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Abstract: Landslides represent a serious geo-hazard in many areas of the world. They are
one of the most damaging and most significant geo-hazards in Bosnia and Herzegovina. In
the previous research, three GIS-based methodologies (Index based method, Statistical
index method, and Landslide susceptibility analysis), have been used to assess the
landslide susceptibility in urban area of the Municipality of Banja Luka. Validation
technique is performed by comparing existing landslide data from 2012 with obtained
landslide susceptibility maps. In this research, the landslide susceptibility maps were
supplemented by landslide susceptibility map which is prepared using a GIS Matrix
method. The area and percentage distribution of the susceptibility classes in the study area
were determined as a result of the four different techniques. The Statistical index method
has provided the most satisfying results. As a consequence of heavy rains during the period
from May to August 2014, 126 landslides occurred in the study area, and they offer a good
opportunity to validate obtained landslide susceptibility maps of the study area with
landslides that occurred in different periods of time. Validation was performed by using a
‘degree of fit’ method. The values of the degree of fit in high and very high category in all
used methods are over 80%, except for GIS matrix method, where the percentage is 60%.
The validation of obtained landslide susceptibility maps suggests that the applications of
all the used techniques provide a good basis for creation landslide susceptibility maps, but
the best results are given by using a Statistical index method.
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Introduction

With floods and torrents, landslides are one of the most widespread and damaging
natural hazards in Bosnia and Herzegovina (Tosic et al., 2012; Tosi¢ et al., 2014). In many
countries, the economic losses and causalities due to landslides generate a loss of
property larger than any other natural hazards. The recent trend towards the
development of warning systems and land utilization regulations aimed at minimizing the
loss of lives and property damage (Luzi & Pergalani, 1999; Crozier & Glade, 2005;
Dragicevic et al., 2009; Dragicevic et al., 2010; Zorn & Komac, 2011). The first step in
landslide mitigation project is the landslide susceptibility zonation. It can be considered
as one of the most powerful tools to improve land-use planning and the most efficient and
economical way to reduce future damage and loss of lives (Cascini, 2005; Cascini, 2008).
However, this type of research has not been applied in Bosnia and Herzegovina until
2012, the investigation and study of landslides was based only on the geo-technical
approach.

A large number of landslides on urban territory of the Municipality of Banja Luka
were activated during the spring and autumn of 2012. Landslide susceptibility zonation
was the first stage of helping the community to reduce landslide effects. After collecting
data of 216 landslides which appeared in 2012, and analysis of influencing factors divided
into three main categories: topographic, geological and environmental, using the Index
based method (IBM), Statistical index method (SIM) and Landslide susceptibility analysis
(LSA), landslide susceptibility maps were created for study area (Tosié¢ et al., 2014). In
this research, validation was carried out with the same set of landslide data that were
used for the developed landslide susceptibility maps, but it is known that the best way to
check the accuracy of final landslide susceptibility maps would be to use independent
landslide data (Tosié et al., 2014).

In May 2014, in the northern part of Bosnia and Herzegovina, the largest amount of
rainfall has been registered since 1892. Extremely heavy rainfall with over 120 mm/day
and the cumulative rainfall of 729 mm from May to August (70% of one year’s amount)
were the main trigger factor for occurrence of landslides in the northern part of Bosnia
and Herzegovina. Activation of numerous landslides has highlighted the lack of attention
on landslides as natural disasters and especially on the preparation of spatial planning
documents. However, the landslides events of 2014 has enabled validation of landslide
susceptibility maps that were created in 2012, as well as the creation of a new landslide
susceptibility map based on new events and discoveries stemming from the validation.
Based on the previously mentioned, the main objective of this study is: 1) the validation of
landslide susceptibility maps from 2012, which were obtained by using three methods, (2)
the application of GIS matrix method (GMM) for creating a new landslide susceptibility
map with data from 2012 and validation, (3) the comparison of the results of different
approaches for landslide susceptibility assessment.
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Study area

The Municipality of Banja Luka is a territorial subject of the internationally recognized
state of Bosnia and Herzegovina. According to the census in Bosnia and Herzegovina from
2013, the Municipality of Banja Luka has 199,000 inhabitants. The study area - urban
area of the city of Banja Luka occupies about 55 km2 , and it is located in South-East of
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Fig. 1. Location of the study area - urban area of the Municipality of Banja Luka

