEMEHOT IIepUIIIAlMjalHoOT pesbeda.
ConuGuyKIMOHM OXMJBLM Cy Maje I0jaBe ITIOTKOBHYACTHX ype3a y MEAONOIIKO-BEreTalHjcKoj IOaI03U
JIECHMETapCcKO-MeTapcKuX uMeH3Hja. Hacrajy memameMm Iomiore HpoIecoM CONMU(IYKIHOHOI KIIDKEHa ca
CeKyH/IapHHM IIpOLIeCHMa Mpasa U JIMHEapHe BOJAHE JEHyJallje IPH HUXOBOj KacHHjoj eBomynuju. Kao TakBu
MOT'y ce OCMaTpaT! Kao PyANMEHTapHE 110jaBe 3ayeTaka JIMHEApHUX TOKOBA CHEKHUIIE, Al M Ka0 MAJIUX ONaTHUX
conu(IyKIHOHO-0YjHIHIX TOKOBA, Al U TEHEPATHO, Ka0 CETMEHT KproamnaHanyje. OBe OJUINKe CBPCTaBajy UX y
OBHp PYIHMEHTApHHX II0jaBa Ha [OH0j TPaHUNM IEPUINIANUjalHOT KIMMA30HAJTHOI II0jaca Ha IUIAHHHAMa
Bankanckor nomyocTtpsa.

Kibyune peun: comuuIyKIIMOHN OXKIJBIIU, COMHGIIYKIIHja, IEpUTIalijaaHa cpeauHa, barkancko moIyocTpBo.

YBoa

CoymIIyKIIMOHN OKUJBIM Cy Majiil NEepUTJanrjaTHd oOIuIm y pejbedy Koju cy
OJICKOpPa KOHCTAaTOBaHM y MEPHUIVIAIMjATHO] CPEIWHH IUIAaHWHA bankaHCKOr moiryocTpsa
(bemyj, C. 1985, 1990, 1992, 2010, Milivojevi¢ M., 2005; Hemmh /1., 2009; Hemmwmh /1. u
ap., 2012). V pemedy ce m3aBajajy Kao NOTKOBHYACTH WIM TOJYKPY)XKHH Ype3u y
HEJO0JIOIIKOM XOPH30HTY Y BHAY MallUX OJICEKa JACLHMMETapPCKO-METapCKUX IUMEH3Hja.
Hajnpe cy oBu obxuuu u3zaBajanu kao comudurykunonu oxuibiu (bemmj, C. 1985, 1990,
1992, Milivojevié, M. 2005, Hemmwh, /1. 2009), na 6u kacHuje Ouo kopuuihieH Ha3uB
MpazHo-JeHynanuonn oxusbiy (Hemmh, 1. u ap., 2012). HoBuja ca3nama nokasyjy aa je y
TeHE3W OBMX OOJIMKa WINAaK 3Ha4yajHUja CONUQIYKLHUja OJ AEHYZalHWje M 3aTO Ce yCBaja
MPETXOMHO W3/BOjeH TepMuH. JleHymamwja je y JOMEHy mpoIeca KOjU CE jaBjbajy IO
HAaCTaHKy OONMKa, a ONHOCH C€ Ha CHEKAHWYKY NECHYJAalH]y, KaKo IOBPIINHCKY, TaKO H
JIWHEapHY, aJI1 U CEKyHJApHHU KPUOTCHN W HUBAIHH TIPOIIEC.

Panuje npunukoM mpukasa nepurianyjaiHor pesbeda [pHooka (1881 m) yunmen
je mokymaj 1a ce o0jacHM reHe3a oBux obnwmka (Hemmh, . u np., 2012). Hoe unmenme
NPHUKYIIJbEHE HA TEPEHY U OIIIITAa TEOPHjCKa pa3MaTpama Be3aHa 32 OBE 00JIMKE OTBOPHIA CY
HM3 [TUTamba 1 MpodiieMa Koja Mory OMTH KOPHCHA OCHOBA 32 pa3yMeBame BUXOBE PUPOJIE,
Kao W KapakTepa caBpeMeHe IepHrilalnujaitHe CpearHe y Kojoj ce jaBibajy. ConudayKiuuonu
OKHJBIIY Ka0 KOMIUIEKCHH U CJI0)KEHH MUKPO OOJIMIM CaBpPEMEHE IEpUIJIalMjaJIHEe CPEeIUHE
pasmarpaHu Cy Ha OCHOBY KBaJMTaTHBHHMX 3alakarba Ha BHUIIE JIOKAJIWTETA U
KOMITapalijoM JOOMjEeHHMX pe3yiraTa ca II03HATUM TEOPHjCKUM UHUIbEHHIAMa. Y OBOM
NPHUCTYITy KOPHIINEHNM Cy OCHOBHHM IIOCTYJAaTH KBAJIMTAaTHBHE, TEOPH]jCKE M PETHOHAIHE
nepurianyjaiae reomopdooryje.

PaCHPOCTpaH)eH)e H OIIIITE OAJIUKE

VY HajBUIINM IUIAHMHCKUM Hpe/esinMa N3Ha | TOpie IIyMCKE IPaHuIe, Mpa3 U CHer
Cy Haj3HayajHUju reoMopdosioniku areHcu. [llupa BHCHHCKAa 30Ha IO3HAaTa Kao TOpHA
HIyMCKa TpaHHIa, HUje caMO JIMHHMja paclpoCTpamemha IPBEHACTHX Bpcra, Beh 30Ha
mumuTHpajyhux ¢daxropa Koju KIMMAaTCKH M Ooporpad)cku He J03BOJbaBajy Aa ce LIymMa M
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mojenquHaYHO ApBehe HOpMaHO pa3Bujajy, 300T dera ce IPBO jaBJbajy MaTyJbacTe U MOJIETIIe
¢dopme mOpBeHaCTMX BpPCTa, a 3aTUM U IIOTIYHO WIIYEe3aBajy, ycrymajyhm mpocTtop
KOYHACTHM W TPaBHUM 3ajeqHuIaMa. Ty ce moj yTHIajeM CHera U Mpas3a OABHjajy TPOLECH
pa3opaBama CTEHA, COpTHpama IPOOWHCKOT MaTepujajia, KIMKema 3eMJBUINTa W HACTajy
OpojHr 00iMUM pesbeda MO3HATH IM0J] CMHTETHYKMM Ha3MBOM Mpa3HO-CHEXKAHWYKH WIIN
nepurianyjaiHg oonuny. 3a oBe OOJIMKE je 3ajeJHHYKO Jla Cy HacTajiM IOJA YTHIAjeM
BUCOKOIUTaHMHCKe nepurnanujanae kauMe (bennj C., 1985, 1990, 1992), 300r yera ce u
YUTaB IPOCTOP Ha BHCOKHMM IUIAHMHaMa M3HAJ TOpHE LIYMCKE CpelJuHE H3/Baja Kao
nepurnanujainna cpeauna (French H., 2007; benyj C., 2010). OBoM mpo0iieMaTukoM cy ce y
Cp6uju napounro 6aBuim Jl. I'aBpunosuh (1968, 1970, 1990) u Jb. Menkosuh (1972, 1978,
1989, 1995).

