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Chornohora Carpathians) has been carried out. This part of Carpathians includes the tectonic 
zone Krosno which is characterized by depression structures filled with Oligocene fine-
rhythmic sandy-clay flysch of the Krosno facies.  

Analysis of the morphostructures and morphosculpture has been worked out taking into 
account longitudinal (NW 
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MORPHOLOGY AND DYNAMICS OF CHANNEL  
STRYVIGOR RIVER ON THE PRE-CARPATHIAN HIGHWAY 

 
G. Bayrak, U. Kovalchuk 

Ivan Franko National University of Lviv 
 

The article describes the morphological types and dynamics of the Stryvigore 
channel at the Pre-Carpathian hills. The studies were carried out on maps of 1910, 
1937, 1958 and 1989, space images of 2008 and 2014. Time studies for 104 years 
showed that it was changed from strongly meandered to winding and straight forward, 
and again from wavy to meandering. At the beginning Twentieth century the number 
of gusts of the river was greater, but their step and length were smaller. We observe the 
cycle of development of the meander from the segmental (at the beginning of the 
century), sinusoidal (in the middle of the twentieth century) to the deployed (the 
beginning of the XXI century). Meanders elongated and turned to the right from the 
axis of the bottom. In the Soviet period, the meandering significantly decreased, there 
were many straight sections, the peaks of many meander died and existed in the form 
of old channels. This indicates an increase in the water content of the river at the peak 
of floods in the past, which led to the destruction of the meander and the alignment of 
the channel. The increase in the peaks of floods is associated with an increase in runoff 
on slopes where deforestation took place in the upper mountainous part of the 
Stryvigor Basin. At present, the ecosystem of the basin has been significantly 
improved, for the 15-year period of the XXI century, the river has restored the 
meandering. 

Key words: morphology channel, channel dynamics, meander cycling, Stryvigor 
river. 
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terraces with ledges up to 6 m high, the valley bottom is now bulked. In general, the maximal 
capacity of bulk deposits in the studied area reaches 7,5 m. Natural features contributed to 
linear erosion, landslides, subsidence, waterlogging, human activities stopped the action of 
some (erosion, waterlogging, subsidence), but activated other (landslides). After human impact 
landsliding occurs in the bulk deposits and engineered sediments, as well as in the recently 
opened naturalsediments. For example, Neogene clays get dry, crack and spread. Other types of 
landslides are the rotational, shallow translational and slowearthflow. Earlier only the small 
rotational landslides and, most likely, earthflows have happened on the left balka's flank. 
Activation of landslides began in 2013. 

The conclusions are based on the field observations in 2010, 2014
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Our research of the riverbed deformations mostly refer to the representative model 
rivers in the upper Dnister basin. The main objectives of the research are distribution, 
scale, tendencies and intensity of the riverbed deformations development, activization 
causes and risk assessment within the river basin.   

Materials and methods. Research was based on data of stationary and semi-
stationary observations, field investigations, remote sensing materials, statistical, 
cartographical, cartometrical, historic-geographical and GIS analyses, Q = f(H) curves 
and long-term suspended loads graphs comparison and analysis. Scales, trends and 
intensity of riverbed vertical deformations analysis was based on comparing series of 
cross-sections and longitudinal profiles of different time and Q = f(H) curves built on 
the base of data of the State Committee on Hydrometeorology published in the special 
bulletins. 

For the studied cross-sections the overall trends and character of deformation were 
ascertained (erosion or accumulation), their quantitative assessment for the observation 
period (from 10 to 32 years), average intensity have been calculated (mm per year). 
With the aim of spatial analysis of the deformations the parameters were calculated for 
same periods to obtain comparable results. Calculation results were visualized by GIS-
maps.  

Main results and discussion. Results of the analysis testify that riverbeds of the 
Precarpathian part of the Dnister basin are very unstable and characterized by intensive 
bank and bottom erosion. Average tempo of bottom erosion varies from 1 to 60 
mm/year during last 20 
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2010. The field investigations in 2010
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Table 1. The river basins where works on channel regulating and sand-gravel-

pebble sediment material withdrawal are planed in the year 2016 (according to the 
Lviv Regional Water Resources Department) 

River 
basin Settlement 

Length  
of the 

regulated 
or cleared 
riverbeds 

Average 
withdrawal 

volume, 
m3/km2 

Stryvihor Babyno, Pyniany, Biskovychi, Chernykhiv, Chapli, 
Murovane 1,6 20,44 

Bystrytsia Stupnytsia, Mokriany, Vynnyky, Urizh, 
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Table 2. The areas where dangerous geomorphologic processes threaten to 
engineering constructions or buildings due to gravel-pebble material withdrawal in the 
open pits 

Settlement River Threatened object Dangerous process 

Lastivka Stryi  
Intensive horizontal 

deformations; Gravel-pebble 
withdrawal in the riverbed 

N. Kropyvnyk Stryi 

Wooden church of 
XVIII century, the 
road and private 

economies 

Bank erosion 

Smilna Bystrytsia 

Village road and 
private economies, 
the cemetery and 
wooden church of 

1905 

Vertical and horizontal 
deformations 

Velyka 
Sushytsia 

Stryvihor right 
tributary The cemetery Vertical deformations, bank 

erosion 

Pidbuzh Bystrytsia Village road and 
private economies 

Intensive horizontal 
deformations 

Dobromyl Vihor  
(Sian basin) Road Intensive horizontal 

deformations 
Turye Topilnytsia The bridge Riverbed erosion 

Lopushnytsia Stryvihor left 
tributary Road Vertical deformations, landslide 

Strilky Dnister, 
Yasenytsia 

Bridge, road, private 
economies 

Intensive horizontal and vertical 
deformations (Figure 1) 

Staryi Sambir Dnister Railway Bank erosion 
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Figure 1. Horizontal riverbed deformations on the Dnister River due to the gravel-

pebble withdrawal downstream of the river 

 
Figure 2. Intensive vertical deformations in the Butyvlia riverbed as a result of 

gravel-pebble withdrawal downstream in the Oriava River 
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The river valley shape varies from V-typed in the upper part to U-typed in the lower 
one. Geologically the river valley is composed (up to 5 m depth) by the recent 
alluvium represented by gravel-pebble sediments filled with sand and boulders 
inclusion up to 10 %.  

The monitoring data do not reflect enough the climatic conditions of the different 
studied catchments due to noticeable discreteness of the meteorological parameters. 
Meanwhile the analysis of long-term observation data set from Sambir station (more 
than 100 years) testifies that there were not huge changes in meteorological parameters 
which could be able to cause intensive changes in river systems structure and riverbed 
processes. 

The first documents concerning the settlements on the study area refer to XV 
century. All settlements here have the valley type of settling along the rivers. This is 
the factor of rising risk of morphodynamical processes riverside due to intensifying 
economical activities (building, agriculture, water use, gravel mining etc). Beside that 
these activities form additional geoecological tension in the river basins due to waste 
waters and garbage dumping, exceeding fertilizer input riverside, drainage works and 
so on. In average 50 
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The riverbed stability index is the parameter which characterizes the self regulation 
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 According to our observations such measures solved the problem partly and 
temporary only. All gabions have been destroyed by the stream flow and vertical 
deformations are very intensive again. This conclusion is confirmed by the field 
investigations in March 2016 (Figure 4). 

 
Figure 4. Destroyed gabions because of intensive vertical deformation of the riverbed 

(March 2016) 
 
Conclusions. The scales and intensity of the riverbed deformations development 

are determined by: the relative high amplitudes of altitude (from 50 
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THE STUDY OF RELATIONSHIPS BETWEEN TERRAIN AND THE 
SPECTRAL CHARACTERISTICS OF ECOSYSTEMS IN UKRAINIAN 

CARPATHIANS USING REMOTE SENSING SATELLITE DATA 
 

O. Mkrtchian  
Ivan Franko National University of Lviv, 

Doroshenko Str., 41, UA �± 79 000 Lviv, Ukraine 
alemkrt@gmail.com 

 
Ukrainian Carpathians like many other mountainous areas possess significant ecological 

and societal values, thus requiring careful spatial management. This in its turn requires the 
careful consideration of relations between abiotic conditions and various ecosystem properties. 
While detailed spatial databases of these conditions and properties are still lacking for many 
regions, currently available remote sensing satellite data are the indispensable source of the 
spatially distributed detailed ecological information. Digital elevation models and multispectral 
images are especially useful for the acquisition of detailed, up-to-date and cheap spatial data on 
ecological factors and conditions. 

In this study the modern statistical methods of principal component analysis and the 
canonical correlation analysis have been applied to reveal the structure in the relationships 
between land surface reflectance values in different wavelength ranges and to investigate the 
relationships between the revealed image principal components and the set of topographic 
characteristic and indexes for the study area in Ukrainian Carpathians. 

Principal component analysis of LANDSAT 7 ETM+ image bands allowed to isolate three 
independent spatial components that together reveal the structure in the relationships between 
the land surface reflectance values in different spectral channels. Canonical correlation analysis 
allowed to discern two main canonical roots, proving the existence of rather strong relationships 
between the land surface morphometry and its spectral characteristics. The most important 
terrain factor that influences the land and vegetation cover structure appeared to be the 
elevation, while the other significant factors included a set of topographic characteristics and 
indices. 

Key words: remotely sensed imagery, digital elevation models, topographic variables, 
principal component analysis, canonical analysis, Ukrainian Carpathians. 

 
Mountainous areas usually play a significant ecological and conservational role and 

function as focal points of regional biodiversity, hotspots of rare species habitats, 
places where large spans of natural and semi-natural ecosystems are preserved. This, 
together with the economical values of mountains as reservoirs of valuable resources, 
their cultural values as places where local historical cultural customs and practices 
remain intact, their values as desirable significant destinations for tourism and 
recreation, determine the need of careful spatial management and planning of land use 
and resource utilization activities that affect mountain ecosystems. 

This said, mountains are often characterized by dynamic processes and changes 
that can be activated under the human impacts. Abiotic conditions of climate, relief, 
geological substrate and soils in mountains often show sharp spatial gradients that 
reflect on the distribution of species, ecosystems and their properties. Therefore, spatial  
____________________ 
© Mkrtchian O., 2017 
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planning in mountainous areas requires the careful consideration of relations 
between abiotic conditions and various ecosystem properties. 

Carpathians are one of the largest mountain ranges in Europe, providing an 
essential habitat and refuge for many endangered species of plants and animals, 
containing Europe's largest areas of virgin forests, and constituting a major ecological, 
economic, cultural, recreational and living environment in the heart of Europe, shared 
by numerous peoples and countries. Ukrainian Carpathians (the narrow part of the 
elongated Carpathian arch inside the borders of Ukraine) are the largest and highest 
mountain range of the country, hosting the large part of Ukraine biodiversity, being an 
important refuge and corridor for plants and animals as well as providing indispensable 
ecosystem services and being an important area for local and regional tourism and 
recreation. Ukrainian Carpathians have been experiencing dramatic changes in land use 
practices during last several decades caused by sharp and profound socioeconomic 
transformations, leading to corresponding transformations of land cover, changes in the 
distribution and structure of many ecosystems, in the courses of a set of 
geomorphologic and hydrologic processes, including dangerous and detrimental ones. 
Terrain plays an important function as both the factor determining the course of a set of 
important geosystem and ecosystem processes, and the indicator of the various 
properties of these systems hidden from direct observation. 

The importance of terrain features as a major factor defining the landscape 
structure and ecosystem distribution, is especially notable in mountainous areas with 
their sharp ecological gradients. At the same time, the detailed spatial characterization 
of terrain features is presently possible thanks to the emergence of fine-resolution 
DEMs. Their analysis makes possible to define process-oriented terrain attributes �± 
topographic variables that correspond to ecological gradients that are either 
conditioned or indicated by terrain features. The set of these gradients presumably 
makes up the biotope, while the corresponding ecologically meaningful topographic 
variables quantify biotope composition and could be used in the detailed analysis of the 
distribution of biotopes and their constituent ecological gradients. 

Our research is aimed at the delineation of ecologically meaningful topographic 
variables, which can subsequently be subjected to multivariate analysis to reveal the 
spatial structure of abiotic factors variability connected with terrain. Two kinds of such 
analysis can be suggested: the principal component analysis that explores the general 
orthogonal axes of ecological variation in landscape (landscape ordination analysis), 
and the cluster analysis that partitions the area into relatively ecologically 
homogeneous units. 

Abiotic ecological factors include the characteristics of geologic substratum, relief, 
climate, soils, and hydrologic processes. Their spatial gradients are the major factor 
determining the richness of habitats and the ��-diversity in a landscape [21]. The 
gradients of ecological factors are often divided into direct gradients that have 
immediate physiological importance (e.g., temperature, illumination, water availability, 
soil pH) and indirect gradients which have no direct physiological relevance but which 
imply some direct gradients or their combinations and which are more easily measured 
in the field (e.g., elevation, geology, slope) [1,2]. 

Data on spatial distribution of the mentioned abiotic factor are therefore crucial for 
understanding the spatial distribution of ecosystems and their properties for the 
effective management and land use planning in mountainous areas. These data, 
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however, are often contained in the different sources of different kinds, often in non-
digital form, lacking metadata, thus requiring their careful coordination before mutual 
utilization. New data acquiring usually requires laborious and time-consuming field 
studies, especially in the cases of large study areas. These problems are especially 
relevant for the developing nations, with their out-of-dated data sources and lacks of 
funding for fresh studies. 

However, new promising solution came into sight recently in the form of detailed 
spatially distributed remote sensing datasets obtained from satellite missions. These 
data sources have a set of advantages, among which are the availability and 
accessibility of timely datasets and their low costs, as many datasets of rather high 
quality have recently become available free of charge via specialized cites on the web. 
Yet, while satellite data can be the indispensable source of the detailed spatially 
distributed ecological information, they provide only indirect clues and indicators, 
requiring the correct and effective interpretation of their data to derive ecologically 
meaningful and valuable information.  

Two major types of satellite remote sensing data are of particular interest for the 
ecological studies: digital elevation models (DEMs) and multispectral images. DEMs 
are used for the characterization and analysis of land surface morphometry as the 
product of both geomorphological processes and geologic structure. DEM data analysis 
allows to calculate topographic variables that make efficient predictors of habitat 
characteristics [12]. The multispectral images allow analyzing the spectral 
characteristics of landscape that imply the vegetation cover structure, the composition 
and state of forest stands, as well as the structure of land use. DEMs and the 
multispectral satellite radiometric images are the most commonly used ancillary 
environmental data for the spatial prediction and mapping of soil and vegetation [7]. 
Ready to use datasets representing both types of data are presently available free of 
charge, with spatial resolution and quality sufficient enough for regional ecological 
studies. 

Topographic variables derived from DEM analysis relate closely to the factors and 
manifestations of processes that determine habitat characteristics (like solar energy and 
water redistribution, soil erosion and accumulation). One example is the Topographic 
wetness index (TWI) introduced by Beven and Kirkby [5], �G�H�¿�Q�H�G�� �D�V��

, where As is a local catchment area and ß �± local slope. It 
reflects on the balance of water accumulation and drainage over a local neighborhood 
and has been shown to correlate well with a set of soil characteristics [4, 10]. As these, 
together with the water availability and regimen strongly affect habitat characteristics, 
this index could have a significant value as an ecological indicator. For instance, it has 
been used for predicting wetlands locations in small catchments across a wide range of 
geological, topographic and climatic conditions [15]. Thus, such topographic indexes 
can be regarded as indirect ecological gradients sensu Austin [1]. 

Another kind of the spatially distributed ecologically meaningful indexes can be 
derived from the transformations and combinations of different spectral channels of 
multispectral imagery. Such indexes will characterize the reflective qualities of the 
landscape in respect to the sunlight with different wavelengths. The best known and 
most widely used of these is the Normalized difference vegetation index (NDVI), 
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easily determined and mapped using the digital analysis of spatial imagery. It is 
calculated by the formula 

, 
where RED and NIR are the spectral reflectance measurements acquired in the red 

and near-infrared spectral channels, respectively [19]. Values of NDVI often correlate 
with the Leaf Area Index, plant productivity, biomass, chlorophyll concentration in 
leaves, fractional vegetation cover, and some other ecosystem properties which 
together indicate the degree of presence and the current state of natural vegetation of 
the area [11]. Another example is a Normalized difference water index (NDWI) which 
is sensitive to changes in liquid water content of vegetation canopies [9]; having a 
similar structure with NDVI, it differs from the latter by the spectral channels used in it 
calculation. 

While there are plenty of studies concerning digital relief morphometry analysis, 
and the studies on the ecological interpretation of multispectral image data, there is the 
definite lack of researches that aim at the combined analysis and integration of these 
two types of data. Such an analysis will clarify a notion of the spatial distribution of 
basic ecosystem properties as being determined by or related to the spatial distribution 
of the basic abiotic conditions, making thus possible to insight into the spatial relations 
between the properties of land cover and vegetation and their abiotic environment. 

Our empirical study aims at the analysis of the relationships between the land 
surface reflectance in different spectral channels and the set of land surface 
morphometry characteristics as determined for our study area. While the former is 
indicative of the vegetation cover structure, the state and composition of forest stands, 
as well as the land use structure, the latter being the product of geomorphologic 
processes and geologic structure is indicative of some important abiotic ecological 
factors. 

The case study of the research is a 90*70 km rectangular region in the central part 
of the Ukrainian Carpathians. The diagonal of this rectangle roughly matches with the 
axis of the Carpathians arc, thus the study area encompasses parts of its northern and 
southern macroslopes and the surrounding foothill planes. 

Two freely available geospatial datasets have been used for the study: SRTM v. 4.1 
DEM and LANDSAT 7 ETM+ multispectral image set. The processed SRTM data 
version 4.1 [13] are available on-line from CGIAR Consortium for Spatial Information 
(http://srtm.csi.cgiar.org). These data are in decimal degrees, in geographic coordinate 
system with datum WGS84, with 90 m pixel resolution. LANDSAT 7 ETM+ 
multiband image (NASA, 2009) has been obtained from the on-line USGS archive 
(http://glovis.usgs.gov). The LANDSAT 7 ETM+ image consists of 8 band layers 
acquired on October 13, 2009 with 30 m resolution each, already being projected to 
UTM coordinate system (datum WGS84) [17]. LANDSAT images were acquired on 
May 02, 2000 and have been terrain-corrected by supplier (for the detailed metadata, 
look at aforementioned website). 