Study area is a neotectonic depression whose formation began during Neogene
tectonic activity (Mojiéevi¢ et al., 1976; Trkulja, 1998). Based on lithogenetic criteria the
study area contains: fluvial sediments, proluvial sediments, slope sediments, flysch,
Neogene sediments, and Mesozoic rocks. Basis for Quaternary sediments are: Neogene
indigenous rock mass (slightly calcareous mudstone, marlstone, sands, pebbles, etc),
Cretaceous rocks (limestone, slightly argillaceous limestone, calcarenite, breccia and
other), and then diabase-hornstone complex (serpentinite, hornstones, diabase, dolomite
rocks, etc). The greatest spatial stretch has Neogene sediments (Moji¢evié et al., 1976).

Flat terrain with slopes less than 5° is dominant all over the Banja Luka depression.
Hilly terrain encompasses slightly rippled sides of orbital parts of the Banja Luka
depression. Northern and north-western slopes have inclinations between 5 - 15° and only
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sporadically there are slopes with inclination over 20°. Slopes where dominant
inclinations are over 20° are located in south-western and southern parts of study area
and intermittently in south-east parts.

The climate has the characteristics of moderate-continental climate with an average
annual temperature above 10°C and rainfall of 1050 mm. Basic hydrographical features of
the study area are river flows of Vrbas and Vrbanja and smaller flows of Crkvena, Siroka
rijeka etc. The dominant soils are Planosols-pseudogley, Fluvisols, Gleysols-dystric, eutric
and mollic ones (Burlica & Vukorep, 1980).

Data and methodology

Various spatial data sources were used within this study. The ten influencing factors were
considered: lithology, land use, slope, aspect, relative relief, distance from faults, distance
from streams, curvature (profile curvature), elevation and seismic zone. The data of
elevation, slope, aspect, relative relief, and curvature (profile curvature) were derived
from digital elevation model (DEM) 5 meters resolution using the ArcGIS 10.1. Distance
from the streams was found using the topographic database. The lithology map was
prepared from a 1:10,000 scale geological map (Mojiéevi¢ et al., 1976; Trkulja, 1998). The
distances from the faults were found using geological map. The seismic map was prepared
by using the map of seismic micro-regionalization of the Municipality of Banja Luka
(Mojicevié et al., 1976; Trkulja, 1998). Land use was determined according to CORINE
classification hierarchy, classification was generated from digital orthophoto of the
Municipality of Banja Luka at the 1:1,000 scale. Thematic map with all influencing factors
and their characteristics is illustrated in Fig. 2. (Tosié et al., 2014).

Landslide inventory maps display areas where landslides have occurred. The maps
can simply denote areas of past landslides or include detailed information such as
components of individual landslide. The product of a landslide inventory map is a spatial
distribution of landslides. A typical landslide inventory map is based on aerial photograph
interpretation, ground survey, and/or a database of historical movements within the area.
Inventory maps help to identifying areas for detailed studies, and are fundamental in
landslide susceptibility mapping (Highland & Bobrowsky, 2008).

In this study, landslide inventory map was completed using orthophoto images,
topographical maps (1:1,000; 1:2,500; 1:5,000) and terrain survey. During the
preparation of landslide inventory in 2012, 216 landslides have been identified with total
area of 2.9 km2. Most of landslides had depths between 1 and 10 meters. During the
period from May to August 2014, based on the terrain surveys in the same area of
research, the new data were collected for the occurrence of landslides. A total occurrence
of 126 new landslides has been identified, with a total area of 0.20 kmz=.

Many landslide susceptibility assessments have been carried out internationally, and
these involve a wide range of both qualitative and quantitative techniques which have
developed over time (Varnes, 1984; Crozier, 1986; Hutchinson & Chandler 1991; Carrara
et al., 1991; van Westen 1993; Dietrich et al., 1995; Hutchinson 1995; Dikau et al., 1996;
Cruden & Varnes 1996; Soeters & van Westen 1996; van Westen, 1997; Guzzetti et al.,
1999; Aleotti & Chowdhury 1999; Foumelis et al., 2004; Crozier & Glade, 2005; Zorn &
Komac, 2009; Dragicevic et al., 2012; Tosi¢ et al., 2014). Traditional procedures for
landslide susceptibility assessment were laborious and time-consuming as data were
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handled and processed manually. Due to developments of geographic information

systems (GIS) and computer applications, it is now easier to carry out landslide

susceptibility analysis (Dahal et al., 2008).
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Fig. 2. Thematic maps of the causative factors used for the estimation of susceptibility to landslide

in the study area (To$ié et al., 2014).
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A geographic information system (GIS) allows the storage and manipulation of
information concerning the different influencing factors as distinct data layers and thus
provides an excellent tool for landslide susceptibility zonation (Soeters &, van Westen,
1996). Generally a GIS consists of the components of data input and verification, data
storage and data-base manipulation, data transformation and analysis, and data output
and presentation.

