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PEY INTABHOI' YPEJJHUKA

[TomroBaHe KOJISTUHHMIIE U KOJIEeTe.

Oner cMo cyodeHu ca mpoOieMoM (UHAaHUCpama H3laBama Yacoluca, LITO je
YCIOBHJIO FETOBO Kalllibee. Hamme, oBo je Opoj 3a 2017 roguHy ¥ HHCMO MOIVIHM Ja ra
[ITaMIIaMO Ha BpeMe 300T HetocTaTka (HHaHAHCH]CKHUX cpencTaa. OBaj mpobiiem ce mosehasa
13 TOJUHE y TOAUHY U Tpebasio Ou na Yapyskerme Oyjuuapa Ha HeKH HAuWH PEIIH Taj IpodieM.
CwMmarpam 11a je Bpeme na ce oapxu CKyIIITHHA yApYXKewa , [Ie OU ce Mopel OCTaINX TeMa
mpobseMa pa3roBapajio U 0 MpodeMy H3aBarba Jacorwca ,,Eposmja“.

3HaM 7a je cuTyanuja ca (pUHaHCH]jaMa ,,CII0KEeHa™, alld y3 100py BOJBY MOIJIO OH 11a
ce Halje periewe 1 3a Taj IpodIeM. Y TOM CMHCIY areilyjeM Ha 4iaHOBe YIpaBHOI 0100pa
Jia mTo npe 3akaxy CKyMIITHHY yApyKema i y3 ocTane Tekyhe ctBapu (oapxkaBame CycpeTa
Oyjuuapa, cTaryc JuicHe Oyjudapa, CTpPyYHa M HaydyHa MUTama M Jp.) 1MOpa3roBapaMo H
4yacomucy ,,Eposuja“ u puHaHCHpamhy HEroBOT U3/1aBarba.

[Ipe u3BeCHOr BpeMeHa HaIao caM jemaH 3arypeH TekcT npod.C.I'aBpunosuha koju
MU je 6uo mocuar geremopa 1991 romune. Cmarpam aa Ou OWMJIO MHTEPECAHTHO 3a HAIly
CTPYYHY M Hay4HY JaBHOCT JIa CE yIIO3Ha ca HCTOPHjaTOM IMPOTUBEPO3HOHUX pasoBa y Cpouju
OJ1 TIOUeTKa TUX pajoBa. To Moxe 11a Oyjie MoACTepK 3a HEKOT J1a HAIMIIIEe HACTaBaK UCTOpH]jaTa
THX PaJIOBa JI0 JaHAIIBHUX JaHa.

IIpod. Cranumup Kocragmuos




Ivan Blinkov'"

BP3A TUJATHOCTUKA KATACTPO®AJIHOI' TOTABAJA KOJU CE JOTI0OAUO0
3. ABI'YCTA 2015. TOAUHE Y IIOJIOIIKOJ OBJIACTH

RAPID DIAGNOSTIC OF THE CATASTROPHIC EVENT HAPPENED ON 3RP
AUGUST 2015 IN THE POLOG REGION

I"Ss. Cyril and Methodius University in Skopje, Faculty of Forestry
ivanblinkovl2@yahoo.com

Abstract:

Torrent floods bring enormous harm to people and nature, but also can make long-
term consequences. These natural hazards origin from the mountains but their consequences
are usually felt in downstream sections, particularly in this case, consequences from flood event
were felt in the settlements in Tetovo region located on the alluvial fans but in some mountain
villages too. Almost all torrents that origin from the Shar Mountain made damages. More of
them are dry during the year and there is flow only after heavy rainfalls or snow-melting.

Main objective of this study was to define reasons for this catastrophic event. i.e.
reasons for appearance of high debris flow discharge and reasons for damages. Filed observation
was done immediately after the event. Terrain was recognized, somewhere in detail. Satellite
images done after the event were used too. Beside it, air video material and photoset was used
to define some areas. Desktop work was focused mainly on various hydrological analyses.

Heavy rainfall and hail on the Shar Mountain result in huge runoff and discharge. Geological
composition (schists and carbonates) and steep slopes, result in huge quantity of sediments even
boulder that become part of discharge of this fluid. Sediment was formed as a result of various
processes: pluvial and fluvial erosion (formed new gullies, deepened existed gullies, old deposits
were eroded that means significant quantity of material was produced and become subject of
downstream transport. Beside it, high intensity rainfalls and lateral erosion on the foot of the slopes
caused landslides (slow or sudden falling of material into the torrent bed). As a result of weathering,
rockfall and talus cone significant quantity of rocky material achieve the torrent bed too. Gravity and
huge quantity of water transported all this material downstream in the villages. There were several
processes into the stream beds: flowing, traction and rolling of higher particles, even sliding. Depend
on the relief characteristics and hydraulic parameters of the stream bed, happened the following
physical processes: debris flow, hyper concentrated flow, mud flow even debris slide. The volume of
debris by Djepciski Poroj was estimated as 250000 m?® (part of this origin from previous flooding).

An absence of structural measures especially barrages and irregular land use pattern,
absence of urban plans, houses along and even into the stream bed, caused enormous damages
in the settlements including 6 died, a lot of injured, 24 families evacuated, damages on houses,
bridges, roads, infrastructure, on hydraulic structure and on agricultural land. All torrents are
assigned as debris flow or debris flood torrents.

Key words: torrent, erosion, debris flow

ArmncTpakr:
ByjuuHe moriaBe JIOHOCE OrpOMHY INTETY JbyAMMa WU IPUPOIH, i Takohe Mory
JIOHETH W IyropouHe nocieauiie. OBe MPHUPOAHE OMacHOCTH (OPMHPAjy c€ y IUIaHHMHAMA,
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amy ce BHUXOBe Mocneauie o0uMyHo ocehiajy y HHU3BOAHMM CEKTOPHMA, HAPOYHTO Y OBOM
CITy4ajy, MOCJIEAHUIIC O TIOTJIaBa OCETHIIE Cy Ce y HacesbuMma y pernony TeToBa Koju nexe Ha
aJTyBHjATHUM JIeTie3aMa, ajli U Y HEKUM IUTaHHHCKUM cenuma. CKopo cBe Oyjuile Koje MOTuay
ca ianune lap nanpasuiie cy mrere. Behuna mux ¢y cyBe TOKOM TOIMHE, a POTOK MTOCTOjU
CaMo HAKOH BEJIUKUX IMalaBUHA UITH TOIJbEHha CHETa.

IMmaBHU 1B OBe cTyauje je OMO Ja ce yTBpJAE pa3iio3u 3a OBaj KaracTpodamHu
noralaj. Tj. pa3no3u 3a 10jaBy HAIJIOT U BEJIMKOT MPOTOKA U pas3iosu 3a omreheme. TepeHcko
HCTPaXMBAKE j€ U3BPIIICHO OIMaxX HakoH joralaja. TepeH je mpoyyeH o aerapa. Kopunihenu
Cy M CATeUTCKH CHHUMIIM KOjH Cy HacTanu HakoH norahaja. [lopen tora, kopuiiheHu cy u
BHJICO CHUMIIH U3 Ba3lyxa U ceT poTorpaduja 3a neduHucamke MorpaHuile noapydja. Ypahene
Cy pa3He XUAPOJIOIIKE aHAH3e.

WurensusHe kuire u rpaj Ha lllap nmiaHuHM y3pOK Cy BEIUKOT OTHIAja U TOIIAaBHUX
tanaca. ['eosnomku cactas (LKPHIBIM U KapOOHATH) M CTPME MaJMHE, PE3YATHPA]y OTPOMHOM
KOJIMYMHOM CeIMMEHAaTa Yak ¥ Beher KaMema KOju MocTajy 1eo OyjudHor Toka. HaHoc je
HACTA0 KAao PEe3yNTaT pasiuyMTHX Mpolieca: IiyBHjanHe u duyBujanHe eposuje (hopmupane
Cy HOBe japyre, mpoaybsbeHe mocrtojehe, cTape JermoHMje HAaHOCa CY epOAUpPAHE, IITO 3HAYH 1A
je mpou3BeNeHa 3HaYajHa KOMYKMHA MaTepujana Koja ce Jajbe HU3BOJIHO TpaHcnopTtyje. Ocum
TOra, MaJaBuHe BHCOKOI MHTEH3UTETa M OOYHA epo3uja y MOMHOXK]Y MaJdHA Y3POKOBAe Cy
KJIM3UINTa (CIIOp WIIM HATIH Maj MaTepujaja y 30HYy Talokema HaHoca). 360r BPeMEHCKOT
yTHIIaja, OPOHA M OCYJIMHCKHUX Jiere3a (cumapa), 3HauajHa KOMMYMHA KaMEHOT Martepujana
Takol)e CTHKE Y 30HY TAJIOKCHa HaHOca. [ paBuTaIija 1 OrpOMHA KOJIMYMHA BOJIC TPAHCIIOPTYje
CaB Taj MarepHjasl HU3BOJHO Ka ceiuma. [10CToju HeKONMHKO mpoleca KpeTama HaHOCa: TOK,
ByYa, Bajbalbe U KJIM3ambe. Y 3aBUCHOCTH OJ] pebe(DHUX KapaKTEPHUCTHKA M XHIPAYIHUKHX
napamMerapa BOJCHOT TOKa, IECHIH ¢y ce crenehu (hH3UYKU MPOIIeCH: MACOBHH IPOHOC HAHOCA,
XHIEp KOHICHTPUCAHU MOIIABHU TaJIac, OJIaTHU TOK a U KJIM3akhe HaHOCa. 3alpeMrHa HaHOca
kon [lemuujcke Byjune nporemen je Ha 250000 m® (jenan €0 je o1 MPETXOAHUX MOILIABA).

OJcyCcTBO MPOTUBEPO3HOHUX 00jeKaTa y KOPHUTY, HAPOUUTO Mperpajia 1 HempaBuiaH
HayMH KOpHIhermha 3eMIJBUILTA Y CIHBY, OJICYCTBO YPOAHUCTHYKKUX IUIAHOBA, M3rPaama Kyha
MOpPe/I, [1a YaK, ¥ Y BOJAHHUM TOKOBUMA, H3a3MBaJIU CYy OTPOMHY IITETY Y HaCe/bUMa, YKIbyuyjyhu
6 TIOrUHYJINX, MHOTO TIOBpeljernx, 24 nopouile Cy eBakyucane, omrehene cy kyhe, MOCTOBH,
MyTeBH, UHPPACTPYKTYPA, Ha XUAPOTEXHUUKUM 00j€KTHMA U Ha TIOJHOTPUBPETHOM 3€MJIBHIIITY.
CBH BOJIOTOKOBHU U3 TOT MOJAPYY]j C€ CBPCTABAjy y TUIIMUYHE OyjHYHE TOKOBE M OJIATHO KaMEHE
TOKOBE
Kibyune peun: OyjuuHe noruiase, epo3uja, IpOHOC HAaHOCA

INTRODUCTION

Mountain regions especially with Alpine configuration are high-risk areas. Mountain
hazards can cause damage, destruction, injury and death at any time and at any place on the
slopes or downstream. Heavy rainfall and hail on the Shar Mountain result in huge runoff and
high discharge of the torrents. But unlike river, significant quantity of sediments even boulder
were part of discharge of this fluid. Sediment/debris was formed as a result of various processes.
As a result of pluvial (rainfall) erosion and fluvial erosion (erosion by water discharge into the
stream) were formed new gullies, existed gullies were deepened and widened, old deposits
were eroded that means that significant quantity of material was produced and become subject
of downstream transport. Beside it, high intensity rainfalls and lateral erosion on the foot of
the slopes caused landslides (slow or sudden falling of material into the torrent bed). As a
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result of weathering, rockfall and talus cone significant quantity of rocky material achieve the
torrent bed too. Gravity and huge quantity of water transported all this material downstream.
More than 10 torrents caused damages. All these streams including river Pena origin from the
Shar Mountain and are typical mountain stream with torrential character. More of them are dry
during the year and there is flow only after heavy rainfalls or snow-melting. The consequences
of the event were: 6 dead, 11 injured, 24 families evacuated in Sipkovica village, Power cut
off in several villages, damaged water supply system (Tetovo, Sipkovica...), damaged houses,
11 damaged bridges, 17 damaged roads, damaged hydraulic structures into the torrents bed,
damages in the stream bed, affected agricultural land: 40 ha etc. Total costs of damages was
estimate as 25 000 000 Euros.

THEORETICAL BACKGROUD

Torrent floods bring enormous harm to people and nature, but also can make long-
term consequences and usually return development a few years back. These natural hazards
origin from the mountainous regions but their consequences are usually felt in downstream
sections, particularly in our case, consequences from flood event were felt in the settlements in
Tetovo region. Level of destruction of the natural disasters damages depend on the natural but
also depend on socio-economic conditions.

Stream basins are dynamic systems constituted by a complex arrangement of fluxes
between the land and water environment. There are essentially three interconnected fluxes,
not only of water but also of sediments/nutrients and pollutants. Stream velocity depends on
the slope of the stream bed, the degree of roughness of the stream bed, and the hydraulic radius.
Streams carry dissolved ions as dissolved load, fine clay and silt particles as suspended load,
and coarse sands and gravels as bed load. Depend on the neighborhood area affected by heavy
rain, stream carry additional material that could be transported as timbers, branches, woody
structures, plastic particles and structures, even vehicles in extreme conditions. In this case,
stream flow becomes debris flow. Debris flows are one of the most dangerous of all mass
wasting events. They can occur suddenly and inundate entire towns in a matter of minutes.
Debris flows are made of exactly what the name suggests: debris. This debris can include
anything from the smallest mud particles to boulders, trees, cars, and parts of buildings. Debris
flows occur when rain water begins to wash material from a slope or when water sheets off of
a freshly burned stretch of land (http://earthsci.org/flooding/unit3/u3-03-04.html).

Mawintain heachvater sireams
oy flew swiftly dovn steep
~. slopesand cut a deep

V-shaped valley. Lowe-glavation stroams

Rapids and merge and flow down
 waterfallsare gentiler slopes. The
Camimean., valley broadens and

the river beging to
meander,

Figure 1. Torrent morphology
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Generally in the upper pat of the long profile there is more turbulence, lots of bed
load and lots of roughness and fiction. As more steams join the river, roughness decrease,
discharge and velocity increases and the erosive power of bed load will decrease. As a result
the gradient of the river will generally decrease creating a concave long profile with distance
downstream and deposition serves to enhance this phenomenon further. Erosion in the upper
valley is generally straight down into the bed, and vertical, helping to keep gradient steep. In
the lower reaches erosion is lateral or side to side, reducing gradient and further enhancing the
concave long profile. Base level is the lowest level to which erosion by running water can take
place. Grade is the concept of a river being in equilibrium, with balance between the rate of
erosion and deposition. This balance is constantly upset by changes in discharge and sediment
load, and can alter over long periods of time because of changes in base level. Also, river
can change across their channels, where variable discharges and loads cause channels to shift
position and shape to adjust to these changing characteristics (http://coolgeography.co.uk/A-
evel/AQA/Year%2012/Rivers,%20Floods/Long%20profile/Long%20profiles.htm).

Natural geomorphologic processes influence stream basin fluxes to varying degrees.
Peak of Discharge depends on various factors: rock and soil type; land use; rainfall intensity;
relief characteristics; weather conditions before and during the event; conditions of soil before
and during the event. -Factors causing Erosion are: climatic factors, vegetation cover, soil
characteristics, relief and human activities. Factors causing Landslides are: climatic, geological,
morphological, relief conditions and human activities.

On the other hand damages depend on the human activities especially land use. Land
management is considered one of the essential keys to identify and implement adaptation
strategies to natural hazards (including, but not limited to, flood prevention) while preserving
the sustainability of EU regional developments. The effects of certain land cover changes on
sediment load and peak flows can be established in smaller watersheds but on basin scales this
is scientifically not sufficiently explored territory. On that scales there are no simple cause and
effect relationships but the system that influences those parameters on larger scales becomes
highly complex. http:/floods.jrc.ec.europa.cu/land-use-modeling-and-natural-hazards.html

Debris flows have volumetric sediment concentrations exceeding about 40 to 50%, and
the remainder of a flow’s volume consists of water. By definition, “debris” includes sediment
grains with diverse shapes and sizes, commonly ranging from microscopic clay particles to
great boulders. Debris flows are accelerated downhill by gravity and tend to follow steep
mountain channels that debouche onto alluvial fans or floodplains. The front or ‘head’ of a
debris-flow surge often contains an abundance of coarse material such as boulders and logs that
impart a great deal of friction.

The debris mainly comprises large boulders, rock fragments, gravel- to clay-sized
material, tree and wood mulch — materials that accumulate in the mountain creeks. To be
susceptible to a debris torrent, a creek must have a drainage area within a critical range, a profile
that is sufficiently steep, an accumulation of debris, and some form of triggering mechanism.
The most common triggering mechanism is an extreme water discharge, which may result from
a very intense rainfall or a temporary damming of the creek. (D. F. VanDine, 1985)

According to Johnson (1970) debris flows, whether channelized or unchannelized, are
rapid flows of unsorted debris that normally show visco-plastic or dilatant rheology or some
combination of These. Debris torrents, by contrast, show a combination of dilatant and uniformly
dispersed grain flows (Takahashi, 1981). Eisbacher (1982) pointed out that Europeans use the
term “torrent” (a translation of “wildbach” according to Eisbacher, Aulitzky’s translator, and
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an obvious equivalent of the French *“torrent” and Italian “torrente”) to refer to a mountain
stream. (ex-cited by Slaymaker O. 1988)

AIMS AND OBJECTIVES

The aim of this study was to be done rapid diagnose of the catastrophic event happened
on 3" August 2015 in Tetovo region

The basic questions were:

- What were the reasons for hazard?

- What was the reason for huge damages?
- What type of torrential event happened?

METHODOLOGY

The prime activities were preliminary desktop analysis: collecting all necessary
available maps, collection all necessary data, measuring of the basic parameters of the torrent
catchments.

During the field work were spent several days not only in the affected settlements but
on the catchments too. Some measuring of some necessary parameters was done (slopes, bed
dimensions...) were taken pictures and clips. Significant data about the event was collected
through interviewees with people from the affected region.

After the field work various analysis were done. Data was transmitted on the maps,
were used maps produced by Copernicus SRM. Analysis of literature data especially historical
data about the past events was done. All these analyses were done to be answered the first two
questions.

For the definition of torrent type was used Aulitzky classification. Aulitzky (1980)
suggested two-fold classification.

Classification according to the extreme catastrophic behavior on the debris cone (debris fan, lower
course, redepositional reach or on another point of the basin)

Debris flow torrents — They characterised by non-Newtonian viscous, gravitational flows with

L1 pulsating and blocking debris discharge reaching velocities up to 30 ms”1.

12 Debris flood torrents — They are subject to viscous mass flows without pulsating and blocking
- debris flows. They have lower velocities and less transporting power than debris flow torrents.

13 Bedload transport — They have little fine-grained sediment so that gradient and depth of flowing
o water control tractive forces as in standard hydraulic situations.

14 Flood Creeks - They carry largely fine-grained sediment, and are of no direct relevance to the
o topic of debris torrents.

2. Genetic classification related to the type of erosion processes in the catchment basin

2.1. Torrents with erosion from surface erosion

2.1.1. Torrents with depth erosion (scour torrents)

2111 Natu_ral scour torrents (C_olluvial, Volcanic, Bedload, Partial, torrents with strong infiltration,
T Gullies, Debris accumulating torrents)

2.1.1.2. Induced scour torrents

2.1.2. Lateral erosion torrents

2121 Natural lateral erosion torrents (torrents with predetermined channel bend, torrents with free
T meanders, grass-scare torrents)

2.2. Torrents with embankment failures

2.3. Special torrents (ice debris flow, snow debris flow, karst, glacial or earthquake torrents)

11
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STUDY REGION CHARACTERISTICS

Affected area belongs to the Polog Region that consist of Polog valey and mountains
from east (Suva Gorsa) and west (Shar Mountain). Sar Planina (Shar Mountain) is located in
the northwest part of the Republic of Macedonia. It is one of the highest (top Turcin, 2.748 m)
and the biggest mountains (A = 840.2 km?) in the Balkan.

Figure 2. Mountains higher than

2000m (Milevski, 2015) Figure 3. Shar Mountain and Polog Valley

Shar Mountain belongs to Western Macedonia geotectonic zone. On a global scale in
shaping the area of the mountain range Shar (and beyond) as influenced Variscan and Alpine
orogeny. Territory of the Shar Planina is divided in 3 sections (End segment of the southern
mountains, Central section (with south and north) and Extreme northeastern segment.

Figure 4. Geology and Soil Maps of the region

The southern segment covers the area north of Valley River Mazdracha to Nichpurska
Mountain to the south. Here is dominated by Paleozoic phyllites and Paleozoic metasandstones
and less meet and quartzite of the same age. This part was not affected by catatsrophy in
this event. In the middle part of Shar Mountain, i.e. in southern central segment (south of
the river valley of Pena) represented a number of lythofacial formations. More significantly
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present series of green schists and diabases. Significant is presence of Paleozoic schists and
phyllites which are mainly encountered along the middle and upper River Valley Pena. In the
higher parts of the right side of the valley Pena (from top to Ceripashina Turcin) there are
Triassic crystal limestones. On the ridge Kara Nicholas and the right valley side of River Pena
Paleozoic marbles are presented. In the northern part of the central segment, north of the Pena
Valley up to the valley of the Bistrica River dominated old Paleozoic and Paleozoic shale,
Significant is presence of quartz sandstones and quartzite, in the southeast of Black Peak
(2.585 m) to the Kuchi Baba (2.209 m). In this section, in the lower parts of the mountain,
the more locations of old Paleozoic e schists are disrupted by Paleozoic granites. In northern
Shar Mountain (northeastern segment), i.e. from Bistrica River valley up to the peak Ljuboten
(2.499 m) dominated 3 lythofacial formations (Paleozoic granites, old paleozoic schists, are
Triassic marbleized limestones. (Source: Geology Map of RM)

Soil structure consists of various soil types depend previously on parent rock as well
as other pedofactors. On the highest altitudes on a silicate parent rock (schists) are developed
rankers. On the same altitude but on calcareous parent material is developed calcomelanosol.
It is shallow soil too and pedogenesis is over 1000 years. Leptosols (Lithosols) are very shallow
soils over hard rock or highly calcareous material, but also deeper soils that are extremely
gravelly and/or stony. Cambisols are characterized by the absence of a layer of accumulated
clay, humus, soluble salts, or iron and aluminum oxides. They occupy significant area
dominantly covered with oak and beech forests. Fragmentary appears regosols and rendzinas
too. In the lower part of area are developed fluvisols (colluvial and alluvial soils) and urbisols
(in the settled area). Sandy loam soils cover almost all mountain regions. Soil types and texture
classes are very important for vegetation cover and for runoff and erosion vulnerability too
(Source — Soil Map of RM).

Climate in Tetovo is assigned as sub-humid Climate on Popova Shapka is per-
humid and the total annual sum of precipitations is slight below 1000 mm. Maximal daily
precipitations in Popova Shapka were registered in November 1979 {188 mm) and few-days
precipitations caused huge flooding of Tetovo (by river Pena) as well Skopje (by river Vardar).

The water treasure of Shar Mountain, consist of large number of springs, more
glacial lakes and steep mountain streams. Over 100 springs of Shar Mountain occur in the
bases of talus cones, then the bases of the rocky sections, bare and grassy slopes etc. From
Shar Mountain to Polog Valley run down over a hundred, minor or major waterways. Springs
of the most rivers are on altitude over 2.400 m. In the most upstream part, they are composed
of a network of smaller streams. All rivers in the Shar Mountains belong to the catchment
area of the river Vardar, and most of them are its direct tributaries. All of them have torrential
character.

Slopes of the Stream beds are generally over 30% in the mountain part, partially
over 50% (Poroj — Brza Voda). Mean catchment slopes are very steep too. Typically for all
streams is their torrential character. Mean erosion coefficient in the country is 0,31 while in
Shar Mountain region is 0,54. The most erosive catchment in the region is Poroj (Z = 0,75).
In RM 36,5% of the territory belong to I-III category of erosion, while in the Shar Mountain
region 77%.
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Figure 6. Erosion map
(Gorgevic et al, 1993)

Figure 5. Main torrents

Table 1. Main hydrological parameters, erosion and sediments
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1 Mazdraca 89,0 26,4 64,2 0,43 9,9 68595 0,91 62421 795 723
2 Bogovinska Reka 61,4 20,5 36,6 43 0,62 238 80872 0,91 73594 1317 1198
3 Palcishka Reka 233 11,8 249 40 0,44 12,1 19870 0,88 17486 852 750
4 Golema Rechica 13,6 9,5 19,5 39 0,48 82 12690 0,92 11675 934 859
4a Poroj Mala Recica 2,7 5,7 11,5 41 0,50 | 368 2860 0,69 1973 1051 725
5 Pena 191,6 40,0 82,0 50 0,57 21,6 230800 0,78 180024 1205 940
6 Poroj 16,2 9.7 19,2 46 0,75 58,3 30784 0,85 26136 1904 1618
6a Neproshtenska 59 5.4 11,8 40 0,49 253 5922 0,81 4797 1004 813
7 Leshochka Reka 14,2 15,2 33,5 56 0,52 30,3 15182 0,94 14271 1069 1005
8 Bisrica 37,2 21,1 44,5 61 0,58 40,5 45888 0,93 42676 1233 1147
9 Ponika 46 4,1 9.6 50 047 | 26,0 4504 0,65 2028 975 634
10 Gabrovnica 16,5 14,0 29,0 59 0,62 39,7 21735 0,90 19561 1317 1185
11 Belovishka Reka 11,8 13,0 28,5 60 0,49 21,6 11003 0,85 9353 932 793
12 Vratnichka Reka 30,5 13,5 31,0 0,91 24,6 31625 0,98 30992 1036 1016
Mean value for the region 1127 964
Mean value R Macedonia 680 303




In the mountain area dominate grasslands used for sheep grazing. Taking in consideration
slopes of the terrain, relief dissection, shallow soils and land cover, run off in this area is huge. Beside
it, in this zone appeared bare lands (dominantly rocky notches/cliffs) that are prone to weathering.
This entire high mountain zone generates significant part of the discharge and quantity of sediment
material. Below this zone are spread forests (dominantly beech forest). In this zone soil is highly
protected by pluvial erosion. Soil structure is good and combination of soil and coverness enable high
acceptance of rainfalls. On the other hand into the forest appear gullies that are not visible form space.

Land Cover/Use
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Figure 7. Land Cover/Use map

There are open spaces in the forest zone classified as heterogenous agricultural area. Within
this area dominate grasslands used for sheep grazing. These areas contribute to high discharge and
erosion processes. There is private and state property. State owned pastures under competences
of Public Enterprize “Macedonian Pastures”. Forests in state property are managed by state
public Enterprize “Macedonian Forests” — regional office “Leshnica” — Tetovo. Forest is managed
according to the forest management plans. Forest in private property are managed by their owners
but they carry out forest activities based on a permission by private forest engineers (in previous
years) and engineers from state owned enterprise. Forest activity (cut, logging, transport) without
permission is punishable according to the Criminal code. Preliminary comparison of satellite
images from various period (2002 - 2014) doesn’t show any significant land cover changes in
the most affected catchments (Shipkovica, Recica, Poroj) that have significant influence on the
hydrological regime. Only in depth Remote Sensing analyzes can get the right answer.

DESCRIPTION OF PROCESSES

Climatologically situation before and during the event

July 2015 characterize with long dry period without precipitations and very high
temperature that in the lower parts achieve over 35°C. This climatic situation influenced the
soil structure. Soil was dry, materials that improve soil structures evaporated and soil particles
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became incoherent. It means that rainfalls easily can displace soil particles. The most upstream
parts of the torrent catchments are located on the shallow soils and covered with grasslands.