Our preprocessing of data consisted in bringing them to the common resolution and 
coordinate system. For this aim, SRTM DEM has been projected onto UTM coordinate 
system while the LANDSAT 7 ETM+ dataset has been resampled to 90 m spatial 
resolution to match the resolution of the DEM.  
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The analysis of the data has been carried in two steps. In the first step, the principal 
component analysis was applied to the set of LANDSAT 7 ETM+ image bands to 
isolate the three independent spatial components that together reveal the structure in 
the relationships between the land surface reflectance values in different spectral 
channels. The second step of analysis consisted in applying the canonical correlation 
analysis to analyze the relationships between these components and the set of 
topographic characteristic and indexes. Canonical correlation analysis is a statistical 
technique that investigates the relationship between two sets of variables. It is based on 
the extraction of canonical variates (roots) that are defined as the correlated weighted 
sums of variables from each set. Each of the canonical roots can be conceived as 
describing some underlying "latent" variable that represents the distinct kind of 
relationship between the two sets [20]. The relationships were analyzed in this way 
between the first set of three LANDSAT 7 ETM+ image principal components and the 
second set that included such spatial variables as elevation values, slopes, the 
Topographic wetness index, the index of relief erosion potential [16], and the index of 
solar energy redistribution by local topography [14]. The three roots have been derived 
that describe the independent components of the common spatial variation in the two 
sets of variables.  

The results of the principal components analysis of the LANDSAT 7 ETM+ image 
data are given in tables 1-3. The first principal component shows rather strong negative 
correlations with most of the spectral bands, thus corresponding to the overall 
�³�E�U�L�J�K�W�Q�H�V�V�´�� �R�I�� �W�K�H�� �V�X�U�I�D�F�H�� ���)�L�J���� �������� �,�W�� �D�O�V�R�� �V�W�U�R�Q�J�O�\�� �F�R�U�U�H�O�D�W�H�V�� �Z�L�W�K�� �H�O�H�Y�D�W�L�R�Q�� �Y�D�O�X�H�V����
thus the increase in the surface elevation in the area is often accompanied by the 
decrease in its reflectivity. Visual analysis of its spatial structure and comparing it with 
the topographic maps reveal its strong positive relations with the presence and density 
of forest stands. It is also positively correlated with the slope values. 

Table 1 
Principle component analysis of LANDSAT 7 ETM+ image data: eigenvalues of 

correlation matrix 
 
 
 
 
 

 
 

Table 2 
Principle component analysis of LANDSAT 7 ETM+ image data: factor loadings 

of the spectral bands 

Component Eigenvalue % Total - variance 

1 3.009 75.22 
2 0.727 18.18 
3 0.249 6.21 

Landsat 
band number 

Wavelengths 
(micrometers) Component 1 Component 2 Component 3 

2  0.52 - 0.60 -0.95 0.18 0.23 
3  0.63 - 0.69 -0.89 0.45 0.06 
4  0.76 - 0.90 -0.70 -0.70 0.15 
5  1.55 - 1.75 -0.91 -0.09 -0.41 
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Table 3 

Principle component analysis of LANDSAT 7 ETM+ image data: correlation 
coefficients of principal components with topographical variables 

Topographical variables Component 1 Component 2 Component 3 

ELEVATION 0.436 0.436 0.015 

SLOPE 0.362 0.133 0.038 

CTI -0.16 -0.079 -0.014 

EROSIVITY FACTOR 0.18 0.032 0.023 

SOLAR FACTOR -0.061 0.073 -0.052 
 
The second component also positively correlates with the elevation values, but its 

relations with other topographic characteristic and indices appeared to be very different 
from those of the first component. The second component appears to discriminate well 
between deciduous and coniferous forests: dense beech forest stands produce 
especially low values. This component also shows very strong (r = 0.95) negative 
correlation with the well-known NDVI index. Low values of this component (and high 
values of NDVI) generally indicate the presence of deciduous (mostly beech) forests 
characterized by high values of biological productivity and biodiversity. The second 
component also better differentiates between different anthropogenic land uses and 
land cover types. 

The first and the second principal components also correspond well to the two first 
components of the tasseled cap transformation [6]. The third component shows very 
weak linear correlation with the topographic characteristic and indices, however its 
visual analysis revealed that its high values strongly associate with the locations of 
subalpic meadows. This component can thus effectively be used for the detection and 
monitoring of the location and extent of valuable subalpic grassland communities in 
Ukrainian Carpathians with a number of rare and endangered species. 

The images of these components are given in Fig. 2 and Fig. 3. 
Canonical correlation analysis has been used to analyze the relationships between 

these components and the set of DEM-derived topographic characteristic and indices. 
Most of the variability in the two sets of variables has been explained by the first 
canonical root, which is strongly correlated with the elevation values (Tab. 4�±6). The 
second root positively correlates with the slope values and the mass movement 
potential and negatively with the solar radiation influx. 
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Fig. 1. LANDSAT 7 ETM+ Principle component 1 image; lighter tone corresponds 

to higher values. 

 
Fig. 2. LANDSAT 7 ETM+ Principle component 2 image; lighter tone corresponds 

to higher values. 
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Table 4 

�&�D�Q�R�Q�L�F�D�O���U�R�R�W�V�¶���H�L�J�H�Q�Y�D�O�X�H�V 
 

 
 

 
 
 
 

Table 5 
Canonical correlations 

 
 

Table 6 
Canonical factor loadings 

 
Topographical variables Root 1 Root 2 Root 3 Root 4 
ELEVATION -0.98 -0.023 0.194 -0.016 

SLOPE -0.523 -0.729 0.405 0.03 

PLAN CURVATURE -0.143 -0.135 -0.336 0.386 
PROFILE 

CURVATURE 0.19 -0.012 0.224 0.583 

CTI 0.256 0.268 -0.127 -0.084 
EROSIVITY 

FACTOR -0.226 -0.419 0.418 -0.271 

SOLAR FACTOR -0.06 0.649 0.632 0.034 
 
The results of this study prove the existence of rather strong relationships between 

the land surface morphometry and its spectral characteristics. These relationships 
imply the more fundamental relations between the ecosystem distribution and 
properties and the character of abiotic conditions. 

The two major moprhometric factors of land cover differentiation appeared to 
correspond to the distinction between the high and low altitudes (canonical root 1), and 
also between the steep shady slopes and sunlit flat areas (canonical root 2). The 
analysis of the spatial distribution of the canonical factors scores and residuals can 

 Root 1 Root 2 Root 3 Root 4 
Eigenvalue 0.416 0.065 0.009 0.001 

Canonical root Canonical - R Canonical - 
R-sqr. Chi-sqr. 

1 0.645 0.416 477756.2 
2 0.256 0.065 59963.7 
3 0.094 0.009 7457.2 
4 0.027 0.001 556.1 
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indicate the state of vegetation, the degree of its correspondence to abiotic factors and 
conditions, the character and degree of anthropogenic disturbances. 

Multispectral images can be used to derive characteristics and indices relevant to 
the assessment of the state of vegetation cover and its properties that determine the 
ecological value and significance of habitats. The widely used NDVI index has been 
shown to correlate with plant [3] and animal [18] species diversity, as well as the 
carbon fluxes and storages [8, 11]. In our case the analysis has shown that areas with 
high NDVI values (that mostly correspond to highly productive deciduous forests) are 
generally found on steep slopes in low elevations (Fig. 3). It is at variance with the 
prevailing conservation strategy in Ukrainian Carpathians, where most protected areas 
are located in high altitudes. 

 
Fig. 3. The distribution of the average NDVI values in relation to elevation and 

slope 
 

The current availability of detailed remotely sensed satellite data makes it a useful 
tool for analyzing the relationships between the ecosystem distribution and properties 
and the abiotic factor that shape them. The results obtained in this study reveal the 
presence and character of such relationships in the study area in the central part of 
Ukrainian Carpathians. While this study mostly analyzes local dependencies, the 
inclusion of non-local measures (e.g., the averages and variances of variables 
calculated inside the moving windows of variable sizes) and also texture measures can 
possibly provide more insights into the spatial relationships, ecological structures and 
processes in mountainous landscapes. 
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�k�i�•�\�i�j�Z�p�•���]�_�h�]�j�Z�n�•�\���H�^�_�k�v�d�h�]�h���l�Z���E�v�\�•�\�k�v�d�h�]�h���m�g�•�\�_�j�k�b�l�_�l�•�\�����h�k�d�•�e�v�d�b���a�Z�a�g�Z�q�_�g�b�c��
�j�_�]�•�h�g�� �M�d�j�Z�€�g�b�� �l�j�b�\�Z�e�b�c�� �q�Z�k�� �k�e�m�`�b�l�v�� �i�j�_�^�f�_�l�h�f�� �g�Z�m�d�h�\�h�]�h�� �a�Z�p�•�d�Z�\�e�_�g�g�y��
�g�Z�m�d�h�\�p�•�\ �h�[�h�o�� �\�b�s�b�o�� �g�Z�\�q�Z�e�v�g�b�o�� �a�Z�d�e�Z�^�•�\���� �<�h�g�b���f�Z�x�l�v�� �^�Z�\�g�•�� �l�\�h�j�q�•�� �a�\�
�y�a�d�b �•��
�g�Z�i�j�Z�p�v�h�\�Z�g�•�� �^�h�k�y�]�g�_�g�g�y���� �k�n�h�j�f�h�\�Z�g�•�� �g�Z�m�d�h�\�•�� �r�d�h�e�b���� �y�d�•�� �l�j�b�\�Z�e�b�c�� �q�Z�k��
�^�h�k�e�•�^�`�m�x�l�v �k�m�d�m�i�g�•�k�l�v�� �i�b�l�Z�g�v���� �i�h�\�¶�y�a�Z�g�b�o�� �a�� �n�h�j�f�m�\�Z�g�g�y�f���� �i�h�r�b�j�_�g�g�y�f����
�n�m�g�d�p�•�h�g�m�\�Z�g�g�y�� �l�Z�� �^�_�]�j�Z�^�Z�p�•�}�x���g�Z�c�j�h�^�x�q�•�r�h�]�h�� �]�_�g�_�l�b�q�g�h�]�h�� �l�b�i�m���]�j�m�g�l�h�\�h�]�h��
�i�h�d�j�b�\�m���M�d�j�Z�€�g�b �± �q�h�j�g�h�a�_�f�•�\. �I�h�k�l�Z�l�•���=���1���R�\�_�[�k�Z�����1���F�����=�h�]�h�e�}�\�Z�����D���1�����=�_�j�_�g�q�m�d�Z����
�H���=�����L�h�i�q�•�}�\�Z�����K���I�����I�h�a�g�y�d�Z�����/���G�����D�j�Z�k�}�o�b�����1���F�����<�h�e�h�r�b�g�Z�����Y���F�����;�•�e�Z�g�q�b�g�Z�����H���H����
�K�\�•�l�e�b�q�g�h�]�h�� �l�Z�� �•�g�r�b�o�� �i�j�_�^�k�l�Z�\�g�b�d�•�\�� �e�v�\�•�\�k�v�d�h�]�h�� �l�Z�� �h�^�_�k�v�d�h�]�h�� �‰�j�m�g�l�h�a�g�Z�\�k�l�\�Z �c��
�_�j�h�a�•�}�a�g�Z�\�k�l�\�Z, �k�i�•�e�v�g�•�� �i�j�Z�p�•�� �i�h�� �l�_�j�b�l�h�j�•�€�� �I�•�\�g�•�q�g�h�]�h�� �I�j�b�q�h�j�g�h�f�h�j�
�y �l�j�b�\�Z�e�b�c��
�q�Z�k�� �^�_�f�h�g�k�l�j�m�x�l�v�� �l�\�h�j�q�m�� �k�i�•�\�^�j�m�`�g�•�k�l�v�� �p�b�o�� �^�\�h�o�� �\�b�a�g�Z�q�g�b�o �r�d�•�e�� �m�d�j�Z�€�g�k�v�d�h�]�h��
�‰�j�m�g�l�h�a�g�Z�\�k�l�\�Z.  

�M�� �D�b�€�\�k�v�d�h�f�m �g�Z�p�•�h�g�Z�e�v�g�h�f�m �m�g�•�\�_�j�k�b�l�_�l�• �•�f�_�g�•�� �L�Z�j�Z�k�Z�� �R�_�\�q�_�g�d�Z���\�`�_�� �g�_��
�i�_�j�r�b�c�� �\�b�i�m�k�d�� �f�Z�]�•�k�l�j�•�\�� �d�Z�n�_�^�j�b �a�_�f�e�_�a�g�Z�\�k�l�\�Z�� �l�Z�� �]�_�h�f�h�j�n�h�e�h�]�•�€���\�b�o�h�^�b�l�v�� �a�•��
�k�l�•�g���k�\�h�}�€���:�e�v�f�Z���F�Z�l�_�j, �h�l�j�b�f�Z�\�r�b���m���i�j�h�p�_�k�•���[�Z�d�Z�e�Z�\�j�k�v�d�h�]�h���g�Z�\�q�Z�g�g�y���k�_�j�c�h�a�g�m��
�i�•�^�]�h�l�h�\�d�m���a���‰�j�m�g�l�h�a�g�Z�\�k�l�\�Z���l�Z���\�b�d�h�j�b�k�l�Z�g�g�y���a�_�f�_�e�v�g�b�o���j�_�k�m�j�k�•�\�� 
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�‹���K�l�_�p�x�d���<�������<�_�k�_�e�h�\�Z���H��, 2017 
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�\�•�^�h�[�j�Z�`�_�g�g�y���m���i�h�g�y�l�l�•���Z�[�k�h�e�x�l�g�h�]�h���•���\�•�^�g�h�k�g�h�]�h���\�•�d�m���‰�j�m�g�l�•�\�� 

�ˆ�j�m�g�l�b�� �•�� �^�b�g�Z�f�•�d�Z�� �j�_�e�v�}�n�m�� �a�_�f�g�h�€�� �i�h�\�_�j�o�g�•�����>�b�g�Z�f�•�d�Z�� �n�h�j�f�� �j�_�e�v�}�n�m�� �a�_�f�g�h�€��
�i�h�\�_�j�o�g�•���}���q�b���g�_���g�Z�c�\�Z�`�e�b�\�•�r�b�f���q�b�g�g�b�d�h�f���i�j�b�d�e�Z�^�g�h�]�h���a�Z�k�l�h�k�m�\�Z�g�g�y���a�g�Z�g�v���i�j�h��
�j�h�e�v�� �j�_�e�v�}�n�m�� �m�� �n�h�j�f�m�\�Z�g�g�•�� �l�Z�� �•�k�g�m�\�Z�g�g�•�� �i�_�\�g�b�o�� �]�_�g�_�l�b�q�g�b�o�� �l�b�i�•�\�� �‰�j�m�g�l�•�\�� �•��
�‰�j�m�g�l�h�\�h�]�h���i�h�d�j�b�\�m���a�Z�]�Z�e�h�f�����<�h�g�Z���g�Z�^�Z�}���f�h�`�e�b�\�•�k�l�v���h�p�•�g�x�\�Z�l�b���l�_�f�i�b���f�_�o�Z�g�•�q�g�h�€��
�^�_�]�j�Z�^�Z�p�•�€�� �‰�j�m�g�l�•�\�� ���e�•�g�•�c�g�Z�� �l�Z�� �i�e�h�s�b�g�g�Z�� �_�j�h�a�•�y���� �\�•�l�j�h�\�Z�� �_�j�h�a�•�y�� �l�Z�� �^�_�y�d�•�� �•�g�r�•��
�n�h�j�f�b�� �l�Z�� �d�h�f�[�•�g�Z�p�•�€�� �^�_�g�m�^�Z�p�•�c�g�b�o�� �i�j�h�p�_�k�•�\������ �i�j�h�p�_�k�b�� �Z�d�m�f�m�e�y�p�•�€�� �j�_�q�h�\�b�g�g�b�o��
�f�Z�k���� �m�l�\�h�j�_�g�b�o�� �m�g�Z�k�e�•�^�h�d�� �^�_�g�m�^�Z�p�•�€�� �g�Z�� �•�g�r�b�o�� �^�•�e�y�g�d�Z�o�� �l�Z�� �j�_�q�h�\�b�g�g�b�o�� �f�Z�k��
�g�h�\�h�k�l�\�h�j�_�g�b�o���� �L�_�f�i�b�� �Z�g�l�j�h�i�h�]�_�g�g�b�o�� �a�f�•�g�� �j�_�e�v�}�n�m�� �m�g�Z�k�e�•�^�h�d�� �j�•�a�g�b�o�� �\�b�^�•�\��
�]�h�k�i�h�^�Z�j�k�v�d�h�€�� �^�•�y�e�v�g�h�k�l�•�� �m�� �a�f�h�a�•�� �\�b�d�e�b�d�Z�l�b�� �j�h�a�\�b�l�h�d�� �i�j�h�p�_�k�•�\�� �i�•�^�l�h�i�e�_�g�g�y���� �Z�� �\��
�•�g�r�b�o�� �\�b�i�Z�^�d�Z�o���± �a�g�b�`�_�g�g�y�� �j�•�\�g�y�� �‰�j�m�g�l�h�\�b�o�� �\�h�^�� �•���� �\�•�^�l�Z�d���� �a�g�b�`�_�g�g�y�� �j�h�^�x�q�h�k�l�•��
�‰�j�m�g�l�•�\���� �A�j�h�a�m�f�•�e�h���� �s�h�� �\�•�^�h�f�h�k�l�•�� �s�h�^�h�� �l�_�f�i�•�\�� �j�h�a�\�b�l�d�m�� �•�� �i�j�h�]�g�h�a�m�\�Z�g�g�y��
�_�d�a�h�]�_�g�g�b�o�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o�� �i�j�h�p�_�k�•�\���� �y�d�•���� �\�e�Z�k�g�_���� �k�d�e�Z�^�Z�x�l�v�� �i�h�g�y�l�l�y��
�©�^�b�g�Z�f�•�d�Z�� �j�_�e�v�}�n�m�ª���� �k�l�Z�x�l�v�� �•�g�n�h�j�f�Z�p�•�}�x�� �s�h�^�h�� �g�_�h�[�o�•�^�g�h�k�l�•�� �a�^�•�c�k�g�_�g�g�y��
�f�_�e�•�h�j�Z�l�b�\�g�b�o�� �a�Z�o�h�^�•�\�����]�•�^�j�h�l�_�o�g�•�q�g�b�o�� ���h�[�\�h�^�g�x�\�Z�e�v�g�b�o�� �Z�[�h�� �h�k�m�r�m�\�Z�e�v�g�b�o������
�d�m�e�v�l�m�j�l�_�o�g�•�q�g�b�o���� �o�•�f�•�q�g�b�o���� �Z�]�j�h�l�_�o�g�•�q�g�b�o���� �Z�]�j�h�e�•�k�h�l�_�o�g�•�q�g�b�o �m�� �d�h�`�g�h�f�m��
�d�h�g�d�j�_�l�g�h�f�m���\�b�i�Z�^�d�m���� 
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�j�_�a�m�e�v�l�Z�l�b�� �Z�g�Z�e�•�a�m���� �y�d�b�c�� �\�d�Z�`�_�� �g�Z�� �a�g�Z�q�g�_�� �i�h�r�b�j�_�g�g�y�� �l�Z�d�� �a�\�Z�g�b�o�� �a�h�g�Z�e�v�g�b�o��
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�f�_�l�h�^�h�e�h�]�•�q�g�_�� �h�[�‰�j�m�g�l�m�\�Z�g�g�y�� �a�Z�a�g�Z�q�_�g�b�o�� �i�h�e�h�`�_�g�v�� �h�[�m�f�h�\�e�_�g�h�� �l�b�f���� �s�h�� �g�Z�m�d�Z��
�i�j�h���g�Z�\�d�h�e�b�r�g�}���k�_�j�_�^�h�\�b�s�_�����a�Z�]�Z�e�v�g�_���a�_�f�e�_�a�g�Z�\�k�l�\�h�����Z���s�_���r�b�j�r�_���± �]�_�h�]�j�Z�n�•�y���m��
�p�•�e�h�f�m���� �f�h�`�_�� �\�g�_�k�l�b�� �k�\�h�x�� �q�Z�k�l�d�m�� �a�g�Z�g�v�� �m�� �‰�j�m�g�l�h�a�g�Z�\�k�l�\�h���� �\�b�d�h�j�b�k�l�h�\�m�x�q�b�� �^�e�y��
�p�v�h�]�h���g�b�a�d�m���f�_�l�h�^�h�e�h�]�•�q�g�b�o���i�h�e�h�`�_�g�v���]�_�h�f�h�j�n�h�e�h�]�•�q�g�h�€���g�Z�m�d�b���� 