ComnpIyKIMOHN OXIWJBIM Yy NEpUITalMjadHOj CpeIdHH Ha IUTaHWHAMa
Bankanckor momyocTtpBa cpehy ce kao mHojeqMHAYHO-CIIOpAJAWYHE WM MAacOBHE I0jaBe.
Beoma decto oxxmblin Cy JiMHeapHO mopehanu y mpasity HajBeher Harnba Ha TaguHama,
VIIaBHOM y [IOF-0j 30HH TEpHIJIAIMjalTHE CPEIMHE, HEMOCPEIHO H3HAX TOpPHE IIyMCKE
rpanune wim 100-300 M HIDKE, @ 9eCTO ce jaBJbajy M 3HATHO HIDKE, a30HAIHO, 1T0 KPAIITKUM
nernpecrjamMa n MpasuitiMa (Bemuko PyjHo Ha jyxHom Benebuty, na 820-900 m, o6oxn
[Memrepckor nmosba, Ha 1150-1200 m, yBana Peuxe na bessanniy, va 900-1000 m). 3ato je
Haj0oJbe MPHKA3UBATH MX INPEMa H3/BOjEHUM JIOKAUIMTETHMa Ca YKa3UBameM Ha HUXOBA
MopdoonKka cBojcTBa U (pusznuko-reorpa)cka CBOjCTBa NPOCTOPA.

OBM ManM €po3MBHM OOJMIM CaBpeMEHE IEpUIJalHjajHe CPEeAWHE Hajupe cy
n3aBojeHn Ha jyxkHoM Beneouty (bemmj C., 1985), ka0 m Ha CeBepHHM MagWHaAMa
[HMapmnannae u [poknernja (benwj C., 1990, 1992), ann um Huje npunaBana Beha maxmsma.
Onmcann cy Ha Marnuhy (Milivojevi¢ M., 2005) u xao cnopaguyHa IojaBa Ha IUIATOY
Konpena (1935-1963 m) na 3amagHoj Crapoj mmammuau (Hemmh /1., 2009). Kao Bpio
MacoBHA II0jaBa OXWJBLM Cy KOHCTaTOBaHM Ha maamHama LlpHooka (1881 m) vy
jyroucrounoj Cpouju (Hemmh /1. u op., 2012). Pannje, y3rpeano, oBu 0OJIUIHN Cy 3amaXeHN
Ha [Temrepy y okBupy o6oxa Ilemrepckor noska, anu u Ha KomoBuma.

3ajenHnuko 3a BehHHY JIOKAJIUTETA j€ I10JI0’Ka] BUCOKO Y IIaHuHama u3Haj 1700-
1900 m H.B., y OKBUPY CEKyHIAPHHUX WJIM CTOYApPCTBOM YCJOBJBEHUX (PACKPUEHHX)
nammaykux noBpmmHa. Ox OBOr jeIMHO OJCTyNajy IIojaBe OKHJbaka Ha o00ony
[Memrepckor mosba Ha BucuHama u3Mehy 1150-1200 m H.B., aJld OBO je U Pa3yMJBHUBO jep je
IMemrep HajxnmagHuja obnacT Ha bBamkaHCKOM IOJIYOCTpBY ca HajHIKMM 3a0eieKEeHUM
TemmepaTypama Basxryxa oBor gena Espome. Ciimano, Benmnko Pyjao na Benebuty u Peuke
Ha bBemanmmm cy BenwWka MpasWIITa y KpamIkuM [empecHjaMa. 3ajelHHYKo oberexje
OXKMJbKA HA TMAIIHadKAM MOBPIIMHAMA j€ 3aCTYIUBEHOCT 3eMJbaHO-TPaBHATE WM HCIPaHE
MOBPIIIMHE YHYTap OKHJbKAa M MOJKOBHYACTH WM MOIYKPYXHH OONHK KOjU CE€ MCKINE-aBa
npemMa Haruoy majauHe.

WnTepecanTaH je mojoxkaj OBHX 00JIMKa 1O 000Ty Malor Kpamkor mojsa Bemmko
Pyjuo (820-900 m), koje je ¥ W3pa3uTO Mpa3MIITEe, HA Jy)KHOM Benebury, rne ce cpehy y
BeheM Opojy, MO MpaBmHITy IMOTKOBHYACTOT O0JMKA MpeyHuKa 10 1 m, BucuHe oxaceka 10-25
cm y Buny 3aseha Manux conmduykunonux jesuka (C. bemuj, 1985).