On the critical day 3™ August, happened storm over the highland on the Shar Mountain.
Air mass traveled from the Adriatic Sea, cooled and condensed on the mountain and storm event
occupied this area. Precipitation station in Tetovo in the valley registered only 9 mm. On the other
hand station located in Jazince (north from Tetovo) registered 50 mm for 24 hours. According
to the local people (shepherds) storm duration on the mountain was 2 hours, firstly no intensity
rainfalls and then high intensity rainfalls. Probably duration of the high intensity rainfalls was
between 60-90 minutes. If we accept intensity of 1 mm/min total rainfalls would be between
60-90 mm On the other hand using pluviometric gradient (1mm/30 m) then Jazinnce is located
on 900 masl, on the mountatin 2000 masl. Altitude difference is 1100 m or 36 mm. Then 50+36
= 86 mm rainfalls on the mountain. Without exact data because Popova Shapka station was out
of'use as well as the new automatic stations hasn’t operate yet, and the radar was shut of (to avoid
electric shocks because of storm event) this is only assumption and is uncertain.

Description of processes in the torrent beds

Taking in consideration catchment areas, length and slopes and land cover especially
in the upper parts, time for concentration is so short. IN the upper part of the catchments was
created the flood wave. Grassland on very shallow soil couldn’t retent the water. Excluding
river Pena, other scenarioc are very similar. Huge water discharge formed in the upper part
cause strong fluvial erosion processes, deepening of the beds and lateral erosion. This lateral
erosion process cause landfalls, landslides, rock falling i.e huge quantity of solid material
into the beds. All this fluid travel downstream, somewhere the biggest boulders stop, but
somewhere boulders achieve even the foot of the slopes.

Figure 8. Fluvial erosion processes and landfall into the bed
(Shipkovica central, Shipkovica 3, Recica)
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Absence of cross structures - barrages and steep slope as well as bed shape enable
free way for this fluid downstream. The most quantity of sediment was deposit from the Poroj
stream.

What’s happened in different torrents? All text in this chapter - Blinkov 1., 2015
Torrent Poroj

This torrent permanent attack mainly the road Tetovo-Jazince and the bridge. Several
times in the recent history Poroj did huge damages. The first time was trained in the 30’s after
huge flood. Later were constructed classical stone check-dams that were destroyed ion flood in
1979. After that were constructed 4 screw check-dams - Herheuldize type. Taking in consideration
that these dams were constructed on —field, they were destroyed later when a great boulder of cca
25 m?® broke them. There was a massive gravitorial check-dam upstream from the screw-dams.

Figure 9. Poroj Catchment, flooded area by torrent and deposits

The width of flooded area along the road was 800 m. Significant quantity of sediments
were deposed near the bridge and width of this area was 150 m and length 200, (upstream
and downstream form the bridge). In the provisional critical zone there is only 1 facility
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(petrol station) and the pavement was flooded and depth of sediment achieved 0,5 m. Taking
in consideration [past events, houses in the village of Poroj are so far of the critical zone.
Great part of the catchment area is covered with grasslands where soil is shallow. Even in
the mid part around the village of Germo dominate cultural landscape. Slope inclination is
extreme steep. Erosion intensity is so high, the highest in the region and one of the highest
erosion intensity of any torrent area in Macedonia. Beside it, there are rock-falls, weathering,
landslides, stream bank erosion is huge, It generate huge quantities of sediment. The torrent
Poroj has on average a moderated steepness however, at one point, it reaches a maximum level
of 47.7%, which is to be considered as high (name Brza voda — fast water). For that reason
this torrent has huge transport capacity. Transported huge amount of sediment leaving large
amounts (sand, sediment, rocks etc.). Huge quantities of sediments are not stopped behind
ruined check dams and deposit sediments when the torrent bed slope radically decrease. Bridge
on the road Tetovo — Jazince contribute to the flooding too. Landslide in Germo is different
problem but contribute to torrential floods.

Torrent Shipkovica 3

Origin form the high mountain region. Very small and narrow torrent but very
dangerous. Long profile of this torrent is specific and enable deposition of sediment in certain
areas. One of this areas is just above the road Shipkovica — Brodec. Characterize is extremely
big boulders some of them with volume > 15 m?®.

Figure 10. Shipkovica torrent 3 - Sediment area, boulders 2015 and damaged road 2016
Torrent Shipkovica - central torrent
This torrent cause huge damages and 4 died citizens. Catchment area of the torrent is

small (1,5 — 2 km?). As a result of rainfalls and huge runoff on grasslands, a flood wave was
created.
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Figure 11. Shipkovica central torrent- catchment area- Collapsed dam (1) and sinkhole (2)

In past, after the flood in the 1932 dam were constructed on location 1 and channel to the
sinkhole (assigned as lake on the map). With these interventions a catchment area was amputee
and decrease on 1/3. Water flowed to the sinkhole and infiltrated in the ground. During the event
on 3" August, a dam collapsed and the flood wave continues to Shipkovica. Part of the debris
was deposed near the location 2 where torrent bed changes the slope and width. From the section
between location 3 and 4 are the highest processes and the biggest sources of sediment.

The last 350 m above the Sipkovica (section 3-4 on the map) the deep erosion
processes produced providing the material for the damages in Sipkovica itself. The slope angle
ranges between 30 to 40° to NE. On the both sides of the gully which has depth up to 20 m is
visible only soil (weathered bedrock). It seems that the gully eroded in to former debris flow
deposits. The largest boulders have a diameter up to 7m.

When torrent enters in the village the first problem was no.2 (very narrow channel).
House nr.1 was barrier and started deposition before it. The huge power of water demolishes
the walls on 2 rooms of the house (1) and passed away. After that the flood wave demolishes
the back wall of the side room in the house no.3 and outflow through the door and window.
There was 1 died in this house. After the outflow from the narrow channel there were additional
problem — an arch wall (no.4) and parked car and farm house. Then water change direction and
together with water that pass through house no.3, hit the houses near house no.5. They were
barriers and deposition started even into the houses. The first floor of the house no. 5 was fully
fulfilled with debris. There were 3 died in this house. Rest of the debris continue to the main
street where deposed huge quantity of sediments.

|




Figure 12. Location of structures along the torrent

Torrents Golema Recica and Mala Recica

High altitude difference (1500m), high bed slope (>25% even partially >50%), low coverness
and soil, contribute to huge peak of discharge. Erosion process in the catchment contributes
to creation of significant quantity of sediment that cause torrential flood in the village of
Golema Recica. There are a lot of structures located in possible vulnerable zone to flooding.
Bigger particles of the sediment even boulders were deposed in the part before the begging of
the channel.
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Figure 13. Delineated flooded area in Golema and Mala Recica (Source: Copernicus EMS)

Due to the vicinity of settlements, catchment area of Mala Recica characterize with
a low forest cover (on the left side probably overexploited in past) and a significant grassland
area. Beside it denudation processes on the slopes and deep erosion processes together with
weathering are reason for generation of big particles of sediment (visible on the right photo).
There aren’t cross structures into the torrent bed in this area. Beside the road to Rasadishte,
are illegal landfills of various constructive wastes. There is a constructive waste. In the same
area happened landslide. All this material through the torrent bed was transported to the village
Mala Recica. It was combination of mud flow and debris flow. Bigger particles were deposed
in the upper part and then mudflow deposed significant material in the other part.

River Pena

The river of Pena is the biggest tributary to Vardar formed on Shar Mountain. Catchment
area of Pena is 191 km?. It has the longest mountain watercourse with 29,7 km from the source
to Tetovo. Its altitudinal difference is 1.914 m. Catchment shape, catchment area and slopes
contribute to appearance of coincidence of discharge form 2 parts near Brodec and huge quantity
of water and energy. The most erosive part is located 12-13 km upstream from the mouth. Into
the river bed there is a lot of sediment and boulders result of various processes in the tributaries
and the direct streambank as weathering, landfalls, rockfalls, streambed erosion etc. Six screw-
dams upstream from Tetovo are functional although some of them are significantly damaged.
During the storm event (strong wind), a lot of debris (woody, plastic even mineral from street
runoff) achieve river bed of Pena and together with material that Pena transported from upstream
part blocked the bridges in the city of Tetovo. Definitely, there were past sediments deposed in
the river bed that decrease the profile of the river bed. Bridges were blocked by debris, create
backwater and out flowing of river Pena that cause flooding of parts of the Tetovo city.
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Figure 14. Pena river catchment, weathering and critical areas in the city (bridges)

Beside up mined additionally few torrents cause damages too as follow: Neprostenska
Reka, Ponika, and some tributaries of Pena River.

Other reasons for huge damages

There are a several reasons for this starting with land use. People awareness is very low
and some human activities contribute to the damages as position of settlements, wild landfill
with constructive waste located near the torrent bed (example in Rec¢ica and in Shipkovica) and
inappropriate building.

Almost all settlements are located on the alluvial fan of the torrents. An absence of
urban plans in the villages causes urbanistic chaos. Typical example is Shipkovica where some
houses were rebuilt even in the torrent bed. The same situation was in Recica bed. Only citizens
of the village of Poroj (“poroj” means torrent) faced with permanent flooding in the past, know
the hazardous area and don’t built any construction in this area.

Legal and Intuitional setup is no suitable for this type of event, because of low
awareness of torrent hazards of the institutions, local or national both. Almost nobody in the
institutions even on national level understands difference between river and torrent. It cause
application of river training method for the torrent control i.e. uneducated people for torrent
control prepare designs. Except in Pena, there are no barrages in other torrent beds. It results
in transport of huge quantity of sediment even big rocks to the settlements.
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What kind of event happened?

This characterization and classification was done according to the Aulitzky
classification. Out of all torrents in this study will be defined only the following: Recica, Poroj,
and Shipkovica. River Pena is trained with cross structures and because of that is evaluated in
the current situation.

Table 2. Type of torrents according to Aulitzky classification

I criteria — II criteria — Generic classification
hazard along the cone, fan, regarding erosion processes
= = =
] 2 S = 3
Name 7R =S E S s & b= £28 S
] L7 2 =z 5.2 5 2% S =
3 a 2 . Z @n'Z n 3= -g =
=2 = z =
Shipkovica Up to big . .
torrents 23 boulders Non-Newtonian Debris flow torrent yes yes yes
. Up to big . .
Poroj 22 boulders Non-Newtonian Debris flow torrent yes yes yes
Golema 21 Up to big various Debris flow/ s s os
Recica rocks Debris flood torrent ¥ ¥ y
. Up to big . Debris flow/
Mala Recica 22 rocks various Debris flood torrent yes yes yes
Pena (with 16 Fine clay to | Newtonian Debris flood/ cs cs cs
barrages) rocks viscous mass torrential river Y Y Y
Table 3. Torrent index
Shipkovica Poroj Golema Recica Mala Recica Pena
torrents
Maximum grain volume >l md >l md >l m? >l md 0,01-0,2m?
of recent eroded material | 4 points 4 points 4 points 4 points 2 points
Maximal thickness of the | >1m >1m 0.5-1m 0.5-1m 0.5-1m
debris layer 4p. 4p. 3p. 3p. 3p.
Inclmatlon'of the debris ~15% ~15% 2-7% 2-7% <29
cone domain under 4 4 5 5 1
study* p- p- p- p- p-
Present vegetation cover Meadows up, Meadows up, Meadows up, Meadows up, Meadows up,
on the basi%q birch bellow birch bellow birch bellow birch bellow birch bellow
2.5p 25p 25p 25p 25p
Are the erosional Debris ridges Debris ridges Poorly defined Poorly defined Poorly defined
features and surface and features and features with | depositional depositional depositional
irregularities on the with coarse coarse blocks features features features
debris cone domain blocks — 4p. —4p. 3p. 3p. 3p.
. . . . . ‘With blocking With blocking
The discharge situation Blocking With blocking With blocking structures that structures that
on debris conc is structures that structures that structures that inhibit flow — inhibit flow —
inhibit flow - 4p. | inhibit flow - 4p. inhibit flow - 4p. 4p 4p
Total points 22,5 22,5 18.5 18.5 15.5
Torrent index 3.75 3.75 3.09 3.09 2.58
. Most Most Most
Description endangered Most endangered | Most endangered endangered endangered
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Table 4. Characterization of the torrent type

Debris flow and
flood have in the
past

Shipkovica Poroj Golema Recica Mala Recica Pena
torrents
Caused Caused Cause Caused

considerable
devastation in the
old community

— 4p

considerable
devastation in the
old community

— 4p

Cause devastation
of newly
buildings along
the torrent - 2p

devastation of
newly buildings
along the torrent
- 2p

considerable
devastation

in the old
community — 4p

Potential 100-150 mm 100-150 mm 100-150 mm 100-150 mm 100-150 mm
maximum one-day 5 ) ) 5 2

precipitations p- p- p- p- p-

L(())ti: f::i(;‘ SZbris Large debris Large debris source Closes debris Closes debris Closes debris

P . source separated & source separated source separated source separated
volume in the by open gorge separated by open by flat torrent by flat torrent by flat torrent
upper part of the ck}llanlilel 7g 3 N gorge channel - 3p reyach -2 reyach -2 rgach -2
catchment P P- p- p-

Role of unrooted
trees or logs in
debris flow/flood

Single trees and
swamps reach
torrent - 3 p

Single trees and
swamps reach
torrent - 3 p

Single trees and
swamps reach
torrent - 3 p

Single trees and
swamps reach
torrent - 3 p

Only branches
can reach torrent
bed — Ip

Water storage
potential of the

Inclined shale-

Inclined shale-marl

Inclined shale-

Inclined shale-

Inclined shale-

marl units units mar] units marl units marl units
bedrock and 5 2 2 5 5
surficial material p- p- p- P- p-
Total points 14 14 11 11 11
Torrent index 2.8 2.8 2.2 2.2 2.2
Torrent with Torrent with Potential Potential Creek with
Description potential for potential for for bedload for bedload flood r)vten tial
debris flow debris flow transport transport P

In the above text was mentioned that more of the experts doesn’t make difference
between big river flood control and torrent control. In the village of Recica there is a channel
in the urban area designed using only water flow discharge although there is no any cross
structures for sediment retention in the upstream part. Even in a feasibility study for flood
control in the Polog region (2015) for future designing are recommended water flow discharge
values (calculated using hydrological models for flow discharges) assigned as “minimal
prevail discharge”. For example: for Poroj — 15 m%s, Recica — 10 m¥/s.

Crucial problem is that for designing torrent control designs only civil construction
engineer (not only hydraulic engineer but also other) can got permit by the Chamber of engineers.
Forestry engineers’ even specialists for erosion and torrent control can not apply for this type of
permission although the only faculties where this disciplines (Erosion and Torrent control and
additional related to courses) are in the study programme on the Faculty of Forestry.

Using different hydrological models Panov (Flow2d) and Stojov (HEC) calculate the
same value for the discharge during the event in Shipkovica — 15 m%s. During the event in
Shipkovica there were discharge in the narrow “channel” 1,2 (width) x 4,5 m (maximal height
based on traces on the wall) i.e. A=5,3 m?. Due to absence of video material in the critical area
and critical time, was tried to define velocity of the flood wave showing to the witnesses the
video material from various torrential floods. It is very uncertain to define the velocity taking
in consideration psychological condition of the people that show faster torrents, was assumed
that minimum velocity was 5 m/s although theoretically by various authors could rich 30 m/s
and more In this case discharge only in the channel was at least 25 m/s. In the same time flood
wave cannot pass through the “channel” and ruined 3 walls in 2 houses (figure 12) and exit
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through the door and windows. If we added this discharge was much higher than using classical
hydrological models for water flow discharge.

Definitely, the debris flow discharge differs from water flow discharge. The debris-
flow discharge is an important variable when designing debris-flow mitigation structures such
as culverts, flumes, bridges, debris-flow barriers, and check dams. It is very complicate to
define the debris flow discharge. There are various methods. A variety of empirical equations
relating the debris-flow peak discharge to the debris-flow volume (Mizuyama et al., 1992;
Jitousono et al., 1996; Rickenmann, 1999) and the debris-flow peak discharge to the watershed
characteristics (Bovis and Jakob, 1999) have been proposed to estimate the discharge. Attempts
have been made to correlate the water-flow discharge Qwp with the debris-flow discharge Qdp
(Takahashi, 1991; VanDine, 1985; Chen et al., 2008). The relationship between Qdp and Qwp
was widely used in engineering planning because Qwp,which is related to the return period,
can be easily determined by hydrologic analysis. The assumed Qdp is proportional to Qwp and
is expressed as Qdp = cbQwp, where cb is the discharge coefficient of the debris flow (J.-C.
Chen and M.-R. Chuang, 2014).
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Figure 15. Relationship between the debris-flow discharge Qdp and the water-flow discharge
Qwp (J.-C. Chen and M.-R. Chuang, 2014).

Above figure show that Debris flow discharge is 5-40 times higher than the water
flow discharge. It additionally proves mistakes in torrent control designing in Macedonia in the
last 15 years. Taking in consideration complexity of this issues it would be studied in further

research.

CONCLUSION

On the critical day huge quantity of precipitations above 80 mm fall in a short period
2,5 — 3 hours. Taking in consideration all natural and socioeconomic factors, Shar Mountain
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region is highly prone to erosion processes. Taking in consideration geological structure, slopes
and other factors, significant number of landslides and rockfalls exist in the area. In a sense of
erosion and flooding, landslides and rockfalls whose appearance in the region is significant are
accepted as a great source of sediment that cause further damages in the downstream sections
of the streams. On the transition from mountain to the valley where are located settlements,
these torrents deposed sediments that are a result of high intensity erosion processes on the bed
and the catchment including weathering, talus cones, landslides and landfalls. Downstream
these stream slop in the valley. The most important is that torrent fluids consist of huge quantity
of solid material that vary from clay particles up to big boulders (over 15 m®). Somewhere
various building built close to the bed even into the bed was ruined. It is result of absence
of urban plans for villages. Only damages in Poroj were only on agricultural land and the
highway. Villagers faced with torrent in past build houses out of the hazard zone. It is typical
how to avoid risk.

Using Aulitzky classification, these torrents are classified as debris flow or debris
flood torrents. Torrent index is high and areas near then are assigned as most endangered.
According to the torrent character these torrents except river Pena (that is trained with
appropriate measures) are assigned as torrents with potential for debris flow/ flood.

Lack of knowledge especially difference between river and torrent hydrology cause
designing of not appropriate structures especially with dimension based on calculations of
water flow discharge instead of debris flow discharge.
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Cartographic base data:

Topographic maps - 1:25000 - several sheets
Geology Map of RM — 1:100 000 — several sheets
Soil Map of RM — 1:50 000 — several sheets
Erosion map of RM — 1:50 000
COPERNICUS EMS data — vector format
Milevski I. - Map of mountains in Macedonia (General geomorphological characteristics of
the Republic of Macedonia, 2015)
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PABJIMMUTUM EKOJIOIIKUM JEANMHUIAMA IIYMA BYKBE HA BEJIMKOM
JACTPENLLY
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HEIGHT IN THE VARIOUS ECOLOGICAL UNITS OF BEECH FORESTS ON THE
VELIKI JASTEBAC MOUNTAIN
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Bumecaasa 1, 11030 beorpan

E-mail: olivera.kosanin@sfb.bg.ac.rs
HsBon

VY pany cy npukazaHd pe3yliTaTH HCTpakKMBamka YTHIAja CBOjCTAaBAa 3€MJBHIITA
(campikaja ckenera, caapikaja IIHHE, JyOUHE collyMa, MONHOCTH OBPIIUHCKOT A XOPH30HTA,
pH BpenHocTH, cagpikaja Xymyca U Jpyrux 0COOMHA) Ha Cpe/iibe MakcuMaiHe BucuHe (hgmax)
y Pa3IM4YuTHM EKOJIOLIKUM jeIMHUIIaMa ryMa OykBe Ha ozpy4jy Benukor Jactpenua. Hanme,
MIPUPOJHA IIJIOMHOCT 3eMJbHINTA je ofpeheHa HEeroBUM (H3MYKO-XEMH]CKUM CBOjCTBHMA U
OMOJIOIIKMM KapaKTepucTHKama BpcTa apBeha Koje cy KopucHHIM Te IuiogHocTH. Cpenme
MakcumainHy BucuHe (hgmax) ykasyjy Ha pasiuke y NoTeHuujainy W MoryhHocTnma eko-
BEreTaljCKUX jeMHHIA Ca BUCOKUM HHBOOM CHI'YPHOCTH. YTHIQ] OCOOMHA 3eMJBHIITA CE
HajOoJbe orIesia Kpo3 BPEIHOCTH CPeIlbMX MaKCHMAIHUX BHCHHA, KOje Cy HajMame norolhene
Mepama Here, Kao CBHX JI€jCTaBa U OJHOCA KOJU BJaJiajy y CACTOJUHM M IPOUCTUYY U3 TOTra.
[IpoyuaBamwem cy oOyxBaheHH: XyMyCHO-CHJIMKAaTHO 3eMJbMIITE (paHKep), KUceJao cmehe
3eMJBHIITE M HHUXOBE OIOJ30JbEHE BapHjaHTE M EKOJIOLIKE jeJUHUIIe IIyMe OyKBe Koje ce
jaBJbajy y IUIAHMHCKOM M BUCOKOIUIAHMHCKOM T10jacy Benukor Jacrpebua.

KibyuHe peum: CBOjCTBa 3eMJBHMINTA, CPE/IbE CACTOJUHCKE BHCHHE, IymMe OykBe, Benuku
Jactpeban

Abstract

The paper presents results of the study of influence of soil properties (contents of the
skeleton, clay content, depth of solum, A surface horizon thickness, pH value and humus
content and other properties) on the mean maximum height (hgmax) in different ecological
units of beech forests in the region of Veliki Jastrebac. Namely, the natural fertility of the soil
is determined by its physical and chemical properties and biological characteristics of tree
species that benefit from that fertility. Mean maximal height (hg_ ) indicates differences in
potential and possibilities of eco-vegetation units with high levels of certainty. The influence
of soil properties is best reflected through the mean value of maximum height, which is least
affected by measures of care and by habitat factors. The study includes: humus-siliceous soil
(ranker), distric cambisol as well as its acid podzolized variants, and ecological units of beech
forests that occur in the mountain and high-mountain belt of Veliki Jastrebac.
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[TocTn3ame BUCOKOT MPUHOCA U IIPUpacTa NpeCcTaBba jelaH Ol OCHOBHHUX 3aaTaKa
IIyMapcKe CTpyke 1 Hayke. CITMYHO je B ca OCTaJINM IPUBPEIHNM rpaHaMa Koje ce OaBe OMIbHOM
MIPOM3BOIEHOM, IIPE CBETa - MOJHOTIPUBPEA, KOja je AMKTHPaHa MoTpedaMa U MOTPAKE-OM CBE
OpojHHjer CBETCKOT CTAHOBHHIITBA.

Benuku Opoj ayTopa MCTHYEC 1a Cy Haj3HAYajHUjU [OKA3aTesbM IUIOAHOCTH W
MPOJAYKTHBHOCTH 3eMJbHINTA HeroBa cBojcTBa (Manojlovic et al., 2014; Mrvic et al., 2009 u
npyru). [L1oAHOCT 3eMJIBHINITA TPEACTaBIba HHTETPATHO CBOjCTBO KOj€ HACTAje KAao pe3y/TaHTa
HCTOBPEMEHOT 3ajC/IHUYKOT JICIOBaha CBHX ErOBUX 0COOMHA M CIIOCOOHOCTH J1a 3a/10BOJHH
notpede OMIbaka y BOJH, XpaHbUBUM MarepujaMa U APYTUM 3eMJBHIIHUM (DaKTopuMa.

Peng et al., (2002) nctnuy na je TpUpPOAHA IUIOAHOCT 3E€MJBMINTA YCIOBJHEHA
ETOBUM (PU3UYKO-XEMHJCKHM CBOjCTBUMA M OMO-EKOJIOIIKMM OJJTMKaMa BpcTe apBeha koja
TY TUIOZIHOCT KOPHCTH.

IIpema Scheffer i Liberoth (1957), mutupano o Pordevi¢ i Radmanovi¢, (2016),
MPOIYKTHBHA CHOCOOHOCT 3eMJBHINTA j€ HEroBa CIIOCOOHOCT ,,JJa Ha OCHOBY CamOI' CBOT
JIeTI0Bamba, K0 U ¢ BMM y IIPOMEHJBUBOM OJHOCY cTOjehrM JieoBambeM KIMMe H OIITHMaTHAM
KOPHICHHM paJIoM YOBEKa, ce MOke 00pazoBaTu onpel)eH mpocedad MpuHOC OMIBHE Mace.

Koa mosbonpHBpeIHUX 3eMJBHINTA 33 MOCTH3ah¢ MAKCHMATHHX TPHHOCA OWibaka
noTpeOHa je ONTUMANTHA U3PAKEHOCT CBHX (DAKTOpa MITOMHOCTH M TO TOKOM IIEJIC BEreTallHoOHEe
nepuoze. [TocTi3ame ONTUMAITHE H3PAKESHOCTH je Y TIPAKCH BEOMa TEIIIKO, TAKO Ja je BHCHHA
nprHOCa OMJbaka OrpaHHYCHA JeoBameM (PaKTopa KOju ce Hajda3H Y MHHUMYMY HIIH 3HATHO
n3nazg ontumyma (Pordevi¢ 1 Radmanovi¢, 2016). [Ipema nctim aytopuma, 3eMJBUIITE BUCOKE
IUIOZIHOCTH Tpeba Ja ucrymasa cieiehe yclioBe: Ja pacrojiaxe MOBOJBHUM XPaHHJIOCHUM,
BOJIHUM, Ba3IylIHUM M TOIUIOTHUM PEKUMOM, J1a j JyOOKO M PacTPECHTO, HEYTPAIHE 10 Cl1abo
KHCEJIC PeaKilije, BUCOKOT KaraluTeTa aJCoOPIIHje KaTjoHa, 1a He CaapKi TOKCUYHE MaTepuje.

Dinic, et al., (2011) mpu nporieH: MOrOAHOCTH 3eMJBHIITA 33 MOIU3akbe BUHOTpaia Ha
nonpy4jy ommruae Kpynam pasmarpajy Behu 6poj mapamerapa: mosioxaj 1 eKCIio3uInjy TepeHa,
(u3HUKe, XeMHjCKe M OHOJIOIIKE OCOOMHE 3eMJBHINTA, NMPUCTYNAaYHOCT MecTa, caodpahajHy
TIOBE3aHOCT M APYTO. 3a JOOMjarbe arlcoTy THIX BUHOTPAIapCKHX MapIiena Ha MOopyjy OIIITHHE
Kpymnam kopuirhenn cy tonorpadcku napameTps (HaAMOpCKa BUCHHA, HAarkoO, eKCIO3UNnja) 1
OCHOBHHM XEMHjCKH MapamMeTpu mogHocTn semsbumta: pH y H O, canpxaj CaCO,, canpixaj
XyMyca, cajipkaj IPUCTYNAYHOT KaJIjyMa U caJipyKaj MpUcTynadHor gocdopa.

BornTrpame 3eMJbHINTA j€ jefaH of Hajuerrhe KopuimheHnX HauuHa 32 KBAJTNTaTHBHO
OLICHHBAE ITOTOTHOCTH 3eMJBHINTA 32 ofpeljeHy HaMeHY, 3aCHOBaH Ha II03HABaby KIMMATCKUX,
HEAOJTOUIKNX, ArPOXEMHJCKUX, XHAPOJIOWIKUX M ApYyrHxX HHAuKaropa. IIpema IlpaBmiHuky
0 KaracTapckoM Kiacupamy W OoHuTHpamy 3emipumra (“Ci. mracauk PC” 6p. 61/2012, ox
22.6.2012. rommHe), 3eMJBHIITA CE TIPeMa TIOAHOCTH, pacnopelyjy y ocaM OOHHTETHHX Kiaca.
Kpurepujymu koju cimye 3a KaracTapcko KIIACHPame 3eMJBHINTA Cy: CBOjCTBA 3€MJBHIITA
(xmacurkanoHa MPHUITAAHOCT 3eMJBHINTA - Pe, Kilaca, THII, MOATHI, BapHjeTeT, ¢popMa H
noadopma; mMopdoromke, (pU3NIKe, XeMHjCKe, OHOIONIIKe O0COOMHE 3eMJBHINTA), TEONIOIIKA
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MojUIora, KapakTepuCTHKe KiauMme (YTHIA] HajBOKHMJUX KIMMAaTCKUX 4YHMHHJIAL@), pesbed,
HaJMOpPCKa BUCHHA, HArUO TepeHa, eKCIIO3UIINja, €pO3HOHH IPOLECH, IPOLIEC XUIPOreHU3aI1je
(BOZIONIEIKHOCT M 3a0apeHOCT), 3aciambHBambe, allKalIu3alyja, BOJOIUIABHOCT U JPYTH.