�L�Z�d�b�f�b�� �i�h�e�h�`�_�g�g�y�f�b���� �g�Z�� �g�Z�r�� �i�h�]�e�y�^���� �f�h�`�m�l�v�� �k�l�Z�l�b���d�h�g�p�_�i�p�•�€���� �Z����
�f�h�j�n�h�d�e�•�f�Z�l�b�q�g�h�€�� �a�h�g�Z�e�v�g�h�k�l�•���� �[���� �a�Z�d�h�g�h�f�•�j�g�h�k�l�_�c�� �n�h�j�f�m�\�Z�g�g�y�� �a�h�g�Z�e�v�g�h-
�d�e�•�f�Z�l�b�q�g�b�o���d�•�j�� �\�b�\�•�l�j�x�\�Z�g�g�y�� ���[�Z�]�Z�l�h�� �\�� �q�h�f�m�� �h�k�l�Z�g�g�•�� �a�m�f�h�\�e�x�x�l�v�� �]�e�h�[�Z�e�v�g�•��
�h�k�h�[�e�b�\�h�k�l�•�� �f�Z�l�_�j�b�g�k�v�d�b�o�� �i�h�j�•�^�� �‰�j�m�g�l�h�\�h�]�h�� �i�h�d�j�b�\�m������ �\���� �^�h�� �i�_�\�g�h�€�� �f�•�j�b���± 
�d�h�g�p�_�i�p�•�y�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o�� �j�•�\�g�•�\�� �A�_�f�e�•�� �l�Z�� �g�b�`�q�b�o�� �a�Z�� �j�Z�g�]�h�f�� �y�j�m�k�•�\�� �j�_�e�v�}�n�m��
�a�_�f�g�h�€�� �i�h�\�_�j�o�g�•���� �i�h�\�_�j�o�h�g�v�� �\�b�j�•�\�g�x�\�Z�g�g�y�� �k�m�o�h�^�h�e�m ���d�h�j�_�e�v�h�\�Z�g�b�o�� �i�h�\�_�j�o�h�g�v��
�\�b�j�•�\�g�x�\�Z�g�g�y���]�•�j�k�v�d�b�o���l�Z���j�•�\�g�b�g�g�b�o���l�_�j�b�l�h�j�•�c�������j�_�]�•�h�g�Z�e�v�g�b�o���]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o��
�j�•�\�g�•�\���� �k�n�h�j�f�h�\�Z�g�b�o�� �j�•�a�g�b�f�b�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�f�b�� �i�j�h�p�_�k�Z�f�b�� �l�Z�� �i�h�e�•�]�_�g�_�l�b�q�g�b�o��
�j�•�\�g�•�\�����[�Z�a�b�k�g�b�o���•���e�h�d�Z�e�v�g�b�o���j�•�q�d�h�\�b�o���l�_�j�Z�k���•���^�j�•�[�g�•�r�b�o�� 

�;�•�e�v�r���^�_�l�Z�e�v�g�h���j�h�a�]�e�y�g�_�f�h���i�b�l�Z�g�g�y���\�a�Z�}�f�h�\�•�^�g�h�r�_�g�v���‰�j�m�g�l�h�\�h�]�h���i�h�d�j�b�\�m���l�Z��
�j�_�e�v�}�n�m�� �a�_�f�g�h�€�� �i�h�\�_�j�o�g�•�� �m�� �d�h�g�l�_�d�k�l�•���d�h�g�p�_�i�p�•�€���f�h�j�n�h�d�e�•�f�Z�l�b�q�g�h�€�� �a�h�g�Z�e�v�g�h�k�l�•��
�A�_�f�e�•. �A�Z�]�Z�e�v�g�h�\�•�^�h�f�h���� �s�h�� �[�•�e�v�r�•�k�l�v�� �_�d�a�h�]�_�g�g�b�o�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o�� �i�j�h�p�_�k�•�\��
�f�Z�x�l�v�� �\�b�j�Z�a�g�m�� �a�h�g�Z�e�v�g�m�� �i�j�b�j�h�^�m���� �]�e�y�p�•�Z�e�v�g�•���� �d�j�•�h�]�_�g�g�•���� �Z�j�b�^�g�•���� �_�j�h�a�•�c�g�•����
�n�e�x�\�•�Z�e�v�g�•���� �_�e�x�\�•�Z�e�v�g�•�� �i�j�h�p�_�k�b�� �k�\�h�€�f�� �i�h�r�b�j�_�g�g�y�f�� �•�� �\�i�e�b�\�h�f�� �g�Z�� �n�h�j�f�m�\�Z�g�g�y��
�\�•�^�i�h�\�•�^�g�h�€�� �f�h�j�n�h�k�d�m�e�v�i�l�m�j�b���a�Z�\�^�y�q�m�x�l�v�� �•�k�g�m�\�Z�g�g�x�� �g�Z�� �j�•�a�g�b�o�� �r�b�j�h�l�Z�o�� �i�_�\�g�b�o��
�a�Z�d�h�g�h�f�•�j�g�h�k�l�_�c�� �m�� �[�Z�e�Z�g�k�•�� �l�_�i�e�Z�� �•�� �\�h�e�h�]�b���� �I�j�h�l�_���� �c�� �k�Z�f�•�� �_�d�a�h�]�_�g�g�•��
�]�_�h�f�h�j�n�h�e�h�]�•�q�g�•�� �i�j�h�p�_�k�b�� �•�a�� �i�e�b�g�h�f�� �k�\�h�]�h�� �l�j�b�\�Z�e�h�]�h�� �j�h�a�\�b�l�d�m�� ���p�_�� �e�h�]�•�q�g�h��
�\�b�i�e�b�\�Z�}�� �a�� �l�h�]�h���� �s�h�� �a�Z�d�h�g�h�f�•�j�g�h�k�l�•�� �[�Z�e�Z�g�k�m�� �l�_�i�e�Z�� �•�� �\�h�e�h�]�b�� �l�j�b�\�Z�e�b�c�� �q�Z�k�� �f�Z�x�l�v��
�k�l�Z�[�•�e�v�g�•���i�h�d�Z�a�g�b�d�b���g�Z���^�m�`�_���a�g�Z�q�g�b�o���a�Z���i�e�h�s�_�x���^�•�e�y�g�d�Z�o���k�m�o�h�^�h�e�m�����i�j�b�a�\�h�^�y�l�v��
�^�h�� �m�l�\�h�j�_�g�g�y�� �\�•�^�q�m�l�g�b�o�� �\�•�^�f�•�g�g�h�k�l�_�c�� �m�� �[�Z�e�Z�g�k�•�� �•���� �]�h�e�h�\�g�_���± �j�h�a�i�h�^�•�e�•�� �l�_�i�e�Z�� �•��
�\�h�e�h�]�b�� �g�Z�� �a�g�Z�q�g�b�o�� �l�_�j�b�l�h�j�•�y�o���� �d�h�g�l�j�h�e�x�x�q�b�� �•�� �h�[�m�f�h�\�e�x�x�q�b�� �g�Z�y�\�g�•�k�l�v�� �l�Z��
�j�h�a�i�h�^�•�e�� �j�_�q�h�\�b�g�g�b�o�� �f�Z�k�� �^�•�y�e�v�g�•�k�l�x�� �i�h�\�_�j�o�g�_�\�h�]�h�� �l�Z�� �i�•�^�a�_�f�g�h�]�h�� �k�l�h�d�m����
�d�•�e�v�d�•�k�l�x�� �•�� �n�Z�a�h�\�b�f�� �k�l�Z�g�h�f�� �h�i�Z�^�•�\���� �y�d�•�� �d�h�g�l�j�h�e�x�x�l�v�k�y�� �©�[�Z�j�¶�}�j�g�b�f�b�ª��
�h�k�h�[�e�b�\�h�k�l�y�f�b�� �g�_�j�•�\�g�h�k�l�_�c�� �a�_�f�g�h�€�� �i�h�\�_�j�o�g�•���� �Z�� �l�Z�d�h�`�� �\�b�j�Z�a�g�b�f�b��
�f�•�d�j�h�d�e�•�f�Z�l�b�q�g�b�f�b���\�•�^�f�•�g�Z�f�b�� 
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THEORETICAL BASES OF ECOLOGICAL-GEOMORPHOLOGIC STUDY 
OF THE SOIL COVER OF THE NORTHERN BLACK SEA REGION 
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We are talking about the research directions, namely the formation, distribution, 
transformation and degradation of the soil cover of the Northern Black Sea Region in the 
geomorphologic environment of the region. 

The necessity of establishing the regularity of the influence of the relief and modern 
geomorphologic processes on the functioning of the soil cover is substantiated, first, to the role 
of the relief of the earth's surface in the formation of zonal and non-zonal conditions of soil 
formation in the Northern Black Sea region, and secondly, in modern geomorphologic 
processes that significantly affect the quality and land degradation, thirdly, in the historical 
features of the use of land resources, rich in this respect the region of Europe, in fact - barns 
Fourth, to the peculiarities of using land resources in the new economic conditions, fifthly, to 
the modern quality of the soil cover in the conditions of a wide range of water ameliorations of 
the Northern Black Sea region, sixthly, to the trends in the changing natural conditions of the 
region as a whole, both and in the local spectrum of soil quality in conditions of land user 
change. 

The rational direction of the realization of the set goals and the features of the theoretical 
and methodological basis for studying the soil cover in the geomorphologic environment are 
indicated. 

Key words: ecological-geomorphologic study, soil cover, Northern Black Sea region, 
geomorphologic processes. 
 



194 
 

�M�>�D 551.4: 911.2 
 

�E�1�L�H�E�H�=�1�Q�G�:���K�L�J�M�D�L�M�J�:���K�F�H�L�J�B�P�V�D�H�=�H���D�:�G�V�C�H�G�M  
�Y�D���H�K�G�H�<�:���J�H�A�<�B�L�D�M���?�D�K�D�M�J�K�1�C�G�B�O���N�H�J�F���=�?�H�L�M�J�B�A�F�M�� 

�<���D�:�F�¶�Y�G�P�1-�I�H�>�1�E�V�K�V�D�H�F�M 
 

�1�]�h�j �D�Z�k�•�y�g�b�d�����=�Z�g�g�Z �Q�_�j�g�x�d 
�D�Z�f�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c���g�Z�p�•�h�g�Z�e�v�g�b�c���m�g�•�\�_�j�k�b�l�_�l���•�f�_�g�•���1�\�Z�g�Z���H�]�•�}�g�d�Z  

�\�m�e�� �H�]�•�}�g�d�Z���������� �f�� �D�Z�f�
�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c�����O�f�_�e�v�g�b�p�v�d�Z���h�[�e�Z�k�l�v��������������,  
terrapodolika@gmail.com 

 
�M�� �i�m�[�e�•�d�Z�p�•�€�� �\�b�k�\�•�l�e�_�g�h�� �k�l�j�m�d�l�m�j�g�•�� �h�k�h�[�e�b�\�h�k�l�•�� �e�•�l�h�e�h�]�•�q�g�h�€�� �l�Z�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�h�€��

�[�m�^�h�\�b�� �^�h�e�b�g�b�� �j���� �K�f�h�l�j�b�q�� �\�� �f�_�`�Z�o�� �f���� �D�Z�f�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c���y�d�� �m�f�h�\�b�� �j�h�a�\�b�l�d�m��
�]�_�h�l�m�j�b�a�f�m���� �A�^�•�c�k�g�_�g�h�� �Z�g�Z�e�•�a�� �h�k�g�h�\�g�b�o�� �]�_�h�k�l�j�Z�l�b�]�j�Z�n�•�q�g�b�o�� �i�•�^�j�h�a�^�•�e�•�\�� �a�� �i�h�a�b�p�•�c�� �€�o��
�•�g�n�h�j�f�Z�l�b�\�g�h�k�l�•���� �Z�l�j�Z�d�l�b�\�g�h�k�l�•�� �l�Z�� �f�h�`�e�b�\�h�k�l�•�� �i�h�}�^�g�Z�g�g�y�� �g�Z�� �€�o�� �[�Z�a�•�� �j�•�a�g�b�o�� �n�h�j�f��
�l�m�j�b�k�l�b�q�g�h�€�� �^�•�y�e�v�g�h�k�l�•���� �<�•�^�h�[�j�Z�`�_�g�h�� �m�f�h�\�b�� �d�h�i�e�_�d�k�g�h�]�h�� �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�k�l�b�q�g�b�o��
�g�Z�i�j�y�f�d�•�\�� �•�a�� �l�j�Z�^�b�p�•�c�g�b�f�b�� �n�h�j�f�Z�f�b�� �_�d�k�d�m�j�k�•�c�g�h�€�� �j�h�[�h�l�b���� �s�h�� �n�m�g�d�p�•�h�g�m�x�l�v�� �\�� �j�_�]�•�h�g�•��
�^�h�k�e�•�^�`�_�g�g�y�� �<�b�h�d�j�_�f�e�_�g�h�� �k�b�e�m�j�•�c�k�v�d�•�� �e�•�l�h�e�h�]�•�q�g�•�� �d�h�f�i�e�_�d�k�b�� �y�d�� �i�h�l�_�g�p�•�Z�e-�n�h�j�f�m�x�q�•����
�a�Z�\�^�y�d�b�� �€�o�� �e�Z�g�^�r�Z�n�l�g�•�c�� �Z�l�j�Z�d�l�b�\�g�h�k�l�•���� �g�Z�k�b�q�_�g�•�k�l�x�� �k�d�Z�f�¶�y�g�•�e�h�k�l�y�f�b�� �l�Z�� �m�l�\�h�j�_�g�g�x��
�]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o�� �h�[�¶�}�d�l�•�\�� �i�j�b�^�Z�l�g�b�o�� �^�e�y�� �h�j�]�Z�g�•�a�Z�p�•�€�� �i�j�b�]�h�^�g�b�p�v�d�h-�l�m�j�b�k�l�b�q�g�b�o��
�a�Z�o�h�^�•�\���� �<�•�^�h�[�j�Z�`�_�g�h�� �^�\�Z�� �Z�k�i�_�d�l�b�� �€�o�� �\�b�d�h�j�b�k�l�Z�g�g�y���� �s�h�� �j�_�]�m�e�x�x�l�v�k�y�� �\�•�^�i�h�\�•�^�g�b�f�b��
�x�j�b�^�b�q�g�b�f�b���g�h�j�f�Z�f�b�����h�]�e�y�^�h�\�h-�_�d�k�d�m�j�k�•�c�g�•���n�h�j�f�b���\���f�_�`�Z�o���i�j�b�j�h�^�h�h�o�h�j�h�g�g�b�o���h�[�¶�}�d�l�•�\��
�l�Z�� �i�h�r�m�d�h�\�h-�^�h�k�e�•�^�g�b�p�v�d�•�� �•�� �i�j�b�]�h�^�g�b�p�v�d�h-�l�m�j�b�k�l�b�q�g�•���± �\�� �f�_�`�Z�o�� �]�h�k�i�h�^�Z�j�k�v�d�b�o����
�G�_�h�]�_�g�h�\�•���� �a�h�d�j�_�f�Z�� �i�e�•�h�p�_�g�h�\�•�� �\�•�^�d�e�Z�^�b�� �f�Z�x�l�v�� �e�h�d�Z�e�v�g�_�� �a�g�Z�q�_�g�g�y�� �^�e�y�� �i�h�y�k�g�_�g�g�y��
�i�Z�e�_�h�]�_�h�]�j�Z�n�•�q�g�b�o�� �i�j�h�p�_�k�•�\�����i�h�\�¶�y�a�Z�g�b�o �•�a�� �i�_�j�_�[�m�^�h�\�h�x�� �j�_�e�v�}�n�m�� �i�•�k�e�y�� �\�•�^�k�l�m�i�m��
�K�Z�j�f�Z�l�k�v�d�h�]�h�� �f�h�j�k�v�d�h�]�h�� �[�Z�k�_�c�g�m�� �•�� �\�k�l�Z�g�h�\�e�_�g�g�y�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�b�o�� �m�f�h�\���� �2�o�� �k�l�j�m�d�l�m�j�Z��
�f�h�`�_�� �j�h�a�]�e�y�^�Z�l�b�k�y�� �y�d�� �i�_�j�k�i�_�d�l�b�\�g�b�c�� �f�Z�l�_�j�•�Z�e�� �^�e�y�� �i�h�r�m�d�m�� �^�_�d�h�j�Z�l�b�\�g�b�o�� �f�•�g�_�j�Z�e�•�\��
���y�r�f�h�€�^�•�\�� �l�Z�� �o�Z�e�p�_�^�h�g�•�\������ �I�e�_�c�k�l�h�p�_�g�h�\�•�� �d�h�f�i�e�_�d�k�b�� �^�h�a�\�h�e�y�x�l�v�� �k�n�h�j�f�m�\�Z�l�b�� �m�y�\�e�_�g�g�y 
�i�j�h�� �g�Z�k�e�•�^�d�b�� �e�v�h�^�h�\�b�d�h�\�b�o�� �_�i�h�o�� �\�� �^�h�k�e�•�^�`�m�\�Z�g�h�f�m�� �j�_�]�•�h�g�•�� �l�Z�� �i�j�h�p�_�k�b�� �s�h�� �k�n�h�j�f�m�\�Z�e�b��
�k�m�q�Z�k�g�•���n�h�j�f�b���j�_�e�v�}�n�m���\���f�_�`�Z�o���^�h�e�b�g�b���j�����K�f�h�l�j�b�q�� 