In this research for landslide susceptibility zonation several methods have been used:
Index based method (IBM), Statistical index method (SIM), Landslide susceptibility
analysis (LSA), and GIS matrix method (GMM). In previous research in the study area
(Tosi¢ et al.,, 2014), Index based method, Statistical index method and landslide
susceptibility analysis were explained in details, therefore, those methods will not be re-
elaborated in this paper. By applying these methods, Landslide susceptibility zonation
maps for the study area - urban area of the Municipality of Banja Luka were made.
Besides the above mentioned methods, landslide susceptibility map was elaborated in this
research, using GIS matrix method with data from 2012.

GIS matrix method is a quantitative method which uses a statistical analysis to
establish the susceptibility model index to this phenomenon in an observed area.
Although, this model cannot define susceptibility in absolute terms, it can recognize a
potential relative susceptibility, which is calculated for the entire observed surface using a
series of measurable relevant factors of this phenomenon GIS Matrix Method, which
operates entirely in a GIS environment, is based on the analysis of three matrices:
landslide matrix (LM), total surface of the study area matrix (TSM) and susceptibility
matrix (SM). This model is based on the determination of all possible combinations
between different types of factors that influence the occurrence and development of
landslide. The result is a differentiated space in which each unit area indicates its
estimated relative susceptibility, which corresponds to a combination of determination
factors within that area. Each SM value shows the percentage of source area in each
combination in relation to the entire observed surface, which is presented through a
combination of determination factors of the phenomenon and development of landslides.
The use of a classification method in the ArcGIS environment (natural breaks method)
will obtain results that can be further reclassified. Based on these, different levels of
landslide susceptibility can be shown visually (very low o - 1, low 1 - 5, medium 5 - 15,
strong 15 - 25, and very strong 25 - 100) (Irigaray et al., 1999, 2000, 2007).

A few basic techniques can be used to obtain an independent sample of landslide in
order to validate a landslide susceptibility maps. First, the original landslide inventory
can randomly split in two groups, for susceptibility analysis and for validation. Second,
the analysis carried out in a part of the study area and the susceptibility map thus
prepared can be tested in another part with different landslide. Thirdly, the landslide
susceptibility analysis can be made using landslides generated in a certain period and
validation can be performed by means of landslide that occurs in a different period
(Remondo et al., 2003).

The most commonly acknowledged triggering factor is heavy rainfall. Heavy rainfall
caused flooding and landslides in May and August 2014 in the northern part of Bosnia
and Herzegovina. Banja Luka is one of the municipalities which has been mostly affected
by natural disasters. In the period from May to August 2014, on the study area was
recorded more than 729 mm of rainfall. On August 5, 2014 in less than 24 hours more
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than 105 mm was recorded, which triggered a large number of shallow landslides.
Therefore, rainfall was the trigger for the appearance of a large number of shallow
landslides, which have been used in the validation of landslide susceptibility maps.
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Fig. 3. Illustration of the determination of landslide susceptibility by the GIS matrix method

In this study, landslide susceptibility maps were validated using a ‘degree of fit’
method. The degree of fit (DF) is defined as follows:

m;

t
m;
Xt

—

DFi=

where m; is the area occupied by the source areas of the landslides at each
susceptibility level i, and t; is the total area covered by the susceptibility level. The degree
of fit for each susceptibility level represents the percentage of mobilized area located in
each susceptibility class. This method assesses the relationship between landslides and
the developed susceptibility model. The quality of the model was estimated using spatial
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autocorrelation technique and measuring the degree of fit between the validation data set
and the resulting susceptibility model. The ultimate goal was to assess the quality of the
susceptibility model, as a predictive resource used to explain the spatial distribution of
landslide in the project area (Irigaray et al., 1999; Fernandez et al., 2003; Jimanez-
Peralvarez et al., 2009, 2011).