HajuemoBosbHHjE Cy KapaKTepUCTHKE 3eMJBHUINTA KOja MPHITaNajy 0CMOj OOHHUTETHO]
kiaacu. OBa 3eMJbHMINTA NPUNAAAJy OpACKO-TUIAHWHCKOM U IUIAHWHCKOM — KJIMMATCKO-
MIPOM3BOTHOM DEjOHY, Ha HaruOy mpeko 65%. 3emipHIITa Cy BeoMa IUIMTKA (ca JyOMHOM
uctio 10 cm), jako ckenerHa (caapike u 10 90% ckeneTHOT MaTepujana). 300T BEIUKOT Harnoa
W3JI0KEHa Cy CBHM BHJIOBUMa epo3Hje, 300r yera ce OB MOBPIIMHE KOPHUCTE HMCKJbYYHBO
Kao BeoMa HEKBAIUTCTHH Mallbaly, ACBACTHPAHE IIyME M SKOJOMIKH 3araljeHa 3eMJbHINTA.
[NToBehame OoHHUTETHE Ki1ace paheHo je IMOoropIiaBamkeM U 3eMIJBHIIHUX M CTAHUIIHNX yCIIOBa.

Taxohje, Husnjak et al., (2014) omeHy HpPOM3BOAHOr MOTEHIMjajla 3eMJBHUINTA, Ha
KpaIllkuM TIoJbHMa ocTpBa JlacToBO, BpIlle HA OCHOBY pe3ydTara MPOILECHE MOTOAHOCTH 3a
MOJBOTIPUBPENHY TPOM3BOMGY W W3pajae oarosapajyhe kapre morogHoctd. OBa TmporicHa
M3BpIIICHA je KopuIhemeM MoIaTaka o OTiKaMa 3eMJbHINTA, KIMMe U pesbeda, yBaxkasajyhu npu
TOME 3aXTEeBE B)KHHUJHX MOJLOIIPUBPEIHUX KY/ITypa KOje Ce y3rajajy Ha MoApyYjy HCTPaKHUBamba.

Vukadinovi¢ i Vukadinovi¢ (http:/tlo-i-biljka.cu/GIS/Zem_resursi.pdf) cmatpajy
Jla TeJoNONIKa HayKa MMa pPYJMMEHTapaH MPHUCTYN MPOAYKTHBHOCTH 3€MJBHIITA 3aCHOBAaH
Ha KiacuUKalUju 3eMJbUINTA KOjy Hajuemrhe cBomu y nocieamux 100-THHAK roauHa Ha
Oonutnpame. CraHIapAn30BaHE METONOJIOTH]E MPOLEHE IPOJYKTHBHOCTH 3€MJBUIIHHUX
pecypca, y KOHTEKCTY OJPKUBOT MyITH(OYHKIIMOHATHOT KOPUILITEHa 3eMJBHIITA HMa]y T0CTa
HeJocTaraka, jep pa3BpcTaBambe 3eMJBHINTA Y OOHUTETHE Kilace, MPH 4eMy IpBa Kjaca uMa
OYCKHBAHO BHIIY MPOAYKTHBHOCT MPEMa JPYroj, HUje aJieKBaTaH, jep KarmanuTeT MPpOAyKIInje
3eMJBUIIITA 3aBUCH OJT CJIOKESHOT KOMIUIEKCa M HHTepakiyje Beher Opoja unamana (Vukadinovié
i Loncarevic¢, 1997).

Takole, y mosponpuBpea ce JaHac KOPHCTH BEIMKH Opoj PErHOHAHUX Mojeia
3a TPOLEHY NPOIYKTHBHOCTH 3€MJBHINTA KOJU IPEACTaBJbajy BENMKH HAayYHH Hampenax
y mpotekiux 40-ak TOAWMHA, alld jOII YBEK MMajy BEIHKH OpOj OTpaHHYCHA jep Cy CyBHIIE
KOMIUTMKOBAHHM 300T TOTa IITO 3aXTEBajy OrpoMaH Opoj ynasHux moxparaka. KipydHo je jga ce
NPOLICHA TPOIYKTHBHOCTH 3EMJBHIITA 32 OAPKHBO KOpHIINEHE 3aCHUBA Ha jETHOCTAaBHUM H
CTaHJIapIH30BaHIM METOAaMa.

Jlanac cy cBe BHMIlIe Y YHOTpeOH METOJIE arpOeKOJIOIIKOT 30HUpakha U MOJICIHPAba
3eMJBbHIITHE IIPOAYKTUBHOCTH KOj€ CaJIpyKe BeoMa MaJo MPaKTHYHO NPUMEHUBHUX HH(POpMAIIHja
o 3emsprmiTy (Vukadinovié, et al., 2011). Haume, oBe MeTOIe HICY HI HAMCH-CHE 32 KOHKPETHY
MIPUMEHY U HE OTKPHBA]y INIaBHA OrpaHuueH-a 3eMibHmTa. Vukadinovic et al., (2009) nmpopauys
pelaTiBHE MOTOIHOCTH 3eMJBHINTA 3acHHMBajy Ha Liebscherovoj monubukaimju Jludurosor
»3akoHa muaumyma“ (1895). Ilpema oBoj MoauuKanuju cMarpa ce aa (GakTop y MUHUMYMY
YTOJIMKO jade Jeiyje MITO Cy OcTaan (haKTOpH MPUHOCA OJIMKU ONTHMYMY.

Marepujaa u MeToq paja

OcHOBY 3a H3pajy paja YHHE PE3YITATH MEIONOMIKHX U TAKCAIUOHUX HCTPaKHBAbA
Koja cy obasbeHa Ha monpy4jy Bemmkor JacTpebua 3a motpede aeduHNCama THITOBa OYKOBUX
u OyxoBo-jenoBux myma (Milosevié¢, 2006). 3a mopeheme kopuntheH Cy aHATUTHYKH TTOAITH
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CBOjCTBa 36MJBUILITA U TO y BU/1Y ITOHAEPHUCAHE apUTMETHYKE CPEMHE 3a 1IE0 TPOPHIL, IPU YeEMY
je xao nonyep kopuithena MmohHocT Xopu3oHTa. Kao MpoayKIMOHN NOKa3aresb MPOU3BOIHOT
MOTEHIMjajla 3eMJbnIITa KopuiheHe cy cpenmwe Makcumainie BucuHe (hgmax).

Kopenarmonom ananm3om wu3Mel)y TOjeJMHHUX OCOOWMHA TIPOyYaBaHWUX THITOBA
3eMJBHIITA U CPEIbUX MaKCUMAJIHMX BHCHHA, M3BPIICHA je MPOIEHa y KOjoj MEPH CBOjCTBa
3eMJBHIITA YTHUY Ha MPOAYKIH]Y y Pa3IUUUTAM EKOJOIIKHM jeANHHIIAMa ITymMa OyKBe y
I'J*“JIlomanuka pexa“ Ha MOIpPyYjy TAHWHCKOT MacuBa Bemmkor Jactperia.

Tepencka wu nabopartopHjcka Ipoy4aBama 3eMJBHINTA Cy CIPOBEIEHA IpemMa
CTaHJApIHUM TIIOJOIIKMM MeToama. Y CKIaay ca TepeHCKOM METOJMKOM HCIUTHBamba
3eMJBUIITA OTBOPEHU Cy MENOJIONIKA TpOGHIM U IpoydeHa je YHyTpaiima Mopdosoruja
3eMJpHINTa (IyOMHA colymMa W MONHOCT A-XOpH30HTa). M3 pernpeseHTAaTHBHHX Mpoduia,
M0 TeHETHYKUM XOPH30HTHMA, Y3€TH CY Y30pIM 3eMJBHINTA 32 Ja0OparopujcKa MpoyyaBarba.
Jlaboparopujcke aHaIn3e 3eMJBHINTA HU3BPIICHE CYy MpeMa cTaHaapaHoj metonoioruju (JDPZ,
1966) y memomorkoj adoparopuju Illymapckor ¢akynrera y Beorpamy. I'panynoMeTpujcku
cacras je onpeljeH TpeTHpameM y30paka HaTpujyM mupodocharom. DpakIIHOHHCALE 3EMIBHIITA
j€ M3BPILICHO KOMOMHOBAHOM ITHIICT METOIOM M METOZIOM €Ty Tpaliyje moMohy cura, mo Atteberg-u.
Canprkaj ppaximje mecka (2-0,06 mm), mpaxa (0,06-0.002 mm) u rmure (<0,002 mm), ongpeheH je
y3 OMOh TPOyIVIa aMEPUYKOT METONOMIKOT APYINTBa. AKTUBHA KnucenocT sembrinra (pH u H,0)
onpehena je enexrpomerpujcku y3 momoh pH-merpa. Crenen 3acuhieHOCTH 3eMJbHINTa Oa3ama
(V %), onpehen je mo Hissinku (%). IIpouienTyanHu caapixkaj Xymyca yTBpheH je IpUMEHOM
merona Tjurina, 1.B. (1960), y momudukanmju Simakova. XuaponuTudka KACEIOCT ompeljeHa
je mo Kappenu (Y1 ccm n/10 NaOH), cyma ancop6oBannx 0a3Hux KatjoHa 1o Kappenu (S vy,
cmol-kg™) a Toranau kanarurer agcopmmje 3a karjore (T y, cmol-kg?).

3a 00paay 1oOujeHux pesyntara KopuinheHu cy mporpamu: Statistica 7 u Statgraphics
Plus version 2.1. Craructiuka 00pajia 100MjeHnX pe3yiarara JadoparopujcKUM HCTIUTHBABIMA
M3BpILICHA je MPUMEHOM aHalIM3e BapHjaHCe M KOPEJallMOHOM aHAJIM30M. AHaJlM3a BapHjaHCe
ypahena je npumenom ANOVA Tecta Ha 06a3u pasinke cyme KBajpara usMmel)y u yHyTtap rpyna,
a pas3nuke cy tectupane Multiple Range Testom, mpumerom LSD mertona y3 BepoBatHohy 95%.

Orena jaunHe Kopenarje m3Meljy ocoOnHa 3eMJBHINTA U BPEIHOCTH hgmax moxe
ce nporemuBary Ha 6a3u Reomer-Orphal-ova pacnonene mo xojoj 3a Bpeanoctu: ox 0,00 10
0,10 He mocroju kKopenmarnuja usMely cBojcrasa, ox 0,10 mo 0,25 xopemaryja je jako cia0a,
0,25 mo 0,40 xopemammja je cmaba, ox 0,40 mo 0,50 cpenma xopenaryja, oxn 0,50 mo 0,75 jaka
kopenanwmja, ox 0,75 mo 0,90 Bpmo jaka xopenanuja u o 0,90 mo 1,0 mormyHa Kopenanyja.

Pe3yararu

[TpoAyKTUBHOCT CE HAajiakIiie MOKe Ie(PUHUCATH KOJIMIMHOM OPraHCKe Marepuje
(BHCHHOM TPHHOCA) KOjy OWJbKE MOTY CHHTETH30BAaTH HA HEKOM CTAHHUINTY TOKOM
BEreTalyoHor nepuona. Y HoBujuM pagoBuma (Vasu, 1994, 1997; Peng et al., 2002) cBe
Ce BHILIC MCTHYE W YCBaja KOMIUICKCAH MYJITHIMCIUILIMHAPAH MPHUCTYI, KOjU MOApa3yMeBa
HE caMoO MO3HaBame CBOjCTaBa 3eMJbHMINTA Beh W JieTa/bHO MO3HABaIE CBUX (DaKkTOpa KOjU
JIUPEKTHO I HHIUPEKTHO YTHUYY HA IUIOAHOCT U MPOJYKTHBHOCT 3eMibuInTa. [IpHHOC U
MPUPACT Cy HajOOJbU MOKA3aTe/bH MJIOMHOCTH 3€MJBUINTA AJIM U MPOJYKTHBHOCTH CTAHUIITA
kao nenune. [Ipu pasmarparmy OBUX MUTamba Tpeba MMAaTH y BUILY J1a CE He MOdHce YHEPOUmu
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eenuuuna yoena 3eounima y YKyRHoj npou3eodmwu Opene mace, jep je Hemoryhe onBojutH
YTHUIA] 3€MJBUIIITA OJ] OCTAIMX CTAHUINHUX (paKTOpa.

VY nocaianmoj MeI0I0IKOj TPAKCH MPOYYaBarh-e OIIeHE INIOHOCTH 1 ITPOAYKTUBHOCTH
ITYMCKHX 3e€MJBHINTA Hajuemhe je BpIIeHo Ha 0a3u mporeHe ocobnHa 3emsbninTa (Knezevic i
Kosanin, 2002; 2005; Kosanin i Knezevi¢, 2003; 2004; 2005; 2007; Kosanin et al., 2005; KneZevic¢
etal., 2010; u npyru pamoBmn). 3a MPOICHY MPOU3BOAHOT TIOTCHIIHjaIa 3eMJBHINTA KOPUITNEHH CY
pe3ynrati MOp(OIOIIKHX POyYaBamba U PU3NIKO-XEMHjCKUX UCITUTHBAHA 36MIBHIIITA.

BeomMa je Temko yTBpAUTH Ha KOjH HAYHMH U Y KOjO] MEPH IT0j€AMHA CBOjCTBA 3eMJBHIIITA
yTUYy Ha MPOIYKTHBHOCT HIYMCKUM 3ajeinuna. HemocpenHo Mepeme eaeMeHara mioJHOCTH
3eMJBHINTA j¢ BEOMa OTEXaHO 300T BeOMa KOMIUICKCHOT YTHIAja Pa3InYUTHX CBOjCTaBa
3eMJBHINTA Ha THIOAHOCT. Y pagoBuma (Knezevid, et al., 2010; KoSanin, etal., 2012, 2013), ouena
MIPOU3BOIHOT TOTEHIIMjajla 3eMJBUIIITA, MOPE CTaHAAp/HE TPOIeHa Ha 0a3u MOP(HOIOMIKIX
U CTaHAApPIHUX (PU3MYKUX M XEMH]CKHX OCOOMHA, 00yXBaTHIIa j¢ U YyTBpHHUBarkbe 3aBUCHOCTH
usmel)y mojeiHUX OCOOMHA 3eMJBMINTA M HEKOr ToKa3aresba MPOIYKTHBHOCTH CaCTOjUHA.
Cpenma MakcuMallHa BUCHHA (M Cpelliba BUCHHA), TTpeMa OpOjHUM HaBOAWMA IMPENCTaBIbajy
TaKCalllOHE €JIEMEHTEe KOjH Cy ,,[I0J] HajMarmHUM yTHUIIajeM Mepa Here W CBUX JejcTaBa U
OJIHOCA KOjU BIIAJajy y CacTOjuHH WM mpoucTuuy u3 tora™ (Milosevi¢, 2006). 3axBasbyjyhu
OBOj YHEHCHUIIA CPEIE-E MaKCHMaJIHE BUCHHE je Moryhe MCKOPUTHTH 3a J0Boheme y Be3y ca
[IPOM3BOIHUM ITOTCHIIHjAIOM M 0cOOMHaMa 3eMibuinTa. Takohe, Moryhe je yTBpIUTH Y KOJIHKO]
ce MepH JBa THIa 3eMJBHUILTA PA3NIUKYjy IO CBOjO] MPOIYKTHBHOCTH 32 MCTY BPCTY JapBeha, a
HCTO TAaKO M Pa3jIMKe y MPOAYKTUBHOCTH JIBE WIIU BUIle BpcTa JpBeha Ha MCTOM 3€MIBHUIITY.

VY pany cy xopumheHn nopmany NeJONOMIKUX HPOy4YaBama W BPEAHOCTH MEpema
cpenmHX MakcuMaiaHuX BucuHa (hgmax) ca nozxpyuyja miannHe Benmuku Jactpedart, ra3aquHcka
jennunna “Jlomuuuka pexa”. Hajpehum genoM rasnuHcKa jeJMHUIA j€ CMELITEeHa Y KOTINHH,
KOja je OKpY)KEHa jaKo KyInupaHUM U cTpMuM TepeHoM (20 - 40°), a JOMHHAHTHA SKCIIO3HUIH]a
je cesepHa. Hajeumm Bpx je Crpanumup 1394 m. Haj3acryrubenuja Bpera npseha je Oyksa
ca yuemheM y yKyImHO] 3anpeMuHu ox 75% u Tekyhem 3ampeMHHCKOM mpupacty ox 69%.
VY nojacy ox ox 600-1000 m, Biraga XymMHIHa KJIMMa, a U3HAJ OBOT Iojaca (HajBUILU BPX
Crpaummup - 1394 m), nepxymuana. Ha ncrpakuBanom nojpydjy JOMHHAHTHA Cy JiBa THIA
3eMJBHIITA: XyMYCHO-CHJIMKATHO 3eMJbUIITE (paHKep) U Kuceso cmehe 3eMIbHIITe (JJUCTPUIHI
kambucon). Kuceno cmehe 3emspHiiTe IpoyyeHO je Ha TPAHOAMOPHTY, JIOK CE€ XyMYCHO-
CHJIMKAaTHO 3E€MJBUIITE MPETEKHO jaBsba Ha (GWIUTY M KOpHUTY. Ca MamHM MOBPIIUHCKAM
pacIpocTpamemheM jaBibajy Ce 1 OMO/30JbEHO KUCEo cMel)e 3eMIBUILTE Ha IPaHOHOPUTCKO]
T'€0JIOIIKO] TTO/UIO3H U OTI0J[30J6EHO XyMYCHO-CHIIMKATHO 3€MJBHIITE (PaHKeP) Ha KOPHHUTY.

VY pamoBuma Knezevi¢, et al., (2010) u Kosanin, et al., (2012) momaze mo 3axpydxa
Ja n3Mely cBojcraBa 3eMsbMIITa Behe MPOLYKIHMOHE CIIOCOOHOCTH M CPEABHX MAKCUMATHHX
BHCHHA, OTHOCHO cpenmux BucuHA (Kosanin, et al., 2013), mocToje jaye KoperanuoHe Bese.
Hamme, Knezevié, et al., (2010) cy kopeTanoHOM aHAIH30M YTBPAMIH 1a m3Mel)y cBojcTaBa
TUIUYHOT KUCEJIOr cMeljer 3eMJBHINTa U CpeluX MakcuManHuX BucuHa (hgmax) mocroje
3HATHO jaye KopelaTHBHE Be3e, Hero miMmely CBojcTaBa OMNON30JbEHOT KHcesor cMmebher
3eMJBHUILTA H CPSIBUX MAKCUMATHHX BHCHHA.

Jy00K0, THIHYHO KUCeIo cMel)e 3eMIBUIITE Ha TPAHOIAUOPHTY, Y IUNIAHHHCKO] [ITYMH
Oykse (Fagetum moesiacae montanum subass. typicum), ominkyje ce BeOMa IMOBOJBHHUM
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CBOjCTBMMA: BECIIUKOM JyOWHOM, MONHHM A-XOpPH30HTOM, IOBOJFHOM TEKCTYpOM, 0e3
ckeneta je, boraro je xymycoMm U no0po obe3beheno azorom. Omoms3osbeHO Kuceno cmehe
U OMOM30JbCHO XYMYCHO-CHIIMKATHO 3eMJBHIITE Y amuIOBHIHO] MyMH OyKBe ca OCKHI[OM
(Luzulo-Fagetum moesiacae) u omo306eHO KUCENOo cMelje 3eMIbHIITE Y aluA0(QUITHOj [ITyMH
OykBe ca maxoBuHama (Musco-Fagetum), Moxe ce okapakTeprcaTd Kao 3eMJBHIITE HHCKOT
MPOU3BOIHOT MOTEHIKjana. ToMe HapounTo TOMPHHOCE Mana IyOuHa coiyMa, Behia Mt Mamba
CKEJIETHOCT, Ka0 M OMO/30/baBAhE Y MOBPIIMHCKOM JICNTY 3€MJBHIIITA.

AyTtopu Takohe 3aKJbydyjy Ja Ha 3eMJBUIITHMA HIDKET MPOU3BOAHOI MOTEHIHUjaja
IO jader m3pakaja JONa3W YTHUIA] CTAaHWUIIHUX (akTopa. Huzak mpon3BOIHU MOTEHIIHjaT
OTIO/I30J6CHUX BAPUjaHTH XyMYCHO-CHJIMKATHOT M KHCEJOr cMeher 3eMJBHINTa je pe3yarar
HETIOBOJFHUX oporpadckux dakropa: pesbeda, HaIMOPCKEe BUCHHE, Harnda M eKCIIO3HIHje.
Pesbed ce oumikyje BeMKOM KynupaHomhy U BeTMKAM Haruoom, 4ecTo ¥ 10 35°, mro 1oBoxu
JI0 epo3Hje MOBPUINHCKOT JieNia 3¢MJBHIITA.

Kosanin, et al., (2012) Takohe mosnaze 10 3ak/byuka Jia MOCTOje M3PAKEHE PA3JIUKe Yy
ocodnHama I/I3Mehy THITMYHOT' KHCECJIOT CMCheF 3€MJbHIITA U JUCTPUIHOT XyMYCHO-CUJIMKATHOT
3eMJBHIITA, KOj€ Cy YCIOBWIE PA3IHUKE Y MPOU3BOIHOM MOTEHIHWjamy n3Mel)y IUTaHHHCKE IIyMe
Oykse (Fagetum moesiacae montanum subass. typicum) u riryme GyKBe ca IiiieMeHUTHM JTHIThapimMa
(Fagetum moesiacae montanum subass. aceretosum) Ha mozapy4jy Bemukor Jactperiia.

JIMCTPUYHO XyMYCHO CHJIMKATHO 3eMJBHUINTE HA (UIHTY, Y THIY IJIAHUHCKE IIyME
OykBe ca ruiemenutuM suithapuma (Fagetum moesiacae montanum subass. aceretosum),
MOXKE CE OKapaKTEepHUCAaTH Kao 3EMJBHIINTE OCPEAHmEr MPOM3BOAHOr MOTeHNHUjana. Tome
HAPOYUTO JOTMPHHOCHU ciiada pa3BHjEHOCT coiyMma (IUTUTKO IO cpelme nyOoko), Beha wiu
Mama CKelneTHOCT U moBehana kucenoct.  CraTHCTHYKA aHANW3a je TMOTBPAMIA 1a u3Mehy
HABEJICHUX EKOJIONIKUX jEJMHHIA MOCTOje CTATHCTHYKU CHUTHH()UKAHTHE pasjuke usmehy
yTBpheHUX CpeabuX MaKCHMaaHUX BHUCHHA. AYTOpH Ha Kpajy 3ak/bydyjy Ja ,,CBOjCTBa
XyMYCHO-CHUJIMKATHOT 3eMJbMINTA (paHKEpa) y HEIITO Mamk0j MEPU yTHYy Ha CPEIbe
MaKCHMaJIHE BUCHHE Y MPOYYaBaHUM THUIIOBUMA IIyMa OyKBe ca IIEMEHUTUM Juithapuma‘

V¥ paxy Kosanin et al., (2013) naTa je orieHa moB€3aHOCTHU IMPOU3BOTHOT ITOTEHITH]jajia
3eMJpHIITa U cpeamux BucuHA (hs) cmpue y nBa Tuma myme y I'J “CamokoBcka peka’™ Ha
moapy4jy HII “Komaonuk*. IlopeleHa je Be3a cpeamux BHCHHA cMpdYe W ocobmHa cmeher
MO/I30JIaCTOT 3eMJBHINTA Y IIyMH OyKBe, jene u cmpue (Piceo-Abieti-Fagetum typicum) u Besa
n3mel)y cpenmux BHCHHA cMpYe W OCOOMHA €yTPUYHOT XyMYCHO-CHIIMKATHOT 3€MJBHINTA U
SYTPUYHOT cMeljer 3eMJbHINTa Ha CEPIIEHTHHHUTY Y THITY IITyMe OyKBe, jeJie B cMpye ca BHjYKOM
(Piceo-Abietu-Fagetum drymetosum). KopenannmoHoMm aHamu3oM je yTBp)eHO ma ocoOumHe
EYTPUYHOT XyMYCHO-CHJIMKATHOT M €yTPHUYHOT cMeler 3eMibHIITa Ha CEpPIEHTUHHUTY UMajy
BeoMa ci1ad yTuIlaj Ha Cpedrbe BHCHHE CMpUe, JOK ca JIpyre CTpaHe aHaJIM3MpaHe O0COOMHE
cmeljer moA30IacTor 3eMJBHINTA Ha TPAHOIUOPUTY BpIIE jak yTulaj. McTi ayTopH 3aKkibydyjy
Jla ce cMpya Ha 3eMJBMINTHMA Ha CEPIEHTHHUTY Haja3W BaH CBOT EKOJOIIKO-OHOJIOIIKOT
ONTHMYMa, 0K Ha 3eMJBUIITHMA HA TPAHOIHOPUTY HaJa3u 100pe yCIIOBE 3a PacT U pas3Boj.

[usp oBOT pana je ga ce MOTBPAX TAYHOCT XHUITOTE3€ J1a 3eMJBUINTA OOJFUX 0COOMHA
UMajy jaud YTHIQ] Ha MPOAYKTUBHOCT CACTOjHHA, MCKa3aHy KpO3 BPEIHOCTH CPENHX
MaKkcuMaJHHUX BucuHa (hgmax).
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HawucrpaxuBaHoM IOJpyYjy XyMyCHO-CHIIMKATHO 3eMJBHILTE j€ IPOy4eHO y ciienehum
eKOJIOIIKMM jefMHMIIaMa: mymu OykBe u IuiaHuHCKor jaBopa (Aceri heldreichii-Fagetum),
[UTAHUHCKO] Iymu OyBe u rpaba (Fagetum moesiacae montanum subass. carpinetosum betuli),
BHCOKOIUIAHWHCKO] IIyMU Me3ujcke Oykee (Fagetum moesiacum altimontanum), muianuHcKoj
mymu OykBe ca miemanuTum Jminthapuma (Fagetum montanum subass. aceretosum) wu
anuaopIIHOj MITaHKMHCKO] mymu OykBe ca 6exuriom (Luzulo-Fagetum moesiacae montanum).

HuctpuaHo cMele 3eMIbHINTE MPOYYCHO je y: THIUYHO] TUITAHUHCKO] IMIyMH OYKBE
(Fagetum moesiacae montanum subass. typicum), ruiaHuHCKoj 1rymMu OykBe u rpada (Fagetum
moesiacae montanum subass. carpinetosum betuli) u miaHuHCKOj IyMH OYKBE ca BHUjyKOM
(Festuco drymeiae-Fagetum montanum). Omno/30/beHO KUceo cMelje 3eMibHIITe MTPOyUYeHO je
Y €KOJIOIIKUM je/IMHUIIaMa alu10(huitHe MIaHuHCKe myme Oykse ca 6exuriom (Luzulo-Fagetum
moesiacae montanum) u anupoduine myme oykse ca maxosunama (Musco-Fagetum).

CraTrcTHYKA aHAITH3a j¢ IToKa3aa j1a u3Mel)y yTBpheHHX BpeqHOCTH hgmax y eKoIOIKIM
jenrHuIaMa IiryMa OyKBe Ha TUCTPUYHOM cMeljeM 3eMIBHINITY, 3aTHM BPETHOCTH hgmax y eKOJIOIIKIM
JjeIMHUIIaMA Ha XyMYCHO-CUITMKATHOM 3€MJBUILTY U FbUXOBHM OIO/I30J5EHUM BapHjaHTaMa, TI0CToje
CTaTHCTUYKKA CUIHU(HKAHTHE pasziuke. JelaH of KJby4HHX (paKTtopa KOjU yTHUUE HA Pa3iMKe Y
MPOYKTHBHOCTH M3Mel)y pOydYeHNX eKOJIOIIKHX jeIMHHIIA CY OCOOMHE 3eMIBHIIITA.