[Mpumeheno je na ce Ha TepeHHMa y JIOK0j 30HU IEpUIJIALMjAIHE CPEIMHE, TIe ce
jaBjba CE30HCKO 3aMp3aBarbeé 3€MJBMINTa Ca BpJI0 OypHOM JHWHAMHKOM JHEBHHUX
¢dbaykryanuja 3amp3aBamkba M KpaBJheHha AKTHBHOT  CJI0ja, BpJIO HYECTO jaBJbajy
com(IyKITMOHA KpeTama ca OpojHuM MaHudecTanyjama u odbmuima pesbeda. [Tyncupame
cjl0ja ca 3eMJBHINTEM M BET€TAIlMOHUM MOKPUBAaUeM y MpPOIleCy 3aMp3aBama M OJMpP3aBamba
JTIOBOJM 10 FheTOBOT KIIMDKEHha W TPaBUTALMOHOT TIPEMEITakha y paBIly HajBeher Harnba Ha
majinHaMa, Tako Ja ce jaBjhajy HaOWpame W TYXBame TPaBHOT cjoja ca y30ypKaHUM
OyceHOBMMa M TPaBHUM je3unnMa. J[ajbu pa3Boj mporeca u meropa nosehana TnHAMHUKA U
o0uM noBoze 10 hopMHpama MPaBUX COMU(IYKIMOHUX je3nKa Y OOJIMKY TecTaBe Mace ca
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n3pakeHuM YeoHnM Habopom BucuHe 10-20 cm, amu u 1-1.5 m. [ToBehann oOumM u gy KuHA
KJIM3amba [I0BOJE /IO HCTe3aa TPABHOT IIOKpHBaua Yy TOPHEM, W3BOPHIIHOM ey
coN(ITyKIIMOHOT je3MKa M Ha KPajy A0 HEeTOBOT IIeTamka, Tako J1a Ce 10jaBJbyjy CTENeHaCcTe
notkoBuyacte ¢Gopme wiu comupayknuonn oxwbim (bemj C., 1985). Taxsux
cOMM(IyKIIMOHNX KpeTama MMa Ha jy)KHOM BeneOuTy moYeB o] MpasuinTa y KpPaiikoj
nenpecuju Benuko PyjHo, Ha 800-900 m, na cBe 0 rmaBHOr rpebena, ox Kosjaka (1522 m)
no Cs. bpra (1753 m). JlasboM conuQIyKIMOHOM IMHAaMHMKOM Y HOBOJEHUM YCJIOBUMa
OOWJIHOT BIIAXXCHA O] OTalama CHE)KaHWKa y 3alehy W dYecTMM 3aMp3aBambeM U
OIIMp3aBamkbEM MOJUIOTE, HA MECTHMa COMH(IIYKIIMOHMX OXKUJbAKa jaBJbajy CE BEreTAIHOHE
(comudaykumone) Tepacere, a y €KCTPEMHO MOBOJHHUM YCJIOBHMA J0Ja3H 10 HOTIIYHOT
pa3opaBama BETETAlMOHOT MOKpHBada M (opmupama Murpupajyhux oycenosa (bemnj C.,
1985).

Ciuka 1. [lnannHe Ha KOjuMa Cy 1eTePMHHHCAHU H OMUCAHH COTH(IYKIHOHU 0:KUBIU

ConuayKIHOHUM KIIMDKSHEM C€ OJAHOCH M BEreTaliOHM MOKPHBA4, TaKo Ja
NONYKpY)KHA JienpecHja y [HY MHKPOOJCEKa ocTaje OrojbeHa. [JIaBHM MPEIycClioB
nojaBibuBama Beher Opoja MamHUX CONMGIIYKIIMOHUX OKHJbAKa j€ HArJIO0 TOIUBEHE CHEra y
nponehHUM MecelMa, Kajaa ce OJBUjajy ¥ MHTCH3UBHH MPOLECH CBAKOJHEBHUX LIUKIyCa
3aMp3aBamba M KpaBJbCHa 3CMJBMINHOr TOKpuBaua. CHexanwnu y 3anely o006e30ehyjy
yBehaHy BIa)XHOCT Koja mocrenryje oOMM 3amp3aBama W HCTe3ama TPaBHOI IOKpHBaya,
KOJU Ha Kpajy Inyna ¥ J03B0JbaBa OTHIAKE COJMQIIYKIMOHOT je3UKa, Ca 3a0CTalIOM
OT0JEEHOM IUTUTKOM JICTIPECHjOM y HOTITyHOCTH Oe3 TpaBHe Bererauuje (benyj C., 1985).

Ha Marnuhy, Ha 604H0j cTpanu nupka Llapes 10, koju 3a moyiory uMa aHie3uTe u
Kepatodupe, pa3BHjeHE Cy IojaBe CONMMGIYKIHje y KOjOoj TOMHUHHPAjy COMUPIYKIIHOHN
OXWJBIM TIporieeHe OpojuoctH 1o 150 (Milivojevié¢ M., 2005). OBu 06aumm KOHCTaTOBAaHU
Cy U Y CHEeXXKaHW4YKO] yyonu Ha Marmmhy, aimn u Ha Bomyjky xox MapiyioBor nona. M.
Mrunmojesuh (2005) ce mopex netasbHe MOPHOMETpPHje Y CBOM MPHUKa3y OaBH M TEHETCKUM
CBOjCTBMMA OBHX 0ONHMKa. Y TyMmMademy TreHe3e moce0aH 3Hauaj ce MpHUaaje BereTarju
»PAaCKHIakeM KOPEHOBOI CHCTEMa KOjH BHIIE HE MOXE Ja 3aJpXKU KOMIIAKTHOCT
NOBPLIMHCKOT cJI0ja KOjU TIIOYMIE Ja Ce€ OJABaja M Jia KIW3W HaHIKE Yy BHIY
con(IIyKIIMOHOT je3rka Mamwux nuMensuja’ (Milivojevic M., 2005).

Ha mnaroy Kompena (1935-1963 m), Ha Crapoj mimaHuHH, COIMQIYKIMOHU
OKHJBIM CY Kao II0jeIMHAaYHe 110jaBe KOHCTAaTOBAHH Yy jeJIHOj IUIMTKO] (DIyBHO-HUBALMOHO]
JOJIMHU y 4YMjO] OCHOBHM Cy TpHjaCKM NeEUIYapd ca XOPH30HTOM CKEJETHHX LPHUX
3emJpHIITa. Ha Majo HarHyToM AHY IJIMTKE MOJHMI€HETCKE JOJIMHE Hajlase ce MOJIYKPY>KHH
3emsbaHm ozcenu Bucuae 20-30 cm, Metapckux npedynuka (Cir. 2). CIUIHA Mau OJCEIH CY
W Ha 3aragHoj MaJAnHu npemMa HajBueM Bpxy Kompena (1963 m), anu oBIe je MECTHUMHUIHO
MEA0JIONIKA XOPU30HT HCIpaH 1Mo creHoBuTe ocHoBe (Hemmh M., 2009; bemnj C. u ap.,
2008).