�H�k�g�h�\�g�b�f�b�� �m�f�h�\�Z�f�b�� �_�n�_�d�l�b�\�g�h�]�h�� �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�a�f�m���� �h�d�j�•�f�� �i�h�l�m�`�g�h�€�� �]�_�h�e�h�]�h-
�]�_�h�f�h�j�n�h�e�h�]�•�q�g�h�€�� �j�_�k�m�j�k�g�h�€�� �[�Z�a�b���� �\�b�a�g�Z�q�_�g�h�� �f�h�`�e�b�\�•�k�l�v�� �i�h�}�^�g�Z�g�g�y�� �k�i�_�p�•�Z�e�•�a�h�\�Z�g�b�o��
�_�d�k�d�m�j�k�•�c�g�b�o �f�Z�j�r�j�m�l�•�\�� �a�� �Z�j�o�•�l�_�d�l�m�j�g�b�f�b�� �h�[�¶�}�d�l�Z�f�b�� �l�Z�� �•�k�l�h�j�b�q�g�b�f�b�� �i�h�^�•�y�f�b���� �Z�� �l�Z�d�h�`��
�i�•�^�]�h�l�h�\�d�b�� �\�b�k�h�d�h�d�\�Z�e�•�n�•�d�h�\�Z�g�b�o�� �n�Z�o�•�\�p�•�\-�_�d�k�d�m�j�k�h�\�h�^�•�\���� �<�Z�`�e�b�\�b�f�� �g�Z�i�j�y�f�d�h�f��
�j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�k�l�b�q�g�h�€�� �^�•�y�e�v�g�h�k�l�•�� �}�� �h�[�¶�}�^�g�Z�g�g�y�� �g�Z�c�\�Z�`�e�b�\�•�r�b�o�� �h�[�¶�}�d�l�•�\���� �s�h��
�\�•�^�h�[�j�Z�`�Z�x�l�v�� �]�_�h�e�h�]�•�q�g�m�� �[�m�^�h�\�m�� �•�� �� �j�_�e�v�}�n�� �j�_�]�•�h�g�m�� �m�� �n�h�j�f�Z�l�•�� �f�m�a�_�x�� ���g�Z�i�j�b�d�e�Z�^��
�i�Z�e�_�h�g�l�h�e�h�]�•�q�g�h�€�� �_�d�k�i�h�a�b�p�•�€�� �G�I�I���� �©�I�h�^�•�e�v�k�v�d�•�� �L�h�\�l�j�b�ª������ �>�h�p�•�e�v�g�h�� �l�Z�d�h�`�� �i�h�}�^�g�m�\�Z�l�b��
�_�e�_�f�_�g�l�b�� �_�d�k�d�m�j�k�•�€�� �g�Z�� �]�•�j�g�b�q�h-�i�j�h�f�b�k�e�h�\�_�� �\�b�j�h�[�g�b�p�l�\�h�� �a�� �•�g�^�b�\�•�^�m�Z�e�v�g�h�x�� �i�h�r�m�d�h�\�h�x��
�^�•�y�e�v�g�•�k�l�x�� �\�� �f�_�`�Z�o�� �\�•�^�i�j�Z�p�v�h�\�Z�g�b�o�� �^�•�e�y�g�h�d�� �f�•�k�p�_�\�b�o�� �d�Z�j�¶�}�j�•�\���� �H�k�g�h�\�g�b�f�b�� �i�j�h�[�e�_�f�Z�f�b��
�\�b�a�g�Z�q�_�g�h �a�Z�[�j�m�^�g�_�g�g�y�� �l�_�j�b�l�h�j�•�€�� �h�[�¶�}�d�l�•�\�� �i�h�[�m�l�h�\�b�f�� �k�f�•�l�l�y�f�� �l�Z�� �k�e�Z�[�d�m�� �i�h�i�m�e�y�j�b�a�Z�p�•�x��
�]�_�h�l�m�j�b�k�l�b�q�g�b�o���h�[�¶�}�d�l�•�\���� 

�D�e�x�q�h�\�•�� �k�e�h�\�Z�� �]�_�h�l�m�j�b�a�f���� �e�•�l�h�e�h�]�•�q�g�•�� �d�h�f�i�e�_�d�k�b���� �f�h�j�n�h�k�d�m�e�v�i�l�m�j�b���� �_�d�k�d�m�j�k�•�c�g�Z��
�^�•�y�e�v�g�•�k�l�v�� 

 
�I�h�k�l�Z�g�h�\�d�Z�� �i�j�h�[�e�_�f�b�� �\�� �a�Z�]�Z�e�v�g�h�f�m�� �\�b�]�e�y�^�•�� �l�Z�� �€�€�� �a�\�
�y�a�h�d�� �•�a�� �\�Z�`�e�b�\�b�f�b��

�g�Z�m�d�h�\�b�f�b�� �•�� �i�j�Z�d�l�b�q�g�b�f�b�� �a�Z�\�^�Z�g�g�y�f�b. �K�m�q�Z�k�g�b�c �l�m�j�b�k�l�b�q�g�b�c�� �i�h�l�_�g�p�•�Z�e��      
�f�����D�Z�f�¶�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c�� �\�b�a�g�Z�q�Z�x�l�v���i�_�j�_�^�m�k�•�f�� �•�k�l�h�j�b�d�h-�Z�j�o�•�l�_�d�l�m�j�g�• �h�[�¶�}�d�l�b���� 
�I�j�b�j�h�^�g�• �j�_�d�j�_�Z�p�•�c�g�•���j�_�k�m�j�k�b �^�h�e�b�g�b���j�� �K�f�h�l�j�b�q �i�j�b���p�v�h�f�m �\�b�d�h�j�b�k�l�h�\�m�x�l�v�k�y 
_____________________ 
�‹���D�Z�k�•�y�g�b�d���1�������Q�_�j�g�x�d���=�������������� 

mailto:terrapodolika@gmail.com


195 
 

�f�Z�c�`�_���\�b�d�e�x�q�g�h�����y�d���i�_�c�a�Z�`�g�b�c���n�h�g���i�j�b���h�j�]�Z�g�•�a�Z�p�•�€���_�d�k�d�m�j�k�•�c�����O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���`��
�[�m�^�h�\�b�� �d�Z�g�v�c�h�g�m�� �a�Z�a�\�b�q�Z�c�� �h�[�f�_�`�m�}�l�v�k�y�� �\�b�k�h�l�h�x�� �\�_�j�l�b�d�Z�e�v�g�b�o�� �k�l�•�g�h�d����
�\�d�Z�a�m�\�Z�g�g�y�f�� �a�Z�]�Z�e�v�g�h�]�h�� �\�•�^�g�h�k�g�h�]�h�� �\�•�d�m�� �i�h�j�•�^���� �s�h�� �\�•�^�k�e�h�g�x�x�l�v�k�y�� �l�Z��
�d�h�g�k�l�Z�l�m�\�Z�g�g�y�f�� �i�j�b�k�m�l�g�h�k�l�•�� �k�d�Z�f�¶�y�g�•�e�h�k�l�_�c�� �\�� �k�l�j�m�d�l�m�j�•�� �[�Z�a�h�\�h�€�� �e�•�l�h�e�h�]�•�q�g�h�€��
�h�k�g�h�\�b���� �I�j�b�� �p�v�h�f�m�� �_�d�k�d�m�j�k�h�\�h�^�b�� �[�_�a�� �\�•�^�i�h�\�•�^�g�h�€�� �n�Z�o�h�\�h�€�� �i�•�^�]�h�l�h�\�d�b���q�Z�k�l�h��
�^�h�i�m�k�d�Z�x�l�v�� �g�_�l�h�q�g�h�k�l�•�� �l�Z�� �i�h�\�•�^�h�f�e�y�x�l�v�� �•�g�n�h�j�f�Z�p�•�x�� �Z�[�k�l�j�Z�d�l�g�h���� �[�_�a��
�\�k�l�Z�g�h�\�e�_�g�g�y�� �i�j�b�q�b�g�g�h-�g�Z�k�e�•�^�d�h�\�b�o�� �a�Z�\�¶�y�a�d�•�\�� �f�•�`�� �i�j�b�j�h�^�g�b�f�b�� �k�d�e�Z�^�h�\�b�f�b�� �l�Z��
�Z�j�o�•�l�_�d�l�m�j�h�x���a���•�k�l�h�j�b�q�g�b�f�b���i�h�^�•�y�f�b���� 

�:�g�Z�e�•�a�� �i�m�[�e�•�d�Z�p�•�c�� �D�h�g�p�_�i�l�m�Z�e�v�g�•�� �Z�k�i�_�d�l�b �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�a�f�m�� �\�� �M�d�j�Z�€�g�•��
�j�h�a�d�j�b�\�Z�x�l�v �\���g�Z�m�d�h�\�b�o���i�j�Z�p�y�o�� �F�Z�e�v�k�v�d�Z�� �F���I������ �A�•�g�v�d�h�� �X���<������ �R�_�\�q�m�d�� �H���F. 
�I �j�b�g�p�b�i�b�� �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�a�f�m�� �y�d�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�€�� �n�h�j�f�b�� �i�j�b�j�h�^�h�d�h�j�b�k�l�m�\�Z�g�g�y��
�l�Z�� �a�Z�k�h�[�m���h�i�l�b�f�•�a�Z�p�•�€�� �j�_�]�•�h�g�Z�e�v�g�h�€�� �_�d�h�g�h�f�•�d�b�� �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�•�� �\�� �i�m�[�e�•�d�Z�p�•�y�o��
�I�h�[�•�]�m�g�� �H���<���� �I�j�h�[�e�_�f�b�� �_�n�_�d�l�b�\�g�h�]�h�� �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�a�f�m�� �\�� �j�_�]�•�h�g�Z�e�v�g�b�o��
�Z�k�i�_�d�l�Z�o�� �\�b�\�q�Z�x�l�v�� �;�m�[�g�y�d�� �1���F������ �;�m�q�b�g�k�v�d�Z�� �:���<�����;�j�m�k�Z�d�� �<���� �I�� ���g�Z�� �i�j�b�d�e�Z�^�•��
�D�Z�j�i�Z�l�k�v�d�h�]�h�� �j�_�]�•�h�g�m�������F�_�e�v�g�b�q�m�d�� �<���=���� �D�j�b�g�b�p�v�d�Z�� �F���<������ �F�_�e�v�g�b�q�m�d�� �=���<�� (�m��
�f�_�`�Z�o�� �A�Z�o�•�^�g�h�]�h�� �I�h�e�•�k�k�y������ �=�j�b�p�_�g�d�h�� �<���� �I������ �;�h�]�m�p�v�d�b�c�� �:���� �;���� ���g�Z�� �i�j�b�d�e�Z�^�•��
�k�l�j�Z�l�b�]�j�Z�n�•�q�g�b�o���h�[�¶�}�d�l�•�\���K�_�j�_�^�g�v�h�]�h���I�j�b�^�g�•�k�l�_�j�¶�y�����l�Z���•�g�r�•�� 

�=�•�i�h�l�_�a�Z�����<�j�Z�o�h�\�m�x�q�b�� �^�h�k�l�m�i�g�•�k�l�v�� �l�Z�� �d�h�f�i�Z�d�l�g�•�k�l�v�� �j�h�a�f�•�s�_�g�g�y�� �h�k�g�h�\�g�b�o��
�\�•�^�k�e�h�g�_�g�v���� �€�o�� �^�h�k�l�m�i�g�•�k�l�v���� �Z�� �l�Z�d�h�`�� �a�j�m�q�g�•�k�l�v�� �h�]�e�y�^�m�� �i�j�b�� �i�j�h�d�e�Z�^�_�g�g�•��
�\�•�^�i�h�\�•�^�g�b�o�� �f�Z�j�r�j�m�l�•�\�� �^�h�a�\�h�e�y�}�� �j�h�a�]�e�y�^�Z�l�b�� �e�•�l�h�e�h�]�•�q�g�•�� �d�h�f�i�e�_�d�k�b�� �•��
�f�h�j�n�h�k�d�m�e�v�i�l�m�j�b�� �^�h�e�b�g�b�� �j���� �K�f�h�l�j�b�q���� �y�d�� �k�Z�f�h�k�l�•�c�g�•�� �l�m�j�b�k�l�b�q�g�•�� �h�[�¶�}�d�l�b���� �I�j�b��
�p�v�h�f�m�� �\�h�g�b�� �f�h�`�m�l�v�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�k�v�� �^�e�y�� �h�]�e�y�^�h�\�h-�i�•�a�g�Z�\�Z�e�v�g�b�o�� �a�Z�o�h�^�•�\���i�•�^��
�q�Z�k�� �_�d�k�d�m�j�k�•�c���� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �_�e�_�f�_�g�l�•�\�� �i�h�r�m�d�h�\�h-�i�Z�e�_�h�g�l�h�e�h�]�•�q�g�h�€�� �^�•�y�e�v�g�h�k�l�•��
���n�h�k�k�•�e�o�Z�g�l�•�g�]�Z������ �y�d�� �i�_�j�_�r�d�h�^�b�� �^�e�y�� �k�i�h�j�l�b�\�g�h�� �l�m�j�b�a�f�m�� �q�b�� �Z�l�j�Z�d�p�•�€�� �\��
�i�j�b�]�h�^�g�b�p�v�d�h�f�m�����H�]�e�y�^�h�\�h-�_�d�k�d�m�j�k�•�c�g�•�� �n�h�j�f�b�� �]�_�h�l�m�j�b�a�f�m�� �^�h�p�•�e�v�g�h��
�h�j�]�Z�g�•�a�h�\�m�\�Z�l�b�� �[�_�a�i�h�k�_�j�_�^�g�v�h�� �\�� �f�_�`�Z�o�� �•�k�l�h�j�b�d�h-�Z�j�o�•�l�_�d�l�m�j�g�h�]�h�� �a�Z�i�h�\�•�^�g�b�d�Z��
�©�D�Z�f�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c�ª�� �l�Z�� �]�_�h�e�h�]�•�q�g�h�€�� �i�Z�f�¶�y�l�d�b�� �i�j�b�j�h�^�b�� �a�Z�]�Z�e�v�g�h�^�_�j�`�Z�\�g�h�]�h��
�a�g�Z�q�_�g�g�y�� �©�K�f�h�l�j�b�p�v�d�b�c�� �d�Z�g�v�c�h�g�ª�� ���^�Z�e�•�� �=�I�I�A�A������ �Z�� �n�h�j�f�b�� �s�h�� �i�_�j�_�^�[�Z�q�Z�x�l�v��
�l�_�o�g�•�q�g�b�c���\�i�e�b�\���g�Z���e�•�l�h�e�h�]�•�q�g�m���h�k�g�h�\�m���\���f�_�`�Z�o���i�j�b�e�_�]�e�b�o���]�•�j�g�b�q�b�o���j�h�a�j�h�[�h�d���� 

�<�b�d�e�Z�^���h�k�g�h�\�g�h�]�h���f�Z�l�_�j�•�Z�e�m�� �D�Z�g�v�c�h�g�h�i�h�^�•�[�g�Z �q�Z�k�l�b�g�Z �^�h�e�b�g�b���j���� �K�f�h�l�j�b�q 
�a�Z�d�e�Z�^�_�g�Z�� �\�� �f�•�p�g�b�o�� �i�Z�e�_�h�a�h�c�k�v�d�b�o�� �i�h�j�h�^�Z�o���� �k�l�•�c�d�b�o�� �^�h�� �_�j�h�a�•�€���� �P�_�� �i�_�j�_�\�Z�`�g�h��
�d�Z�j�[�h�g�Z�l�g�•�� �m�l�\�h�j�_�g�g�y�� �\�f�•�k�l�� �\�b�d�h�i�g�b�o�� �j�_�r�l�h�d�� �m�� �y�d�b�o�� �k�\�•�^�q�b�l�v�� �i�j�h�� �k�b�e�m�j�•�c�k�v�d�b�c��
�q�Z�k���€�o���n�h�j�f�m�\�Z�g�g�y�����<�d�Z�a�Z�g�•���i�h�j�h�^�b���^�h�[�j�_���\�•�^�k�e�h�g�_�g�•���g�Z���k�l�•�g�d�Z�o���k�o�b�e�•�\���l�Z���j�h�a�d�j�b�l�•��
�\���f�_�`�Z�o���d�Z�j�¶�}�j�•�\�����s�h���k�i�j�b�y�}���€�o���\�b�\�q�_�g�g�x���l�Z���•�^�_�g�l�b�n�•�d�Z�p�•�€���� 

�I�h�k�e�•�^�h�\�g�•�k�l�v�� �\�_�j�k�l�\�� �o�Z�j�Z�d�l�_�j�g�b�o�� �i�j�y�f�h�\�b�k�g�b�o�� �k�o�b�e�•�\�� �^�h�[�j�_�� �\�•�^�h�[�j�Z�`�Z�}��
�j�h�a�j�•�a���m���f�_�`�Z�o���D�m�[�Z�q�•�\�k�v�d�h�]�h���d�Z�j�¶�}�j�m. �C�h�]�h���k�l�j�m�d�l�m�j�m���\�•�^�h�[�j�Z�`�Z�x�l�v���q�_�j�]�m�\�Z�g�g�y��
�^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o���f�_�j�]�_�e�•�\�����i�e�b�l�q�Z�k�l�b�o���•���]�j�m�^�d�m�\�Z�l�b�o���\�Z�i�g�y�d�•�\�����l�Z�[�e�� 1). 