Tabena 1. Yropenna aHanu3a BapHupama CpelmbHX MakcuManHux BucuHa (hgmax) y
EKOJIOIIKMM jeMHuIIaMa OyKBE Ha XyMYCHO-CHJIMKATHOM 3EMJBMINTY, KHCEIOM cmehem
3eMJBHIITY U FbUXOBUM OIOJ30JbEHUM BapHjaHTama

Cpenmwa
Tun myme F-onnoc P-Bpennocr speanoct (m) XoMOreHocT rpyna
Musco-Fagetum na OJIC3 18,81 X
Luzulo-Fagetum moesiacae Ha
OJIC3 21,56 X
Aceri heldreichii-Fagetum ma XC3 22,60 X
Luzulo-Fagetum moesuacae na
OXC3 26,15 X
Fagetum altimontanum moesiacum
Ha XC3 26,27 X
Fagetum moesiacae montanum 27.80 X X
carpinetosum betuli Ha JIC3 33,56 0,0000 ?
Fagetum moesiacae montanum
carpinetosum betuli Ha XC3 2791 * x
Fagetum montanum aceretosum
na XC3 28,19 X X
Festuco drymeiae-Fagetum
montanum na JIC3 29,07 *
Fagetum moesiacae montanum
typicum na IC3 32,97 X

O/IC3-0noo3omeno oucmpuuno cmehe semmuuime
OXC3-0n0030.6€H0 XYMYCHO-CUNUKAMHO 3eMbUUME
XC3-xymycHo-cunuxamuo 3emmouiime

JIC3-oucmpuuno cmehe zemmuuime
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AHanu3za BapujaHce CpEImbUX MAKCUMAIHHX BHUCHHA Y EKOJIOIIKMM jeJHHUIIaMa
IUIAHMHCKE U BHCOKOIUIAHWHCKe IryMe OykBe (Tabena 1), mokasyje aa MOCTOje CTaTHCTHYKU
curHuuKaHTHe pasirke. HauMme, y moceOHe Tpyme ce u3/iBajajy:

1. Bpenroctr hgmax=32,97 m, u3MepeHe y €KOJOIIKO] jeIUHHUIIN TUITHYHE TIAHWHCKE ITyMe
oykse (Fagetum moesiacae montanum typicum) ua j1y60KoM AUCTPUYHOM cMeh)eM 3eMIBHIITY
Ha TPaHOJHOPUTY. 3EMJBUIITE CE OJUINKYjE BHCOKOM E€KOJIOIIKO-ITPOM3BOTHOM BpeaHohy;

2. Bpennoctu hgmax=18,81 m, y anugoduinoj urymu 6ykse ca maxosuaama (Musco-Fagetum)
Ha OMOJ30JbEHOM JUCTPUYHOM cMmeheM 3eMIBHINTY, Ha TpaHoAuopuTy. Huzak npou3BogHU
MOTEHIIMjall 3eMJBHUINTA ce 00jallhaBa BETMKUM HArnOOM TepeHa U TIPUCYCTBOM TTOBPIITMHCKE
epo3Huje, ITO yTUue Ha Maily IyOouHy coiyma. CKeleTHOCT 3eMJBHIITA je BeoMa U3pakeHa;

3. BpenHoctu hgmax~22,00 m, y €KOJIOUIKHM jeAMHHUIAaMa anuaopHIHE IUIAHMHCKE IIyMe
oykse ca 6exuriom (Luzulo-Fagetum moesiacae montanum) Ha omo30Jb€HOM KHCEJIOM cMelhemM
3eMJBHINTY W IIyMH OykBe M ruiaHuHCKor jaBopa (Aceri heldreichii-Fagetum) va xymycHOM-
CHITMKATHOM 3€MJBUILTY.

4. ca BpemHOCTHMa hgmax~26,20 m, y moceOHy TpyIy MOTY C€ H3IBOJUTH aruaoQIIHa
TUIaHMHCKa 1ryma Oykse ca 6exuriom (Luzulo-Fagetum moesiacae montanum) Ha 0ro13056€HOM
XyMyCHO CHJIMKaTHOM 3E€MJBMINTY W BHCOKOIUIAHWHCKa IIyma me3mjcke Oykse (Fagetum
montanum altimontanum) xa XyMyCHO-CHUIIUKATHOM 3€MJBUIIITY;

5.V mocebHy rpymy ce MOr'y U3aBOjUTH BpeaHocTH hgmax~22,00 m, yTBpljeHe y MIaHUHCKO)]
mrymu OykBe ca Bujykom (Festuco drymeiae-Fagetum montanum), ua Hemro mmhum 1 yecto
CKEJICTHUM JAUCTPUYHO CMEhUM 3eMIBUINITUMA;

6. Ilnanuncka myma Oykse u rpaba (Fagetum moesiacae montanum subass. carpinetosum
betuli) Ha XymycHO-CHIMKATHOM M KHCEJIOM CMeljeM 3eMIBMINTY U TUIAHHHCKA LrymMa OyKBe
ca miuemanutiM JunrhapuMa (Fagetum montanum subass. aceretosum) Ha XyMyCHOM-
CUJIMKATHOM 3€MJbUIITY, YNHE HOCGGHy rpymny. 3eMIbHIITa CE OZ[J'II/IKyjy OCPCABLUM €KOJIOUIKO-
MIPOM3BOJIHUM KapaKTEpUCTUKaMa, yIJIABHOM Cy Cpeiibe AyOoKa, CKeleTHa.

YrBphuBame yrunaja cBojcraBa 3eM/bMIITA HA POAYKTUBHOCT

Jla Ou yTBpAMIN Y KOjOj MEPH IOjeIMHA CBOjCTBAa XyMYCHO-CHJIMKATHOT 3€MJBHIIITA,
Kuceno cMeher 3eMJbHIITA U FbUXOBUX OITOI30JbEHNX BApUjaHTH yTUYY Ha CPE/IEhE MaKCUMaITHE
BUCHHE y SKOJIOIIKAM jefinHHUIaMa OyKBe y TUNIAHWHCKOM U BHCOKOIUIAHMHCKOM moapy4jy ['J
“JIoMHHYKa peKa’, aHAIMTUYKH TMOJAIU Cy ymopehuBaHU PEerpecHOHOM aHaIu3oM. Y paxy
je mpoyuaBaH yTtuIaj cieaehux ocodbuHa 3emibHINTa Ha BpenHocTH hgmax: myOuHa coiyma,
MohHOCT A XOpH30HTa, CaipiKaj cKeera, caapxaj dhpakuuje ruae (dectuie <0,002 mm), pH
spesHoct (y H O), crenen 3acuhenoctu 6azama, XMAPOIMTHYKA KUCENOCT, TOTAJIHU KanalluTeT
aJICOPIIIHje U caaprkaj XyMmyca. 300r BeJIMKOr Opoja rmomaraka y tabemama 2, 3 u 4, nare cy
camo 3aBHCHOCTH u3Mel)y ocoOHHa MpoyuaBaHUX 3eMJbUINITA U hgmax Koju Cy Ha HHUBOY 6p/10
Jjaxe u nomnyne xopenaiyoHe Bese.

Ha ocHoBy pesynTara perpecrone ananuse (Tabena 2), 3akjpydyje ce 1a cy usmely
CBOjCTaBa OIMOA30/bEHOT XYMYCHO-CHIIMKATHOT U OMOJ30JbEHOT KHCEIOT cMeljer 3eMJBHIITA U
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CpeIbUX MaKCHMATHUX BUCHHA Y anuao(uiHoj irymu Oykse ca Oekuama (Luzulo-Fagetum
moesiacae) u araoduitHoj rymu Oykee ca MaxoBuHama (Musco-Fagetum), ce kopenannose
Be3¢ Ha HIDKEM PaHTy OJ] 3a/1aTor.

W3 Tabena 3 u 4 ce jacHO youaBa 1a, y OqHOCY Ha Tabery 2, pacTe yTHIIa] 0cOOMHA
3eMJBUIITA Ha BpeqHOCTH hgmax. JaumHa KoperannoHuX Be3a y Tabenn 3 je y Behem Opojy
Clly4ajeBa y JOMEHY ,,BeOMa jake M HOTIyHe™, oK y Tabenu 4 IMOoCTOjH BeJHKa MOBE3aHOCT,
noceOHO Ha HajIIPOAYKTHBHHU]EM THITY 3eMJBHIITA - TUCTPHYHOM cMel)eM Ha TpaHOJHOPHTY.

Pesynraru cy mokaszanu jna usMel)y cBojctaBa OMO/30JEHOI XyMYCHO-CHJIMKATHOT
U OIOA30JEHOT KHUceJor cMeher zemubuinTa M CpeAmuUX MaKCHMAalHUX BHCHHA OyKBE Ha
UCTPKUBAHOM TOAPYY]Y Huje ymepherno nocmojaree KopeiamusHe ge3e Ha HUB0Y NOMNYHe U
6eoma jaxe (Tabena 2).

Tabena 2: Perpecnona anamuza um3mel)y cBojcTaBa OIO/30JbEHOI XyMYCHO-CHJIMKAaTHOT
U OMNOJ30JbCHOI JMUCTPUYHOr cMeler 3emipHINTAa W hgmax y eKOJOLIKHM jeAuHHIAMA
anmnodmwine myme Oykse ca Oekuriama (Luzulo-Fagetum moesiacae) u anmnoduiane myme
OykBe ca maxoBuHama (Musco-Fagetum);

Koedunmujent Jaunna R?

; . JenaunHa u3adpaHor Mojena
KopeJanuje KopeJanuje

CB0jCTBO 3eM/bHINTA

Luzulo-Fagetum moesiacae u Musco-Fagetum

JlyOuna -0,11 Jako cnaba 1,29 hgmax=22,1355-0,0172727* ny6una

— *
Mohnoct Ah 033 CaGa 10.66 hgmax=exp(3,00152+0,00891732*mohHoCT
XOPHU30HTa Ah)
pH y Boau 0,64 Jaka 41,13 hgmax=1/(-0,00668851+0,250172/pH)
Cazpxaj xymyca 0,64 Jaka 40,66 hgmax=19,4482+3,61919/caapxaj xymyca
Crenen 3acuhencorn _ o
Gasama (%) 0,47 Cpenma 22,36 hgmax=1/(0,043345+0,0586194/V%
Xuzpoutiira 0,30 Craba 9,17 | hgmax=exp(2,99718+1,41461/Y,)
KHCEIOCT
Toranuu kanauurer 0,24 Jaxo ca6a 549 | hgmax=exp(2,98941+1,28661/T)

aJicopIuje

CBojcTBa  XyMYCHO-CHJIMKATHOT 3€MJBMINTA Y Mamb0j MEpU YTHYy Ha Cpelmbe
MaKCcHMaJTHEe BHCHHE Y MPOydYaBaHNM CKOJOIIKHAM jelTUHUIaMa Iryma OykBe (Tabema 3), jep je
MOCTOjarke TIOTITYHE FIJTH BEOMa jake KOpelIaTHBHE Be3e YTBpleHo caMo y 5 cirydajeBa. CBojcTBa
JIMCTPUYHOT CMeljer 3eMIbHIITa Hajla3e e y 3HATHO jauoj KOpENalHjy ca CPEIHbUM MaKCHMATHAM
BHCHHAMa OyKBE y OMTHOCY Ha XyMyCHO CHJIMKAaTHO 3eMJbHINTE, M T0 y 11 cioydajeBa (Tabena 4).
Hajjaue xopenamusne geze ymephene cy uzmehy ocobuna oucmpuuroz cmelee semmuima Ha
SPAHOOUOPUMY U BPEOHOCIIU CPEORUX MAKCUMATHUX BUCUHA OYK6e — uaK y 6 cyuajesa.
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Ta6euia 3. Perpecrona aHanusa n3mel)y ananmm3upaaHux CBOjcTaBa XyMyCHO-CHIIMKATHOT 3eMJBHIITA
1 CPE/IbUX MAKCUMAITHUX BHCHHA Y TIPOYYaBaHUM EKOJIOIIKUM je[JMHUIIaMa IIIyMa OyKBe;

Koepuunjent Jaunna | R
Kopejanuje KopeJanuje
Fagetum montanum aceretosum

Fagetum moesiacae montanum carpinetosum betuli

CB0jCTBO 3eM/BHIITA | JeqnaunHa n3aépanor moaena

Jlybuna 0,66 Jaka 43,55 | hgmax=exp(2,96761+0,00707262* nybuna)
Canprkaj ckenera 0,55 Jaka 29,90 | hgmax=exp(3,18642+0,00429987*canpiaj ckenera)
Canprkaj niHe -0,65 Jaka 41,96 | hgmax=1/(0,0399608-0,000451095*canpskaj riiHe)

Fagetum altimontanum moesiacum

Canprkaj ckenera -0,59 Jaka 34,26 | hgmax=1/(0,0415407-0,203678/canpikaj ckenera)

Aceri heldreuchii-Fagetum
Cajprkaj ckenera 0,56 Jaka 30,97 | hgmax=1/(0,023229+0,000487158*canpskaj ckenera)
pH BpennocT -0,66 hgmax=1/(0,192575-0,0369677*pH BpexntocT)

Luzulo-Fagetum moesiacae

Taoena 4. Perpecriona anaim3sa u3mel)y aHanu3upaHux CBOjCTaBa JUCTPUIHOT cMeler 3eMIbHIITa
U CPEIbUX MAKCUMAJIHUX BUCHHA Y TIPOYYaBaHUM CKOJIOIIKUM jeMHHIIAMa IIyMa OyKBe;

q Koepunujenr | Jaumna 2
CBojcTBO 3eMJBHINTA A q R Jaunna uzadpanor mogesa
KopeJjanuje KopeJanuje

Fagetum moesiacae montanum typicum

Fagetum moesiacae montanum carpinetosum betuli

TCIICH 3aCHNEHCOTHU . 5

Festuco drymeiae-Fagetum montanum

Jly6una 0,53 Jaka 28,03 | hgmax=21,445+423,57* ny6una

Capprkaj ckenera 0,50 Jaka 23,86 | hgmax=1/(0,0320281+0,000128573*canp:xaj ckernera)

Mohnoct A xopuzoHTa 0,62 Jaka 38,50 | hgmax=1/(0,02397+0,000971911*mohnoct A xopu3onta)
[Commimmyen  To078 [ veomajuka [ 60,70 | bgman-1(0044706-000471031*cuaps yce) |
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Juckycuja

[puponHa IMIOAHOCT IIYMCKHX 3EMJBHINTA j€ ,,CMIOCOOHOCT 3eMJbHINTA JeHHHCAHA
CYMOM HCTOBHX CBOjCTAaBA’" M MPOM3BOJ je KOMIUICKCHOT JeJI0BAba IMEOTCHETCKUX (haKkTopa:
KJIMMe, BereTalyje, MaTH4HOT CyIICTpaTa, OpraHu3ama, pesbeda H mporieca rnejorenese, oe3 yueniha
aHTpororeHor (axropa. [lo3HaBame MPOM3BOAHOI MOTCHIMjaja 3eMJBHINTA M JAPYIUX YCIOBA
CTAaHHUIITA, KAKO y OYYBAHHM TAKO M y JETPaJUpaHUM CACTOjHHAMA, YNCTUX WM MCLIOBUTHX
IIYMCKHX 3ajeJHHIIA, PECTaBIha HEOIXOMHY OCHOBY 3a e(DUHICAE Ta3MMHCKUX IIH/BEBA 1 H300D
aJIeKBAaTHHX Mepa Here M 00HOBE y CKIIJLy ca HoTpebama ocTojeinx cacTOjHHCKIX KapaKTepHUCTHKA
(Knezevi¢ et al., 2010).

OneHa TPOW3BOJHOI TOTEHIMjalla LIYMCKUX 3EMJBMINTA BpLICHA j¢ HA PasiMuHTe
HaunHe. Antic et al., (2007) HaBoAe a ce OlleHa MPOU3BOTHOT TIOTCHIIMjala IIyMCKUX 3¢MJBHIITA
MOXKE BPILMTH Ha OCHOBY: 6eluuUHe NPUHOCA OUbAKA KaO MEPHIIA NPOIXYKTHBHOCTH 3EMJBHILTA
(craHuMIITa), NPU3EMHE Gecemayuje Ka0 NHIMKATOPA TUIOIHOCTU U TPOXYKTUBHOCTH 3eMJBHILTA
TIPEKo OLIEHE TUIOMHOCTH HA OCHOBY Gonumemnux paspeda semmuuma. Cirié (1965) je ycranoBno
J1a TIOCTOj! BUCOK CTETeH Kopenarje mmel)y OOHUTeTHOT Opoja 3eMJBHINTA T0OMjeHOT O0I0BarmheM
HETOBUX CBOjCTaBa IO BoreioBoj MeTomy 1 OOHHTETA CACTOjHHE LPHOT OOpa Kao M MHAMKAaTopa
npoxykTuBHOCTH cTaHuITa (Antic etal., 2007). Anti¢ et al., (1969) GoHuTHpAH Cy TIEITy €BONTYITHOHO-
TeHETCKY CepHjy 3eMJBHILTA Ha TTecKy Jlenmonarcke nenrdape.

Jovi¢ et al.,, 1996 uctuuy na mpoydaBama 3€MIBHMINTA TPEACTaB/bajy BEOMa 3HAYAJHY
OCHOBY TIPH OLICHH TPOU3BOIHE CIIOCOOHOCTH THIIOBA IirymMa. Antonovic 1 Vidacek (1979) naBoze 1a
Ce OlleHa KBAJINTETa 3eMJBHIITHOT IPOCTOPa MOYKE BPILIUTH ,,y OTHOCY Ha ITPOIYKTHBHOCT MPHPOITHUX
IIyMa M IIyMCKUX KyNTypa®, a peMa cpeorbem 200ullibemM npupacmy OpeHe mace, COpmuMeHmuoj
CMpYKIypu, KOTUHUHU OpEHe Mace v Jip.

Kako nctnay Manojlovi¢ et al., (2014), npu npoueHH MIOXHOCTH U NPOTYKTUBHOCTH
3eMJBUILTA MOTPEOHO je: m3abparh mokasaresbe (MHAMKATOpE) IUIOAHOCTH W IPOIYKTHBHOCTH
3eMJBUILTA; IPOTYMAYUTH pe3yNTare n3adpaHuX M0Ka3aresba U JIaTH OLEHY IUIOIHOCTH. Y PaJloBUMa
KOjH TPETUPajy MPOOIEMAaTHKY IPOIyKTHBHOCTH ITyMcKuX 3emibuinTa (Knezevié et al., 2010; Kosanin
et al., 2012; Kosanin et al., 2013) ympaBo je cpenma BUCHHA OyKBe (eaupHKATOp), npenosHama u
U3080jeHa Kao NoKazamesn — UHOUKAMOP NI0OHOCMU U npodykmueHocmu. TIpupoiHa MIOIHOCT
IIYMCKHUX 3€MJBHIITA j& ,,CIOCOOHOCT 3eMJBHIINTA IC(PUHHCAHA CYMOM H-ETOBUX CBOjCTaBa™ allHl je U
TIPOM3BO/] KOMIUIEKCHOT JIeJIoBarba MEIOreHeTCKHUX (hakTopa. 3Hauu 1a ce yTHiaj (akropa cpeaune
pedriekTyje Kpo3 eBOIyLIHOHO-TEHETCKU Pa3B0j M OCOOMHE 3eMJBHUINITA.

Cpenme MakcUMaIHe BHCHHE INIaBHHX Bpcra Apseha y cactojunu (hgmax) ca BEIMKOM
TOy3MaHOIINY WHANINPAjy Pa3iuKe y MOTEHIHMjATy M MOryNHOCTHMA EKOJOIIKO-BEreTaIlljCKIX
JEIMHMIA ¥ FBHXOBOM THIIOJIOIIKOM JeTepMUHHCARY. [I0rOMHOCT CpemhiX MaKCHMAIHHX BHCHHA
MPOUCTUYE U3 TOTa IITO Cy OHE MOJ] HajMariM YTHLAjeM Mepa Here U CBUX JIejCTaBa U OJHOCA KOjH
BIIa/Iajy y CACTOJHHH a POUCTUYY M3 TOra. 3aXBasbyjyhu CBEMy PEUCHOM IPOHM3IIIA3H [ CE PA3IIUKE
Y IPOIYKTUBHOCTH 3eMJBUIITa MAaHU(DECTY]y pasiiuKama y BpeqHocTiuMa hgmax.

Ha ocHOBy 00MjeHHX pe3yaTara MOKEMO 3aKJbYUHTH Ja u3Mel)y eKONOIKUX jeMHULA
nryma Oyke Ha Bemuxom Jactperiy, I'J “JlomHIYKa peka”, MOCTOje 3HAYAjHE PA3IUKE KOje Cy
WCIIOJbEHE KPO3 BPEAHOCTH CPEAHbMX MAKCHMATHMX BHCHHA OykBe Kao emudukaropa. Taxole,
yTBpljeHo je 1a ce HajBehn yTHIa] 0COOMHA 3eMJBUINTA Ha hgmax ocTBapyje Ha BUCOKO POTYKTHBHOM
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THIIMYHOM KHCEJIOM cMel)eM 3eMJBHILTY Ha IPaHOIMOpPUTY, a J]a CE ca IMOropliaBambeM CBOjCTaBa
3eMJBHIITA CMAKbY]e M CTETICH yTHIIaja Ha hgmax.

VY TunuyHOj mrymu OyKBEe Ha THIIMYHOM KHCEJIOM cMel)eM 3eMJBMIITY CBH YCIIOBH CY
npunaroh)eHr OMO-EKOJIONIKIM KapaKTeprUCTHKaMa OyKBe Kao equ(pUKaTopy 3ajeIHHULE, T1a Ce CAMHUM
THM MOCTHIKY 1 HajOOJBU PE3YNITATH BE3aHO 32 MPOLYKTUBHOCT CACTOJHHE MCKa3aHy KPO3 BPEIHOCTH
hgmax. Ca moropmaBameM OHO-EKOTOMIKKX YciioBa (moBeharme Harnba, TOIuie eKCIIO3UIIN]e, BAIIE
WM Make PACKHHYT CKIIOIN CAacTOjHHE W 1p.), OyKBa M37a3H U3 CBOI' onThMyMma. M3mackom u3
ONTHMYMa CMamyje ce U MPOYKIMja HCKazaHa Kpo3 BpeaHocT! hgmax-a. Kpo3 ocoOuHe 3emsbHInTa
pedrekTyje ce M WCIoJhbaBa YTHId] CBUX CTAHWIIHUX (DaKTopa KOjH Ce MPOKIMAjy Ha jETHOM
JokauTeTy. 300r Tora je MUCIpaBHO OLEHY NPOXYKTHBHOCTH jEAHOT CTAHMIITA MOCMATpaTh Kpo3
NPU3MY IUIOAHOCTH 1 IPOTYKTUBHOCTH 3eMJBHIITA. JOBOheHeM Y Be3y 0COOMHA 3eMIBUIITA H HEKOT
OJ1 TIPOIYKLIMOHKX MOKa3aTesba CACTOJUHE, } 080M CIVHA]Y CPEORUX MAKCUMATHUX 8UCUHA, TOOMjaMO
MOrylHOCT J1a HCIIUTaMO YTHIIA] TIOjEAMHNX CBOjCTaBA 3MJBHILTA HA TIPOXYKTUBHOCT CACTOJHHA U
J1a UX aHAJIM3HPaMo.

Cae mpoyueHe eKOJIOIIKE je[MHULE, H3y3eB THIMYHe myme Oykse (Fagetum moesiacae
montanum typicum) Ha JyOOKOM KHCEIOM CMel)eM 3eMIBHIITY Ha TPaHOOHOPHTY, HPEICTaBIbajy
€KOJIOIIKHY U elad)CKH MOroplIiaHe BaApUjaHTe ITO Ce, HAPABHO, OPA3HIIO M HA BPEIHOCTHU CPEIEbUX
MaKCHUMaJTHUX BUCHHA OyKBE Kao enudukaropa.

3ak/pyunu

¥ pany cy kopuihenu pe3yaraTy mpoy4aBarba 3eMIBUIITA ca TTofipydja Benukor Jactpernia,
I'J “Jlomardka peka““. Ha uctpaxuBaHOM MOpyvjy TOMHHAHTHA CY JBa THTIA 3eMJBHIITA: XyMYCHO-
CITMKATHO 3eMJBHINTE (paHKep) U Krcemno cMele semsprimTe (aucTpiaau kambrcon). Kiceno cmehe
3EMJBUIITE NTPOYUYEHO j€ Ha IPAHOAMOPHUTY, JIOK CE XyMYCHO-CHIIMKATHO 3eMJBHUIITE TIPETEXKHO jaBIba
Ha GummTy U KopHUTY. Ca Mar¥M MOBPUIMHCKUAM PaclPOCTPAREHEM jaBIbajy €€ U OIMOI30JHEHO
Kuceno cMmehe 3eMIbHINTE Ha TPAHOAMOPUTCKO] TEOJIOMIKO] IMO/UIO3M M OMHOA30JbEHO XyMYCHO-
CHJIMKAaTHO 3eMJBUINTE (PaHKEP) Ha KOPHHUTY.

OCHOBHH LTIJb pajia 01O je J1a ce MOTBPAU TAYHOCT XUITOTE3E [1a 3eMJBHIIITa OOJBUX 0COOMHA
MMajy jaud yTHIIA] Ha MPOIYKTUBHOCT CACTOjHHA, HCKa3aHy KPO3 BPEAHOCTH CPEIEbUX MAKCUMATHHIX
BucuHa (hgmax). Cpemma MakCHUMalHa BHCHHE IPEICTaB/baju TAKCALMOHH CIICMCHT KOjH je ITOJ
HajMambUM YTHUIIAjeM Mepa Here U CBUX JICjCTaBa U OJHOCA KOjH BIIA/Iajy y CACTOjUHU U IIPOUCTHUY H3
ToTa.

CrarucTidka aHam3a je rokasaia ja usmel)y yrephennx BpeaHoct hgmax y eKoJomKkum
jeanHUIIaMa ryma OyKBe Ha AUCTPUYHOM cMel)eM 3eMIBHILTY, 3aTUM BPEJHOCTH hgmax y eKOJIOIIKUM
JjeMHULIAMA Ha XyMYCHO-CHJIMKaTHOM 3eMJBHUIITY U FbUXOBHM OIOJ30JbEHUM BapHjaHTaMa, 0CToje
CTaTMCTHYKHY CUTHU(MKAHTHE Pa3JIHKe.

Pesynrarn cy mokazamu nma m3Mmel)y cBOjcTaBa OMOI30JBEHOT XyMYyCHO-CHIIMKATHOT U
OMO/30JbEHOT KUCENOT cMel)er 3eMIbHIITa (3eMJBHIITA HUCKE EKOJIOMIKO-TIPOU3BOIHE BPETHOCTH)
U CpeibMX MAKCUMAJIHHUX BHCHHA OyKBE, Ha MCTPAKMBAHOM TIONPYY]Y, Huje ymepherno nocmojarse
KopenamusHe 6e3e Ha HUB0Y NOMNYHE U 6eOMA. jaKe.

CBojcTBa XyMYCHO-CHUITMKATHOT 3eMJBHIITA Y Mab0j MEPU YTHYY Ha CPE/IEbe MaKCHMAJTHE
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BHCHHE Yy TPOyYaBaHMM CKOJOIIKMM jeJIMHUIIAMA Inmyma OykBe. [lomnyna wiu eeoma jaxa
KopenamusHa éesa m3Mel)y ocoOuna 3emsbuInTa 1 hgmax ytBpleHa je camo y 5 mopehema.

Y1BpleHo je a ce CBojcTBa KHCEINOT cCMel)er 3eMIBHINTa Hatase Y 3HATHO jad0j KOPEIaIyji
ca CpeIHM MaKCHMAIIHUM BHCHHaMa OyKBe, IIPH YeMY je MOCTOjatbe NOMNYHe Ul 6e0Ma jake
KopenamusHe 6e3e yTBpheHo y 11 nopehema.