Canka 2. Comn@ayKIMOHN 0:KMJbIM Y (hiTyBHO-HUBAIMOHO] 10/1MHH HA Iu1aToy Konpena (¢oro: JI. Hemuh)

Ha meramopdurrma n manrmarmma [paooka (1881 m) y okBupYy LenHE TIIAHUHE
JlykaT y TUTAaHWHCKMM paHKepuMa ycedeH je Behu Opoj COMMQIIyKIHOHMX OXHIbaKa
pasnmuuuTuX Mopdonomkux oxnuka. IToTkoBnyacTn oxuibiu uMmajy npeunuke 0,5-5 m,
Maza Mory outH u Behu, ca M3HOCHMa ycedeHOCTH y repoiiomiky ocHoBy 0,1-1 m koja ce
npemMa HaruOy NajvHe MCKIMIbaBa U MECTUMHYHUM II0jaBaMa HCIPAaHOCTH 3€MJbE YHYTap
oxmwbka (Cn. 3.) (Hemwh . u np., 2012). Ha I{pHOOKY CONMMMIYKIMOHH OXWIBLU CY
MacoBHa I10jaBa Koja ce cpehe Ha CBUM maguHamMa OBE MOPQOJIONIKE LETUHE Y BUCHHCKOM
nojacy m3aag 1700 m u Harmba maamna 10-40°, Tako n1a je jeaHO O OCHOBHHUX obenexja
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nepurianujairHe cpequHe. Ha HCTOM JOKaIMTETy 3amakeHe Cy W 1ojaBe COMUQIIYKIHOHOT
Lienamba TAHKOT MEI0JIONIKOT XOPU30HTa ca 00pa30BamkeM MalliX Tepaca.

Kao nojequnaune mojase comuIyKINOHN OKUJBIN KOHCTATOBAHM CY U HA jY)KHO]
naguau Tpojana (1351 m), Ha 060y [lemrepckor moska. OBE Cy CIMYHO KA0 ¥ HA IPYTUM
JIOKAJTUTETUMA, 3alaKCHH I[CHTUMETAPCKO-METAPCKH ype3u WIH OXIBIU Yy IedernoM
TIE/I0JIONIKOM XOPH30HTY KOjH 32 MOJUIOTY UMa cepreHTHHucaHe xapioyprure (Ci. 4).

Cauka 3. Comuduryknuonu oxubak Ha nagunu Ipuooka (poro: 1. Hemmh)

Cauka 4.ConndyKuHOHN 0:KMJbIM HA jy:kHoj nagunu Tpojana, [Temrepcko nosbe (dporo: J. Hemnh)

Ha Tpojany je 3anaxeHa u 1nojaBa coNuQIIyKIMOHOT IieNamba TAHKOT eJ0JIOIIKOT
Xopu3oHTa ca oOpazoBamem Mamux Tepaca (bemnj C. m gp., 2004). Oso je Bun
KOJIYBHjaJTHO-CONMA(DIYKIIMOHOT IeTaba BETeTalNjCKO-TIEA0NIOIKE MO[IoTe KOjH Ce TI0
HACTaHKY Y U3BECHOM CMUCIY pa3juKyje o7 COMU(MIYKINOHNX 0nbaka. OKUIBIM KOje MU
pa3sMarpaMo YIIaBHOM Cy JIOLIMpPaHH Ha IMHpEeM 000Xy MojaBe CONH(MIYKIHMOHOT IIeTIama
oJyIore Ha Harubuma nagune 5-20°.

Jemna mojaBa comuQIIyKIIMOHOT OXIJbKa KOHCTaTOBaHA je M Ha Komosnma y LlpHoj
T'opu y oxBupy Mopdoctpykrype Koma Bacojesuhkor (2460 m) ua Bucunu nzHag 1800 m.
Ha magnHM HMCTOYHE EKCHO3MIMjE€ MECTHMUYHO IMOKPHBEHE KPEUHauKUM KOIYBH]YMOM
UCIIOJI KOHTaKTa Kpeuymhaka M MeTaMOop(puTa y IeIO0JIOMIKOM XOPU30HTY KOjH 32 IOJUIOTY
nMa MetamMop(duTe M3BOjEHO je BUILC MEpUIIalMjaHuX 10jaBa y BUIY CONUQITYKIMOHUX
jesuka, npyre kianzehe nqpoduHe U Kim3ehnx GJI0KOBa ca jeJHOM 110jaBOM COJIM(ITYKIIHOHOT
oxmbka. OBJie je 3anaxeH 0XXKujbak npeyHuka 1,5 m yceuen y noanory 30 cm, HOZHO Kora
j€ BUIUBMB cosnQuIyKInoHu Tpar teuema (Ci. 5).

Cauka 5. Maau coauduiykunoHu oxusbak Ha naauan Koma Bacojesuhkor (¢oro: JI. Hemuh)

Ha IllapruiaHuHu, UMHOBCKO] ITAHWHCKO] LIEHTpajHOOaIKaHCKoj Oapujepu, ca 85
km nmyrum m 15-30 km mmpokum rpeGeHoM, omTpo MOPQOJIOIIKH HHAWBUIYaINCAHO]
u3mely kotnmHa 1o oboxy (400-500 m) u mMmo3aHTHOT IIaBHOT rpedeHa ca 70 BpxoBa
mpexo 2000 m u 30 BpxoBa Koju mpena3e BUCHHY ox 2500 m, KOHCTaTOBaHA je cenuprIHa
KOMOWHAIMja PEIUKTHOT TJIAIMjaJJHOT W CaBPEMEHOT MEepUTIIAIMjaHOT, KpAaIlKoT |
¢yBujamHOT pesbedpa, UMMe je CTBOpEHA IejcakKHa Pa3HOBPCHOCT HM3Yy3€THE IHMHAMUKE,
eHepruje u aTpakTUBHOCTH. Kako je ropma mryMcka rpaHHIa ca KIMMaToreHe, Koja ce OBJIe
Hanasu Ha 2.000-2.200 m, cmymrTeHa Ha ceKyHmapHy (antpomoreny), Ha 1.500-1.600 m,
CTBOPEHHM Cy MPEIYCIIOBHU Aa Ce M MepUrianujansy npouecu cinycre ucrnox 2.000 m, mro je
n youeHo Ha 6pojHuM sokanureruma (benyj C., 2006).