�<�•�^�k�e�h�g�_�g�g�y���[�•�e�y���G�h�\�h�i�e�Z�g�•�\�k�v�d�h�]�h���f�h�k�l�m���\�•�^�j�•�a�g�y�}�l�v�k�y���[�•�e�v�r�h�x���i�h�l�m�`�g�•�k�l�x��
�i�_�j�r�h�€���i�Z�q�d�b�����^�h�������f�������y�d�Z���\�•�a�m�Z�e�•�a�m�}�l�v�k�y���\���i�•�^�g�•�`�`�•���\�h�^�h�k�i�Z�^�m���� 

�M���f�_�`�Z�o���I�m�^�e�•�\�_�p�v�d�h�]�h���d�Z�j�¶�}�j�m�����\���g�b�`�g�•�c���q�Z�k�l�b�g�•���j�h�a�j�•�a�m�����g�Z���\�k�x���i�h�l�m�`�g�•�k�l�v��
�\�•�^�k�e�h�g�x�x�l�v�k�y�� �i�Z�q�d�b�� �^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o�� �f�_�j�]�_�e�•�\���� �i�•�^�� �y�d�b�f�b�� �j�h�a�f�•�s�_�g�•�� �f�Z�k�b�\�g�•��
�]�j�m�^�d�m�\�Z�l�•���\�Z�i�g�y�d�b�����F�Z�e�b�g�h�\�_�p�v�d�b�c �d�Z�j�g�b�a�������a���k�l�j�h�f�Z�l�h�i�h�j�Z�f�b���l�Z���d�h�j�Z�e�Z�f�b�����G�Z��
�i�h�\�_�j�o�g�y�o�� �g�Z�i�e�Z�k�l�m�\�Z�g�g�y�� �f�Z�k�h�\�h�� �a�m�k�l�j�•�q�Z�x�l�v�k�y�� �q�e�_�g�b�d�b�� �f�h�o�h�\�Z�l�h�d�� �•�� �d�j�b�g�h�•�^�_�c����
�M���k�l�j�m�d�l�m�j�•���f�_�j�]�_�e�•�\���\�b�h�d�j�_�f�e�x�x�l�v�k�y���i�j�h�r�Z�j�d�b���q�_�j�\�h�g�h�d�h�e�•�j�g�b�o���^�h�f�_�j�b�l�•�\���� 

�<�b�s�_���a�Z���l�_�q�•�}�x�����g�Z���h�d�h�e�b�p�•���k�����I�m�^�e�•�\�p�•�����i�•�\�g�•�q�g�Z���f�_�`�Z���=�I�I�A�A�����\�•�^�k�e�h�g�x�}�l�v�k�y��
�i�•�^�h�r�\�Z�� �f�Z�k�b�\�g�b�o�� �]�j�m�^�d�m�\�Z�l�b�o�� �\�Z�i�g�y�d�•�\�� �i�•�^�� �y�d�b�f�b�� �a�Z�e�y�]�Z�x�l�v �l�_�f�g�h-�k�•�j�•�� �l�Z�� �[�m�j�•��
�^�h�e�h�f�•�l�b�a�h�\�Z�g�•���f�_�j�]�_�e�•���a���j�_�r�l�d�Z�f�b���_�\�j�_�i�l�_�j�b�^�� 
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�L�Z�[�e�b�p�y���� 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���]�_�h�e�h�]�•�q�g�b�o���\�_�j�k�l�\���m���f�_�`�Z�o���D�m�[�Z�q�•�\�k�v�d�h�]�h���d�Z�j�¶�}�j�m�� 
5 �I�_�j�_�r�Z�j�m�\�Z�g�g�y�� �i�Z�q�h�d�� �^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o�� �l�h�\�k�l�h-�i�e�b�l�q�Z�k�l�b�o �l�Z��

�]�j�m�^�d�m�\�Z�l�b�o���\�Z�i�g�y�d�•�\�� 
�������f 

4 �I�_�j�_�r�Z�j�m�\�Z�g�g�y�� �^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o�� �f�_�j�]�_�e�•�\�� �l�Z�� �]�j�m�^�d�m�\�Z�l�b�o�� �•��
�i�e�b�l�q�Z�k�l�b�o�� �\�Z�i�g�y�d�•�\�� �a�•�� �k�l�j�h�f�Z�l�h�i�h�j�Z�f�b�����l�Z�[�m�e�y�l�Z�f�b�� �l�Z��
�q�e�_�g�b�d�Z�f�b���d�j�b�g�h�•�^�_�c�� 

�����f 

3 �I�_�j�_�r�Z�j�m�\�Z�g�g�y�� �i�Z�q�h�d�� �^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o�� �l�h�\�k�l�h-�i�e�b�l�q�Z�k�l�b�o �l�Z��
�]�j�m�^�d�m�\�Z�l�b�o���\�Z�i�g�y�d�•�\�� 

�������f 

2 �I�Z�q�d�b��� �̂h�e�h�f�•�l�b�a�h�\�Z�g�b�o�� �]�j�m�^�d�m�\�Z�l�b�o�� �\�Z�i�g�y�d�•�\�� �a�� �j�_�r�l�d�Z�f�b��
�l�Z�[�m�e�y�l�����h�j�l�h�p�_�j�Z�l�b�^���l�Z���[�j�Z�o�•�h�i�h�^�b�����q�e�_�g�b�d�Z�f�b���d�j�b�g�h�•�^�_�c�� 

�������f 

1  �I�_�j�_�r�Z�j�m�\�Z�g�g�y���l�h�g�d�h-�i�e�b�l�q�Z�k�l�b�o���\�Z�i�g�y�d�•�\���•���f�_�j�]�_�e�•�\ �����f 
 

�;�•�h�k�l�j�Z�l�b�]�j�Z�n�•�q�g�•�� �d�h�f�i�e�_�d�k�b�� �\�d�Z�a�Z�g�b�o�� �\�_�j�k�l�\�� �h�[�¶�}�^�g�Z�g�•�� �m�� ���� �f�•�k�p�_�\�•��
�k�l�j�Z�l�b�]�j�Z�n�•�q�g�•�� �i�•�^�j�h�a�^�•�e�b�� �j�Z�g�]�m�� �k�_�j�•�c���� �Y�j�m�a�v�d�h�€�� �l�Z�� �F�Z�e�b�g�h�\�_�p�v�d�h�€���� �I�_�j�r�Z��
�i�j�_�^�k�l�Z�\�e�_�g�Z�� �\�b�d�e�x�q�g�h�� �\�_�j�o�g�v�h�x�� �q�Z�k�l�b�g�h�x�� �m�k�l�•�\�k�v�d�h�€ �i�•�k�\�•�l�b���� �;�Z�]�h�\�b�p�v�d�h�€��
�k�\�•�l�b�����>�h���g�_�€���\�•�^�g�h�k�y�l�v�k�y���^�h�e�h�f�•�l�b�a�h�\�Z�g�•���f�_�j�]�_�e�•�����s�h���\�•�^�k�e�h�g�x�x�l�v�k�y���g�Z���i�•�\�g�•�q�g�•�c��
�h�d�h�e�b�p�•�� �^�h�k�e�•�^�`�m�\�Z�g�h�]�h�� �j�_�]�•�h�g�m���� �<�h�g�b�� �\�•�^�h�[�j�Z�`�Z�x�l�v�� �a�Z�\�_�j�r�Z�e�v�g�b�c�� �_�l�Z�i��
�k�_�^�b�f�_�g�l�Z�p�•�€���[�Z�k�_�c�g�m���•���i�j�_�^�k�l�Z�\�e�_�g�•���e�Z�]�m�g�g�b�f�b���n�Z�p�•�y�f�b�� 
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�i�j�h�r�Z�j�d�Z�f�b���^�h�e�h�f�•�l�b�a�h�\�Z�g�b�o���f�_�j�]�_�e�•�\���l�Z���f�_�l�Z���[�_�g�l�h�g�•�l�h�\�b�f�b���]�h�j�b�a�h�g�l�Z�f�b�����j�b�k����
1���������M���^�h�k�e�•�^�`�_�g�h�f�m���j�_�]�•�h�g�•���\�d�e�x�q�Z�}���^�\�•���k�\�•�l�b�� 
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�i�•�^�k�\�•�l�b���� �=�h�e�h�k�d�•�\�k�v�d�Z �i�•�^�k�\�•�l�Z�� �k�d�e�Z�^�Z�}�l�v�k�y�� �•�a�� �f�_�j�]�_�e�•�\���� �^�j�•�[�g�h�]�j�m�^�d�\�Z�l�b�o��
�]�e�b�g�b�k�l�b�o�� �l�Z�� �i�e�b�l�q�Z�k�l�b�o�� �\�Z�i�g�y�d�•�\�� �i�h�l�m�`�g�•�k�l�x�� �^�h�� ����-������ �f���� �A�Z�e�y�]�Z�}�� �g�Z��
�^�h�e�h�f�•�l�h�\�b�o���f�_�j�]�_�e�y�o���M�k�l�•�\�k�v�d�h�€���i�•�^�k�\�•�l�b�����2�€���g�b�`�g�x���f�_�`�m���i�j�h�\�h�^�y�l�v���i�h���i�•�^�h�r�\�•��
�i�Z�q�d�b�� �]�j�m�^�d�m�\�Z�l�b�o�� �\�Z�i�g�y�d�•�\�� ���©�f�Z�e�b�g�h�\�_�p�v�d�b�c�� �d�Z�j�g�b�a�ª���� �i�h�l�m�`�g�•�k�l�x�� �������² �������� �f����
�y�d�•�� �f�•�k�l�y�l�v�� �q�b�k�e�_�g�g�•�� �[�j�Z�o�•�h�i�h�^�b���� �<�•�^�k�e�h�g�_�g�g�y�� �\�d�Z�a�Z�g�h�]�h�� �]�h�j�b�a�h�g�l�m�� �\�b�o�h�^�y�l�v�� �g�Z��
�^�_�g�g�m�� �i�h�\�_�j�o�g�x�� �[�•�e�y�� �j�m�k�e�Z�� �j���� �K�f�h�l�j�b�q�� �\�� �f�_�`�Z�o�� �k���� �I�m�^�e�•�\�p�•�� �•�� �\�b�s�_�� �a�Z�� �l�_�q�•�}�x���� �M��
�l�h�\�s�•�� �]�j�m�^�d�m�\�Z�l�b�o�� �\�Z�i�g�y�d�•�\�� �l�j�Z�i�e�y�x�l�v�k�y�� �k�d�m�i�q�_�g�g�y�� �j�_�r�l�h�d�� �f�h�j�k�v�d�b�o�� �e�•�e�•�c�� �l�Z��
�d�h�j�Z�e�•�\�� ���d�j�b�g�h�€�^�g�h-�d�h�j�Z�e�h�\�•�� �[�•�h�]�_�j�f�b���� �d�Z�j�Z�\�Z�}�i�h�^�•�[�g�h�€�� �n�h�j�f�b���� �M�� �j�Z�c�h�g�•��
�^�h�k�e�•�^�`�_�g�g�y�� �\�� �^�h�e�b�g�•�� �j���� �K�f�h�l�j�b�q�� �g�Z�� �i�h�\�_�j�o�g�x�� �\�b�o�h�^�b�l�v�� �e�b�r�_�� �\�_�j�o�g�y�� �q�Z�k�l�b�g�Z��
�i�•�^�k�\�•�l�b���i�j�_�^�k�l�Z�\�e�_�g�Z���f�_�j�]�_�e�y�f�b���l�Z���^�h�e�h�f�•�l�Z�f�b�����A�h�d�j�_�f�Z���[�•�e�y���G�h�\�h�i�e�Z�g�•�\�k�v�d�h�]�h��
�f�h�k�l�m���\�•�^�k�e�h�g�x�x�l�v�k�y���^�h���\�b�k�h�l�b�������f�����g�Z�^���j�m�k�e�h�f���� �M���^�h�e�b�g�•���j���� �F�m�d�r�Z���j�h�a�f�•�s�_�g�Z��
�g�b�`�q�_�� �[�Z�a�b�k�m�� �_�j�h�a�•�€��(�j�b�k�� 2). �Y�k�d�j�Z�\�b�f�� �k�\�•�^�q�_�g�g�y�f�� �j�•�a�d�h�€�� �a�f�•�g�b��
�i�Z�e�_�h�]�_�h�]�j�Z�n�•�q�g�b�o�� �m�f�h�\�� �l�m�l�� �}�� �i�h�\�_�j�o�g�•�� �g�Z�i�e�Z�k�l�m�\�Z�g�g�y�� �a�•�� �k�d�Z�f�¶�y�g�•�e�b�f�b��
�©�l�Z�d�b�j�Z�f�b�ª�����y�d�•���^�_�f�h�g�k�l�j�m�x�l�v���\�k�l�Z�g�h�\�e�_�g�g�y���d�h�g�l�b�g�_�g�l�Z�e�v�g�b�o���m�f�h�\���� 
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�n�h�j�f�m�x�l�v�� �]�j�m�^�d�m�\�Z�l�•�� �\�Z�i�g�y�d�b���� �s�h�� �m�\�_�j�o�� �i�h�� �j�h�a�j�•�a�m�� �i�_�j�_�o�h�^�y�l�v�� �\�� �q�_�j�]�m�\�Z�g�g�y��
�i�e�b�l�q�Z�k�l�b�o�� �•�� �^�_�l�j�b�l�h�\�b�o�� �a�� �^�h�e�h�f�•�l�b�a�h�\�Z�g�b�f�b�� �f�_�j�]�_�e�y�f�b���� �I�h�l�m�`�g�•�k�l�v���^�h�� ������ �f����
�O�Z�j�Z�d�l�_�j�g�h�x�� �h�k�h�[�e�b�\�•�k�l�x�� �l�h�\�s�•�� �}�� �i�h�r�b�j�_�g�g�y�� �� �f�_�l�Z�[�_�g�l�h�g�•�l�h�\�b�o�� �]�h�j�b�a�h�g�l�•�\����
�H�k�l�Z�g�g�•�� �e�_�]�d�h�� �\�b�\�•�l�j�x�x�l�v�k�y���� �?�j�h�a�•�c�g�•�� �g�•�r�•�� �€�o�� �]�h�j�b�a�h�g�l�m�� �a�� �\�•�^�^�Z�e�•�� �k�i�j�b�c�f�Z�}�l�v�k�y��
�y�d�� �]�h�j�b�a�h�g�l�Z�e�v�g�•�� �j�h�a�e�h�f�b�� �f�•�`�� �i�h�l�m�`�g�b�f�b�� �[�e�h�d�Z�f�b�� �i�h�j�•�^���� �1�g�n�h�j�f�Z�p�•�x�� �i�j�h��
�n�h�j�f�m�\�Z�g�g�y�� �f�_�l�Z�[�_�g�l�h�g�•�l�•�\�� �^�h�p�•�e�v�g�h�� �i�h�^�Z�\�Z�l�b�� �\�� �d�h�g�l�_�d�k�l�•�� �]�e�h�[�Z�e�v�g�b�o��
�d�Z�l�Z�k�l�j�h�n�•�q�g�b�o�� �i�h�^�•�c�� �l�•�}�€�� �_�i�h�o�b���� �a�m�f�h�\�e�_�g�b�o�� �Z�d�l�b�\�•�a�Z�p�•�}�x�� �\�m�e�d�Z�g�•�a�f�m�� �\��
�=�j�Z�f�i�•�Z�g�k�v�d�•�c���a�h�g�•���l�Z���\�k�l�Z�g�h�\�e�_�g�g�y���m�f�h�\���[�e�b�a�v�d�b�o���^�h���g�Z�k�e�•�^�d�•�\���©�y�^�_�j�g�h�€���a�b�f�b�ª�� 
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�\�_�j�k�l�\�Z�f�b�� �n�h�j�f�m�}�� �i�_�j�_�o�•�^�g�b�c�� �_�j�h�a�•�c�g�b�c�� �]�h�j�b�a�h�g�l���� �a�Z�d�j�•�i�e�_�g�b�c�� �q�Z�]�Z�j�g�b�d�h�\�h�x��
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�\�_�j�o�g�•�c�� �q�Z�k�l�b�g�•�� �q�_�j�]�m�x�l�v�k�y�� �•�a�� �i�j�h�r�Z�j�d�Z�f�b�� �f�_�j�]�_�e�•�\���� �I�h�j�h�^�b�� �j�h�a�f�•�s�_�g�•�� �\�b�s�_��
�\�j�•�a�m �j�m�k�_�e�� �K�f�h�l�j�b�q�Z�� �l�Z�� �F�m�d�r�•���� �N�h�j�f�m�x�l�v�� �\�_�j�o�g�•�� �q�Z�k�l�b�g�b�� �k�o�b�e�•�\�� �l�Z�� �p�h�d�h�e�•�\��
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�i�j�h�r�Z�j�d�Z�f�b���f�_�j�]�_�e�•�\���l�Z���^�_�l�j�b�l�h�\�b�o���\�Z�i�g�y�d�•�\�����I�h�l�m�`�g�•�k�l�v���^�h�������f�����G�b�`�g�x���f�_�`�m��
�k�h�d�•�e�v�k�v�d�h�€�� �i�•�^�k�\�•�l�b�� �i�j�h�\�h�^�y�l�v�� �i�h�� �i�•�^�h�r�\�•�� �]�j�m�^�d�m�\�Z�l�b�o�� �\�Z�i�g�y�d�•�\���� �s�h�� �a�Z�e�y�]�Z�x�l�v��
�g�Z�� �[�_�g�l�h�g�•�l�h�\�h�f�m�� �]�h�j�b�a�h�g�l�•���� �I�h�j�h�^�b�� �f�Z�x�l�v�� �g�b�`�q�m�� �_�j�h�a�•�c�g�m�� �k�l�•�c�d�•�k�l�v�� �i�h�j�•�\�g�y�g�h��
�•�a�� �i�•�^�k�l�_�e�Z�x�q�b�f�b���� �s�h�� �\�b�y�\�e�y�}�l�v�k�y�� �m�� �\�b�i�h�e�h�`�_�g�g�•�� �\�_�j�o�g�•�o�� �^�•�e�y�g�h�d�� �k�o�b�e�•�\�� �l�Z��
�j�h�a�\�b�l�d�m�� �l�m�l�� �^�_�j�_�\�g�h�€�� �j�h�k�e�b�g�g�h�k�l�•���� �A�Z�a�\�b�q�Z�c�� �i�h�j�h�^�b�� �i�_�j�_�d�j�b�l�•�� �^�_�e�x�\�•�Z�e�v�g�b�f�b��
�\�•�^�d�e�Z�^�Z�f�b�� �•�� �€�o�� �d�h�j�•�g�g�•�� �\�•�^�k�e�h�g�_�g�g�y�� �f�h�`�g�Z�� �k�i�h�k�l�_�j�•�]�Z�l�b�� �e�b�r�_�� �m�� �k�i�_�p�•�Z�e�v�g�h��
�j�h�a�q�b�s�_�g�b�o���f�•�k�p�y�o�����\�•�^�k�e�h�g�_�g�g�y �g�Z�^���©�e�_�[�_�^�b�g�b�f���h�a�_�j�h�f�ª���������A�g�Z�q�g�Z���d�h�g�p�_�g�l�j�Z�p�•�y��
�n�h�k�b�e�•�c�� �m�� �f�¶�y�d�b�o�� �^�_�l�j�b�l�h�\�b�o�� �\�Z�i�g�y�d�Z�o�� �l�Z�� �f�_�j�]�_�e�y�o���� �^�h�a�\�h�e�y�x�l�v�� �g�Z�\�•�l�v��
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�Z�[�k�h�e�x�l�g�b�c���\�•�d���p�b�o���i�h�j�•�^���± 426-���������������“�����������f�e�g���j�� 