VY1BpheHo je 1nocrojame MOTIyHE JIM BeoMa jake Kopesalmje yak uzmel)y 6 ocobOuna
KHcenor cMeher 3emspHiTa (camp:xaj mmHe, pH BpemHOCT, MORNHOCT A XOpH30HTA, TOTATHH
KararuTeT aJCOpIIIMje, XUAPOIUTHYKA KHCENIOCT, CTereH 3achuheHocTH 0a3ama).d Cpemmbux
MaKCHMAJIHUX BHCHHA OyKBe. JaurHa KOpEJTAIOHE BE3€ CE CMambyje ca IMOTOpIIaBamkeM 0COONHA
KHUCEJOor cMeljer 3eMIbHIITa Ha TPAHOAUOPHTY. Tako HIIP. Y €KOJIOIIKO] jeIMHHIH IUIAHMHCKE [ITyMe
Oykse ca Bujykom (Festuco drymeiae-Fagetum montanum), jaka kopenariBHa Be3a yTBpleHa je
n3mely cangprkaja Xxymyca U BPeIHOCTH CPEA-IX MAKCHMATHAX BICHHA OyKBE.
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AmncTpakTt

OBaj pax ce 0aBM onNTHMH3aLWjoM (MHHHUMH3AIMjOM) BpeMEHa Tpajama IPOjeKTa
Ha npuMepy perynanyje Jemamnudke peke. Tpajame rpajmbe U IMHAMUYKHI IUIaH [TPOjeKTHUX
akTHBHOCTH cy onpehenu momohy CPM mertoze MpeskHOT Iannpama. [lpodiem ontuMusanyje
BpEMEHa Tpajarba MpOjeKTa, PelleH je NMPUMEHOM JHMHEeapHOI Iporpamupama 1 codreepa
Matlab-a. JluneapHom ¢yHKIMjOM IpeAcTaB/beHa je Be3a u3Mmely Tpajama akTHBHOCTH
U TPOILIKOBA, Ca MPETIIOCTaBKOM Jja ckpaheme BpeMeHa Tpajama aKTHBHOCTH JOBOIHU J0
nosehama Tpomkosa. Pesynraru nokasyjy Jia ce NpUMEHOM METO/ia MPEKHOT IUIAHUpamha U
JIMHEAPHOT TPOrpaMupamka MOXKe ONTHMH30BaTH (MUHIMH30BAaTH) BpEME Tpajarba IPOjeKTa y3
MHUHHMAJTHO 1oBehame TPOILIKOBa.

Kibyune peuun: nuHEapHO TporpamMupame, MUHUMm3anuja Bpemena, CPM meroma, Matlab,
ypeheme Oyjuria

Abstract

This paper deals with the optimization (minimization) of the time duration of
the project on the example of the regulation of the Jelasnicka River. The duration of the
construction and the dynamic plan of project activities is determined using the CMP method of
network planning. The problem of optimizing the time duration of the project was solved using
linear programming and software Matlab. Linear function is presented as the link between
the duration of activities and the costs, with the assumption that shortening the time duration
of the activity leads to increased costs. The results show that using the method of network
planning and linear programming, the duration of the project can be optimized (minimized)
with minimal cost increase.

Keywords: linear programming, time minimization, CPM method, Matlab, torrent control
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YBOJ

[TpojekTH 3amTUTE 3eMJBUITHUX M BOJHUX pecypca, Kao IyroTpajHu MHBECTHIMOHH
MIPOjeKTH, 3aXTEBajy BEJIIMKE KOJIMYMHE (MHAHCHjCKUX CPEACTaBa, pecypca W BEJIUKU Opoj
yuyecHHKa. Paju ycreliHe peanu3andje OBHX Ipojekara IMOTPeOHO je (YHKIIHOHAIHO
yIpaBibaTl MCTHMa, Ofip’kaBajyhul paBHOTEeXKY M3Mel)y BpemeHa W3BpIaBarbha, TPOIIKOBA U
KBaJIUTETA.

OnBujame pagoBa Ha ypehemy OyjUuHUX BOMOTOKA Mpare OPOJHU HEMOCTANU KOjU
3a MOCJIEAMIly UMajy AyKe Tpajame peaiu3alyje mpojekra, a camMuMm TuM noBehasajy ce u
TpolIkoBH. TexHosoruja ozBujama pajnoBa 3a ypeheme OyjUyHHMX CIIMBOBA W 3aIUTHUTY
3eMJBHIIITA O]] €pO3Hje YCIOBJbEHA je IPe CBera KOH(UTypalnjoM TepeHa u KapakTeprcTHKaMa
OyjuuHor Toka. [Iperien TexHMKa M METO/1a KOje Ce MOTY KOPUCTUTH 32 IIJIaHUPahe peain3alinje
npojekara najy Crankosuh u ap. (2013).

Hocananmy npakcy ypehema OyjuaHHX CIIMBOBa KapaKTePHUILy ofpel)eHn HerocTal,
Kao IITO Cy: JIOIIa OpraHu3alnja pagoBa, IpoOujamke POKOBa H3rPaIke 00jeKaTa, He CTaBIbamke
o0jekTa y QyHKIH]Y 3a KOjy je HaMemeH, moBehame Tpomrkosa (Iparosuh, 1993). [Tnanupame
peanmzaiyje mpojexTa 3a ypeheme OyjudHIX CIMBOBa JOIIPUHOCH Ja U3rpaImka odjekara Oymae
OnaroBpeMeHa W SKOHOMHYHA, a MOCTIIKE Ce MPUMEHOM oaropapajyhux meroma TexHuke
MpexHor miarupama (TMII). Ha pacmonaramy cy Opojue merome TMII koje omoryhyjy
IUIaHUpame, pahiebe 1 KOHTPOITY peau3aliyje IpojeKaTa H3pajgoM MPEKHOT IUIaHa, O KOjuX
cy HajBuine kopumrhene Merona kputuuHor myTa (Critical Path Method - CPM) u Metona
oreHe u pesmsuje mporpama (Program Evaluation and Review Technique - PERT).

TexHMKa MPEKHOT TUIAHUPAakha je HAlllla CBOjY MPUMEHY Yy TUIAHUpaby pelii3aluje
npojekara y rpal)eBUHapCTBY, IyMapCTBY, BOJOIPUBPEIH, TIOJBOIIPUBPEIH U APYTUM IpaHaMA.
VY obmactu mymaperea TMIT je nmpuMemeHa 3a IUIaHHPakbe pealn3alldje H3rpaambe IMyMCKUX
nyreBa y Cpouju (Crojuuh m 3naranouh, 2015), y rpaljeBunapctBy je kopuinheHa 3a
IUTaHUpamky H3rpaame objekara Bucokorpamme (huposuh, 2002), y nossompuBpenn 3a
IJIaHUpamke 3aCHUBamkE Ayroromummux 3acaga (Muumh, 1997) a y oOmactu 3amTute
3eMJBUIITHUAX U BOIHUX pecypca, TMII je Haiuia mpuMeHy KO IUIaHHparba U3rpaame odjekara
(majuenrhe mperpaaa u peryianyja) y Oyjuaaum ciauBosuma (Iparosuh, 1994).

OcnuosHe ¢aze TMII cy ananuza cTpykType, aHaJIn3a BpeMeHa, IUIaHUpame pecypea
W aHajM3a TPOIIKOBAa. AHallM3a CTPYKType Ce 3acHMBa Ha rpadMuKoM IpHKazy pemociiena
M3BpLICHA AKTHBHOCTH IPOjeKTa (yCIOBIHEH TEXHOJIOTH]OM PaJIoBa) M lbuxoBe Mel)y3aBucHocTn
y BHJY MPEXKHOT aujarpama win mpexxHor ana (Aparosuh, 1995). Ananuza BpemeHa Ha
OCHOBY IUIAHHPAHOT BPEMEHA M3BPILICH:a aKTHBHOCTH t, oMoryhyje onpehusame Hajpanujer n
HajKaCHM]jer M0YeTKa aKTHMBHOCTH (t°, t1) ¥ HajpaHMjer ¥ HajKacHHUjer 3aBpLIETKA aKTHBHOCTH
(t°m tj]), Kao M poKa peaiu3aluje MpojeKTa (Tp) npumenoM ¢opmyna gatux y Ierpuh
(1987). [Inanupame pecypca o0yxBara IUTAHUPALE PAJHE CHAre, MaTepUjaia U MEXaHU3aIH]e
NoTpeOHe NpH IUIaHUpamy peanu3anuje oxpeheHor mpojekra. AHaJM3a TPOIIKOBA HA OCHOBY
OJTHOCA BpeMe Tpajama - TPOIIKOBH, oMmoryhyje ckpaheme Tpajama mpojekra y3 oapeheny
BPEIHOCT MMHUMAJIHUX TPOIIKOBA, OJHOCHO MHHHUMH3ALUjy TPOIIKOBA IIPOjeKTa TAKo Jia ce
He IIPEeKOpayy IUIAHUPAaHU POK pealin3aliyje pasosa.

VY Hamoj 3emsbH, y 00JIaCTH 3aIITUTE U 3EMJBHIIHAX M BOJHHX pecypca /10 caja je
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HajBehe MHTepecoBame NCTpakiBada nmaia npuMeHa CPM meroze Kao u pacrojena pajHe
CHare y IMJby MUHMMHU3AIIMj€ TPajarba IPOjeKTa IPH OTPAaHUYEHOM aHT)KOBakby paJiHe CHare.
VY pany Aparosuh (2002) Bpim MUHUMHM3AIM]Y Tpajama M3rPajibe MONPEYHUX o0jexara y
Clly4ajy OrpaHHueHOT aHT'a)KOBama pajiHe cHare nmpuMeHoM moaudukoBanor Gray-Kidd-osor
JITOpUTMa Ha IIpUMepy M3rpajme nperpana y Jlykockoj peuu. ety anannzy Anapujanuh
u ap. (2012) crposone 3a perynanujy Jemammunuke peke. Dragovi¢ et al. (2017) Bpiue
MHUHHAMH3ALHUjy TPOILIKOBAa peajM3allfje pajoBa Ha W3rpajbH peryjandja M nperpaga y
OyjU4YHUM CIMBOBUMA Halle 3emsbe. bpojuu npumepu npumene CPM MeToze ca ruraHupameM
pecypca Kao M aHaJIM30M TPOLIKOBa aHanu3upanu cy koj JAparosuh (2001).

MuHuMH3aIyja BpeMeHa Tpajama pajoBa Ka0 M MHHHUMH3AIMjA TPOIIKOBA MOXE
Ce WU3BpPLIMTH NPUMEHOM JuHeapHor mnporpamupama (IIpamyesuh, 1995). JluneapHo
IporpamMupame je IMoy3JaHa M KOpHCHa METo/a 3a ONTHMM3AIM]y [HUJbeBAa MpojeKara U
TIPOM3BO/IIbE Y PYNAPCKOj MHIYCTPHUjH, T/IE C€ INJBEBH OCTBAPY]Y Y YCIOBHMA OTPaHUYCHHUX
MPUPOJIHUX peECypca U BUCOKOT cTeneHa pusuka (Margaaunosuh u ap., 2009), y mymapcTBy
3a U300p ONTHMAaJHE MPOM3BO/ILE, CKCIUIOATAIM]e, TPAHCIOPTa M MPOMETa KOJ IIYMCKHX
raznuacTaBa (Rankovié, 1985) u y obmactu ypelhema OyjuaHIX CIIMBOBA U 3aIIITUTE 3EMJBHIITA
07 epo3Wje 3a MHUHMMH3ALHM]y TPOIIKOBAa pealiu3anje MpOojeKTa, MUHUMH3AIN]y BpeMeHa
Tpajama panoBa (Aparosuh, 2001). OBa neTepMUHUCTHYKA METOJa BeOMa je MPUMCHIbHBA
y TIpakcH, jep MHoOre mpobieme Hemoryhe je ajeKBaTHO JIMHEApHU30BaTH, a Ja CE HMPUTOM
JPacTUYHO He M3ryOu Ha TauHocTH. OBa JETEPMUHUCTHYKA METO/IA j€ KOPHCHA 32 PEIlIaBambe
MPaKTUYHAX TPOOIeMa jep Iaje jacaH YBUA y TMpOoONeMaTHKy (IHJbEBE, OTPaHWYCHA) H
oMmoryhaBa n3Hana3eme ONTUMAITHUX pelIeha.

MATEPHUJAJI U METO/J PAJA
IIpoyuaBano nogpyuje

HoJsoxkaj cauBa

Pexa Jemammuma Hacraje cmajarbeM KymmHoBauke u Kamenmuke pekxe. CimB peke
Jemammmune (camka 1.) mMa mpaBall IpOCTHpama jyrosarnaji-CeBEpPOMCTOK IpeMa JIOIHHHU
Jy>xne Mopase y K0jy ce Kao JJOMHHAHTaH BOJJOTOK y CIIUBY yJIMBa Ha OKO Skm ceBepOnCTOUHO
on Jleckosiia.
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Cuimka 1. V3zyuaBaHo noapydje
Figure 1. Study Area

MeTeopo.101IKO - KJIUMATCKY YCJIOBH Y CJIUB

AHann3a METEOPOJIOMIKO-KIMMATCKIX YCIIOBH Y CIIUBY JenalmHndke peke Oazupana
je Ha xopuinhiewmy ToJaTaka ca KHIIOMEPHHUX CTaHMLA ['paammunna u Jleckosau, kao U
IJIaBHE MeTeopoJolke cranuie Jleckosan. [Ipoceyna roauima KOIMIMHA [TaIaBHHA (IepHOL
ocmarpama: 1965-1995) ma cimBy JemamHudke peke HW3HOCH Pl =649 mm. Ilpoceuna
TOWIIbAa TEeMIlepaTypa Ba3ayxa (mepmon ocMmarpama: 1965-1995) msnocm o ;~10,7°C.
Wuconanuja je onapehena Ha ocHOBY oOpaje mojaraka ocMarpama y nepuony 1979-1995, a
MIpOCeYHa TOIUIIHA BPETHOCT H3HOCH InSrgo d=2005 h (carn).

TeoJiomike u IMEI0J0IKE KAPDAKTEPUCTUKE

[eornommky moyuIory OBOT MOApYYja YMHE YIIIABHOM IEIIYapH, CepHje MKpuibala, ca
CTHOpaJINYHUM T10jaBaMa epyNTHBHUX TPAHUTHUX Maca. Ha Teputopuju cimBa 3acTyIsbeHa cy
3eMJBHINITA KapaKTEPUCTHYHA 32 Op/ICKO-IUIAHMHCKO MOApYydje: eyTPUYHO cMele 3emibniiTe
(TMnuHa Tajmbada), WIMMEPU30BAaHO eyTpUYHO cMele 3emipHIITe (JIecCMBHpaHa rajmada),
XyMYCHO-CHJIMKATHO AWCTPUYHO JINTHYHO W PETOJUTHYHO (PaHKEp M JAUCTPUYHM PaHKEp),
CHpO3eM CWJIMKATHN W CHIIMKaTHO KapOOHAaTHW M CMOHUIIA Ha je3epcKnuM cequMeHTnMa. OBa
3eMJBHIIITA NMajy MaJld BOJHO-BA3/yIIHH KaAlUTET U PEIaTUBHO HU3aK CapiKaj XyMmyca.

EQO?.I/IOHPI Nnpouecu y CJIuBy
EpO3I/IOHI/I IIpOLICCH Ha CIINBY JenamHuuke PEKEC aHaJIM3HUpaHu CYy Ha OCHOBY KapTe

eposuje CpOuje u TepeHckor obuiacka ciua. Ha cnuBy nomunupajy eposuonu mnpouecu 111
Kateropuje (ocpe/mha epo3uja).
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I kareropuja — 1,47 km?
II xareropuja — 7,39 km?

111 kateropuja — 8,74 km?

YV V VYV V

IV kareropuja — 12,44 km?
[Ipocedna BpexHoCT KoeduinjeHTa epo3uje m3nocu Z=0,555
Meton paga

Mertona kputuusor myta (CPM — Critical Path Method), pasBujena kpajem 1950-ux
on crpane Bokepa u Kenuja (Morgan R. Walker and James E. Kelley Jr.), je netepMunucTiyuka
MeToJla MPEXKHOT TUIaHHpama kKoja oMoryhasa aHanuzy cTpykrype mpojekta (Kelley et al.,
1989). O6yxBara cienehe Kopake: cacTaB/barbe JHCTE aKTHBHOCTH, YTBPHBakE JIOTHYHOT
perociesia 1 HayMHA TOBE3aHOCTH AKTHBHOCTH IIpeMa TEXHOJIOTHMjU OJ[BHjama pajioBa, U
KOHCTPYKIM]y MpEXHOr aujarpama. HakoH cripoBeneHe aHainm3e CTPYKType, CHPOBOIH Ce
aHaJIM3a BPEMCHA KOja ILIa3i Ol HOPMHMPAHOT BPEMEHA Tpajatba aKTHBHOCTH t, V3 MOApIIKY
codrBepa Microsoft Project®, nuHamuka onBHjama aKTHBHOCTH MPHKa3yje ce rpaduuku y
BHUJIy TAHTOIpaMa.

[Mopen BpeMeHa Tpajama pajoBa, MOTPEOHO je OMPETUTH M TPOIIKOBE peaju3aliuje
MPOjeKTa, PH YeMy CyMa TPOIIKOBa CBHX IPyIa pajgoBa (IPUIPEMHHUX, IPETXOAHHX, [TTABHHUX
M 3aBpIIHKUX) MPEACTaB/ba YKYIIHE TPOLIKOBE MpOjeKkTa. 3a aHalIW3y YKYIMHHX TPOLIKOBA
peanu3aiyje mpojekara KOpUCTe ce jeMUHUYHE IICHe TOOUjeHe aHaIi30M IieHa U MPeAMEpPOM
panoga. [Ipenmep pajsoBa oOyxBaTa cBe BpcTe pajioBa Koje ce 0/[BHjajy NpH ypehemwy OyjuaHux
CITMBOBA, HHXO0BA MO3MUIIN]ja, jeANHULIA MEPE U TauHa KOJIUYHHA.

OnTtumu3anyja BpeMeHa Tpajarba pealn3alyje MpOojeKTa MOXe C€ W3BPIIUTH
MIPUMEHOM JIMHEAPHOT IIporpamMupama u copraepa Matlab-a.

PemaBame pa3sHUX KOHKPETHHX MPOOJIeMa 3aXTeBa IMPBO MATEMaTHYKO MOJIEITUPAhe
JaTHX TpoOieMa Ta 3aTUM Tpakeme muxoBor pemema (Kulej, 2011). Ilpu Monenupamy
KOHKPETHHX MPo0JIeMa, paau ce ca BEJIUKHM OpojeM BeauunHa (IPOMEHJbUBUX) IIPU Y€MY CE
namehy onrosapajyha orpanndera. CKyIn OHUX BPEIHOCTH JaTUX BEJIMUYHHA KOj€ 3a70B0JbaBajy
MOCTaBJ/bEHU CHCTEM OIpaHMYCHba HA3WUBa CE CKYI JIOMYCTUBHX pEIlekha U OH MOXKE MMaTh
BEJIMKH OpOj eleMeHara, 4ak ¥ OCCKOHAYHO MHOTO JOIMYCTHBHX peliewma. Jla 6u ce u3adpaio
JIOIIYCTHBO pelliehe, MOpa Ce 3HATH KPUTEPUjyM Ha OCHOBY KOT'a C€ MOXKE 3aKJbYUUTH J1a JIH je&
JEIHO IOMYCTUBO pelieibe 6osbe o Apyror (KpueBunan u ap., 2004).

VY 3aBUCHOCTH Oj MpHpojIe NpodieMa KOju Ce pellaBa, ONTHMAalHO pelleHe
Ipe/ICTaBIba MUHUMYM HJIM MakcUMyM ¢QyHKIHje F (opranu3sanyja npou3Boame — MakCHMyM;
opraHmsanuja TpaHcropra — MuHUMyM). Oynkiuja F ce Hasua ¢ynkuuja muuba (Ilerpuh,
1987). Ykonuko je cucrem orpaHudema (1) cucrem JIMHEApHUX jeJHAUYMHA WM HEjeHaYnHa
U ako je QyHkiuja nuka (2) nuHeapHa (YHKIMja HEMO3HATHX BEJIIMYMHA — IPOMCHIBHBHX,
TaJia ce Pajy o JIely MaTeMaTH4KoT ITPOrpaMupama Koju ce Ha3uBa JIMHEAPHO NPOrpaMHpame
(ITpamryeBuh, 1992; KpueBunam u ap., 2004). Ha ocHOBY HaBeieHOT, MPUJIMKOM pElIaBamba
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npobiema JIIT morpeOHO je omabpaTw jeqHY WM BHIIC ONTHMH3AIUOHUX MPOMCHJBHUBHX,
onabparu GpyHKIHUjy 1nsba U GOpMHUPATH CKYI OTpaHUUEHA.

JIIT ce pa3Bujajio ymopeno ca /B HaydyHE IpaHe — MElyCEeKTOPCKOM aHalIn30M H
Teopujom wrapa. [lo cagpxkajy ce oBe TpH rpaHe OMTHO Pa3JMKYjy, ajii ca CTAaHOBWIITA
YIOTpeOIHEHNX MaTeMAaTHUKHX CPEICTABA Cy BEOMA CIIMYHE, 1A CE ¥ METOOJIONIKH Mel)ycoOHO
nperwmhy (Taha Hamdy, 2007). MaremMaTu4ky OCHOBY CBE TpW TpaHE UWHHU JIHHEAapHA
anre6pa. JII1 je mpuMemUBaHO 32 MAKCUMHU3HPae KOPUCHTH Kao IITO Cy NpoduT, Tpon3BOHa
xunpoenepruje (Yoo, 2009; Sadeghi, 2009), onHoCHO 32 MUHUMH3AIIN]y: TPOIIIKOBA, TyOUTaKa
Y3POKOBAaHMX €PO3MjOM 3EMJBMINTA, MOBPIIMHCKOT oThiaja, ceauMentanuje (Khorsandi,
2014; Dragovi¢ et al., 2017; Owiji et al., 2013).

OnrumMu3anuja (MUHUMH3ANMja) BpeMeHa Tpajama MpojeKTa

PerraBame npobiema ontuMu3alKje BpeMeHa Tpajama peain3aluje mpojekra
nozipasymena Jedunucame QyHKIM]jE [Uba KOja C€ MOXKe PUKA3aTH IPUMEHOM (hopmyiie:

minZ =T,

IIpu OrpaHnvcmbUMa

T,-T —t,>0
0=<(t,), <t; <(t,);
T,=0
> (-ayt; +b;)<C

(i-1)

OBako (opmynucaH 3ajaTaKk IyTeM MHHAMH3AIMje (YHKIMjEe ca JaTuM
oTpaHUYCHUMA, pellaBa ce oMoy MeTo/e JTMHEeapHOT MporpaMupama. 3a BpeMeHa Tpajama
AKTHBHOCTH NPOjEKTa tij = ('[n )i. Mory ce Hahu ofarosapajyhu TpOIIKOBHU MpojeKTa CM . 3a
6mno koje C > C_ 3anarax muje pemms, anu ako ce crasu jga je 1, =M (M je ycubero
Tpajambe MIpojeKTa) U ako ce Halje oarosapajyhe Cm KOje OJroBapa YCHJbEHOM Tpajarmy
npojexra, ongahesa C 2 C_, T =m =T, 6uru munnmanno speme (Ilerpuh, 1987).

Og!pe!)nnaﬂ,e HOPMAJHOI 1 YCHUJHbEHOT Tpaia}ba AKTUBHOCTH M TPOIITKOBA

OnrTuMH3aIyja Tpajama peann3alpje MpojeKaTa 3aBICH /] TPOIIIKOBA M PACTIONOKHUBUX
pecypca.

IIpe came onTUMH3aIIKje TPajarba MPOjeKTa OUTHO j& OAPEAUTH: HOPMAIHE TPOIIKOBE
(C,), ycnmwene tpomkose (C ), HopManHo Bpeme Tpajama (1), ycubeHo Bpeme Tpajama (1),
npocedan npupact tpoinkosa (AC), ka0 U KOePHIIHjeHTE au bij KO CaMoO Off HbHX 3aBHCE
(ITetpuh, 1987).
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PE3YIITATH U JTUCKYCHJA

Jenna o Hajuenrhe npumMemnBaHux Texuuka je TMII koja uma OpojHe MpeaHOCTH:
jacaH yBHI y IpOIIEC peajH3aiije MpojeKTa OAHOCHO M3BPIICHA aKTHBHOCTH IPOjeKTa Ha
OCHOBY HHXOBE TEXHOJIOIIKE 3aBHCHOCTH; Je(HUHUCAHE TTOYETKA U 3aBpIIETKa aKTHBHOCTH
npojekra, u npaheme OJCTyIama CTBAPHOI CTama O]] IUIAHUPAHOT; YTBphHBamke KPUTHUHUX
AKTHBHOCTH 4YHje N3Bphebe HajBUIle yTHYE Ha POK pealii3aliije mpojekra; MoryhHocT ananuse
BHIIIC BAPHUjaHTH MPEXKHOT [TaHa ¥ H300p ONTUMAHOT perireta (Uyopa, 1982).

Ha ocHoBy “’I'maBHOr mpojekra perynanuje JenanHuuke peke y ceny Jenammna —
omurrHa JleckoBary”’, M3BpILICHA je aHAIM3a BPEMEHA JIETEPMUHUCTHYKOM METOZOM MPEKHOT
rwianupama (CPM — Critical Path Method) (Auapujanuh u ap., 2012). AnanuzoMm cTpyKType
cacTaBJbeHA je JIMCTAa aKTMBHOCTH, YTBph)eH je JormyaH penocie] ¥ HauuH [OBE3aHOCTH
aKTHBHOCTH TIpeMa TEXHOJIOTHjU OJBHjama PajioBa, a 3aTUM je (hopMUpPaH MPEXHH Jujarpam
(cmuka 2.). Y3 mompuiky codrBepa Microsoft Project, nuHamuka ojBHjamka aKTHBHOCTH
npukaszana je rpaduyku y Bumy ranrorpama (cimka 3.). OBaj mpojekar cactoju ce oxm 12
aKTHBHOCTH KOje 3aXTeBajy cpelcTBa M Bpeme 3a u3Bpuiewe (A,b,..J1) n jenne ¢ukruBHE
akTuBHOCTH (D), Koje mpumnanajy rpynd pajaoBa - I[PUPEMHHM W IVIaBHUM (3€MJbaHU U
rpal)eBUHCKH pazioBH).