[Momro je ropma rpaHuna cyOHMBAJIHE 30HE y BUCHHM CHEXHE IpaHHLE (a oBa je
n3Hal HajBUmMX Bpxosa lllap-rulanuHe jep je pekoHcrpyncana Ha 3.000 m), oHma ce
KOMIUIEKC IEepUIIalyjajHAX IMpolieca YIJIaBHOM OJIBHja OJ CEKyHJapHE IOpHE LIYMCKe
rpaHuIle Na J0 HajBULIMX BpXOBa IUIaHUHE. JeqHa ox Hajuemhux maHudecTaryja MpasHor
pasopaBama MajuHa cy CONMGUIYKIHOHA KIMXKema. Jlo BUX [107a3W Kaja OJMP3HYTH
MTOBPIIIMHCKY CJI0j Ka0 TeCTaBa Maca KIIM3HU MPEKO MOJUHCKOT, jOIT YBEK 3aMP3HYTOT CJIOja.
TakBo Kmmkeme Hajuemrhe WMa OOJNMK TECTaBOT je3wMKa WM jacTyka (3amehe I'omemor
jesepa, maguae non buctpom, IMupubperom, Jezepckum Bpxom, Pymoxom, Bpamom). Kaxo
Cy CBU NPOCTOPH H3HAJ TOpHE HIyMCKE TpaHWIlE, Ia A0 HAjBUINNX BPXOBa, 3axBaheHH
MepurjanujalHiM ~ KpeTalbiMa Ha CTPMHM TajJnHaMa, Yy30ypkana CoJUQIyKIHOHA
JMHAMHKa ce cpehe MpakTHYHO Ha CBAaKOM KOPaKy y Hajpa3IMuuTHjuM (a3ama JHEBHE U
CE30HCKE JIMHaMHUKe Kperama. Hajsehm commduyximonn jesuk je y 3anehy Topmer
BykopaBaukor jesepa (2420 m), nyradak 150 m u ca yenom jesuka nebspuHe 1,5 m, ca
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YUTaBOM CEPHjOM MONYKPYKHHX CONU(IYKIMOHMX OKHJbAKa U BEIUKUM CHEXaHHIMAa
o caMuM rpedbeHom. Behu 1 Mamu 0XKWJBIIM, y TpyIaMa WK 10jeAMHaYHH, cpehy ce myx
YUTaBOT TJIaBHOT TpebeHa, cBe 10 Pymoke n Bpane mag [llyrManckoM moBpIIN Ha KpajmeM
jyrozamany Hlapmnannae (MenkoBuh Jb., 1978, 1989, Benmj C., 1990, 1992, 1994, 2006).

[Ipoxnernje, HajupocTpaHWja  IUIAHMHa Ha  bankaHCKOM  HOJIyOCTpBY
(Maxkpooponnm y rurypany-IIpokieruje) pamdiamene cy Ha 24 miaHuHCKe rpymne ca 152
Bpxa nzHax 2000 m. [Ipokieruje HUCY ITpeACTaBIbEHE JYyI'HM jeIMHCTBEHUM rpedeHoM, Beh
ce cacToje OJ M3/IBOjEHHX, MPEXacTo pacropeljeHnx IUlaHWHa 32 KOje je 3ajeJHHYKO Ja Cy
BEOMa BHCOKE M Ja C€ U3AWKY WH3HaI TOpIme IIYMCKe TpaHuue, ¢opmupajyhu
HepHIIIalMjalHi KIMMa30HAIHU 110jac Y KOjeM je M3paXkeHa IepHIilaldjaiHa KiIuMa |
JoMuHHUpajyhu mepuriaiyjasHn reoMopOIONIKN MPOLECH ca oAroBapajyhuM obmmmmMa
pemeda. Y 3aBUCHOCTH OJf TEOJIOIIKE TOJIore, JAcOJbMHE TMEAO0JONIKOT Cjloja |
KOMITaKTHOCTH BET'€TallMOHOT MIOKpUBaya, COMU(MIYKIMOHN MPOLIECH Cy BEOMA 3aCTYJbCHU U
Y YKYITHO] IWHAMHMIIN TIEPHUIIIALHjTHAX KpeTamka Ha CTPMUM ITaJiiHaMa 3ay3UMajy 3Ha4ajHO
Mmecto. IloceOHO HMHTEpecaHTHE JIOKAlHje ca MOBOJFHUM IIPEIMCIIO3WINjaMa 3a IO0jaBy
con(ITyKIIMOHNX KpeTama 1 COMU(IyKINOHNX OXuibaka cy: Ilonmanuja-Boxynania n3Han
I'pbajcke nonmue, Mokpa mannHa-Cjexupuna u3Han Annpujesune, boruhesuna-Tpomeha
nu3Hany Pupnckor jesepa, DepaBuna-Jynuuka miannHa usHan ‘baxosune, KonpuBHHK-
Jlymbapacka nnannna-Hepwnat n3nan Pyroscke knncype, Pyconunja-)Kibe6 usnan Ilehu u
Mokpa ropa-ITornen usnan Ucroka (bemuj C., 1994, 1999, 2010).

Y okBupy pama Ha Ilpojekry mnpoyudaBama NepHINalMjalHOr pesbeda Ha
rannHaMa CpoOuje, Koju je opraHm3oBao 3aBon 3a 3amTuTy mnpupoae CpOwuje, BpuieHa cy
uctpaxkuBama 1 Ha CyBOj IUTaHWHHU, HA BUCOKOM CKpamheHoM Iiatoy Bamosxja u Ha Bume
Mecta cy npumehern comudmykimonu oxmwenn (1700-1800 m). Uctum [pojexrom Omina je
oOyxsaheHa n miannHa KomaoHUK, a caBpeMeHH CONMMGUIyKIIMOHU OXKMJBIIM KOHCTATOBAaHH
Cy Ha CeBepHHM W jy)XKHUM maguHama [lamumheBor Bpxa (1800-2000 m) u Ha 3amagHOj
ctpanu ['o6esbe (1700-1900 m).