�D�h�g�•�\�k�v�d�Z �k�\�•�l�Z�� �\�•�^�i�h�\�•�^�Z�}�� �D�h�g�•�\�k�v�d�h�f�m�� �]�h�j�b�a�h�g�l�m���� �L�b�j�b�l�k�v�d�h�]�h �j�_�]�•�h�y�j�m�k�m����
�<�•�g�� �d�h�j�_�e�x�}�l�v�k�y�� �•�a�� �g�b�`�g�v�h�x�� �q�Z�k�l�b�g�h�x�� �E�m�^�n�h�j�^�k�v�d�h�]�h�� �y�j�m�k�m�� ���a�h�g�Z��
Saetograptusleintwarbinensis�������\�_�j�o�g�v�h�]�h���E�m�^�e�h�\�m�����:�[�k�h�e�x�l�g�b�c���\�•�d���n�h�j�f�Z�p�•�€���± 
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�J�b�k�����������<�•�^�k�e�h�g�_�g�g�y���k�h�d�•�e�v�k�v�d�b�o���\�_�j�k�l�\���m���f�_�`�Z�o���©�E�_�[�_�^�b�g�h�]�h���h�a�_�j�Z�ª 

 
425,6-�����������“�����������f�e�g���j�����<�•�^�d�e�Z�^�b���P�\�•�d�e�•�\�k�v�d�h�€���k�\�•�l�b���\�•�^�g�h�k�y�l�v�k�y���^�h���L�Z�]�j�b�g�k�v�d�h�]�h��
�]�h�j�b�a�h�g�l�m���M�e�b�p�v�d�h�]�h �j�_�]�•�h�y�j�m�k�m�����s�h���\�•�^�i�h�\�•�^�Z�}���k�_�j�_�^�g�•�c���q�Z�k�l�b�g�•���E�m�^�n�h�j�^�k�v�d�h�]�h��
�y�j�m�k�m�����a�h�g�Z���1�H�R�F�X�F�X�O�Rgraptus kozlowskii�������<�•�d���± 424-���������������“�����������f�e�g���j�� 

�A�Z�]�Z�e�h�f�� �Z�g�Z�e�•�a�� �k�l�j�m�d�l�m�j�b�� �k�b�e�m�j�•�c�k�v�d�b�o�� �\�•�^�d�e�Z�^�•�\���� �s�h�� �m�l�\�h�j�x�x�l�v�� �d�Z�g�v�c�h�g�g�m��
�q�Z�k�l�b�g�m�� �^�h�e�b�g�b�� �j���� �K�f�h�l�j�b�q���� �l�Z�� �d�h�j�_�e�y�p�•�y�� �€�o�� �a�� �_�l�Z�e�h�g�g�b�f�b�� �Z�g�Z�e�h�]�Z�f�b�� �F�K�R��
�\�d�Z�a�m�}���g�Z���E�m�^�e�h�\�k�v�d�b�€�����i�•�a�g�•�c���=�h�j�k�•�Z�g�•�c���± �i�h�q�Z�l�h�d���E�m�^�n�h�j�l�•�Z�g�m�����\�•�d���n�h�j�f�Z�p�•�€�����M��
�Z�[�k�h�e�x�l�g�•�c���o�j�h�g�h�e�h�]�•�€���p�_���\�•�^�l�b�g�h�d���q�Z�k�m �f�•�`����������-���������������“�����������f�e�g�����j�� 

�I�•�k�e�y�� �n�h�j�f�m�\�Z�g�g�y�� �k�b�e�m�j�•�c�k�v�d�b�o�� �h�k�Z�^�h�\�b�o�� �n�h�j�f�Z�p�•�c���� �•�g�n�h�j�f�Z�p�•�y�� �i�j�h��
�h�k�Z�^�d�h�g�Z�d�h�i�b�q�_�g�g�y�� �\�� �f�_�`�Z�o�� �^�h�k�e�•�^�`�m�\�Z�g�•�c�� �l�_�j�b�l�h�j�•�€�� �\�•�^�k�m�l�g�y���� �P�_�� �f�h�`�_�� �[�m�l�b��
�g�Z�k�e�•�^�d�h�f�� �\�k�l�Z�g�h�\�e�_�g�g�y�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�b�o�� �m�f�h�\�� �•�a�� �i�•�a�g�v�h�]�h�� �k�b�e�m�j�m���� �q�b��
�j�_�a�m�e�v�l�Z�l�h�f���^�_�g�m�^�Z�p�•�€. 

�I�h�j�h�^�b�� �d�j�_�c�^�h�\�h�]�h�� �\�•�d�m�� �i�h�r�b�j�_�g�•�� �g�Z�� �\�h�^�h�^�•�e�v�g�b�o�� �h�k�l�Z�g�p�y�o���� �Z�� �l�Z�d�h�`���� �y�d��
�i�_�j�_�\�•�^�d�e�Z�^�_�g�b�c�� �f�Z�l�_�j�•�Z�e�� �\�� �f�_�`�Z�o�� �[�Z�a�Z�e�v�g�h�]�h�� �]�h�j�b�a�h�g�l�m�� �f�•�h�p�_�g�m�� �l�Z�� �h�k�Z�^�h�\�b�o��
�q�h�o�e�•�\�� �\�b�k�h�d�b�o�� �� ���1�9�� �•�� �\�b�s�_���� �g�Z�^�a�Z�i�e�Z�\�g�b�o�� �l�_�j�Z�k���� �I�h�l�m�`�g�•�k�l�v�� �l�h�\�s�•���� �a�Z��
�[�•�[�e�•�h�]�j�Z�n�•�q�g�b�f�b���^�Z�g�b�f�b�����g�_���i�_�j�_�\�b�s�m�}�������f�� �<�•�a�m�Z�e�v�g�•���\�•�^�k�e�h�g�_�g�g�y���\�k�l�Z�g�h�\�e�_�g�•��
�g�Z�� �i�•�\�^�_�g�g�•�c�� �h�d�h�e�b�p�•�� �j�_�]�•�h�g�m�� �^�h�k�e�•�^�`�_�g�g�y�� �[�•�e�y�� �i�h�^�j�•�[�g�x�\�Z�e�v�g�h�]�h�� �p�_�o�m��
�A�m�[�j�•�\�k�v�d�h�]�h�� �d�Z�j�¶�}�j�m �l�Z�� �\�� �f�_�`�Z�o�� �\�•�^�k�e�h�g�_�g�g�y�� �m�� �i�j�b�i�e�Z�d�h�j�g�•�c�� �q�Z�k�l�b�g�•�� �k�o�b�e�m�� �j����
�K�f�h�l�j�b�q���� �<�•�^�d�e�Z�^�b�� �a�Z�e�y�]�Z�x�l�v�� �l�j�Z�g�k�]�j�_�k�b�\�g�h�� �a�� �d�m�l�h�\�b�f�b�� �g�_�m�a�]�h�^�`�_�g�g�y�f�b�� �g�Z��
�_�j�h�^�h�\�Z�g�•�c�� �k�b�e�m�j�•�c�k�v�d�•�c�� �i�h�\�_�j�o�g�•���� �A�Z�]�Z�e�v�g�Z�� �h�j�•�}�g�l�Z�p�•�y�� �i�e�Z�k�l�•�\�� �]�h�j�b�a�h�g�l�Z�e�v�g�Z�� �g�Z��
�\�^�f�•�g�m�� �\�•�^�� �f�h�g�h�d�e�•�g�Z�e�v�g�h�]�h�� �a�Z�e�y�]�Z�g�g�y�� �i�Z�e�_�h�a�h�c�k�v�d�b�o�� �l�Z�� �\�_�g�^�k�v�d�b�o�� �d�h�f�i�e�_�d�k�•�\����
�s�h�� �j�h�a�f�•�s�_�g�•�� �g�b�`�q�_���� �I�h�j�h�^�b�� �k�d�e�Z�^�_�g�•�� �k�i�h�g�]�•�e�•�l�Z�f�b�� ���h�i�h�d�Z�f�b������ �]�e�Z�m�d�h�g�•�l�h�\�b�f�b��
�i�•�k�d�Z�f�b�� �l�Z�� �i�•�s�Z�g�b�f�b�� �]�e�b�g�Z�f�b�� �a�� �\�d�e�x�q�_�g�g�y�� �k�e�Z�[�h���h�[�d�Z�l�Z�g�h�€���d�j�_�f�_�g�b�k�l�h�€���]�Z�e�v�d�b����
�M�� �h�k�g�h�\�•�� �\�b�h�d�j�_�f�e�x�}�l�v�k�y�� �[�Z�a�Z�e�v�g�b�c�� �]�h�j�b�a�h�g�l�� �k�d�e�Z�^�_�g�b�c�� �]�Z�e�v�d�h�x�� �k�b�e�m�j�•�c�k�v�d�b�o��
�\�Z�i�g�y�d�•�\�� �l�Z�� �k�\�•�l�e�h-�`�h�\�l�b�o�� �i�•�k�d�h�\�b�d�•�\���� �A�Z�� �[�•�h�k�l�j�Z�l�b�]�j�Z�n�•�q�g�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b��
(Exogyra Conica, Inoceramussp.���� �l�Z�� �d�h�j�_�e�y�p�•�x�� �a�� �Z�g�Z�e�h�]�•�q�g�b�f�b�� �\�•�^�d�e�Z�^�Z�f�b��



200 
 

�i�j�b�e�_�]�e�b�o�� �j�_�]�•�h�g�•�\�� �p�_���± �k�_�g�h�f�Z�g�k�v�d�b�c�� �y�j�m�k�� �\�_�j�o�g�v�h�€�� �d�j�_�c�^�b�� ���� �•�g�l�_�j�\�Z�e��100,5 - 
���������f�e�g).  

�G�_�h�]�_�g�h�\�•�� �\�•�^�d�e�Z�^�b�� �a�h�k�_�j�_�^�`�_�g�•�� �g�Z�� �\�h�^�h�^�•�e�Z�o�� �l�Z�� �p�h�d�h�e�y�o�� �\�b�k�h�d�b�o�� �l�_�j�Z�k����
�A�Z�e�y�]�Z�x�l�v�� �g�Z�� �k�_�g�h�f�Z�g�k�v�d�b�o�� �\�•�^�d�e�Z�^�Z�o���� �Z�� �l�Z�d�h�`�� �g�Z�� �k�b�e�m�j�•�c�k�v�d�b�o�� �_�j�h�a�•�c�g�b�o��
�h�k�l�Z�g�p�y�o���� �A�Z�]�Z�e�v�g�Z�� �h�j�•�}�g�l�Z�p�•�y�� �i�e�Z�k�l�•�\�� �]�h�j�b�a�h�g�l�Z�e�v�g�Z���� �D�h�f�i�e�_�d�k�� �i�h�^�•�e�y�}�l�v�k�y�� �g�Z��
�f�•�h�p�_�g�h�\�•���l�Z���i�e�•�h�p�_�g�h�\�•���l�h�\�s�•�� 

�F�•�h�p�_�g�h�\�•�� �\�•�^�d�e�Z�^�b�� �m�l�\�h�j�_�g�•�� �\�� �f�_�`�Z�o�� �f�•�e�d�h�\�h�^�g�b�o�� �\�•�^�d�j�b�l�b�o�� �f�h�j�k�v�d�b�o��
�[�Z�k�_�c�g�•�\�� �m�� �^�\�Z�� �_�l�Z�i�b���� �I�_�j�_�r�b�c�� �_�l�Z�i�� �\�•�^�i�h�\�•�^�Z�}�� �L�h�j�l�h�g�k�v�d�h�f�m�� �y�j�m�k�m�� ���•�g�l�_�j�\�Z�e��
11,6-�������� �f�e�g�� �j������ �I�h�j�h�^�b�� �i�j�_�^�k�l�Z�\�e�_�g�•�� ��-�l�b�� �f�_�l�j�h�\�b�f�� �]�e�b�g�b�k�l�b�f�� �]�h�j�b�a�h�g�l�h�f�� �m��
�h�k�g�h�\�•���� �s�h�� �a�f�•�g�x�}�l�v�k�y�� �l�h�\�s�_�x�� �h�j�]�Z�g�h�]�_�g�g�h-�^�_�l�j�b�l�h�\�b�o �e�•�l�h�l�Z�f�g�•�}�\�b�o�� �\�Z�i�g�y�d�•�\����
�i�h�l�m�`�g�•�k�l�x�� �^�h�� ������ �f���� �G�b�`�g�v�h�k�Z�j�f�Z�l�k�v�d�b�c �i�•�^�y�j�m�k 7,24-���� �f�e�g�� �j�� �\�•�^�i�h�\�•�^�Z�}��
�^�j�m�]�h�f�m�� �_�l�Z�i�m�� �h�k�Z�^�d�h�n�h�j�f�m�\�Z�g�g�y���� �I�h�j�h�^�b�� �a�Z�e�y�]�Z�x�l�v�� �\�b�d�e�x�q�g�h�� �g�Z�� �a�[�_�j�_�`�_�g�b�o��
�l�h�j�l�h�g�k�v�d�b�o�� �]�h�j�b�a�h�g�l�Z�o���� �I�j�_�^�k�l�Z�\�e�_�g�•�� �h�j�]�Z�g�h�]�_�g�g�h-�^�_�l�j�b�l�h�\�b�f�b�� �\�Z�i�g�y�d�Z�f�b���� �y�d�•��
�m�\�_�j�o�� �i�h�� �j�h�a�j�•�a�m�� �a�Z�f�•�s�m�x�l�v�k�y�� �]�e�b�g�Z�f�b���� �i�•�k�d�Z�f�b�� �l�Z�� �f�m�e�b�k�l�b�f�b�� �\�•�^�d�e�Z�^�Z�f�b����
�A�Z�]�Z�e�v�g�Z���i�h�l�m�`�g�•�k�l�v���^�h���������f�����M���f�_�`�Z�o���^�h�k�e�•�^�`�m�\�Z�g�h�€���l�_�j�b�l�h�j�•�€���[�_�a�i�h�k�_�j�_�^�g�v�h���g�_��
�\�•�^�k�e�h�g�x�x�l�v�k�y�� �h�^�g�Z�d�� �\�•�^�•�]�j�Z�x�l�v�� �k�m�l�l�}�\�m�� �j�h�e�v�� �m�� �n�h�j�f�m�\�Z�g�g�•�� �j�_�e�v�}�n�m��
�g�Z�^�d�Z�g�v�c�h�g�g�h�€���q�Z�k�l�b�g�b���^�h�e�b�g�b���j�����K�f�h�l�j�b�q�� 