(MNA [NBA\B A\ T /BN A /B 3 K A0\ ©
R/ o G2 GEGE s A 3 Y 20 ) 01‘
B W 3 n

15 g 28 1
"] J
5 20

i
&

Cauxka 2. MpexHu 1ian
Figure 2. Network plan

Mpexun wian uMa 6 mytesa: 1. myt A-b-B-I'-JI-E-XK-K-®-JI; 2. myt A-b-B-I"-/1-E-K-3-JI;
3. myt A-B-B-T-JI-E-XK-U-J-JI; 4. nyt A-B-B-I'-B-XK-K-®-JI; 5. myt A-B-B-I'-B-XK-3-JI; u
6. myt A-B-B-I'-B-XK-U-J-JI. Cabuparmem Tpajarba akTHBHOCTH KOje C€ Hajla3e Ha HajIyKem
MyTY y MpexH (2. IyT — KpUTHYaH MyT), 100uja ce Tpajibe npojexra o Tp=70 nana (ciuka 2.).
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D [Task Name
1 PERE 70 days

z NPUMIPENIHA PATOBH 4days —y

3 A OTeapawe pagunuLiTa u fonpe 2 days|

T B - Ceus CTabana n salewe nawes 1 day|

5 B _“uuhewe Tepena oguubmann 1 dayl

3 FRABHH PATIOBH 66 days L g
7 SEMMbAHH PALOBH 65 days v
8 - Mawsnean nekon sewre Il 3 days|

s - Pysrt vcxon sewme M1V 3 days|

10 - Mawircrs wckon sewme Il 15 days|

n £ - V3paga nacina racumaren, 20 days|

12 K- Pysro nnanmparee sewrmal 11 days| [

12 3-3arpasrenearse wrapni ne 28 days|

12 FPATEBHHCKH PALOBH 29 days

15 V1 - HaSasra w nocTasmaree r¢ S days| P ——

18 - V1apaga rabhona (nadamraz 20 days|

7 K-Vispaga peno-magpaua (vaf_ 27 days| S ——
18 @ - owiana arTianoeT 0days|

18 N~ Texnwsmn npnjew obferra 1 day)

Cauxka 3. JluHaMUYKY IJ1aH OJIBHjamba pafoBa (raHTorpaM) Ha ypehemy JemamHudke pexe
npumeHoM MS Projecta (pe ontumm3anyje)
Figure 3. Dynamic plan (Gantt chart) for the Jelasnicka River regulation using MS Project
(prior to the optimization)

VY aHamu3® TPOIIKOBA, MaXHa j€ OpPHjeHTHCaHa Ha JAWPEKTHE TPOIIKOBE KOjU
HETI0CpeTHO 3aBHce 071 BpeMeHa. CyMa TPOIIKOBA CBHX IpyTia paioBa (IPUIPEMHUX U TIIABHUX )
MpeACTaB/ba YKYITHE TPOIIKOBE. 3a aHANN3y YKYIMHHX TPOIIKOBA pealn3alldje IMpojeKara
perynanuje peke JemammHuie kopumheHe Cy jeIWHUYHE IIeHe, HoOWjeHe aHaTu30M IIeHa, U
npeamep pagoBa. Cyma CBUX TPOIIKOBA IMPOjeKTa peryianyje JeranrHnIKe peKe, MPUIHKOM
HOpPMAaJTHOT Tpajama aKTUBHOCTH, M3HOocu 43.170.827,54 nmuHapa, a TMPHUIMKOM YCHJBCHOT
Tpajama aktuBHOCTH 47.486.418,39 nunapa.

Tabena 1. J[etasban nmpuka3s TPOIIKOBA U Tpajarba aKTHBHOCTH IIPE ONTUMH3ALIN]e
(HOpPMAJTHO, YCUJBEHO) M TIOCIIC ONTUMHU3AIIH]C

Table 1. A detailed breakdown of costs and duration of activities prior to the optimization
(normal, crashed) and after optimization

TMPE ONTUMU3ALIMIE
MOCIIE
. ONTUMM3ALMIE
= MPOCEYAH -
§ HOPMAJIHO YCHUJBEHO TPHPACT Koepuuujent
]
g
g Onuc pajsosa
s
E tn Cn tu Cu AC b,‘ tpo Cpo
8
Tpajambe Tpajambe .
TPOLIKOBH Y PCI y TPOLIKOBH y pea TpajaRe y TPOIIKOBH Y PCI
. P ypea JlaHnMa
JlaHuMa JlaHuMa
TTIPUIIPEMHH PATJOBH
A Otsapame
TpajnIMIITa
B Ceua crabaa i 1,00 10025,40 1,00 10025,40 0,00 0,00 1.00 10025.40
Baljerbe namesa
B Yuwheme Tepena 1,00 4893,68 1,00 4893,68 0,00 0,00 1,00 4893,68
o1 mKGba U rpamba
11 NIABHU PAJIOBU

3EMJbAHM PAJIOBH
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Mammnckn nexorn
semsbe [T IV
KaTeropuje y yckom
poBy, mupuHe 1-2m
3a TeMesbe 0bjekara
r (yCMepHH HaCHITH,
YITHBHH 00jeKar,
KOHCOTHAIHOHH
TojaceBH, KacKaze,
TIOTIOPHH 3HI1,
H3JTHBHH 00jeKar)

3,00

203248,95

22357385

10162,45

233736,29

223573,85

Pyunn nekon
pi semsbe 11 u IV
KaTeropuje

3,00

44795,80

49275,38

2239,79

51515,17

49275,38

Maummckn
wexon semsme I
IV kareropuje y
b LIHPOKOM OTKOITY.
3ewba w3 neKoma
ce KopHCTH 32
w3rpanby Hacwna

15,00

1653300,26

5,00

1818630,29

16533,00

1901295,30

1769031,00

Wspana nacuna
HaCHTIaBbeM
MarepHjaza Koji
ce pasacTipe y
CII0jeBHMa 01
20 cm, a Habuja
ce pyuHO HIH
MAITHHCKH

20,00

244143421

7,00

2685577,63

18780,26

281703947

2685577,63

PyuHO nuanupame
LN 3eMJBAHHX
NOBpIIHHA

11,00

437325,00

4,00

481057,50

6247,50

506047,50

481057,50

3arpasibuBame
3 LIKAPIH HACHIIA
u yceka

28,00

1125174,75

9,00

123769223

5921,97

1290989,98

1237692,23

T'PABEBUHCKH
PAJIOBH

Habaska u
TIOCTaBIbAIbE
u TeoTeKCTUIA
GTX-300, Tum: He
TKaHH

5,00

97828,49

2,00

107611,34

3260,95

11413324

107611,34

W3pajta rabuona
(nabaska xure,
MOCTaBIbaAkLE,
dopmupame 1
MY HEH:E KAMCHOM),

J OTBOP OKal@
mpeke je 8x10 cm
(KOPHCTH CE KaMeH
npeunnka 2d y
OJIHOCY Ha OTBOP
okana rabuona)

20,00

10099075,00

7,00

11108982,50

77685,19

11652778,85

11108982,50

Hspaja pexo-
Majpana (HabaBka
KHIIE, I0CTABIbATHE
u popmupatbe),
OTBOp OKalla Mpeke
je 6x8 cm (kopucTH
Ce KaMeH NPedHIKa
2d y onmsocy Ha
OTBOp OKalla Mpeske
peHo-majpata)

27,00

27053726,00

9,00

29759098,60

150298,48

31111784,90

29759098,60

TeXHUUKH TIPHjeM
objexta

=70

>'=43170827,54

y=47

Y=47486418,39

¥=50

Y'=47436819,10

ITomohy ™eTonme mnmMHEapHOT NporpamMHpara 3aJaTak ONTHMH3ALHje Tpajarma
peanm3anyje npojexara JenamHuake peke Moxe ce popMynucary Ha cinenehu HaunH y3 momoh
roiaTaxa Koju cy cpehenu y tademnn 2.




Tao6ena 2. [TorpeOHY MoJaIH 3a MOCTAB/bAKE 331aTKa 38 ONITUMH3AIIH]Y TPajamba pean3allije
Ipojekara JearHnIKe pexe

Table 2. Necessary data for setting the problem for optimizing the duration of project realization
of Jelasnica River

A b B r Pl B E K 3 " J K I

5 & & & &% t & & o ty x

aij 0 0 0 10162,45 2239,79 16533,00 18780,26 6247,50 5921,97 3260,95 77685,19 150298,48 0

bij 0 0 0 233736,29 51515,17 1901295,30 2817039,47 506047,50 1290989,98 114133,24 11652778,85 31111784,90 0

VY mpopadyHy caMe ONTHMH3AIlMje HUCY y3€Te Y 003Mp aKTUBHOCTH A (OTBapame
rpagunumTa) u JI (TEXHWYKH TpujeM 00jeKTa) YMju TPOIIKOBH HE MOTY OHTH IMPEUH3HO
yTBpheHu u 3aT0 MITO HE YTHUY Ha caMmy ONTHMHU3ALIH]Y.

OnTuMu3aija BpeMeHa Tpajama pealu3aidje MpojeKTa Ha MPUMEpY perysiaiuje
Jenarnuuke pexke U3BpIIEHA je MPUMEHOM JIMHEAPHOT MPOrpaMupama y3 MojpIiKy codreepa
Matlab-a, nocrasspamem cienehe QyHKIHM]je THIba:

Z= Z(-ai,—tu’r bij) =
— _(0t,+0t,+10162, 45t,+ 2239, 79t, +16533,00t, + 18780, 26 t, + 6247,501, + 5921, 97 t, +
+3260,95t,+ 77685,19t,,+150298, 48t,,) + 49679320, 70

Matlab je mporpaMcKy TakeT KOjH c€ KOPUCTH 3a PelIaBamke MaTeMaTHIKIX MIpodiaeMa
MIPUMEHOM ITPOTpaMupamka, i3padyHaBamka 1 Bu3yenu3aije. OcHOBHA (hopMa 3a YHOC TTo1aTaka
j€ HHU3 WIH MaTpHIla Koja He 3aXTeBa AMMEH3NOHHCAe. 300T BEIHKOT Opoja pacroIoKUBUX
(yHKIHja, OHE Cy TrpymmcaHe y mocebHe makeTe (toolbox). OcHoBHHE 00jexT y Matlab-y je
MaTpHIla AUMEH3Hja mXn, a CBE eJIeMEHTapHe OIepalnuje Cy Tako AeprHuCaHe 1a TIOAPKaBajy
pax ca matpuriama. Tume je omoryheHo fa ce cBe MaTeMaTHUKe M JIOTHYKE omnepaliije, Kao 1
nckasu y Matlab-y nedununmnry u n3Bose Ha MCTH HAYWH KAao INTO OW WX MHCAIHM HA TAIupy
(cruka 4.). Bextopu cy moceOHE ciTydajeBH MaTpuiia 1 xn uiw nX 1, JoK ¢y CKalapHe BeTHIINHE
mocebaH ciydaj marpume 1x1.
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Canka 4. Komanauu nposop copreepa Matlab n yHomeme noparaka
Figure 4. Command window of Matlab software and data input

PesynraTn moxa3syjy a HaKOH W3BpIICHE ONTHMH3aNHdje (MuHUMH3anwje), Matlab
Kao pesynrar (output) Hymm cienehe Tpajame aKTHBHOCTH Koje je TpeaBul)eHO (YCHIBEHO
Tpajame) 3a CBE aKTUBHOCTH OCHM 33 aKTHBHOCT ca o3HakoM D (MamumHcku uckort 3emibe 111
n IV kareropuje y mHpOKOM OTKOIy; 3eMJba M3 MCKOIIA C€ KOPUCTH 3a M3rpajiiby HACHIIA.).
[Ipeneuheno ycusbeHo BpeMe Tpajama akTUBHCTH D 6uito je t = 5 nana, a onTUMHU3ALM]OM je
JOOMjeHO BpeMe tpoT’ = 8 nana (Tabena 1.). HakoH onTrMu3aIije, yKyImHO CMambemhe BpeMeHa
peanuzanyje npojekra je 20 mana. 300T cMambeHha BpeMeHa pean3allije MpojeKTa, TPOITKOBI
mirpanme cy moBehann. Hakon ontummsanuje, TPOMIKOBH Tpojekra mu3Hoce 47.436.819,10
JHApA.

3AK/bYYAK

L{usb oBOr pajia Ouia je MUHMMHU3allMja BpeMeHa Tpajarba MPOjeKTa y3 MUHUMH3ALHN]Y
nosehama TpoikoBa Ha npumepy ypehemwa OyjuuHor Toka Jenmamunuke peke. [IpumeHom
MeTona MpexxHor miaHupama (CPM) m meroma JHHEapHOT HpOrpaMUpama H3BPIICHA je
OIITHMH3AIlMja BPEeMeHa Tpajarba MPOjeKTa, IIe je YKYITHO CMambemhe BpeMeHa peain3aliuje
npojekra 20 nana (ca nouerHux 70 gana, Ha 50 mana). TpoIIKOBH TpojexTa Cy IoOcCIie
orntuMu3anrje Behu y oHoCy Ha HOpMaliHe TPOIKoBe 32 9,88%, a MambH y OIHOCY Ha yCUIbEHE
3a 0,1%. [IpuMeHoM MeToza 3a ONTUMHU3ALM]Y 33I0BOJBEH j€ MOCTABJLEH KPUTEPUjYM IHIba!
MHUHHMH3allMja BpeMeHa Tpajamba npojekta. Ha mpumepy 1uiaHupama uirpajime perylaiuje
JenmamHuuke peKe IOKa3zaHO Ja Ce MPUMEHOM MeTofa MpexHor rmiaHupama (CPM) u
METOo/Ia JIMHEApHOI MPOorpamMHpama IOCTHKE ONTHMAIIHO Tpajame peaiu3alluje MpojeKTa y3
MHUHHUMAITHO 1oBehame TPOILKOBa [IPOjeKTa.
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Hamnomena: OBaj paj je pealn30BaH y OKBHPY MPOjeKTa ,,ICTpakuBame KIMMATCKUX IPOMEHA
Ha )KMBOTHY cpeauHy: npahemwe yTulaja, ajanranuja u yonaxasame” (43007), moamnpojexar
op. 16: ,,Co1ro-eKOHOMCKH Pa3Boj, yOJIaKkaBarme U alanTaiija Ha KIMMaTCKe MPOMEHE”, KOjH
¢uHaHCcHpa MUHHCTAPCTBO 3a MPOCBETY W HayKy PemyOmuke CpOuje y okBHpY mporpama
WHuTerpucanux ¥ HHTEPAUCHUIIMHAPHUX UCTpaXxuBama 3a nepuon ox 2011 no 2017. ronune.
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METOJOJOIIKH MPUCTYI BAJIOPU3ALNIN IITETA O KJIMMATCKHUX
IMPOMEHA Y IIYMAPCTBY U 3AIITUTHU 3EM/bUIITA

METHODOLOGICAL APPROACH TO VALORIZATION OF DAMAGES IN
FORESTRY AND SOIL PROTECTION CAUSED BY CLIMATE CHANGES

"Vuusepsutet y beorpany, Illymapcku dakyarer, Kuesza Bumecnasa 6p. 1, 11030 Beorpan
MuctutyT 32 mrymapctBo, Kresa Bummecnasa 6p. 3, 11030 beorpan

3Politecnico di Milano, Italy

Ancrpakr

Caenor ¢cMO KIMMATCKHAX MPOMEHA KOje Ce OIpakaBajy Ha KUBOTHY CPEIHHY, MPUPOIHE
pecypce, IIyMCKe eKOCHCTeMe M KHUBOT Jbyau. LlITeTe koje HacTajy ycien moxkapa, JemoaoMa
W TOTUIaBa, YTHYY Ha MPOCHEPHUTET APYINTBa. Bamopusamnuja mrera wW3a3BaHa MPHPOIHAM
katacTpo)ama je ca OBOI' aclieKTa BeoMa 3HauajHa. Y OBOM Pajy je MpPHKa3aH METOIOJIOIIKH
NPHUCTYI 3a BAJOPU3AIHjy IITETa O €IEMEHTAPHHWX HEMOroja, MPBEHCTBCHO TOMIIaBA H
Mpa3eBa, y IIyMCKHM €KOCHCTEMHMA, MPEeMa €BPOIICKO] METOMOIOTHjH 1 MCKYCTBUMA BocHe
u Xepreropude. Banopusaruja je 0OyXBaTiia MITeTe HA Pa3THIUTHM (YHKIHjaMa [ITyMCKHUX
EKOCHCTEMA, Kao IITO Cy: MITETE Ha MPOAYKTUBHUM (YHKI[HjaMa BHCOKHX IIIyMa, IITETE Y BE3H
HEJPBHUX IIIYMCKHX IPOM3BOJA, 3aTHM BPEIHOCTH INTETAa y JOBHOM Ta3JHHCTBY, TPOIIKOBA
pereHeparmje omreheHnx MyMCKHX MOAPYYja ¥ BPEIHOCTH BE3HUBAha YIJHCHHUKA.

KibyuHe peun: mrere, COLIMO-€KOHOMCKH aCIIEKTH, €JIEMEHTapHE HETIOT0/Ie, ITYMCKH MOXKapH
Abstract

We are the witnesses of climate changes that affect the environment, natural resources,
forest ecosystems and people’s lives. The damages caused by fire, ice breaks and floods
affect the prosperity of the society. The valorization of damages caused by natural disasters
is very important from this point of view. This paper presents a methodological approach for
estimating damages from natural disasters, primarily floods and frosts, in forest ecosystems,
based on Bosnia and Herzegovina experiences, which is in line with European methodology. It
covers various functions of forest ecosystems: damage to productive functions of high forests,
damage to non-wood forest products, damage to hunting stock, regeneration costs of damaged
forest areas and carbon binding values.

Key words: damages, socio-economic aspects, natural disasters, forest fires
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YBOJI

Kinmmarcke mpoMeHe yTHYy Ha CBE IOjaBe y NPHPOAM M Ha CBE CBEPE JKHBOTA
Jbyau. JemHa of Haj3HAYajHUjUX OUTMKA KIMMATCKHUX MPOMEHA je 3HaTHO moBeheme Opoja
W MHTEH3HUTETa NPUPOIHUX HEIOrosa Kao : MOIJIaBa, IIYMCKHX MOXKapa, M0jaBa eKCTPEMHO
BUCOKHX W HUCKHX TeMIIepaTypa Ba3ayXa, KIM3HIITA U JIp.

[IteTe KOje HACTajy [ACjCTBOM IIOIUIaBa M Mpas3eBa y HIYMCKHM MHOAPYYjHMa MOTY
OWUTH JUPEKTHE W WHAUpPEKTHE. J[MpeKTHe IITeTe HACTajy YHHIITABAHEM IIyMa OJHOCHO
npBeha ¥ 0CTaIuX MaTepHjaHUX 100apa yrpoXKeHUX HAHECEHUM MaTepHjajioM U3 orreheHnx
myma. [IpopauyHn aupekTHuX mTera o0yxBara HaJIOKHAJy CpeACTaBa Koja cy HOTpeOHa 3a
MoLIyMJbaBame omTeheHnx Mojpyyja, Kao W HAJIOKHAAy YHUIITEHUX no0apa. VHIupexTHe
mreTe 00yxBaTajy CBE HEraTHBHE TOCIEAUIIEC KOje Cy HacTalle JIejCTBOM I0IUIaBa U Mpa3eBna,
a HE MOTY Ce JUPEKTHO M3MEPUTH: 00YCTAaBIbAIHE MM YMAEHE TIPOU3BOIE, HEUCITYHCHE
o0aBe3a, y3HEeMHUPEHOCT CTAHOBHUILITBA, 110jaBa 3apa3a, OTeKAHO CHAO/eBAbE.

Kox pemaBama oBor mpoOieMa, OCHOBHH IHJb je 00e30eheme cMamema IITeTa.
CrerieH 3aIITHTE 3aBUCH O] JIBE OCHOBHE IPyIIe Mepa: OHUX KOjU YTHUY Ha CMarbEhe MOILIaBa
U MpaseBa, 1 OHHX KOjH c€ OJHOCe Ha o0jexTe koju Tprie mrere. Ha oBaj Hauun he ce crehn
YBHJY CTEIEH YTPOKEHOCTH MOAPYUja, KA0 U Ha IMOjeJIMHE SKOHOMCKE e()eKTe MPUMEHEHUX
Mepa Ha CMamberbe IITETE.

AKTHBHOCTH y BE3H ca BaJIOPU3AIMjOM MITETa O ce OAHOCHIIE Ha YTBPhMBamE yCII0Ba
071 KOjUX 3aBHCH BHCHHA IITETE, a OHMU Cy cieaehn:

> XUAPOJIONIKO XUAPAYTHYKH M Tororpadcku yciaoBH (onpehuBame yrpokeHe
MoBpIIMHE ¥ Opoja crabana, Opoj W BEIMYMHA YIPOKCHHX n00apa, Tpajarme IUIaB/beiba H
MpaseBa y QYHKIHM]HU MITETA. ..);

> cTame Hiyma (IyCTHHA, cTambe u3rpaljeHocTH, kopuiihemne MOBPIIMHA YIPOKEHUX
MoTuIaBaMa U Mpa3eBUMa,...);
> BPEIHOCT J00apa yrpoKeHHX HAHOCOM U3 mIyMe (LITeTe ce M3pakaBajy pazaIHduTUM

jeAMHHUIIAMa Y 3aBUCHOCTH O KaBOj BPCTH 00jekTa u orrehiema ce paju, a 3aTUM ce yTBphyje
IIeHa KoITama J1a Ou ce JO0IUIO 10 YKYITHOT U3HOCA IITETE);

> no6a roguHe (CyIie, Mpasesa,...);

> OlICHA CTaba Ha MOIUIABJHEHOM IIIYMCKOM IOAPYY]jy

> yTBphuBame MOTpeOHUX pajoBa Ha CaHALIUjU

> yTBphUBame yiarama y CaHaIMjy W OpraHu3alldja 3alliTHTE O IITETHOI JCjCTBa

roruiaBa ¥ MpaszeBa (YTBphuBame yiarama y MOLIyMJbaBame, M3paay TpajoHa M JPYTHX
THIIOBaTepaca u ci.);

> yTBphHBamk-¢ METOIOJIOTH]E 32 IIPOLICHY IITETa;

> yTBphHBame TEXHUKA BpEIHOBaMkA YKYIIHE EKOHOMCKE BPEIHOCTH (BPEIHOCT
Kopuithema, BpeTHOCT HeKopuIThema).
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METOJI PAJIA

Y pamy cy xopumheHe MeToxe aHanu3e, CHUHTE3e M KOHKpeTH3aLuje Ha
OCHOBY aHanu3upase ciuenehe auTepaType: mpemiora METOHOJIOrHje M3 O0NacTH OLEHe
COLIMOEKOHOMCKHUX IITeTa oJ] nryMckux noxkapa y Esporu (Pettenella et al., 2008), 3arum
BpeIHOBama mrera o myMckux noxapa y buX (Deli¢ et al. 2013), kao n metone kopunrhene
y npojekty MuHHUCTapCcTBa MOJHONPUBPEE U 3aLITUTE KUBOTHE cpenune Pemybiuke Cpouje
(2016):

BAJIOPU3ALINJA HITETA

[IpemokeHe cy penaiiyje 3a u3pauyHaBame nmrera3a GyHKIHje, Koje Cy MOTU(PHKOBAHE
u npuiarof)eHe mymapckoj npakcu. OBaj 00pauyH He YK/bY4Y]jy CBE QYHKIIH]€ TIPEAIOKEHE 3a
yckiial)eHy METOJI0JIOr 1]y 3a IPOLIEHY COLIMO-EKOHOMCKHX IITETa O] EJIEMEHTapHHUX HEIOTro/ia
y Eeponu (Pettenella et al., 2008). Ha ocHoBy cuTyanuje Ha ogpeljeHOM moapydjy, MOCTyImaK
mpoIieHe Tpeda aa 00yXxBaTH pa3audnuTe QPyHKIH]jE IMYMCKAX EKOCUCTEMa KOjU Ce, BPJIO YeCTO,
3aHeMapyjy y pa3HuMm nporeHama. Ocum Tora, Malio je BepoBaTHo ja he nmpupoHa Hermorojaa
M3a3BaTH 3Ha4YajHy MITETY cBUX (QyHKIHja mryme y ucto Bpeme (Pettenella et al., 2008). 360r
TOra, BpeAHOBame Tpeba ma Oyme yCcMepeHO Ka HpolleHH HajBuiine omteheHux (yHKmuja y
onpeheHoM IryMcKoM ToApyYjy.

VkynHa mporeHa mreta oAHOCH ce Ha ciezehe:

MITETa Ha TPOAYKTUBHUM (DYHKIIHjaMa BUCOKHX IITyMa;

IITETa Be3aHa 3a HEJIPBHE IITYMCKE ITPOM3BOJIE;

BPEIHOCTH IITETa y BE3U IMBJHAYH U JIOBCTBA

TPOIIKOBE PEreHepaliyje IyMCKIX NOBPIIMHA OIITeheHUX IPUPOAHUM KaTacTpodama,
BPEIHOCTH BE3MBaha YTIbEHHKA.

VVYVYVY

Kana cy y nuramy npousBogHe (QYHKIHjE, IPEUIOKEHH Cy MPOpadyHH 3a BUCOKE,
M37aHauKe U BEIITAYKU MOAUTHYTE IIIyMe, ¥ 3a TYOUTKe Be3aHe 3a HeJpBHE IITyMCKE TPOU3BO/IE.
OBakaB 00padyH MpEACTaBJba CIOKEH IpOoIlleC OOjeKTHBHE IPOLEHE U BPEIHOBAMA CBHX
mreta. [IporieHa ce Bpiy Ha OCHOBY yHarpen JeduHncane QyHKIHje IyMCKUX €KOCHCTEMA.
30Mp BPETHOCTH OJIBOJEHMX KOMIIOHEHTH INPEJICTaB/ba YKYIHY BPEIHOCT JUPEKTHUX U
WHAWPEKTHUX IITETA.

IMPOU3BOJHA ®YHKIIUJA

Bucoke HIYyMe, H3TAHAYKE IIYME W BeIITAYKH MOAUTHYTe IIyMe

[ITere mpou3BOImbE ApPBETA, Cy CIOXKEHH]E O jeIHOCTABHOI T'yOHMTKa 3allpeMHHE
napeera. OBe 1reTe Tpeda mocMarpari Ha CBeoOyXBaTaH HauuH. [ yOuIu mpou3BOAHUX QYHKIH]a
ce MpoIeY]jy OJBOjEHO 32 BUCOKE IIyMe, M3JaHaukKe LIyMe U IIYMCKE KYIType cTpajaie y

(]



npupoaHoj karacrpodu. [Ipeanoxene Gopmysne u3 npeiora 3a yckial)eHy METOIONIOTH]Y 32
MIPOIICHY COIMO-CKOHOMCKHX IITETa OJ1 ITyMCKUX niokapa y EBpomu (Pettenella et al., 2008) cy
Moan(UKOBaHE ¥ YCBOjEHE 32 KOHKPETHE IpaKce ra3oBama mymama y bocan n Xeprieropunu
(Deli¢ et al. 2013). ¥V mwby mnpoueHe mTeTa O NPUPOAHUX KaracTpoda, yBakasajyhu
yckinalheny merononorujy y EBporu, npesioxkena je cieneha ¢popmyna (Pettenella et al., 2008;
Deli¢ et al. 2013):

.(1—1-1")"“—1]

ED,, = FBA-Vol- (P, — C.,) + [E- (Pimp — Ces) i

imp
Enementn y hopmynu cy cnenehn:
ED, - mirera y rybunuma apeeta 3a npoussoamby (RSD);

FBA - nospumHa 1moj myMoM cTpajiaiia y npuponaHoj karacrpodu (ha);

Vol — 3anpemuHa ipBeTa M3rydsbeHa y IPUPOAHO]j Hermoroau (m*ha);

E - apBHa 3anpeMuHay [IyMH Koja je mpenBuljeHa 3a cedy y TOKY jelHe TOAUHEY MEePHOLy ,,m™
roauna (md);

P, .- cpelma ueHa o6noBuHe Ha myteBuMa (RSD-m?);

m3)
C,, - TPOIIKOBH Cede U U3paje MyMcKux coprumenara (RSD-m);

r — nuckoHTHH (paktop(%);

m - roguHe HOTp€6H€ 34 HOBOOCHOBAHy 1yMy Aa JOCTHUI'HE jeHHaK H3HOC MIpUXxoaa Kao uryma
n3ropeia y noxapy.