Results

The landslide inventory used for the landslide susceptibility zonation was generated in
2012 by terrain survey together with the interpretation of digital orthophotos. In the
study area, 5.2% of the surface area was affected by landslide (Fig. 4). Most of landslides
were shallow landslides (between 1 — 10 m depths) and occurred in terrain built from
Neogene sediments and flysch. After intensive rainfalls in May and in August 2014, the
data on the occurrence of landslides were collected in the same area of research. A total
occurrence of 126 new landslides has been identified, with a total area of 0.20 kmz2.
Landslides are predominantly of translational type and belong to a group of the shallow
landslide (Tab. 1).

Tab. 1. Landslide inventory and dimensions

Landslide inventory from | Landslide inventory from
Affected area (m2) 2012 year (landslide for 2014 year (landslide for
susceptibility zonation) validation)
Count 216 126
Minimum 228 87
Maximum 223400 19441
Sum 2917881 204134
Mean 13509 1620
Standard Deviation 22875 2756
Total area 55758886 55758886
A A
& 1‘
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®% Landslide inventory map - 2012 year o -2 i Kin O Landslide inventory map - 2014 year o -2 A Kir

Fig. 4. Landslide inventory map (left from 2012 and right from 2014 year)
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With the analysis of spatial distribution of these landslides, it is possible to
distinguish several locations in the study area where landslides occur in group, and some
locations where landslides occur as isolated events (Fig. 4). Particularly interesting is the
fact that the largest number of landslides appeared on surface areas built from flysch and
which have large declines.

For the analysis and definition of susceptibility zones, the aforementioned
influencing factors and landslide inventory were used, and also a few different methods -
Index based method (IBM), Statistical index method (SIM), Landslide susceptibility
analysis (LSA), and GIS matrix method (GMM). After the spatial analysis using GIS tools,
i.e. using IBM, SIM, LSA and GMM method, the areas in the urban area of the
Municipality of Banja Luka were identified and delineated according to the landslide
susceptibility category (Tab. 2, and Fig. 5).

Tab. 2. Landslide susceptibility zones by different methods (IBM, SIM, LSA, GMM)

Landslide susceptibility zones (km2) | %
IBM (Index-Based Method)

Very Low 16.39 29.41
Low 13.00 23.33
Moderate 12.62 22.64
High 12.27 22.02

Very High 1.45 2.61

SIM (Statistical Index Method)

Very Low 15.14 27.15
Low 12.81 22.98

Moderate 7.27 13.05
High 8.25 14.80
Very High 12.27 22.02

LSA (Landslide Susceptibility Analysis)

Very Low 22.67 40.67

Low 9.10 16.33

Moderate 8.23 14.76

High 10.47 18.78

Very High 5.27 9.46

GMM (GIS matrix method)

Very Low 44.98 80.68

Low 5.01 9.00

Moderate 3.38 6.08

High 1.85 3.33

Very High 0.50 0.91

Analysis of surfaces covered by the landslide susceptibility zones in the study area
showed significant differences in the results obtained using the above mentioned methods
of landslide susceptibility zoning. The highest values of high and very high susceptibility
zone of 36.82%, and 24.63% are present in the landslide susceptibility maps performed
with the Statistical index method (SIM) and Landslide susceptibility analysis (LSA)
method (Tab. 2). The results of landslide susceptibility zonation using GIS matrix method
(GMM) show low values of high and very high (4.24%) category of landslide
susceptibility. When comparing these results with results found by other applying
susceptibility analysis methods (IBM, SIM and LSA), we found that the GIS matrix
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method (GMM) has the strictest criteria in landslide susceptibility zonation (Tab. 2, Fig.
5).

Legend N Legend N
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Fig. 5. Landslide susceptibility zonation maps based on Index based method (IBM), Statistical index
method (SIM), Landslide susceptibility analysis (LSA) and GIS matrix method (GMM)

After the susceptibility maps were elaborated, the landslide susceptibility maps were
validated by means of landslide inventory to the period of heavy rainfall that took place in
period from May to August 2014. Landslide inventory for validation landslide
susceptibility maps is independent landslide inventory data with 126 new landslides that
was not used for the landslide susceptibility assessment.

After maps with tendency for landslides were made and data about new occurrences
of landslides were collected during 2014, validation was performed using the matching
degree in order to assess the quality of the created model maps with tendency for
landslides.

The degree of fit for each susceptibility level represents the percentage of mobilized
area located in each susceptibility category. A lower level of compatibility in very low and
low category of susceptibility, and a higher percentage in high and very high category of

28



susceptibility indicates a more reliable landslide susceptibility map and the method used
for its elaboration.