TokoMm wuctpaxuBama Tydypa Ha IUIaHWHM bejbaHWIM pPErHCTPOBaHH Cy U
con(IIyKIIMOHN OXHJBIM Ha jy)KHOM 0001y yBaine Peuke, rae je mounuio 1o pacresama H
Hernamba TPaBHOT MOKpUBava y 3anely mamux conmduykunonux jesuka (bemnj C. u ap.,
2004).

I'enercka cBojcTBa COMMQIYKIHOHUX 0KHbAKA

I'ene3a conn@uyKIMOHUX OXUJbAKa OJIBUja CE Y YCJIOBUMA TPaHMYHUX OKBUPA
pacnpocTpamena TepUTialyjaTHux O0JIMKa ca CBUM CHEMU(GUIHOCTUMA IOJMTEHETCKOT
pa3Boja y3 moauduKalMje ACHYIAUHOHMM W KPUOT'CHHUM, HUBALUOHHM, HHUBAJIHUM H
(hmyBHjaTHUM TIpOIIECHMA.

Ha npuMepy Mannx 0XKujbaka BHXOB HACTAHAK OJIBUja CE MO CIMYHOM MEXaHU3MY
CONMM(ITYKIIMOHOT KIIKEHa OTKPABJFEHOT CII0ja W3HAA 3aMpP3HYTOT ClIoja 3eMJbE W Jie[a ca
3a0cTajameM MOJKOBHUYACTOT ype3a Ha MajJuHH Koju Huje OMo 3axBaheH cOoMM(IIyKINOHIM
KperambeM. VY ciydajy HacTaHKa OBHX OOJIMKa OJiIBHja C€ IIPOLEC CErnapaTHOT WM
OTPaHUYEHOT COJMH(IYKIMOHOT IieTaba Ie0JIOMIKO-BEreTallliCKOT XOPH30HTa, Y3 3HATaH
JIONIPUHOC OOWJIHOT IIPUTHLAa Biare oJ OTanama CHeXaHuka y 3anely nanuse, kao u
OypHE IMHAMHKE CBaKOJIHEBHOT 3aMp3aBama M KPaBJbeHha aKTUBHOT CJIOja.

Cuanka 6. Bejuku comm@uyKIMOHM 02KHJbAK HA cell1y cesepo3anagHe Depasune, [Ipoxiaeruje (porto: C.
Bennj)

I[Ipema ™op¢omorHju KOHCTATOBAHWX OONMMKAa OXWJbaKa W3IJIeJa Ja ce
packpaBJbeHa 3eMJba HATOIIJLCHA OTOIJBEHOM BOJOM IOHAIIA KA0 TEYHO-TECTaBa Maca, Kaja
JEIIHOCTABHO JI0JIa3H JI0 KIMKEHa OBe Mace, ca wiu 6e3 popMupama KIaCHIHOT jacTydacTor
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comudIryKIroHoT Habopa. Y BehiHM cirydajeBa Mpa3HO-COTU(ITYKIIMOHN 0KAJbaK y OCHOBHU
MopeJ Major OJiceka y 3eMJbM MMa MEJOJIOLIKM XOPH30HT 00pactao BereranujomM. Y
MHOTHM JAPYTHM CITy4dajeBHMa IPOCTOP OKMJbKA CIYy)XH 3a W30HMjarse Mpa3He ApoOHHE M3
e I0JI0IIKOT XOPH30HTA, K0 U 32 M0jaBy MPa3HOT BpEeha TJia 10 JHY 0KUIbKA. 3amaxeHe cy
U T0jaBe JIa je OCHOBA OXKMJbKA HCIIpaHa 10 CTeHOBUTE ocHOBe. OBO ce m3riena JelaBa Ha
BehrM HaruOuma MajinHe y CiIy4ajeBuMa KaJ [eHyIaluja 3aXBaTH PACTPECUTH TEOIOIIKU
coj HazamTHhNCH BEreTalMjoM, TOKOM JICTEHX MECCIH, KajJa je Mpa3HO-CHEeXKAHUYKU
MpoIeC YMPTBJBCH U KaJia JOMUHHUPA]Y IEeHYAANNOHO-(DIyBH]jaTHU TPOLIECH.

3a mormyHHje oOjalllbee HacTaHKa MpPasHO-CONIMQUIYKIMOHUX — OXKHJbaKa
HeonxoJHo je mpaheme OBe I0jaBe Kaja ce OHAa OJBHja, AAKJIE y BPJIO IHUHAMHYKUM
yCJIOBUMa T0jaBa CONMMIYKIMje MpH HWHTE3MBHOM TOIJBEHY CHEra W 3aMmp3aBama
onMmp3aaBaiba noaiore. Ha tepeny conu@uiyKIIMOHN OKHIJBLIM CE€ YIIIaBHOM KOHCTATYjy Kao
,»3PENN‘ BUIICTOANIIBA OOJIMIIN Ha KOjUMa je MpHMapHU T'eHETCKH Mpoliec 3aBpuicH. [1o
HACTaHKY O)KHJbaKa OJ[BHja C€ CEKYHJapHHU MPOLEC PErpecUBHE Aerpajalije 3eMJbHIIHOT
oJiceKa, ca Win 0e3 CKelleTa, CIIMYHO M0jaBH pa3BOja KpHOAaIUIaHAIKje Y OCHOBHUM CTEHAMA,
aJu y OBOM CIy4ajy Ha PyJAMUMEHTAPHOM HHBOY.