HeapeHu IyMCKHU POU3BOAHT

360r AyropouHuX MOCEAMIA MPUPOJHUX KaracTpoda, MTETe y OAHOCY HAHEAPBHE
LIYMCKE MPOU3BO/Ia TPeOa OIIEHUTH Ka0 TUCKOHTOBAHU TOUIILU TYOUTAK Y YKYITHOM IIPUXO.Y.
IIpema Tome, oBa mmITeTa MOXKe OUTH U3padyHara npema cienehoj popmymnu (Pettenella et al.,
2008; Deli¢ et al. 2013):

ED,ysp = FBA R +n7 1

NWFE L (1+m)™
ED,ypp — YKyIHa mITETa O TYOMTKA INIABHUX HEIPBHUX MIyMCKUX npoussona (RSD);
FBA - omTehena nospuinHa koja Npou3Boau HeJpsHe npoussose (ha)

Tha-1)-
R, ep - CPE/IbA TONMIIFHGA 3apajia O NIABHUX HEJPBHUX IIyMCKHX npomssosa (RSD-ha™');

1 - nuckoHTHH (hakTop (%);

m - TOJMHE U3ryOJbECHHUX JKCTBH HEAPBHUX MPOU3BOIA HAKOH MIPUPOIHUX KaracTpoda.
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BQQEHOCT HiTeTa y JIOBHOM a3/ IMHCTBY

Kputepujym 3a mpoLieHy MTeTe M0 OCHOBY BPESHOCTH IITETA Y JIOBHOM Ta3IHHCTBY
je cMyaH Kao W 3a HelpBHE IyMcke mpoun3Bose. To 3Ha4M [1a ce yKyIHa IITeTa M0 KUBOTHY
cpenuHy 00pauyHaBa Kao 30Mp FOJHIIBHX IITETa 33 MEPUOJ Y KOME je HeMoryhe H3BpIIHTH
MOCJIOBE yIpaBsbarba JIOBHUM MofipydjeM. TakaB oOpauyH ce Bpuiu ca cienehom hopmynom
(Pettenella et al., 2008; Deli¢ et al. 2013):

(a+n-1

£ mn @)

= FBA ‘R

hun hun

ED, , - mTeTa 1o )XMBOTHY CpeluHy 0N cMamema (RSD);

FBA, , - npocrop xopuinhen 3a jioB omrehen npuponsom karactpodom (ha);
R, . - cpenwu roqummy npuxox o nosa (RSD-ha™');

I - IMCKOHTHA CTOTIA;

V - TOMHE U3Ty0JheHNX JTOBHUX aKTHBHOCTH HAKOH IOXKapa.

BpenHocT miTera ycie HHUIITABAKHAa 3€eMJ/bUINTA eryJanmja BOIHOL PEKHMA H

crpeyaBame epo3mje)

VY unspy nponeHe QyHKIHUje 3alITHTe 3eMIBHIITA, PEUIOKSHN IIPUCTYII e 3aCHHBA
Ha 3aMCHM TPOLIKOBAa M (DMKCHHX TPOILIKOBA LIyMa 3a pereHepaiujy omTeheHHX IIyMCKiX
nonpydvja. TPOIIKOBH pereHepanyje nrymMa ce CacToje O JABE KOMIIOHEHTE: jeJHOKPATHH
MHBECTUIIMOHH TPOIIKOBH OCHHMBama HOBHX CACTOjJHHA W TPOILIKOBE Y3TOjHHX aKTHBHOCTH
3a BHXOBO OJpKaBarme Koje TpeOa W3BOMUTH Y HApPEIHOM IEPUONY Kako OM ce ocHrypaia
3amTHUTHA (YHKIMja KOjy Cy OBa IOpydja UMalia mpe MpupoaHuX Karactpoda. OBo ce Moxke
n3padyHatu Ha ocHOBY cienehe dpopmyne (Pettenella et al., 2008; Deli¢ et al. 2013):

_(1+r]m—1)

ED'pror: Fg‘qpror-(crav-r-l_cﬂnn 7 [:1+ij

ED - mTeTa 1o %MBOTHY CPEAUHY O CMakeHha LIMKITyCa PEeryaiije BOAE U 3aIlITHTe
3emsbumiTa (RSD);

FBA_ - monpyuje ca 3alITHTHUM (yHKIMjaMa YHUIITEHUX MPUPOIHOM KaracTpodom (ha);

C,,, - TpomkoBH nomymsbasama(RSD-ha');

e

. -1\.
C,,, - TOIUIILU TPOIIKOBH OfIp’KaBara peBereTanroHor npocropa (RSD-ha™);

r - quckoHTHA crorma (%);

i - TonuHe MOTpeOHE 3a OpKaBambe MOAPYY)ja.

(]




BQBEHOCT Be3uBaha YIJbCHUKA

®dopmyna 3a U3pauyHaBamE OBE BPCTE IITETE (BPEIHOCT BE3MBaKma YIJbCHUKA) CE
3acHMBa Ha I'yOUTKY cHaJbeHe JIpBHE OMomace, KoeQHIHjeHTy TpaHcdopmaluje 1o odumy
Ha/j3eMHUX JpBHE Onomace (Pettenella et al., 2008) u TpxumHe 11eHe yribeHuKa. TpKunIHA
[ICHA YIJbCHHUKA BapHpa Y 3aBUCHOCTH OJl EKOHOMCKHIX KpETama.

ED_= FBA-Vol,- BEF- 0,5 P,

ED, - mreTa 1o )XMBOTHY CpPeJIMHY O yIJbeHMKa eMHUTOBaHor y arMocdepy (RSD);
FBA - noBpmuHa oz nrymoM m3ropena y noxapy (ha);
Vol, - 06um HaJ3eMHe ApBHE GHOMace crarbeHe moxapoM (m*-ha™');

BEF - dakrop mmpema 6nomace (koedunujeHT TpaHchopmariije 3anpeMuHe HaJ3eMHe
JpBHE OMOMAace, U3paKeH y TOHaMa CyBE MaTepHje);

0,5 - 1 Tona cysor apBera uma 50% yribenuka (Pettenella et al., 2008);
P, -niena jenne Tone yribenuka (RSD-t™).

[Tere TypucTHuko-pexpearuBHe GpyHKIMje 1 QyHKIH]jE 3a 3alITUTY OMOAMBEP3UTETA
HUCY y3eTe y 003up, jep je MoTpeOHO CIPOBECTH MOCEOHO MCTPAKUBAKE 32 BUXOB 00pauyH
npumeHoM ,,Contingent Valuation or Travel Cost Method* (Bishop, 1999).

3AK/bYYAK

[TpojekTom MUHHKCTapCTBA MOJHOIIPUBPEIE U 3aLITUTE )KUBOTHE cpenuHe Peryomnuke
CpOuje, MoOKpeHyTa Cy MHOTa IHTama Be3aHa 3a IPOLEHY INTeTa Koje Cy HacTalle ycie[
KIIMMaTCKUX TPOMEHa.3a [TPOIIEHY COLMO0-EKOHOMCKHX IITETa O/ ITYMCKHX IOXKapa NpeIoKEeHE
je eBporicka Mmetomoioruja (Pettenella et al., 2008) kojaje momupukoBaHa M YCBOjeHa 3a
KOHKPETHE Mpakce rasjaosawa mymama y bocau n Xepueropunu. [Tomenyra meromomnoruja
pasmarpa 1mTere Ha MpOJYKTHBHUM (yHKIIMjaMa BUCOKUX ILIyMa, IITeTa HEJPBHUX HIYMCKUX
MIPOM3BO/IA, BPETHOCTH LITETA Y JOBHOM Ta3JIMHCTBY, TPOIIKOBA BETreTalUje 3a pereHeparujy
MOYKapUIlITa ¥ BPEAHOCTU Be3MBama yribeHuka. Y CpOuju oBa METOHOJIOTHja MOXKE OMTH
npuxBalieHa ¢ THM IITO je HEONXOJHO pa3MaTpard M IITETe KOje yTU4y Ha TYPUCTHUYKO-
pekpearuBHe ¢QyHKIMje W (QyHKIMje 3amTuTe OHOmMBep3uTeTa npumeHoM ,,Contingent
Valuation or Travel Cost Method*.

YV 0BOM pajiy IPeCTaBIbeH j€ IPHUCTYI BATOPU3ALII]jH IITETA O/ KITMMATCKHUX TPOMEHA
y LIyMapcTBY, KOjH MPeNCcTaBiba Ae0 MpojekTa <’ McTpaknBama COLMO-EKOHOMCKHX acleKara
pH3MKa yclel KIMMAaTCKHX MPOMEHA Y LIYMCKHM MOApy4YjuMa’, KOju je (UHAHCHPAH Of
MuHuCTapCTBa MOJHOIIPUBPEE U 3aLITUTE )KUBOTHE cpenune Penybnuke Cpouje (2015-2016).
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IIpod. Codonan 'aBpunosuh
Beorpan

HOYENU CTPYYHO-TEXHUYKE BOPBE TPOTUB BYJUYHUX ITOIIJIABA U
EPO3UJE Y IOAPYYJY JYTOCJIIABHJE U YIKE CPBUJE

OcaMeceTux TOAMHA MPONUIOT BeKa jake OyjudyHe KHIIe 3axBaTHie Cy IIHupa
MOZIpy4ja CpPelhe-eBPOIICKUX M OaIKaHCKHUX 3eMasba. Te kuiie cy Owiie W BpIO YecTe W ca
JaKUM MHTEH3UTETHMA U KOJMYMHOM I1aaBUHA.

Y TO Bpeme, HapouMTO Yy JpkaBama cpeame EBoprne mnpeny3umaHe cy BeJMKe
aKIMje Ha rpa/iby IyTeBa U Keje3Huna. PazopHe OyjuuHe KuIlle 3a/iaBajie Cy MHOTO CMETHH
rpaaurespuma. [lojaBuimu cy ce mpoOneMu He caMo OKO oOfpKaBama u3rpaljeHux oOjekara,
Beh M oko mpopadyHaBama Moryhux OyjUYHHMX NPOTHLAja ca BOJOM M HAHOCHMAa KpO3
oTBOpe MocToBa W mpomycra. CBe MpakTHYHE HOPME TaJallibux caoOpahajHHX CTpydmaka
3a MPOjeKTOBakE OTBOPA MOCTOBA M MPOIYCTa, HAPOUYUTO KOJI MamkbUX peKa M MOTOKa, Ia YaK
U Ha u3rie] Oe3HaYajHHUX japyra W BOMOACPUHA, HUCY HU MPUOIMKHO OfroBapane, HajJeTHMa
MOTUIaBHUX OyjUYHMX BOJA Ca HAHOCHMA.

OrpomHa pa3opHa cHara OyjUYHHX IOIUIABHUX BOJA MOPYIIUIIA je MHOTE, Y TO BpeMe
cacBUM OpIDKJBMBO H3rpaljeHe aeoHuie caoopahajHrIa M IPOYy3pOKOBaIa TyrOTpajHE MPEKUIC
caobOpahaja.

To je HaBemno Biaje, MOCEOHO CPENEbe — EBPOIICKUX 3eMajba, Jia Y OKBHPHMA CBOJUX
CITy’kOM 3a M3rpaamy caodpahajHux KOMyHHKalMja, GOpMUpajy IpPBE TEXHUYKE CEKIHje 3a
60pOy mpoTHB OYjUYHUX TOIUIABA U YPBUHCKHX Mporeca. Y ®dpaHiryckoj ce jaBjba Beh 1872,
ronuHe jemHa ox npBux cryauja A. Surell —a o 6opou poTuBy OyjudyHHX mporieca y Bucokum
Anmuma. Yop3o Hactaje cryauja P. Demontzey — a 0 3aycTaBsbamkby YPBHHCKHX IIpolieca W
momyMJbaBamy y IIaHuHckuM moapydjuma (ITapus, 1880), sarum A. Seckendorf — a o
MIPUMEHHU Tal)eBUHCKO — TEXHMYKHX M KYJATYpHO — OHONOMIKMX Mepa 3a ypehemwe OyjuuHux
nmoapydja (bepmun, 1884), kao u Hu3 cnuyHKX crynuja y Uranuju u 1lIBajuapcko;.

Ha BankaHCKOM MOTyOCTpPBY, jeiHa O MIPBUX CTY/Hja T€ BPCTE jaBba ce y byrapckoj
oxn npodecopa F. Vogeli — a ,,Ykperspupame nopounuara u 3anyrjaBame (Codpuja, 1911).

MebhyTtum, y HammM A0 ckopo 3amagHuM permyomukama (CroBeHHjU u XPBaTCKOj)
MMOYeTaK MPaKTHIHUX paZioBa Ha ypehemy OyjuIHuX MoApydja MOYHbe, Hajuerhe y CKIomy ca
perynanujama peka, oko 1885. rognHe mpeTexHO 1Mo Bo))CTBOM XHIPOTEXHHUKUX CTPyUH-aKa
3 Ayctpoyrapcke u Utanuje.

VY nonpyu4jy CpOuje, OBH pagioBH MOYHEbY Ca H3TPalb0oM JKeJIe3HnYKe npyre beorpan
— Hum, npema ycMeHOM KazuBamy WHkemepa Jparomupa [Tantuha Hekananmer HaueTHIKa
ousmie JJupekunje [TossonpuBpene u Boaa, y npoiche 1892. ronune y kimcypama oko barpaana
u Cranaha.

CrienmjanHo 3a ypeheme OyjuaHUX KOPHUTa, U3TPaiiby Nperpasa, Kao U NpopayyHaBambe
MIPOTUIAJHUX Tpoduiia U GOpMHUpae KHHETa U Kackaia J0BEJICHU Cy CTPYUHAIM MTPETEIKHO
n3 Uranuje, kazusao je unxk. [lantuh.
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Wnave nwxk. /. [Tantuh je Ouo npBu acucteHT XUIpOTEXHUKE HA BUCOKO] 1Ko Yy
Beorpany, npu kareapu xox nosHaror npog. Hukone Cramenkosuha, ayTopa IpBUX HACJHUX
npojekara o 1wioBHoM nyTy JlyHaB — Mopasa — Bapnap. WUnxk. [1. Ilantuh cynenosao je y
CBOjEM JIyTOM JKMBOTY (Ipeko 95 roj.) ckopo y CBUM 001acTHMa BOJIOIPUBPEAHUX PaJoBa
y Hallloj 3eMJbH, aJId HUje OCTaBHO JETaJbHUjUX 3a0eiellku o Tome. bro je Beoma mosHar y
3eMJbH M MHOCTPAHCTBY. Beoma ce 3aHMMao 3a Oyjuuapcko — IIPOTHUBEPO3UOHE PafjoBe LEIOT
JKHBOTA.

[o umx. J. Mernanty, kao npBH NpOTaroHucTa 6opOe MpoTHBY OYjHYHUX TOKOBA U
epo3Hje, OMHOCHO Kao IpBH ,,0yjuuap™ Ha TepuTopuju JyrociaBuje cmarpa ce nHx. CTeBaH
[etpoBuh, poher y 3emyny 1872. roguue a ympo y 3arpedy 1924. romune. OH je ox 1924.
TO/IMHE PaJiio U Ha OCHHUBamYy Oyjudapcke ciyxoe.

Ilpema J. Metmnamy, je umk. Cresan IletpoBuh 3a jeman emabopaT u3 obiacTu
ypeliema Oyjuunnx TokoBa Harpahen ca ,,GRAND PRIX“ na MHTepHAIMOHAIHO] U3I0KOH
y [Mapmzy, 1900. ronune (Memmam J.: Mnx. Ctean [lerpoBuh (Hekponor)). Lllymapcku nuct
op. 9, 3arpe6 1924.

[Mocne wunx. IlerpoBuha, mo3narm cy Oyjuuapm capaanuny Ousmie Jlupekiuje
[Moseonpuspene u Boga Kpameruna Cpba, XpBara u CrnoBeHana, uax. M. BypexoBuh, HHX.
B. Umenuk, umk. A. JoanoBuh.

Wmx. Cresan [TerpoBuh mocrne I cBerckor para pamu kpahe Bpeme y MUHHCTapCTBY
mryma u pyaauka y beorpamy. [Touetkom 1922. rox. Oyjudapceka ciryx0a rnpenasu y HaJIe)KHOCT
pecopa [lossoripuBpene u Boza, rae 60pOy MpoTHB epo3uje U OyjUIHNX TOKOBA BOJIC YITIABHOM
3ajeTHIYKN XMPOTEXHUIKH U ITyMapCKN CTPYUHbally.

Kpoz VYIIOPHY wu O/JIYUHY O6opOy HCTaKHYTHX IIIyMAapCKUX CTPydYmaKa,
Oyjuuapcka ciayx0a je MoHOBO BpalieHa, IOCjIe HEKOJIHKO TOIUHA, IO pecop MHUHUCTapCTBa
nryma u pyasauka. Mk, Crean [Tetposuh paau Ha qasbeM usrpaljuBamy Oyjudapcke ciayxoe y
JyrocnaBuju, aiau npepana merosa cMpt (1924.1.) npekunya je ope Hariope. Meh)yTiMm, ieropu
HaCJIeTHUIH, Y IPBOM peay uHk. Munan Myxxunauh (1876 — 1938. ) kao npsu med Oxacexa
3a ypeheme Oyjulia npu peopraHu30BaHoj CIyk0H Yy MHUHHCTApCTBY IIyMa U PYIHHKA, 3aTHM
umwk. Jbyousoje Manetuh (1879 — 1940. 1.) kacHuje pemoBHU podecop 3a mpeameTr Ypeheme
Oyjunia Ha [lospompuBpenHOM — ImymapckoM Gakyarery y beorpany, morom mHx. CpereH
Pocuh (1896 — 1969.r.) nyroroaumimu 1med oxceka 3a ypehemwe Oyjuna y MUHACTapCTBY IIymMa
u pyaHuKa, a mocie II cBerckor para momohHuk Munuctpa nrymapersa CP Cpbuje u morom
penoBHH MTpodecop U MpBH JeKaH HOBOT HIyMapckor ¢axynrera y beorpany — nonpusenu cy
CHa)XKHOM pa3Bojy Oyjudapcke cirykOe a MPUTOM ITOUIIH H HAYHO - HCTPAKUBAYKY JIEaTHOCT
o 3aBunHe BHcHHE. [lomoBuHOM Oko 1932. rogmHe dopMupaHe Cy IIYMCKO — TEXHUYKE
cekiyje 3a ypeljeme Oyjuiia y MHOTHM OyjHYHUM MTOAPYYHjUMa cTape JyrociaBuje, a mpu CBUM
banckum yrnpasama u oroBapajyhu ozxceru 3a Oyjuiie pu ofe/bembuMa 3a myMmapctBo. Ha 1aj
Ha4YMH, CTBOPEHE Cy OCHOBE 3a IIUPH 3aMax M Pa3BOj TEPEHCKHUX PajioBa, a KCTO TaKO OpOjHY
MOMYHY MiIajuM KaJpoBHMa M3 peloBa IyMapCKUX HHKEHepa, KOjU Cy Ce OIpENeNIuiu 3a
cekTop ypehema Oyjura.

[Tpu Tome Tpeba ucrahm, na ce y Bpemeny mamelhy I u Il cBerckor para Hanaszmo
Ha veny Llymapcke cinyxOe y Ojesbery 3a IIyMapcKH HaJ30p, UCTAKHYTH HAa4€JIHUK TOT
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onesverba nrk. Casa Byweruh (1879 — 1962. ) koju je ©Mao MHOTO pazyMmeBama 3a norpedy
jader pasBoja Oyjuuapcke CIKyxOe HApOYHUTO HA TEPEHUMA YK BaxKHHX caoOpahaHux
KOMYHHKaIlMja, ¥ 3Ha4ajHUX objekara, Koje je TpeOayo IITHTHTU Of M3HEHAIHUX Pa30pHHUX
OyjUYHMX HaJ0J1a3aKa.

Wmx. CaBa Bydwernh, Hapouuto y3 moMoh HEKHX OJ TaJalllbMX MHHHCTapa 3a
LIyMapcTBO, a MoceOHO ca tonackoM nHxk. Dype Jankosuha Ha yeso MUHHCTAPCTBA, OCTBAPUITH
Cy uAaejy ma ce 3a Oyjudapcke TepeHe PacIUIly jaBHH PaloBH. To je NOMpHHENO J00ujamy
OTPOMHE CyMe HOBIA 3a H3BOleHe BEIHMKUX OyjHYapcKUX pajoBa MIMPOM JyrociaBwje M
YIIONBABAKY BEIUKOT Opoja MIIaINX HHKEHEPa Ha OBHM pPaJOBHMa, Ka0 U TEXHHYApa.

VY onesbemrMa 3a IyMapcTBO, OTHOCHO OJicelinMa 3a Oyjulle pu OaHCKUM yIipaBama
y roguHama tipe Il cBeTckor para GpopMupaiy ¢y ce MHOTH OyjU4apCKH CTPYUHaI, O KOjUX
moceoHo Tpeda ucrahu: umk. XKusojuna Banuerosuha, koju je kao med Onaceka 3a Oyjuie y
BanoBuHCKO] ynpaBu y CKOIUBY, OCHOBA0O U OCIIOCOOHO JECBET IITYMCKO — TEXHHYKHX CEKI[Hja
3a ypeheme Oyjura (y Ipenejany, [leny, Baaguunn Xany, Pucrooy, Bpamckoj bamu, "akom,
KatnanoBy, Peceny u Oxpuy). YIIOC/IHO je BeUKK OpOj HHKEHepa U TEXHUYApa U U3BPILIHO
3aMalllHe paJioBe Ha peryianujamMa OyjUYHUX KOpUTa M HHTErpaiiHoM ypehemy OyjuuHux
ciuBoBa. [Tocrne para je Hamcao U 3amaxeHu YIIOSHHK 3a Cpe/iibe IKoJIe 13 o0nacTu ypehema
Oyjuna. Kao mpojeKkTaHT HCTHIA0 ce Iperu3Hoiy W MHBEHTHBHOIINY, a Kao med BeoMa
KOPEKTHHM TIOCTYIILUMA.

[Tpumuo je Benmuku Opoj OyjUIapcKUX CTpy4rhaka M U3 OMBIIIE PyCKe eMUrpalyje, o
KOjUX Cy HEeKM Kao uHxk. Jleonnna Jakossbes, uwk. [lanrenejmon [lonruj u ci. OMiIM U3BPCHU
CTPYYIallM 32 TIPOjEKTOBAE M TEXHWYKY OpraHu3anujy u3Bohema pajgoBa y BpIECTHUM
noapydjuma Crape Cpouje u Makenonuje.

U3 pemoBa cprckux cTpyumaka y nepuony mimely 1930 — 1941. rogure nctumana
ce rpymna nox BohctBoM uHX. Pespe [lomosuha, Koja je m3BpIImIa OpojHE pagoBe Y MOAPYY]Y
I'poenmuake kmucype, Bpamcke kormrHe 1 PuctoBaukor Oyjuaaor nmonpydja. Melhy iuma tpeda
moceOHo wcrahm wmk. Mmunana ['m3maBuha, wmk. [Jumurpuja Benmmuxoswha, mmk. Cumy
Ceuphesa, nmx. Munomra ['anesuha. /[Bojuiia u3 rpyre oBUX CTpydmaka, Kao WHXK. bpanncias
Bapjakrapesuh (caga rerepan JHA y mensuju) u wmx. Mupocnas Ilasmosuh — benu (ympo
HemaBHO y 83. roguHU Kao mykoBHUK JHA) Hocuorm cy [aptu3ancke comenurie 1941. .

VY noxapydjy npeaparue bancke ynpase y Humry ucrakia ucro tako moseha rpyma
OyjuuapCKuX CTpydmaka u To: urK. Jlumutpuje IlerpoBuh, mocieparau med onceka 3a Oyjuiie
Munucrapersa myma Cpouje, umk. JoBan Ilerposuh — L{pBeHKo, MociepaTHH PyKOBOIMIIALL
Bupoa 3a nmpojekroBame y myMapcTy, ek, A. Hukutun, umk. . Hcajes, u mp.

VY noxpyuyjy bancke ynpase y CapajeBy, OMJI0 je HEKOJIMKO OaHOBUHCKHX IIYMCKO —
TEXHUYKHUX CEKIHja, O] KOjUX Cy jako akTuBHe Omie y Hemmoj, [opaxmy u @oun. Ciy:x60m
ypehema Oyjuiia Ha irymapckoM oziceky y CapajeBy pykoBoauo je uHxk. Jlumutpuje Adanacujes,
MO3HAT KAa0 MPOJEKTAHT U Trpaauresb perynanuje Kanumancke pexe xon Biaguumnor Xana
1924. r. 1 ka0 UCTpakWBau ayKCHHCKUX MaTepHja 3a IOCTH3ame Op3or mopacrta apeehe y
€pO3MjOM OITYCTOIEHUM mojpy4juma. OCHUBAY je MPBOT OIVIEAHOT I0Jba 3a Op3M MOpacT
npeeha ,,Ceapenuk” y atapy CapajeBa. Y TOM IOIIey MOCTUTAO j& U3y3CTHE pe3yITare.
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HberoBu npBu capaguuim omnu cy nmx. Joan Cranumuposuh, uax. B. [Tossemku,
nwk. Jbyoomup BnaucassbeBuh, koju je pykoBoano Hajehum jenom OyjudapcKux CeKiuja
y noapy4jy ousiie Jlpuncke 6anoBuHe. On APYrux CTpydmaka oceOHO Cy ce y TO BpeMe
uctaxim unk. JKusojun Puctuh n nnx. CreBan hupkosuh, kao Beoma 100pu OpraHU3aTOPH
HerocpeHUX rpal)eBcko — TEXHUUKUX U OMOJIOIKO — PETEHIIMOHHX PaJioBa Ha TEPEHY.

VY noxapyyjy bancke ynpase Ha LleTHmy HCTaKIO ce BHILIE CTPYYH-aka O KOjUX Ha
mpBoM MecTy Tpeba muctahu mmx. Munoja Pymenuha n nmk. bopruca MamonTOBa, moceOHO
Kao MMPOjEKTaHTE U TPAJAUTEIbE YCIICIUX perysianmja OyjudHHX KOpHUTa.

VY ocranum GaHCKUM ympaBama IpeaparHe JyrocnaBuje Tpeda uctahu pagoBe HHXK.
Opame Pajuepa (JbybOsbana), umxk. MBa T'omeka (3arped) xao m mmxk. Cepruja Jlazapesa
(CapajeBo). Cra Tpojuria cy mocraimu mocie II cBerckor para mpodecopu (akyarera u
PYKOBOIHOIIM Kareapa 3a OyjUYHE TOKOBE — W €PO3Hjy W HUCTakHyTH ekcueptn DPAO —
opranuzaije. Of wux, cpehoM ma cy jour kuBH, Tpeba MOTPAKUTH JETabHH]E MMOJATKE O
pa3Bojy U CTamy Oyjudapcke ciyk0e, Ka0 W UCTAKHYTHM CTPYYHalliMa y OBOj OOJIaCTH, y
CrnoBenuju, XpBarckoj u bocuu n Xeprierosunu, y Bpemeny usmeljy I u Il cBeTckor para.

Y ABHojckoj Jyrocnasuju Oyjuuapcko — epo3noHa ciry:k0a ce jako pa3Buia y roJruHama
OOHOBE W M3rpaJibe 3eMJbe, a MOCEOHO Ca M3rPajbOM BEIMKHX BOJHUX aKyMynanuja 3a
CHEPIreTHKY M MEJIHOpPALHje IINPOM 3eMJbE, KA0 U CABPEMEHHX ayTOIyTEeRa.

YV Behunn Hamux pemyOmika 6opba MpOTHB epo3uje i OyjHIHHX MTOTUIaBa Pa3BHiIa Ce
MIPEKO ,,CEKIHja 3a 3aIITUTY 3eJbUIITA Off epo3uje U ypehema Oyjuma‘, a koje cy ce pa3Bujaje
WIA TI0J] TOCEOHOM JMPEKIMjOM 32 €pO3HUjy U OyjuIle, WIH HEMOCPETHO IOJ PeIryOTnIKIM
CeKpeTapyjaTuMa 3a IOoJbONPUBPEIY H IIyMapCTBO.

YV nepuony ox 1947 — 1967. . bopmupao ce u u3pactao BeIUKH OpOj HOBHX, MIIATUX
CTpyUmaka KOju Cy ca OTPOMHHM 3allarabeM U OYIIEBJbEHEM MHOTO Ypaawin Ha ypehemy
OyjHYHHX KOPHUTA U CIMBOBA, M NIMPOKO Pa3BHIK O0pOy MIpOTHUB epo3uje. oo je 10 moope
capajime nzmely mymapa, arpoHoma U XUJIpoTeXHHYapa.

CrBapameM 1oceOHUX OpraHu3allyja 3a 3alliTHTy o OyjUYHHUX IOIUIaBa U epo3uje y
noapy4juma [prenuuke kiucype, Mbapcke u Cuhepauke kiucype y CpOuju, 3aTHM CITUYHUX
opranuzaiyja y sehem Opojy xotnuna y Makenonuju, CinoBeHuju, XpBaTCKOj aHTHEPO3HOHH
paoBHU IOOMIIH Cy BEIMKU 3aMax.