Tab. 3. Validation indicators of the landslide susceptibility methods - degree of fit (%)

Category Methods
IBM SIM LSA GMM
Very Low 0.01 0.07 0.02 1.30
Low 0.52 0.70 0.98 9.02
Moderate 16.12 4.50 8.73 20.63
High 33.94 27.99 26.13 30.54
Very High 49.42 66.75 64.14 29.50
70 -
60
50
<
S 40 = IBM
£
G mSIM
S 30
> LSA
(5]
o
20 EGMM
10
0 =

Very Low Low Moderate High Very High

Fig. 6. Degree of fit between the sources areas of the landslides and each landslide susceptibility
category in percent (%) (IBM, SIM, LSA and GMM methods)

The results of research evidence the good correspondence between the landslide
susceptibility maps and landslide occurring in high and very high category of landslide
susceptibility. The values of the degree of fit in high and very high category in all used
methods are over 80%, except for GIS matrix method, where the percentage is 60% (Tab.
3, Fig. 6). The validation of our landslide susceptibility maps suggests that the
applications of the above mentioned methods provide a good basis for elaboration of
landslide susceptibility maps. Certainly, the best results are recorded with the landslide
susceptibility map created by applying SIM methods, because high and very high
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categories have the largest distribution, while the weakest results are recorded with the
landslide susceptibility map created by using GIS matrix method.

The reason for these differences in results lies in the methodological process of
elaboration of the landslide susceptibility map by using various statistical techniques. The
quality of the final landslide susceptibility maps obtained, apart from the quality of the
statistical method applied, will depend on the inventory of landslide and on the
influencing factors used in landslide susceptibility analysis. For this reason, it is necessary
to update landslide inventory with the new occurrences of landslides, and continuously
work on validation of the new landslide susceptibility maps for the purpose of allocation
of the most reliable methodological method for elaboration of maps of landslide
susceptibility for some study area - in this case that is the urban area of the Municipality
of Banja Luka.

Discussion and conclusions

Landslides are the results of the interaction of complex influencing factors, therefore the
spatial prediction of landslide susceptibility is a difficult task. In general, it can be stated
that the methods used in this study proposed effectively explain the spatial distribution of
landslide that took place after the elaboration of landslide susceptibility maps of study
area in 2012. One approach in creating landslide susceptibility maps uses statistics
techniques (quantitative) to compute the weighting values based on relationship of the
influencing factors with existing landslides. The other approach in this study is the
qualitative, and represents combination of maps where relative weighing values are
assigned to the influencing factors and their classes on the basis of field knowledge and
experience. The validity of landslide susceptibility maps obtained from the two
approaches shows that the statistical approach gives the best results in landslide
susceptibility assessment. An important role in this is the application of the Geographic
information systems (GIS) as a powerful set of tools for collecting, storing, retrieving at
will, displaying and transforming spatial data. The quantitative approach involves the use
of statistics to express relationship between the existing landslide distribution and
categories of influencing factors. Hence, it can be considered that quantitative approach is
more objective than qualitative approach due to the fact that data-dependent character
and much less experience is needed. However, success of all approaches is highly affected
by the quantity, quality and reliability of spatial data.

The number of actual landslide events in urban territory of the Municipality of Banja
Luka shows that this area is relatively prone to landslides. Since currently there is no
official landslides database (landslide inventory) of the territory of the Municipality of
Banja Luka, which is necessary for any land-use planning purposes, landslide
susceptibility zonation in this area urgently requires determination of the landslide prone
areas. Landslide susceptibility assessment and susceptibility zoning are actually just one
part of disaster management. As a preventive medium to minimize landslides risk in the
threatened area, these processes could be continued by other steps such as landslide risk
mapping and its integration with land use planning. The susceptibility assessment in the
urban area of the Municipality of Banja Luka using qualitative and quantitative methods
concludes some points as below:
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1. The used methods are applicable. Using ten influencing factors: lithology, land use,
slope, aspect, relative relief, distance from faults, distance from stream, curvature
(profile curvature), elevation and seismic zone, each method applies specific way to
assign weight and build the susceptibility map.

2. The study area was mapped into five landslide susceptibility classes: very low, low,
moderate, high and very high class. According to the results the largest area of high
and very high susceptibility class is obtained by Statistical Index Method (SIM).