Ha onpeljenum nokamuternma je mpumeheHO 1a Cy COMU(IIYKIMOHH OXKHUJBIU
mocjaraHy JIMHEApHO, CTEICHACTO y TpaBlly Hajeeher Harmba maxuue. Ty cy 3amakeHU
TpParoBH IUTUTKHUX, jelBa BHJBMBHUX JCIPECHja, TNE C€ MOBPIIMHCKO JC30PTaHU30BaHO
OTHUIIAE CHEXXHUIIE Y IpoJiche ¥ KHIIHUIE TOKOM KpaTKor JIeTa, TpaHC(OPMHILIE y 3a4eTHE
o0JuKe JIMHEapHUX TOKOBA, YMjUM 3APYKMBAbEM MOCTajy WHHULHjAIHH OOJIHMIM IOTOKA.
Kako To criupame 3axBaTa OTKPaBJbEHH M PACKBAIIEHH aKTHBHU CJI0]j TJIa, TO CE Y CHEXKHHUIH
jaBjba BeNHMKAa KOHIICHTpalWja 3eMJBHMINHUX W JPOOMHCKUX eJleMeHara, Tako Ja TO
MOBPIIMHCKO CIHPame UYMW Ha CONH(IyKIMOHO-OJMaTHE OyjuIle, OOHOCHO 3eMJbaHO-
IpoOWHCKE TMOTOKE, a Ha BehnM HarmOmMa MMa ycioBa U 3a 1ojaBy OmaTHux jaBuHa (Belij
S., 1990). Ce cy Te mojaBe y OCHOBH B€3aHE 3a COJTMQIYKIIMOHH TPAHCIOPT MaTepHjana
Kao IUTyBHOHMBAIIMja — MAJHUHCKO NE30PraHU30BaHO CIHUPAbE NMPU UHTCH3MBHOM OTallaby
cHera M CHeXxaHWka. KilacMuHO cropo Kimkeme COMM(IIYKIMOHUX je3MKa MOTHOMOTHYTO
EKCTPEMHHM OTalalkeM CHEra W CHeXKAaHHKA U TPAHCIIOpTa MaTepHjalia CHEXXHHUIIOM JTOBOIU
0 CTBapama CONU(IIYKIIMOHUX OXIJbaKa y JHHCAPHOM pAaclopeay carjacHo Hajeehiem
HaruOy majauHe. Y CilydajeBUMa CIIOPOT KIMKEHa TeCTaBOT CONU(IYKIMOHOT MaTepHjajia
BPJIO j€ YEeCTO MPUCYTHO M KPUOTYPOALMOHO COPTHPALE APOOHUHE M H-EHO UCTUCKUBAGE HA
MOBPIIKHY, IITO TONPHUHOCH LIENakhy TPABHOT MOKPHBAYa IMPU BETOBOM PacTe3amy, TaKo Ja
ce cexkyHmapHo (opmupajy u BereTanoHe (COMUQIIYKIIMOHE) Tepacere, a ca moBehaHuM
BIQXEHEM MOUIOTe ¥ MPHAOJATHM yAenoM paedianuje jaBipajy ce M Murpupajyhum
oycenosu (bennj C., 1985, 1992, 1994, 1999, 2006, 2010).

YmpaBo U3 OBHX T€HETCKHX CBOjCTaBa, PACIpOCTpamema U MOPQOJOTHje OBUX
o0nMKka MOry Ce H3BIaYUTH HEeKH 3aK/bydll O HHHXOBOM HACTAHKY HAa H3/IBOjCHUM
JIOKAINTETUMa, ald M YOIIITEe HM3BECHOM AacCleKTy IPHPOJe MepHUriialijaiHe CpPeAnHe
wianuHa bamkanckor nmoiyoctpa. Ha OCHOBY HpeTXOMHUX pa3Marpama MPOUCTUYE Ja CY
CONMU(ITYKIIMOHH 0KUJBIM BH]] HJIH [T0jaBa OTPaHUYCHE U Op3e COMM(IYKIUje THUIIA TCUCHA.

Ha ocHOBY monoxkaja OXuJbaka Ca OINKCAHHUX JIOKAIUTETa HPOMCTUYE Ja CY
OXWJBIIM CIOpaJUYHA I0jaBa yIpaBo 300T HEXOMOICHE IM0jaBe 3aMp3aBara 3CMJBHUINTA Y
IpPaHUYHUM OKBHpUMa IEpHIJIalldjaliHe cpeluHe BUCHHCKOT nojaca 1700-1900 m. Usrnexa
BPJIO Ba)KaH Y3pOK I10jaBe 0XKMJbAKA j€ JIOKAJTHO HATOMUIIABAE BOJIE U HEHO 3aMp3aBambe.
ITojaBa Behe kommumHE Nena y 3eMJBHINEEM XOPH30HTY KOja y yCIOBHMA JECITUMHYHOT
oTamama Jjaje Macy 3a CONH(IyKIIMOHE M0jaBe )KUTKE Mace Mamer OJaTHOT TOKAa OCHOBHU j€
YCJIOB 3a HacTaHaK OXWJbaka. Ha OBMM ocHOBama CONMM(DIYKIIMOHH OXHJBIH Owin Ou
MoKaszaTeJb HEXOMOIEHOI 3aMp3aBara IOJUIOre Ca JIOKAJTHUM HArOMWIIABAmEM JIeICHUX
couMBa. Y3pOIlM HaroMMJIaBama BOJE KOja ce KacHHUje JIEAW MOTY OWTH Pa3IUYUTH, OYECB
OJ1 BpEMCHCKUX MPHINKA OOMIIHUX KHIIHHUX TaJaBUHA WM MHTC3UBHOT TOIUBCHA CHEra U
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Harux 3axialema, JIOKaIHOT MpeycMepaBama UPKYIAlfje MOJ3eMHE BOJE Ha KOHTaKTy
MaTHYHOT CYIICTpaTa W 3eMJbUILIbET clioja (JIOKaJTHU HaruOM CTEHCKE MOAJIOre, MOA3eMHH
KaHall >KUBOTHIbA KOje JKMBE y 3eMJbM W Apyro). Ha TepeHy cy penmMo 3abeiexeHe
NojaBe CUMYITAHOT NPUIIMBA BOJC M HCHOT 3ajeljuBarba IITO CTBapa JefeHa aCuMeTpHYHa
COYMBAa Ha NaJuHaMa KOja MOTYy OWTH Y3pOK JIYYHOM I[EHamy MOIJIOre MOJA YTHIAjeM
conuduykuyje.