�I�e�•�h�p�_�g�h�\�•�� �\�•�^�d�e�Z�^�b�� �K�n�h�j�f�m�\�Z�e�b�k�y�� �g�Z�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�h�f�m�� �_�l�Z�i�•�� �j�h�a�\�b�l�d�m��
�l�_�j�b�l�h�j�•�€�� �\�g�Z�k�e�•�^�h�d�� �i�j�h�y�\�m�� �Z�e�v�i�•�c�k�v�d�h�€�� �k�d�e�Z�^�q�Z�k�l�h�k�l�•�� �l�Z�� �\�•�^�k�l�m�i�m�� �k�Z�j�f�Z�l�k�v�d�h�]�h��
�f�h�j�y�����A�Z�]�Z�e�h�f���p�_���\�•�^�d�e�Z�^�b���j�_�e�•�d�l�h�\�b�o���j�•�q�d�h�\�b�o���^�h�e�b�g���k�m�[�r�b�j�h�l�g�h�€���h�j�•�}�g�l�Z�p�•�€�����s�h��
�i�j�h�k�l�_�`�m�x�l�v�k�y�� �g�Z�� �\�h�^�h�^�•�e�Z�o���� �A�h�k�_�j�_�^�`�_�g�•�� �g�Z�� �k�o�b�e�Z�o�� �\�h�^�h�^�•�e�v�g�b�o�� �h�k�l�Z�g�p�•�\����
�;�•�^�g�•�k�l�v�� �h�j�]�Z�g�•�q�g�h�]�h�� �k�d�e�Z�^�m�� �g�_�� �^�h�a�\�h�e�y�}�� �h�^�g�h�a�g�Z�q�g�h�� �•�^�_�g�l�b�n�•�d�m�\�Z�l�b�� �€�o�� �y�d��
�i�e�_�c�k�l�h�p�_�g�h�\�•�� �l�h�f�m�� �m�� �g�Z�m�d�h�\�b�o�� �i�m�[�e�•�d�Z�p�•�y�o�� �€�o�� �j�h�a�]�e�y�^�Z�x�l�v���� �y�d�� �i�e�•�h�p�_�g-
�j�Z�g�g�v�h�i�e�_�c�k�l�h�p�_�g�h�\�•�� �m�l�\�h�j�_�g�g�y�� �k�i�•�\�k�l�Z�\�g�•�� �i�h�� �\�•�d�m�� �•�a�� �Z�e�x�\�•�}�f�� �g�Z�^�d�Z�g�v�c�h�g�g�b�o��
�l�_�j�Z�k���j�����>�g�•�k�l�_�j�� ���\�b�s�_���9�������������A�Z���e�•�l�h�e�h�]�•�q�g�b�f�b���h�k�h�[�e�b�\�h�k�l�y�f�b���j�h�a�j�•�a�g�y�x�l�v�k�y���^�\�•��
�n�Z�p�•�€���� �a�Z�i�e�Z�\�g�Z�� �k�d�e�Z�^�_�g�Z�� �^�j�•�[�g�h�x�� �^�h�[�j�_�� �h�[�d�Z�l�Z�g�h�x�� �d�j�_�f�g�b�k�l�h-�i�•�k�d�h�\�b�d�h�\�h�x��
�]�Z�e�v�d�h�x���i�_�j�_�\�Z�`�g�h���f�•�k�p�_�\�h�]�h���i�h�o�h�^�`�_�g�g�y���•�a���\�d�e�x�q�_�g�g�y�f���l�j�Z�g�a�b�l�g�h�]�h���f�Z�l�_�j�•�Z�e�m��
�•�a�� �i�h�j�•�^�� �d�Z�j�i�Z�l�k�v�d�h�€�� �a�h�g�b�� �k�d�e�Z�^�q�Z�k�l�h�k�l�•���� �a�Z�i�e�Z�\�g�Z�� �k�d�e�Z�^�_�g�Z�� �i�•�s�Z�g�b�f�� �l�Z��
�]�e�b�g�b�k�l�b�f���f�Z�l�_�j�•�Z�e�h�f�����A�Z�]�Z�e�v�g�Z���i�h�l�m�`�g�•�k�l�v���Z�e�x�\�•�x���^�h���������f�� �:�e�x�\�•�c���i�h�r�b�j�_�g�b�c��
�g�Z�� �i�e�h�s�Z�^�d�Z�o�� �l�_�j�Z�k�� �g�Z�^�d�Z�g�v�c�h�g�g�h�€�� �q�Z�k�l�b�g�b�� �l�_�j�Z�k�� �j���� �K�f�h�l�j�b�q�� �a�h�d�j�_�f�Z�� �\�� �j�Z�c�h�g�•��
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�i�j�h�l�y�]�h�f �m�k�v�h�]�h�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�h�]�h�� �_�l�Z�i�m �j�h�a�\�b�l�d�m�� �•�� �\�•�^�g�_�k�_�g�•�� �^�h��
�g�_�j�h�a�q�e�_�g�h�\�Z�g�b�o���� �K�_�j�_�^ �g�b�o �g�Z�c�[�•�e�v�r�m�� �j�h�e�v�� �\�•�^�•�]�j�Z�x�l�v �^�_�e�x�\�•�Z�e�v�g�•, 
�i�j�h�e�x�\�•�Z�e�v�g�•���l�Z���d�h�e�x�\�•�Z�e�v�g�• �g�Z�]�j�h�f�Z�^�`�_�g�g�y�� 

�>�_�e�x�\�•�Z�e�v�g�• �\�•�^�d�e�Z�^�b �i�h�\�¶�y�a�Z�g�•�� �a�� �j�Z�c�h�g�Z�f�b�� �•�g�l�_�g�k�b�\�g�h �j�h�a�q�e�_�g�h�\�Z�g�h�]�h 
�j�_�e�v�}�n�m ���d�Z�g�v�c�h�g�g�h�x�� �q�Z�k�l�b�g�h�x�� �^�h�e�b�g�b������ �>�_�e�x�\�•�Z�e�v�g�• �r�e�_�c�n�b �k�o�b�e�•�\ �f�Z�x�l�v 
�g�_�h�^�g�h�j�•�^�g�m �[�m�^�h�\�m�� �•�� �a�Z�� �o�Z�j�Z�d�l�_�j�h�f�� �h�k�Z�^�d�h�g�Z�]�j�h�f�Z�^�`�_�g�g�y �i�h�^�•�e�y�x�l�v�k�y�� �g�Z�� �l�j�b��
�q�Z�k�l�b�g�b���a���\�e�Z�k�l�b�\�b�f�b �€�f �j�•�a�g�h�\�b�^�g�h�k�l�y�f�b �^�_�e�x�\�•�x�����i�j�b�\�_�j�r�b�g�g�m�����p�_�g�l�j�Z�e�v�g�m���l�Z��
�i�_�j�b�n�_�j�•�c�g�m���� 

�G�Z�� �d�j�m�l�b�o�� �k�o�b�e�Z�o�� ���^�h�� ����-�����ƒ���� �f�•�k�p�y�f�b�� �[�•�e�v�r�_������ �o�Z�j�Z�d�l�_�j�g�b�o�� �^�e�y�� �i�j�y�f�b�o��
�^�•�e�y�g�h�d�� �d�Z�g�v�c�h�g�h�i�h�^�•�[�g�b�o�� �^�h�e�b�g�� �•�� �i�h�[�m�^�h�\�Z�g�b�o�� �i�Z�e�_�h�a�h�c�k�v�d�b�f�b�� �i�h�j�h�^�Z�f�b����
�f�Z�c�`�_���^�\�•���l�j�_�l�b�g�b���k�o�b�e�m���i�j�b�i�Z�^�Z�}���g�Z���q�Z�k�l�d�m���^�_�g�m�^�Z�p�•�c�g�h�€���q�Z�k�l�b�g�b���•���e�b�r�_���g�b�`�g�y��
�q�Z�k�l�b�g�Z���}���Z�d�m�f�m�e�y�l�b�\�g�b�f���r�e�_�c�n�h�f�����s�h���k�d�e�Z�^�_�g�b�c���`�h�j�k�l�\�¶�y�g�h-�s�_�[�•�g�q�Z�k�l�h- 
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�m�e�Z�f�d�h�\�b�f�� �f�Z�l�_�j�•�Z�e�h�f ���j�b�k���� �������� �R�b�j�b�g�Z�� �l�Z�d�b�o�� �r�e�_�c�n�•�\�� ����-������ �f���� �i�h�l�m�`�g�•�k�l�v��
�Z�e�x�\�•�x����-�����f�����a�j�•�^�d�Z���[�•�e�v�r�_�� 

�>�_�e�x�\�•�Z�e�v�g�•�� �r�e�_�c�n�b�� �i�h�e�h�]�b�o�� �k�o�b�e�•�\�� �\�b�]�g�m�l�b�o�� �f�_�Z�g�^�j�•�\���� �Z�� �l�Z�d�h�`�� �j�Z�c�h�g�•�\��
�j�h�a�\�b�l�d�m�� �\�g�m�l�j�•�d�Z�g�v�c�h�g�g�b�o�� �l�_�j�Z�k�� �m�� �h�k�g�h�\�•�� �j�h�a�j�•�a�•�\�� �k�d�e�Z�^�_�g�•�� �^�j�•�[�g�h�m�e�Z�f�d�h�\�b�f��
�i�h�]�Z�g�h�� �\�•�^�k�h�j�l�h�\�Z�g�b�f�� �f�Z�l�_�j�•�Z�e�h�f�� ���s�_�[�_�g�_�f���� �a�� �i�•�s�Z�g�b�f�� �Z�[�h�� �k�m�i�•�s�Z�g�h-
�k�m�]�e�b�g�b�k�l�b�f���a�Z�i�h�\�g�x�\�Z�q�_�f�� 

�M�g�•�d�Z�e�v�g�b�f�b�� �\�•�^�d�e�Z�^�Z�f�b�� �}�� �l�j�Z�\�_�j�l�b�g�b���� �s�h�� �n�h�j�f�m�x�l�v�k�y�� �m�� �f�•�k�p�y�o�� �\�b�o�h�^�m��
�i�•�^�a�_�f�g�b�o�� �\�h�^�� �a�[�Z�]�Z�q�_�g�b�o�� �d�Z�e�v�p�b�l�h�f���� �<�h�g�b�� �n�h�j�f�m�x�l�v�� �i�h�d�j�b�\�b���� �y�d�•�� �q�•�l�d�h��
�\�b�^�•�e�y�x�l�v�k�y�� �g�Z�� �l�e�•�� �k�b�e�m�j�•�c�k�v�d�b�o�� �\�•�^�d�e�Z�^�•�\�� �d�Z�g�v�c�h�g�m�� ���k�l�j�m�d�l�m�j�g�•�� �d�Z�j�g�b�a�b��
�\�h�^�h�k�i�Z�^�m�� �i�•�^�� �©�e�_�[�_�^�b�g�b�f�� �h�a�_�j�h�f�ª���� �e�•�\�b�c�� �i�j�y�f�h�\�b�k�g�b�c�� �k�o�b�e �\�� �j�Z�c�h�g�•�� �k����
�P�b�[�m�e�•�\�d�Z������ �A�j�m�q�g�b�f�� �^�e�y�� �h�]�e�y�^�m�� �}�� �\�h�^�g�b�c�� �f�Z�j�r�j�m�l�� �•�a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f��
�i�e�Z�\�a�Z�k�h�[�•�\�� 

�N�h�j�f�m�\�Z�g�g�y���i�Z�e�_�h�g�l�h�e�h�]�•�q�g�h�€���l�Z���f�•�g�_�j�Z�e�h�]�•�q�g�b�o���_�d�k�i�h�a�b�p�•�c���g�Z���[�Z�a�•���f�•�k�p�_�\�h�]�h��
�e�•�l�h�e�h�]�•�q�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�� �m�� �f�m�a�_�c�g�b�o�� �i�j�b�f�•�s�_�g�g�y�o���� �^�h�a�\�h�e�y�}�� �q�Z�k�l�d�h�\�h�� �m�k�m�g�m�l�b��
�a�Z�e�_�`�g�•�k�l�v�� �h�j�]�Z�g�•�a�Z�p�•�€�� �]�_�h�l�m�j�b�k�l�b�q�g�b�o�� �a�Z�k�h�[�•�\�� �\�•�^�� �i�h�]�h�^�g�•�o�� �m�f�h�\���� �Z�� �l�Z�d�h�`��
�i�•�^�d�j�_�k�e�b�l�b���_�k�l�_�l�b�q�g�•���y�d�h�k�l�•���_�d�k�i�h�g�Z�l�•�\���a�Z�k�h�[�Z�f�b���i�j�_�i�Z�j�m�\�Z�g�g�y���l�Z���j�_�k�l�Z�\�j�Z�p�•�€�� 
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�r�e�y�o�Z�f�b�� �^�h�i�h�\�g�x�x�q�b�� �€�o�� �Z�[�h�� �^�h�a�\�h�e�y�}�� �k�n�h�j�f�m�\�Z�l�b�� �h�d�j�_�f�b�c�� �l�m�j�b�k�l�b�q�g�b�c��
�i�j�h�^�m�d�l�� �^�e�y�� �\�•�^�\�•�^�m�\�Z�q�•�\���� �s�h�� �\�`�_�� �a�g�Z�c�h�f�•�� �a�� �•�k�l�h�j�b�d�h-�Z�j�o�•�l�_�d�l�m�j�g�b�f�b�� �h�[�¶�}�d�l�Z�f�b����
�I�h�}�^�g�Z�g�g�y�� �^�h�\�•�^�d�h�\�h�€�� �•�g�n�h�j�f�Z�p�•�€�� �i�j�h�� �]�•�j�k�v�d�•�� �i�h�j�h�^�b�� �•�� �n�h�j�f�b�� �j�_�e�v�}�n�m�� �a��
�^�b�g�Z�f�•�q�g�b�f�� �h�i�b�k�h�f�� �i�j�h�p�_�k�•�\�� �•�� �m�f�h�\�� �€�o�� �n�h�j�f�m�\�Z�g�g�y�� �a�Z�[�_�a�i�_�q�m�}�� �a�Z�p�•�d�Z�\�e�_�g�•�k�l�v��
�m�k�•�o�� �\�•�d�h�\�b�o�� �d�Z�l�_�]�h�j�•�c�� �_�d�k�d�m�j�k�Z�g�l�•�\�� ���o�h�q�Z�� �g�Z�c�k�b�e�v�g�•�r�b�c�� �_�n�_�d�l�� �o�Z�j�Z�d�l�_�j�g�b�c�� �^�e�y��
�f�h�e�h�^�r�h�]�h���•���k�_�j�_�^�g�v�h�]�h���r�d�•�e�v�g�h�]�h���\�•�d�m������ 

�J�h�a�\�b�l�h�d�� �i�h�r�m�d�h�\�b�o�� �n�h�j�f�� �]�_�h�l�m�j�b�k�l�b�q�g�h�€�� �^�•�y�e�v�g�h�k�l�•�� �g�Z�� �[�Z�a�•�� �f�•�k�p�_�\�b�o��
�d�Z�j�¶�}�j�•�\�� �^�h�a�\�h�e�y�}�� �i�_�j�_�\�_�k�l�b�� �_�d�k�d�m�j�k�Z�g�l�Z�� �•�a�� �i�Z�k�b�\�g�h�]�h�� �k�i�h�k�l�_�j�•�]�Z�q�Z�� �\�� �k�m�[�¶�}�d�l�Z��
�l�m�j�b�k�l�b�q�g�h�€�� �j�h�[�h�l�b���� �i�h�]�e�b�[�e�x�x�q�b�� �i�j�b�� �p�v�h�f�m�� �h�[�}�d�l�b�\�g�•�� �a�g�Z�g�g�y�� �i�j�h�� �^�h�\�d�•�e�e�y�� �l�Z��
�h�a�g�Z�c�h�f�e�x�x�q�b�� �a�� �h�k�g�h�\�Z�f�b�� �i�h�e�v�h�\�b�o�� �g�Z�m�d�h�\�b�o�� �^�h�k�e�•�^�`�_�g�v���<�b�d�h�j�b�k�l�Z�g�g�y��
�_�e�_�f�_�g�l�•�\�� �l�_�o�g�•�d�b�� �k�d�_�e�v�g�h�]�h�� �l�m�j�b�a�f�m�� �g�Z�� �[�Z�a�•�� �i�j�y�f�h�\�b�k�g�b�o�� �k�l�•�g�h�d�� �•�a�� �k�m�\�h�j�b�f��
�^�h�l�j�b�f�Z�g�g�y�f�� �i�j�Z�\�b�e�� �[�_�a�i�_�d�b�� �}�� �g�Z�c�[�•�e�v�r�� �_�n�_�d�l�g�b�f�� �a�Z�k�h�[�h�f�� �n�h�j�f�m�\�Z�g�g�y��
�i�h�a�b�l�b�\�g�h�]�h���_�f�h�p�•�c�g�h�]�h���k�l�Z�g�m���� 

�L�Z�d�b�f�� �q�b�g�h�f, �i�h�}�^�g�Z�g�g�y�� �\�d�Z�a�Z�g�b�o�� �n�h�j�f�� �l�m�j�b�k�l�b�q�g�h�€�� �^�•�y�e�v�g�h�k�l�•�� �g�Z�� �[�Z�a�•��
�i�h�l�_�g�p�•�Z�e�m�� �e�•�l�h�e�h�]�•�q�g�b�o�� �d�h�f�i�e�_�d�k�•�\�� �l�Z�� �f�h�j�n�h�k�d�m�e�i�l�m�j���� �^�h�a�\�h�e�y�}�� �j�h�a�\�b�\�Z�l�b��
�d�h�g�d�m�j�_�g�l�h�a�^�Z�l�g�•�� �Z�g�Z�e�h�]�b�� �^�h�� �l�j�Z�^�b�p�•�c�g�b�o�� �\�b�^�•�\�� �l�m�j�b�a�f�m���� �s�h�� �j�h�a�\�b�\�Z�x�l�v�k�y�� �f����
�D�Z�f�¶�y�g�_�p�v-�I�h�^�•�e�v�k�v�d�b�c�� �q�b�� �_�n�_�d�l�b�\�g�h�� �a�� �g�b�f�b�� �i�h�}�^�g�m�\�Z�l�b�k�y���� �2�o�� �Z�d�l�b�\�g�_��
�\�i�j�h�\�Z�^�`�_�g�g�y�� �l�Z�d�h�`�� �k�i�j�b�y�l�b�f�_�� �h�o�h�j�h�g�•�� �l�Z�� �i�h�d�j�Z�s�_�g�g�x�� �_�d�h�e�h�]�•�q�g�h�]�h�� �k�l�Z�g�m��
�h�[�¶�}�d�l�•�\�����s�h���a�m�f�h�\�e�_�g�_���_�k�l�_�l�b�q�g�b�f�b���\�b�f�h�]�Z�f�b���l�Z�d�h�€���^�•�y�e�v�g�h�k�l�•�� 
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THE LITHOLOGICAL STRUCTURE OF THE SMOTRYCH CANYONAS 
THE BASIS FOR THE DEVELOPMENT OF EXCURSION FORMS OF 

GEOTOURISM IN KAMYANETS-PODILSKY 
 

Igor Kasiyak, Anna Chernyuk 
Kamyanets-Podilskyi Ivan Ogienko National University 

61, Ogienko str., Kamyanets-Podilskyi, Khmelnytsky region, 32301 
 

The publication highlights the structural features of the lithological and geomorphological 
structure of the Smotrych valley within the limits of the city of Kamyanets-Podilsky as a 
condition for the development of geotourism. The analysis of the main geostrategic 
subdivisions from the standpoint of their informativity, attractiveness and the possibility of 
combining various forms of tourism activity on their basis is carried out. The conditions of a 
cohesive development of geo-tourism directions with traditional forms of excursion work, 
functioning in the region of research are shown. Silurian lithological complexes are singled out 
as potential-forming, due to their landscape attraction, saturation of fossils and the formation of 
geomorphological objects suitable for the organization of adventure and tourist activities. Two 
aspects of their use are described, which are regulated by the relevant legal rules: sightseeing 
excursion forms within protected objects and search-research and adventure-tourist - within the 
limits of economic ones. Neogenetic, in particular Pliocene deposits, have a local significance 
for explaining the paleogeographical processes associated with the relief reconstruction after the 
retreat of the Sarmatian marine basin and the establishment of continental conditions. Their 
structure can be considered as a promising material for the search for ornamental minerals 
(yashmoids and chalcedony). The Pleistocene complexes allow us to form an idea of the effects 
of glacial epochs in the studied region and the processes that formed modern forms of relief 
within the Smotrych valley. 