3. Degree of fit analysis showed that SIM method displays the best results high and very
high categories have the largest distribution, while the lowest degree of
corresponding is in the landslide susceptibility map created by using GIS matrix
method.

4. Each method has its own characteristics, eminences and limitations. In short, Index
based method has more flexibility concerning free requirement of landslide inventory
dataset, but also has limitation in its subjectivity. Statistical index Method (SIM),
Landslide susceptibility analysis (LSA) and GIS matrix method (GMM) are more
robust in their analysis, but at the same time require more preliminary statistical
treatments for the variables.

Landslide susceptibility maps obtained in this study provide valuable data on how
prone land units are to landslides, they also represent a quick and simple assessment of
the most appropriate terrains for building projects or areas where more detailed studies
would be necessary.
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Hosuua Jlospuh*, Pagucaas Tommh2*

* Ynugepsumem y bawa JIyyu, IIM®, barwa JIyka, bocna u XepyezosuHna

BAJINJAIINIJA KAPATA IIOJIOKHOCTU KIU3UINTHUMA: (CTYIAUJA
C/IYHAJA: YPBAHO ITOJAPYUJE OIIIIITUHE BAIbA JIYKA, BuX)

Pesume: Knusuiuta mNpeAcTaB/bajy jemaH off 3HAUajHUjUX TIeo-xazapza, Kako y BocHu u
XepIieroBUHU TaKO ¥ Y MHOTHM JIDYTHM /IMjeJIOBUMA CBHjeTa. Y MPETXOHOM HCTPaKHBAIby 110jaBa
KiusuinTa y ypbaHoMm mozapydjy rpaza bama Jlyka kopuurheHe cy TpU MeTOZe 3acHOBaHe Ha
reorpadckom nnbopmanronom cucremy (IBM, SIM u LSA), kako 6u ce momohy HUX IPOIHjeHmnIa
0CjeT/PUBOCT IOjEJUHUX IIPOCTOPA HA I0jaBy KIM3UINTA. Y OKBUDY THUX HCTPRXKHMBamka BaIUAALHja
J00MjeHnx Mozieia u3BplIieHa je nmopeljemem mocrojehux mozaraka o KIM3UIITAMA U3 2012. TOJUHE
ca /00WjeHHM MOJeINMa OCjeT/bUBOCTH Ha I0jaBy KJIM3WINTA. Y OBOM MCTDA’KUBAmy, Kapre
OCjeT/PHBOCTH HA IIOjaBY KJIM3WIITA, JIONMYHEHE Cy KapTOM OCjeT/bUBOCTH Ha OBy IIOjaBY KoOja ce
3acHuBasia Ha 'MIC marpuuHoj Meronu. Jlakie, pacmozjesia IOBpPIIMHA U IpOLEHATa oApeleHux
KJIaca OCjeT/bUBOCTH HA II0jaBy KJIM3UINTA y OKBHDY KCTPaXKMBAHOT IIPOCTOPY pe3YJaTar je
kopuirhema 4eTHpH pasianuute Meroie. Kao mocspenuna oOMIHUX KHINA, y IEPUOAY O Maja [0
aBrycra 2014. ToAVHe, aKTHBUPAHO je HOBUX 126 KIM3HIITA Ha IocMaTpaHoM mozapydjy. Kako cy ce
JIOTO/INJIA y PA3JIMYUTOM BPEMEHCKOM IIEpHOJ, Y OJHOCY HA IPETXOZHA, OHA Cy IIPE/ICTABIbasia
J106py OCHOBY Kako O ce HBHMe IOTBP/AMIN IPETXOJHO T00UjeHN MOZEN OCjeT/bUBOCTU HA II0jaBy
KJIMBUINTA UCTPAXKUBAHOT IpocTopa. IIpoBjepa CBUX Mojesia OCjeT/bHBOCTH HA II0jaBY KJIM3UILNTA
u3BpIIeHa je KopuimhemeM Meroja 'cremeHa NoAyAapama’. BpenHoBame M00HjeHUX Mojesia
0CjeT/PUBOCTH Ha I10jaBy KJIM3HUINTA YKasyjy /Ja cBe KopuiinheHe Merozie mpysKajy mo0py OCHOBY 3a
CTBaparbe Kapara IIOTEHIMjaIHe OCjeT/bUBOCTH Ha I10jaBy U Pa3BOj IPOIeca KIMKEha.

2 rtosic@blic.net (ayTop 3a KOpeCIIOHAEHIH]Y)
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