ComGIyKIIMOHU OXWJBLIM Ca 3€MJbaHO-TPABHATOM OCHOBOM YKa3yjy OCHM Ha
MOMEHYTE T'C€HETCKE OJJIMKE W Ha BUIICTOIUINEY CTAPOCT OBUX 00yMKa. OXHIBLU THAC je
UCIIpaH MPOCTOP YHYTap ypes3a, OCHM IOKa3aTejba CONU(IYKIMOHOT TEYCHAa JO CTCHCKE
OCHOBE, MOTY OWTH U MOCICIUIA JCHYAAUOHOT UCTIUPAkha COTUMIYKIIAjOM IeCTA0HIICaHE
nozsore. JeaHoM 00pa30BaHM OXKHJBLM €r3UCTUPAjy BHIIE FOJMHA €A MambUM MPOLECHMa
MPa3HO-COMU(IYKIMOHUX U JACHYAAHOHUX AKTHBHOCTH HA MAJIUM OJiceiuMa 0xuJbka. OBO
j€ majo MoBOAA TOjeAWHHM HCTpaKMBauWMa Ia OBaj T€HETCKM MEXaHHW3aM H3IBOje Kao
aKTHBHE KpHoOAaIUIaHAIIMOHE TIPOllece Ha KproariaHAITMOHUM Tepacama (Zietara T., 2004).

3aBpurHa pazmMaTpama

[Ipema nojequHuM cxBaTamuMa MEpUIIIaljalHa CpeIMHa ce M3/Baja y 00JacTiMa
ca CpeAmOM TOIUIIK-OM Temmeparypom Basayxa ucrox 2-3°C (French M., 2007). Hosuja
KJIMMAaTOJIOIIKAa UCTPaKMBamka Ha IIaHWHaMa bakaHCKOr 1mosryocTpBa MoKasyjy Ja ynpaBo
BucuHe 1700-1900 m oxromapajy cpeameroIunImbUM TemIeparypama Bazayxa on 2-3°C
WIM TpaHMYHMM OKBHpHMMa CaBpEeMEHE IUIaHWHCKE MepurianujainHe cpenune. Ha
JOMHHAIM]y COMMMIYKIMOHUX MpoLeca WM ,,TOIUIMje BapHjaHTe  MepurilalyjaiHe KIuMe
yIpaBo  yKasyjy HoBHMja reoMmopdoiiolmka HCTpaxuBama ca  npeosialyjyhom
3acTymbeHomhy o0nmKa U 1mojaBa Kox Kojux momuHHpa comudpuayknuja (bemmj C., 1985,
1990, 1992, 2010, Beljj S., Cuki¢ D., 1990, Hewmh J., Munuaurh M., 2004, Hemwmh JI. u
ap., 2009, 2012 u npyru). On oBe MPaBUIHOCTH HE OJCTYIA HU IMOjaBa COMUQITYKITHOHIX
OKHJbAKA.

VY najkpaheM, comuIyKINOHN OXKHMIJBIIH Cy NOKA3aTeJbH BP0 AUHAMUYHUX yCIOBa
TpaHMYHUX OKBHpa CaBpPEMEHE IepUITIalfjalHe CpeIrHe Ha IUTaHMHaMa bamkaHckor
noiyoctpBa. Ha ocHOBY M3pauyHaBama TEPMUUKHX IPajljeHaTa TEMIIEpaTypa 3eMJbHIITA Y
IaHrHCKOM ripoctopy IIpokieruja usnan 1000 m H.B. jaBsba ce cTabuiaH THI CE30HCKOT
3amp3aBama 3emsbuinTa (benuj C., 1994). UcrpaxuBama Ha cOMMMIYKIMOHUM OXUIbLIUMA
NOKa3yjy Jia Cy OJHOCH CE30HCKOI 3aMp3aBama 3EMJBbHINTA Ha IUIAHMHama baikaHckor
[omyocTpBa Bpsio BapujaOWiHE IOjaBe M JAa je HOPEA TeMIeparype Basayxa jelaH Oj
OCHOBHHX YCIJIOBAa HACTaHKa OKMJbaKa I1aJaBUHE, ca CIEHM(UYHUM JIOKAJTHUM OKBHUPHUMA
pacriozierie IoA3eMHe Biare y 3¢MJBHITHOM XOPHU30HTY W3HAJ CTCHCKE OCHOBE.

ITojaBy COMMUpIUKIIMOHUX OKMJbaKa Tpeba pa3MaTpaTH M y KOHTEKCTY H3MEHCHHUX
yCIIoBa MPHUPOIHE CPEOUHE, INTO Ce MpEe CBEera OJHOCH Ha BEINTauyKe — CEKyHIapHE WIN
CTOYapCTBOM Y3pOKOBaHE Mammadke moBpmuHe. Conn(IIyKIIMOHN 0KHIBIHN CY HCKIBYIHBO
KOHCTAaTOBAaHM Ha MAIl-adyKWM IOBPIIMHAMA, JOK HA MOBPIIMHAMA Ca HUCKAM PaCTHHEM
(TIoBpIIMHE O] KJIEKOM) WIIM IIIyMOM OBH OOJIHIIM W30CTajy. M3 OBOT ce M3BIAaYH 3aKJbYIaK
Jla je YHHIITaBambeM BHCOKE BEreTaluje y CaBpeMEHUM KIMMATCKHM OKBHpHMa JIOMIIO J0
aKTHBUpama MEepUNNIAlMjalHAIX [poleca y TPaHWYHUM  OKBHpPHMAa  IUIAHWHCKE
HepHIalyjaiHe cpeanHe. Y OBOM KOHTEKCTY JECHYIAIMOHU OKHIBLIM CE MOTY pa3MarpaTH
M Kao BHJ IOCPEIHO y3pOKOBaHE JieBacTallyje IIAHMHCKUX IpeJiesia, UCTHHA HEBEIMKOT
obuMa. MHoro Behn BHIOBM JeBacTauyje HCIOJbaBajy €€ WHTE3MBHUM CTOYapCTBOM Ca
10jaBaMa JIMHHjCKE €po3Hje U ACHYyaIHje IO CTCHOBHUTE TTOJIOTE.
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