Tpeba mcrahm mocebHe Hamope wHXK. Jlparosbyba [lpamkoBmha, kao ampexTopa
VYnpase 3a aHTHEpO3HOHO ypeheme ['paenntuke kimcype, Kao U HETOBUX capajHuKa, a mehy
muMa Hapounto nHk. P. Jlyjuha, xacHujer pemoBHor mpodecopa Lllymapckor ¢akynrera y
Bbeorpany.

bnaromgapehu moceOHOM 3ayiaramy OwuBIIEr MHHHCTpa 3a mrymapcTBo CPC umk.
Pajunie HBekuha, u aupekropa aupekiuje 3a epo3ujy umk. XKueka Kanunuha, y Tom nepuosy
cy m3rpaljeHe 1 MOJIepHe 3Tpajie 3a CMEITa] U MPOIITUPEHE KaIpoBa u 0oe30eleme mpocTopa
3a MalllMHE W BO3HM IApK y TEPEHCKHM CEKIlMjaMa 3a aHTHEPO3HOHY OopOy ca Oyjuiama u
eposujoM. IlocebHo ce mory y moapydjy CpOuje HaBecTH cekidje y Biamuunnom Xamy,
Kparmesy, Humry, Kmaxesiry, [Toxxapesity u ap.
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Tum more3oMm je Tajga, kaxko je To 1968. rommHe pekao oxymieBibeHO BHachu oBe
TepeHcke ycraHoBe nozHaru Cosjercku cTpyumak npod. Herheulidze, antueposznona 6opba y
Jyrocnasuju ,,mo0mIa CHaXKHE HOTe™, a Oamn To HenocTaje y HameMm orpomHoM CCCP.

Tonuae 1960. ocHoBaH je Oxcek 3a epo3unjy u Menuopanyje Ha LllymapckoM paxynreTy
y beorpany. HoBu mMianu xanpoBu 3a antueposnony 0opOy mpomsanuti u3 oBor Oxaceka, Ha
KOME Ce TIOBPEMEHO Ca TEXHHYKHM HANpEeTKOM IIIAHCKH yCaBpIlaBa U JIOMyIbYje Mporpam
HACTaBe, CaJla YCICITHO PelIaBajy U HajTexe mpolieMe y aHTHEpO3UOHOj O0pOH.

He Tpeba 3a60opaBuTH HH OTPOMHE HAlloOpe MHOTHX TIPEAPATHHX M MOCIEPATHHX
OyjuuapcKkux CTpydrbaka ca CPeIOM TEXHHYKOM IIKOIIOM y OGOpOM MpOTHBY pa3opHHX
OyjuuHEX ToIuIaBa. Meljy muma ce HapouuTo ncTakao TexaHuyap biaroje Kapakymesuh, koju
je npBu y noapyyjy I'paenuuke KIucype yBeo yrnoTpely )udapa 3a MPEeHOC KaMEHUX OJIOKOBa
3a rpajiby Mperpaaa y HajBpJICTHUJUM IeIOBUMA OyjHUHHX KOPHUTA.

Texanuap b. KapakymieBuh Buile oj jelieHHje yCIEeMHO pykoBoauo CeKIHjoM 3a
OyjuYHO — TPOTHUBEPO3UOHY 00pOy y Humy. OcTBapuo je BpIiio 3almaXCHE aHTHEPO3HOHE
panose y CulieBaukoj KIMCypH, 1 MHOTHM OyjuuHUM npuTtokama peke Humagre, J. Mopage,
Jabnanwuie, Berepuuie u Brnacune.

[Ton BeroBUM pyKOBOACTBOM HNOIUTHYTH CY M MHOTH aHTHEPO3HOHH 3aca i Bohbaka
Y BHHOTpAaJa, moceOHo y moapydjuma oko Jlebana, Bydja u Jleckoma. @opMupao je CIoKeH
THUM CTpy4mbaKa, HHKeHhepa ¥ TeXHIYapa.

CnuyHo je 6o u y Bnagnunaom XaHy y ceKiuju 3a Oyjulie ¥ €po3ujy oI BOCTBOM
npBobopua Mnuje Muxajmosuha, a ucto Tako u y noapy4jy Kimaxepua. Bassa crahin v Benuku
nonpunoc Cexkigje 3a OyjudHe TOKOBEe M epo3ujy y KpasseBy mox BohjcTBoM uiiK. JlymiaHa
[ubanuha. [llupom ABHOjcKe JyrociaBuje HCTaKao Ce M HU3 APYTUX CTPydbaka, HHKEHEpa
1 TeXHUYApa, Yhja HMEHA je OBJIE TEIIKO I00POjaTH.

[TpBu, OpraHU30BaHM HAYYHO — OIJIEIHH PaJIOBU Y OOpOM IPOTUBY €po3uje 1 OyjUIHUX
TOKOBA OTHOYETH cy y noapy4jy Cpouje, ca ocHuBambeM MHCTUTYTa 32 HayYHA HCTPAKUBAKBA Y
urymapcetBy. Cenuinre nHCTHTYTa Omito je y Tomuuzepy, y 3rpajin Hekajalimer koHaka Kuesa
Muxajna O6penosuha. Camo y nepuoay on 1946 — 1948 rox. ocHOBaHE Cy TpH HAyYHO —
ornenHe craHuie 3a oe pamose: Y Ilpenejany (1947 1) koja je umana 9 (neBeT) omienHUX
nosba y nozapy4jy I'pnenudke kaucype u Bpamcke komiune. 3atum cranuna y Ilehn koja ce
kacHuje nperBopuna y Muctutyt 3a LllymapctBo KocoBa nu Metoxuje, U crielijaiHa CTaHHIA
3a 00pOy npotuBy eoiicke epo3uje (1948) y Llymapu ([lenubnarcka memryapa), Koja je KacHHje
npunana All Bojsonunn.

Kao mpBu nmoxrop 3a Oyjurie ojaBuo ce 1939. romunae nmk. Yemomup Jankosuh Tama
3anocieH npu banckoj ynpasn y Ckoruby. OH je MOKa3WBao OAIITAMIIAHY TE3y JTOKTOPCKE
nucepranyje nonety n3 @paniycke. 3a Bpeme parta 1o je IpIMIBEH Kao IpeiaBad u3 IpeaMera
ypeheme Oyjuna Ha [pahleBrHCcKOM oncexy Texamukor dakynrera y beorpamy. Ilocne para ce
3arocnuo y MucTHTyTY 32 BomonpuBpeny CP Cp6uje. Ha Tpaxkeme Yrpase MucTuTyTa HEjE
MOTa0 J1a JIOKake Ja je MOJOKHO JOKTOPCKH HUCHHT ofaroapajyhom muruiomom. Kacamje je
HaITyCcTHO JyrociaBHjy, 3allOCIUBIIH CE Y HHOCTPAHCTBY.
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Y nocne patHOM niepuoy, noues of 1956. ron. Ha lllymapckom dakynrery y beorpamy
TIOJIOXKHO JIOKTOPCKE UCTINTE U3 IPpaHe ypeherme Oyjulia 1 3aiTuTe 3eMJBHUIITA O] PO3Hje BUILIE
nmkemepa ca dakynrera 1 U3 npaxce.

Hexn on oBHX CTpydmaka CTEKIH Cy CBOjUM KAaCHHjUM PaZOBHMa yIJIE]l HE caMo Y
3eMsbH Beh M y HHOCTPaHCTBY.

IIpBa IOKTOpCKa Iuceprandja Koja je MpeBeAeHA y MEAHHH WIH Y IOjeIHHUM
napTHjamMa y HHOCTpaHCTBY Omia je ,,Kinacudukarija OyjuuHux TokoBa I'paennuke Kiucype u
KBaHTUTATHBHU PEXKUM bUX0BUX HaHoca —C. ['aBpuiioBuha. Y 1iesinHu je mpeBeieHa 01 CTpaHe
jennor on HajBehux xuaporexHndkux HHCTUTYTa Y CCCP ( I'maponorundeckuj HHCTUTYT y
Jlewunrpany, 1958 1. ). V nenoBuma je peBoljena y Urtanuju, IIBajuapckoj, @paniryckoj (1959
- 1960. r.). ®oTtokonmja Tora MpeBoja AocTaBbeHa je bubmmorenu [lymapckor dakynrera.

Kpajem 1967. romuHe cBe opraHu3alidje Ha TEPEHy Koje Ccy ce OaBmie ypehemem
OyjUYHUX KOpUTa U CIMBOBA, KA0 W 3AIITUTOM 3€MJBHINITA O]l €pO3HUje Mpejia3e JOHOUICHEM
oaroeapajyhux 3akoHCKHX mpomuca y obmact aeinarHoctd BOJOIIPMBPEJE. Owe ce
npeTBapajy y npeayseha crierujasHor WiK OIIITEr CMepa.

Jobuja ce ytucak, ja mociie OBUX Clajamba Oyjudapcko — epo3roHa ciyx0a Hario
Majakcapa, a moceOHo y obiacTu (uHaHCHpawa. UHHH ce, 1a je HyXKHO, [a ce M0jaBU HOBH
nmk. Cresan [lerposuh, koju he oBy rpany u3syhu u3 3arpseaja BOAOIIPUBPEJIE, kao mto
Jy je OH HekaJia M3ByKao yrmopHoMm 6opOom u3 pecopa [losponpuBpese u Bofa U mpedarmo y
pecop IryMapcTaa.

Tpeba moasyhu 1a je Oyjuaapcko — epo3roHa rpaHa Hajehu 3a1eT JoOCTUTIIA U HajBHUIIEe
ypaauia y BpeMe HEeMOCPETHUX M CAMOCTAITHUX JUPEKIHja 3a OyjudIHE TOKOBE U €pO3Hje, T.].
npe 1967. ronune.

Hako, 10BOJBHO 00MMaH, OBaj pajl HHje HU 3011132 MOTIyH. Tpeda y ’eMy H3BPIIHTH
nomyHe o 1967. 1o namainimux JaHa U yKa3aTH Ha Haope CaalllbixX, a U paHUjuX KaJapoBa
KOjU OBJIE HUCY HU [TOMEHYTH.

beorpan, neniem6pa 1991 .
[punor 10 ¢portorpaduja ca nereHIOM

C. I'aBpusioBuh
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Cnuka 2. OnacHu OyjU4HU TOK
,,Llemuuiika pexa“ HejaneKo of
TertoBa cKkOpo CBaKe TOANWHE BUILIE ITyTa
n3a3uBa mpekuy caodpahaja.

Cruka 1. TpajHa 3amtura jKeIe3HUIKUX
npyra o OyjHYHIX TOKOBA TEXKAaK je mpolieM,
HapounTo y I prennyakoj Kiucypu.

Crnuxka 4. [IpBa Hama ,,peTapianoHa
nperpazaa’ usrpaljeHa y koputy
»Bpamcko — bamcke peke 1951. .
JIOTIPUHEJA je CMabeby Pa3opHOCTH
OyjUYHKX TOIUIABA U CMHPHUIIA
YPBHUHCKE Ipoliece.

Cnuka 3. OBakBUM JCCTPYKTUBHUM MPOICCHMA
JyOMHCKe epo3uje y OyjudyHUM KOPpUTUMA
OUOJOIIKY PaJOBH HE MOTY MHOTO J1a CE

cynpocrase. Tpeba U3rpaauTy crienujaiHe jake

Oyjuuapcke o0jeKxre.
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Cnuxka 6. [TpaBuiiHO npojekToBaHa

Cnuka 5. Crienjansa OyjudHa mperpaja u m3rpaleHa perynaija KOpura
usrpaljena 1963. r. y monpyujy Jlosuwurie, no OyjuuHor nena p. JaOmaHure kpo3
pojekTy MHX. boprca MamoHTOBa, CHaXHO je CujapuHcky Oamy. [IpojekranTt MHX.

JIONIPUHENA YMambetby cHare OyjuYHOT TOKa. Caga Credanosuh, n3Bohau Cekunja

3a Oyjuire Hu.

Crnwuka 7. 3a KOMITJICKCHH]E
CMHpPHBambhe OyjUIHIX
TOKOBa BeOMa Cy IOTpeOHH 1
onrosapajyhn aHTHEepo3noHH,
OMOJIOIIKO — PETEHIIMOHH PAJIOBU
y cinuBy. Jlerasms u3 ,,)KyKkoBcke
peke”. Ceknuja Kmbaxear

Cruka 8. 3a mpoy4aBame HacTaHKa OyjUqHO —
MOTUTABHUX BOJIA MOTPEOHO je y BHUIIIE MOJpydja
(opmuparn 13B. ,,epo3none’ mapreine. Hamre npse
eposnoHe napiene, popmupane oko 1950. .
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Crnmxka 9. Hamra mpBa mpoy4aBama
oTHIarka OyjIIHIX ITOIUIABHUX BOIA

ca eJIeKTPOMArHeTCKUM MTPEHOCOM
mojiaTaka Ha JaJbuHy, 0e3 003upa aa
JIM C€ jaKa KWIIa jaBJba 10 JTaHy WIN
nohu. Ornennu cious ,,Pume’, 1954 .

Crnuxka 10. Jlamamsi u3rie TepeHcKe CTaHUIIe
3a MpoydJaBamke HACTaHKa OyjHYHHX ITOTIaBa U
epo3uje y ciuBy ,,Pume, y atapy cemna Pumma xon

beorpana. Mucrutyt ,,Japocnas Yepuu

=
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YIIYTCTBO 3A AYTOPE

Yaconuc Epo3uja 06jeBibyje mperiieine, OpruHaliHe HAYYHEe W CTPYyYHE PajioBe U3 00IacTH
3alITUTe o7 eposuje u ypehema Oyjuiia, eKOJIOMIKOT HHKEHEPHHTA Y 3aIITUTH 3€MJbUITHUX
U BOMHUX pecypca. Yacomuc o0jaBibyje ABa Opoja TOOUIIELE, MPH Y€MY j€ jalaH TEeMaTCKH
onpehen. PajoBu ce mTamiajy Ha CPICKOM W EHIVIECKOM je3uKy. PajoBu mITaMIaHd Ha
€HIJIECKOM je3HKYy UMajy Pe3MME Ha CPIICKOM jE3HUKY, a MPHUIO3H JIBOjE3UUHE JIETeH/IE.

HacusioB - Hacnos tpeba na Oyae kparak, jacaH M Jla M3pasH CyIITHHY paaa He kopuctehn
ckpalieHuIe u Kyp3use.

Hme ayTopa - HaBonu ce myHo nipe3nMe 1 uMe (CBUX) ayTopa MCIIo HacloBa pana. HaBonu ce
NyH (3BaHUYHK) HA3HB M CEAUIITE YCTaHOBE (aduinjaija) y Kojoj je ayTop 3amociacH. AKo je
ayTopa BHUIIIe, a HEKH NMOTUYY U3 UCTE YCTaHOBE, MOpa ce, OCEOHNM O3HaKaMa MM Ha JAPYTH
Ha4YMH, HA3HAYUTH U3 KOj€ O]l HABE/ICHUX YCTAaHOBA MOTHYE CBAKM O HABEICHHUX ayTopa.

AJzipeca Wik e-ajipeca ayTopa Jiaje ce y HAlOMEHH NpH JHY TPBE CTPAHHUIIC WIaHKa. AKO je
ayTopa BHIIIE, 1aje Ce caMo e-apeca jeHOT, 0OUYHO MPBOT ayTopa

M3Boa/AncrpakT - Kparak caapxkaj paga (mo 150 peun). Tpeba ma cagpyxu o0mact, mpenMeT
M OCTBapeHe pe3yiiTare HCTpaKuBamba. M3Bo 1aTn 00aBe3HO Ha CPIICKOM U CHIVIECKOM jE3HUKY.

Kibyune peun — O0aBe3HO HaBECTH KJbydHe peud (3-7) Ha CPIICKOM U €HITIECKOM jE3HKY.

Texer - OcHoBHa nonasbe paga cy YBOI, MATEPUJAJI U METOME PAJIA, PE3VIITATU,
JUCKYCUJA, 3AKIbYUIIU U PE3UME. V yBoay ce Aajy OCHOBHE CMEpHUIIC paja.
Marepujai ¥ METOZIC Cy JICO Y KOME CE OIUCYjy MPUMEHCHE METOJIC M TEXHUKE. Y MOTIABJbY
pe3yaTaT U3HOCe ce Mojaly J00HjeHN NCIMTHBAkHMA Ha KOje Ce paJl OHOCH, a Y IMCKYCHjU
ayTop CBOja UCTPaXKHMBama JIOBOJU y Be3y ca Beh MOCTUTHYTHM pe3ysiTaThuMa y 1aToj o0JIacTh
OJIHOCHO ca INpEeIMEeTOM pajaa, MoryhHocTHMa 3a Jajba UCTPaKHMBabha, OTKPUBA TEOPETCKE
U TPAaKTUYHE UMILTHKAIM]e CBOjUX OTKpuha M yka3yje Ha HEJIOBOJHHO HCIUTAHE aCICKTE U
TBPIEb-E KOj€ 3aXTEBajy JI0JaTHA UCIUTHBAKA. Y 3aKJbyUKy CE TAKCATHBHO U3HOCE PE3yITaTH
UCTPaXXHMBaka, TBP/IK-C 3aCHOBAHE HA TOOUjCHUM pPe3yJITaTiMa, CTABOBH, IIPEIIOPYKE U CIIMIHO.
Pe3ume, y3 HacnoB paja, UMeHa ayTopa U MHCTHUTYLHje y KOojuMma paje, Tpebda na MnpHuKaxe
pesynrare paja U 3aKJbydke y HajkpahuM 1prama.

IIpernennu pagoBu - Tpeda /1a caapske cBEOOYXBATHM TPETTIe]] HEKOT IpodieMa, a 3aCHUBA]Y
ce Ha MCIPIHMM MOJAlMMa M3 JUTEpaType M CONCTBEHUX HMCTpakmBama. [IpermenHu pan
Tpeba na caapxu Hajmame 10 ayrorurara.

TabeJsie u rpaduxonn - TabGene u rpadukoHn Tpebda OUTHO Ja JOTIPUHECY 00HEM Pa3yMeEBaLY
W MHTEpIIpETaLUjH pesynTara paja. Vcre nogarke He npukaszuBaT Ha 00a HaunHa. [ padukone
panuti y Excel-y. O3Ha4uTH y PyKOIIHCY MECTO 3a Tabeay U rpapuKoH. Y HAcJI0BY 00aBE3HO
JIaTH TPBO CPIICKHU T1a OHJIA SHIVIECKH TEKCT, aKO Ce paJl IITaMIia Ha CPIICKOM je3UKY, OTHOCHO
MIPBO EHIVIECKH T1a CPIICKH, aKO CE PaJ| ITaMIla Ha SHIVIECKOM je3HKY.

®otorpaduje u upre:xku - Tpeba na mpencraBibajy KapakTepUCTHYaH JeTalb, 10jaBy M
cimuno. Dortorpaduje n HpTeKH MOpajy na Oyay KOHTpacTHH M omTpu. HejacHe u myTHE
¢ororpaduje nehe 6urn mwramnane. Gororpaduje ce npuiIaXy y 00JIMKy oceOHe 1aToTeKe,
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Mopajy na Oymy y HekoM oj ctanmapauux ¢opmara (BMP, TIF, JPG, GIF umu PSD), y
pesonyuuju HajMambe 300X300 dpi (moxessHO 600X600 dpi), a y pasmepu 1:1. Ilomro oBu
3axTeBH OOMYHO pE3yNITHPajy BEIMKHM (ajioBUMa, MOXKEJbHO je opruHaiHe ¢ororpaduje
TIPUJIOXKHUTH 3ajeJJHO Ca paJioM Kao mocedHe jaToreke, mrto 61 06e30eamso nocruszame Beher
KBaJIUTETa KOJI MpHUrpeme 3a mramiy. L{prexxu ce mory gocrasutu y dpopmaruma DXF, DWG,
CDR, WMF, EPS unu Al. HacnoBu u sierene gotorpaduja u nprexa Mmopajy outu ypahenu
JIBOjJ€3MYHO - HA CPIICKOM U CHIVICCKOM jE3HUKY.

Jluteparypa - Camo pedepeHiie HaBeJeHe y TEKCTy HaBOIE ce y Juteparypu. Llutupame
Heo0jaBJFCHHX pasioBa Moryhe je caMo y TeKCTy Kao JINYHA KOMYHHUKAIIHja Wi HeoOjaBJbeHH
nozaud. CBU M3BOPH, KaKO y TEKCTY Tako My CIIUCKY pe(epeHIr, HaBOJIE CE JIATHHUIIOM, T10
aberLeTHOM pe/ly, Ha HauMH NMPUKa3aH y IpHMeprMa.

IIpumepu:

Ynanak y wacommey: Petrovi¢ P., Brzi¢ B., Sijakovié D. (1991): Efekti posumljavanja
brzorastu¢im vrstama li§¢ara u Vojvodini, Sumarstvo 44 (8), SIT Sumarstva i prerade drveta
Srbije, Beograd (15-28)

¥ tekery: (Petrovic et al., 1991)

Monorpadcka myoaukamuja: Dumanovic¢ J., Marinkovi¢ D., Deni¢ M. (1985): Geneticki
recnik, Naucna knjiga, Beograd

V¥ tekcry: (Dumanovic¢ et al., 1985)

Iornapsbe y KIbM3K HJIH y 300pHUKY panoBa ca koHpepenmuje: Krstic M., Stojanovic¢ LJ.
(2007): Gajenje Suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji, ured. Stojanovi¢ LJ., Univerzitet
u Beogradu Sumarski fakultet, Beograd, (29-292)

Y Tekery: (Krsti¢, Stojanovic, 2007)

I/I3Bope 0e3 ayTopa CoOpTHUpaTHu Impema IpBOM CJIOBY HACJIOBa pajad, TaKo Ja je ucnpen HacjaioBa
caMoO rogvHa usiamba

IIpumepu:
(1992): Kodni priru¢nik za informacioni sistem o Sumama Srbije, JP ,,SrbijaSume*, Beograd
Y Tekery: (1992)

Be6 cranuna: Chicago/Turabian Style. The Writing Center at the University of North Carolina
at Chapel Hill, from: http://www.unc.edu/depts/wcweb/handouts/chicago.html. (accessed /
npuctymseHo 15. 05 2008. rox.).

¥ tekety: (2008)

Maremarnuke popmyine — Pazne ce y enuropy popmyna y Word-y wimi MathType-y.
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OCTAJIE HATIOMEHE

PamoBu ce pereH3mpajy, permeH3eHTH ofpel)yjy Kareropwjy pama, a pereH3eHte oapehyje
Penaxmmja.

Pemakuuju 0CTaBUTH pagoBe y €ICKTPOHCKOM 00iuKy (e-mail, CD/DVD auck, diemi-auck,
utn.) ypaheno y dopmary MS Word 6.0/2007/XP (Office 97/2003/XP), tun cimoa Times
New Roman, Benuunna 12 pt. MepHe jearHuUIE U3pakaBaTH y VHTepHAIMOHATIHOM CHCTEMY
jenunuia (SI).
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INSTRUCTIONS TO AUTHORS OF “EROZIJA”

The journal “’Erosion” publishes review articles and original scientific papers in the fields of erosion
and torrent control and ecological engineering for soil and water resources protection. The journal is
published twice annually, and one of these two issues has a specific topic. The articles are published
in Serbian and English. The articles published in English should contain a summary in the Serbian
language and tables, graphs and figures etc. should contain legends in both English and Serbian.

Title - A short and clear title should express the essence of the paper without the use of abbreviations
and italics.

Thenameofauthor/namesofauthors-Thefullfirstandlastnames(ofallauthors)shouldbelistedunder
the title of the paper. The full (official) name and address of the institution (affiliation) where the author
isemployed should be written. Ifthere are several authors, and some are from the same institution, there
mustbeaspecial marking to indicate which author comes from which institution for each ofthe authors.
The address or e-mail address of the author is given in the note at the bottom of the first page of the
paper. If there are several authors, only one email address should be given (usually only the address
of the first author).

Abstract — A concise summary of the paper not exceeding 150 words. It should contain the main
area, subject and research results. The abstract should be written in both English and Serbian.

Key words - Make sure that the keywords (3-7) are listed in both Serbian and English.

Text - The main sections of a paper are INTRODUCTION, MATERIALS AND METHODS,
RESULTS, DISCUSSION, CONCLUSION and SUMMARY. The introduction introduces the
main concept of the article. Materials and methods is a part that describes the applied methods
and techniques. The results section contains the data obtained from the research the article refers
to and in the discussion part the author makes a connection of his/her research with the already
achieved results in the relevant area i.e. the research object and the opportunities for further research
and reveals the theoretical and practical implications of their findings pointing to the insufficiently
examined aspects and claims that require further investigation. The conclusion should contain an
itemized review of claims based on the obtained results, opinions, recommendations and the like.
The summary with the article title, authors’ names and institutions where they work should present
the results and conclusions of the article in a nutshell.

Review articles - should give a comprehensive overview of a topic based on detailed data from
literature and authors’ own research. A review article should contain at least 10 self-citations.

Tables and graphs - tables and graphs should contribute to a better understanding and interpretation
of research results. The same data should not be presented in both these ways. The graphs should
be in Microsoft Excel. The place for a table or graph should be marked in the text. The title must
necessarily be first written in Serbian and after that in English if the article is published in the
Serbian language, i.e. first in English and after that in Serbian if the article is published in English.

Photos and drawings - Should present characteristic details, occurrences and the like. The photos
and drawings must be sharp and contrasted. Vague and blurred photographs will not be published.
Photographs should be enclosed as separate files and must be in a standard format (BMP, TIF,
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JPG, GIF or PSD). As these requirements usually result in large files, it is desirable to submit the
original photos, as separate files to ensure a higher quality of the preparation for printing. Drawings
can be submitted in the formats DXF, DWG, CDR, WMF, EPS or Al. The titles and legends of the
photographs and drawings must be written in two languages - Serbian and English.

References - Only the references cited in the text should be listed in the references section. The
citation of unpublished papers is possible in the text only, as personal communication or unpublished
data. All sources, both in the text and the reference list are written in the Latin alphabet and in
alphabetical order like in the following examples:

Examples:

Journal article: Petrovié P., Brzié B., Sijakovi¢ D. (1991): Efekti posumljavanja brzorastucim
vrstama li§¢ara u Vojvodini, Sumarstvo 44 (8), SIT Sumarstva i prerade drveta Srbije, Beograd
(15-28)

In the text: (Petrovi¢ et al., 1991)

Monographic publication: Dumanovi¢ J., Marinkovi¢ D., Deni¢ M. (1985): Geneticki recnik,
Naucna knjiga, Beograd

In the text: (Dumanovi¢ et al., 1985)

Chapter in a book or congress/conference proceedings: Krsti¢ M., Stojanovi¢ Lj. (2007):
Gajenje Suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji”, ured. Stojanovic Lj., Univerzitet u
Beogradu Sumarski fakultet, Beograd, (29-292)

In the text: (Krsti¢, Stojanovié, 2007)

Sources without authors should be sorted by the first letter of the title, so that only the year of
publication is in front of the title:

(1992): Kodni prirucnik za informacioni sistem o Sumama Srbije, JP ,,Srbijasume”, Beograd
In the text: (1992)

Web page: Chicago/Turabian Style. The Writing Center at the University of North Carolina
at Chapel Hill, from: http://www.unc.edu/depts/wcweb/handouts/chicago.html. (accessed /
pristupljeno 15. 05. 2008).

In the text: (2008)
Mathematical formulas - Word or MathType should be used for mathematical formulas.
OTHER NOTES

The articles are reviewed, the reviewers determine the category of an article, and the reviewers
are named by the Editorial Board.

The papers shall be submitted to the Editorial Board electronically (by e-mail, and on a CD/
DVD or Flash disk), in the MS Word 6.0/2007/XP (Office 97/2003/XP) format and Times New
Roman size 12 pt font type.Units of measurement should be written using the International
System of Units (SI).
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