The main conditions for the effective development of geotourism, in addition to the 
powerful geological and geomorphological resource base, identified the possibility of 
combining specialized excursion routes with architectural objects and historical events, as well 
as the training of highly skilled guides. An important direction in the development of geo-
tourism is the combination of the most important objects that reflect the geological structure and 
relief of the region in the format of the museum (for example, the paleontological exposition of 
the NNP "Podilsky Tovtry"). It is also advisable to combine the elements of excursion to 
mining and industrial production with individual search activity within the waste areas of local 
quarries. The main problems identified the pollution of the territory objects of household 
rubbish and weak popularization of geotourism objects. 

Key words: geotourism, lithological complexes, morphosculpture, excursion activity. 
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In 2013-2015 within the frames of Cross-border Cooperation Programme Poland-Belarus-

Ukraine a project to develop the Geo-Karpaty (Geo-Carpathians) cross-border tourist route in 
the Ukrainian and Polish Carpathians was implemented. The route length is 700 km and it 
includes 28 geo-tourist sites. Its attractive base consists of scientifically, educationally, 
scenically and aesthetically valuable geological outcrops, relief forms and manifestations of 
modern dynamic processes. The majority of objects located along the Ukrainian-Polish geo-
tourist route is presented by geomorphosites, i.e. objects of geomorphological heritage (rocks, 
river valleys, anthropogenic forms, geomorphological processes). 

In the present study the geotourist analysis of Geo-Karpaty route specific rock complexes is 
performed: Rocks of the Kamieniec Castle in Odrzykon�����U�R�F�N�V���L�Q���W�K�H���3�U�]�D�G�N�L���5�H�V�H�U�Y�H�����.�D�P�L�H����
Leski (Baszta Kmity) from the Polish side, Spaskyi (Sokoliv) Stone, the Urych Rocks, the 
Dovbush Rocks from the Ukrainian side. It includes a detailed description of geological 
structure and morphological features, historical and cultural assessment, modern tourist-aimed 
usage and infrastructure facilities. Solutions on preservation and protection of the Geo-Karpaty 
route rock geomorphosites and their utilization in educational tourism are given. 

Key words: geotourism, route, Geo-Karpaty, rock geotourist objects, geomorphosites, 
infrastructure. 

  
Introduction. The problem of geo-tourism development in the Carpathians has 

become topical over the course of the last decade. One of the projects related to geo-
tourism in the Ukrainian and Polish Carpathians implemented in 2013-2015 was the 
development of international Geo-Karpaty tourist route under the Cross-border 
Cooperation Programme Poland-Belarus-Ukraine. The working team included 
educational establishments from Ukraine and Poland, i.e. Higher Technical School in 
Krosno (Podkarpackie Voivodeship) and Ivan Franko National University of Lviv. 
Within the project scope the concept was elaborated and the cross-border route over 
700 km long was arranged (Fig. 1).  

Geo-tourist route runs through the mountain massifs in Krosno and Przemysl sub-
regions (Podkarpackie Voivodeship) in Poland and through Lviv and Ivano-Frankivsk 
regions in Ukraine. Along the geo-tourist route 28 information boards describing the 
most important geo-tourist attractions are placed [3]. 

Among the objects being a part of the mentioned geo-tourist route there are several 
ones having all the features of geomorphosites �± objects of geomorphological heritage. 
____________________ 
©  Zinko Y, Malska M., Bubniak I., Hnatyuk R., Skakun L., Solecki A., 2017 
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Fig. 1. Schematic map of the Geo-Karpaty geo-tourist route 

 
Geomorphosites are distinguished based on the main scientific and educational 

criteria including cultural, aesthetic, economic and ecologic peculiarities [13, 16].  
Analysis of publications. In the Polish Carpathians activities focused on 

preservation and tourism-aimed usage of geo-heritage is actively developed. The 
detailed inventory of main categories of geo-heritage i.e. natural monuments, reserves 
and documentation centres was done. They were assessed per the scientific and 
educational value [10, 15]. Several tens of geological and geomorphological objects 
located within the Polish Carpathians were included into the national catalogue of geo-
tourist objects [14]. 

For the Ukrainian Carpathians the last decade is characterised by an intense activity 
in studying, preserving and tourism-aimed use of geo-heritage. Geologists, 
geomorphologists, researchers and experts, representatives of the environmental 
institutions are actively engaged in this work. In particular, geological survey teams 
created passports on preserved geological objects in four Carpathian regions [2] and 
prepared an integrated characterisation of valuable geomorphological objects [4]. 
Recent years are marked by the energetic efforts to make geo-tourist potential capacity 
feasible and to popularize geo-educational potential of the region. The available 
geological tourist guidebooks [3, 5, 6, 7, 8], focused on educational and scientific 
groups, hold paramount significance. 

1. Geomorphosites as geo-tourist attractions 
The notion of geomorphosite, suggested by Italian researcher M. Panizo (2001), 

reflectes an integrated (scientific, cultural, aesthetic and tourist) assessment of 
geomorphological objects [16]. 

According to E. Reynard et al. [16] additional matters of geomorphosites include 
ecological values featuring the criteria of ecological impact and protectability from the 
outer affection; cultural values featuring the criteria of historical, artistic and religious 
importance; aesthetic values featuring the criteria of visibility, contrast, and spatial 
structuring; economic values featuring the criterion of their significance for production, 
including recreation. 

Foreign researchers emphasize on certain distinctive features that distinguish 
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objects of geomorphological heritage (geomorphosites) from other categories of 
geoheritage (geosites) [16]: 

�� many geomorphological objects show expressed aesthetic features. 
Owing to these qualities they are natural geopreserved monuments; 

�� these objects are of dynamic character caused by modern 
geomorphological processes. This distinguishes geomorphological guarded 
objects from other types of geoheritage (stratigraphic, lithological, 
paleontological), which are static ones; 

�� these objects are of various sizes. Objects of geomorphological 
heritage can be presented by both local units and complex forms and 
geomorphological landscapes. 

To assess geotourist potential capacity of geomorphosites is possible through the 
approach proposed by V. M. Bruschi and A. Cendrero [11, 12]. All criteria in the 
named approach are obtained by synthesis from already existing techniques used to 
assess geo-tourist potential capacity and can be grouped into three main categories 
[12]:  �Z�� scientific value (intrinsic site quality): rarity, scientific importance, advantage 
to be used as a model to demonstrate processes, variety of elements, age, terrain type, 
combination with historical, archaeological, artistic heritage, association with other 
elements of nature, preservation status; b) potential for use: kinds of possible activities, 
observation conditions, accessibility, extent of use, proximity to service centres, socio-
economic situation in a region; c) possible threats and the need for protection: urban 
settlements in the vicinity, possible and potential threats, possibility to collect samples, 
harmony with modern planning.  

The cross-border Geo-Karpaty geotourist route (Ukrainian and Polish parts) 
includes the following types of geomorphosites [1, 3, 7, 9]: 

1) rocks �± Rocks of the Kamieniec Castle in Odrzykon, rocks in the 
Przadki Reserve, �.�D�P�L�H�����/�H�V�N�L��(Baszta Kmity) from the Polish side, Spaskyi 
(Sokoliv) Stone, the Urych Rocks, the Dovbush Rocks from the Ukrainian 
side; 

2) parts of river valleys �± meander of the Stryi river, Zhenets stow in the 
Ukrainian part of the route, the San River Valley in the Polish part; 

3) fragments of landscape with contemporary manifestations of 
geomorphological processes �± mud volcano Starunya in Ukraine; 

4) anthropogenic landscapes �± oil in Uherce Mineralne (oil manifestations 
in the Polish part of the route), the lake of Geologists (originated due to gas 
production) in the Ukrainian part of the route. 

In this research main attention concentrates on rock geomorphosites. Their geo-
tourism potential was rated by criteria of method of V. Bruschi and A. Cendrero [11, 
12]. 

2. Geotourist potential of rock geomorphosites in the Polish part of the Geo-
Karpaty route 

The most prominent rock geomorphosites in the Polish part (Bieszczady) of Geo-
Karpaty geotourist route are rocks of the Kamieniec Castle in Odrzykon, rocks in the 
Przadki Reserve and Leski Stone (�.�D�P�L�H���� �/�H�V�N�L����Baszta Kmity). Below we present 
their geo-tourist assessment in the scientific and educational perspective as well as 
solutions on how to use them for tourism.  

Rocks of the Kamieniec Castle in Odrzykon (site 1) form western extension of the 
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Przadki Reserve (Fig. 2). Scientific value: These sediments were deposited during the 
first stage when stream was losing its speed and have been preserved since then in 
channels curved in earlier sediments. The rock walls show erosive structures originated 
as the result of stream movement in older sediments. The rock object attractiveness is 
complemented with the castle remnants and well-provided informational and 
educational infrastructure of historical and cultural environment.  

 

 
Fig. 2. Rocks of the Kamieniec Castle in Odrzykon (Photo [17]) 

 
Potential for using: it caused by high popularity of this object for regional 

excursions. It is the object of visiting in a number of regional and local tourist routes. 
Potential threats and protection necessity: for this object is characterized with 
excessive recreational capacity with devastation of soil and floral cover. There is a 
necessity of regulation of tourist flows. 

The Przadki Reserve Rocks (site 2) form eastern exposures of Ciezkowice 
sandstones outcropped in the vicinity of the Kamieniec Castle (Fig. 3 and 4). Scientific 
value: They are composed of the so-called fluxoturbidites, i.e. Ciezkowice sandstones 
defined as the Early Eocene sediments of sludge underwater marine streams flowing 
down the continental slope.  

The rocks shape is caused by the long-lasting exposure of sandstone layers to wind 
and water and temperature changes. The walls of rocks show diverse forms of 
weathering: 1) cellular structures - round holes separated by narrow ribs or larger 
irregular cavities; 2) depressions formed in places where rock was weakly cemented or 
contained clay formations; 3) vertical grooves, troughs formed because of draining 
rainwater. Potential for use: The Przadki Rock Complex is the most widely visited 
monument of the inanimate nature in the Bieszczady. It is equipped with information 
boards and a network of sightseeing paths. Possible threats and the need for 
protection: One of the problems detected at the geomorphosite is its excessive 
recreational and tourist load, which causes recreational digression of soil and 
vegetation cover as well as the development of erosive forms of micro-topographic 
units. There are several samples of mechanical and painted graffiti on the rock 
surfaces. For the most degraded sites we offer to equip wooden stairs and plankings for 
sightseeing places. 
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Fig. 3 and 4. Rock complex in the Przadki Natural Reserve (Photo A. Solecki)

  
Leski Stone (Baszta Kmity) (site 7) is a rocky ridge stretching for about 220 meters 

from northwest to southeast (Fig. 5 and 6). Scientific value: �Hriginal appearance of the 
rock is preserved only in its upper part, which looks like an eight-meter tower whose 
walls are formed by the steep slip joints. On the south-western wall one can see the 
signs of weathering: systems of depressions resembling honeycombs. The tower is 
surrounded by a deep quarry where stone was mined for centuries and used for nearby 
buildings such as castle, church and synagogue in Lesko. Stone taken from this place 
was also used to build fortress in Przemysl and regional railway infrastructure.  

 

  
Fig. 5 and 6. Leski Stone (Baszta Kmity) (Photo A. Solecki) 
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Potential for use: Leski Stone is an intensively visited tourist object. Here there is a 
parking lot and a sightseeing path. Leski Stone belongs to places visited by excursions 
groups, cyclists and autotourists. Possible threats and the need for protection: 
Recreational digression of soil and vegetation cover is observed. Various types of 
graffiti are visible on rock surfaces. There is necessity of arranging of didactic path 
(information stands, wooden stairs, plankings) taking into account environmental 
requirements. 

 
3. Geotourist potential of rock geomorphosites in the Ukrainian part of the 

Geo-Karpaty route 
Rock formations such as Spaskyi Stone, the Urych Rocks and the Dovbush Rocks 

were chosen as basic geomorphosites of Geo-Karpaty geotourist route in its Ukrainian 
part.  

Spaskyi (Sokoliv) Stone (site 13) is a unique rock complex in the Upper Dniester 
Beskids (Fig. 7). Scientific value: As compared to other rock complexes (the Urych 
Rocks and the Dovbush Rocks) this one is distinguished by its older sandstones 
(approx. 100 Ma) of Spaska series and specific morphological structure. Rock 
formation is represented by three rocky monadnocks of tower or wall morphological 
type. The maximum height of the extreme western monadnock is 25 m. Rocks contain 
massive small and medium grained grey quartz sandstones with silicate cement. The 
thickness of sandstones is more than 10 m. The walls of rocky monadnocks 
demonstrate various well expressed types of micro-topographic units such as alveolar 
weathering forms on the northern walls of rocks, hollows and niche.  

 

 
Fig. 7. Spaskyi (Sokoliv) Stone (Photo O. Shevchuk) 

 
The local name of rocks is "Devil's Stone" and it reflects one of the legends about 

their origin, associated with the famous spiritual centre and monastery located in the 
village of Lavriv. According to the legend, the devil planned to destroy the sanctuary 
so he brought this stone here. Potential for use: According to legends king Danylo 
Halytsky�L�� �E�X�L�O�W�� �D�� �F�D�V�W�O�H�� �D�W�� �W�K�L�V�� �S�O�D�F�H�� �W�K�D�W�� �L�V�� �Z�K�\�� �W�K�H�� �W�R�X�U�L�V�W�� �U�R�X�W�H�� �³�$�O�R�Q�J�� �N�L�Q�J�� �/�H�Y�¶�V��
�S�D�W�K�V�´�� �L�V�� �P�D�U�N�H�G��up to Spaskyi Stone. Spaskyi Stone is a popular destination for 
excursions and recreation. Close to the rocks, besides informational and educational 
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infrastructure of historical matter, recreational stops are arranged along the tourist 
route. Possible threats and the need for protection: Within the territory an express 
digression of soil and vegetation cover is observed, rocks are covered with various 
types of graffiti. The path requires environmental protections preparations �± stairs at 
the most degraded slopes areas. 

The Urych Rocks (site 18) is a unique natural and architectural complex located 
within the Oriv ridge in the Upper Dniester Beskydy (Fig. 8).  

 

 
Fig. 8. Urych Rocks (Photo O. Shevchuk) 

 
Scientific value: Under the morphological expression along with the historical and 

cultural significance, conditioned by �W�K�H�� �7�X�V�W�D�Q�� �2�O�G�� �5�X�V�¶��rock fortress, four rock 
formations are detected as follows: �.�D�P�L�Q�¶�����=�K�R�O�R�E�\�����0�D�O�D���6�N�H�Oi�D���D�Q�G���2�V�W�U�\�L���.�D�P�L�Q�¶. 
Their maximum height is 50 m. All rocky monadnocks are composed of the Yamna 
series subvertical sandstones of various thickness. Rocks originated due to erosive 
processes when harder sandstones remained and softer argillites and siltstones were 
eroded. On the rock surfaces there is collar, cellular and arched weathering observed. 
Fissures (vertical and subhorizontal) often form an expressed block cleavages used to 
build the wooden fortress Tustan during the Medieval Ages. Several stages of the 
fortress construction are reflected by numerous holes carved in the rock surface. In 
most cases, they are located next to the bedding elements and tectonic fractures.  

Potential for use: The site is extremely popular among sightseers (especially those 
coming from Morshyn, Truskavets and Skhidnytsia resorts). Facilities are presented by 
a checkpoint, informational and educational boards and marking signs, labelled paths, 
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recreation stops and parking lots, catering facility stay open during the summer 
months. In the vicinity there is the Tustan museum and the chapel near the spring. Each 
�\�H�D�U���L�Q���$�X�J�X�V�W���W�K�H���S�R�S�X�O�D�U���I�H�V�W�L�Y�D�O���R�I���K�L�V�W�R�U�L�F�D�O���U�H�F�R�Q�V�W�U�X�F�W�L�R�Q���³�7�X���V�W�D�Q!�´���L�V���K�H�O�G���K�H�U�H. 
Possible threats and the need for protection: in recent years have been taken measures 
to prevent recreational digression with building wooden flooring. Paths need an 
environmental protections arrangement to nearby separate rocks. 

The Dovbush Rocks (site 19) is one of the largest rock complexes in the Skolivski 
Beskydy, located near the village of Bubnyshche (Fig. 9 and 10). Scientific value: 
Beyond the main formation, being the most popular place for visits, rocks extend 
south-west like a strip 200 m wide and up to 1 km long (Fig. 9 and 10). Tower, pole, 
composite wall with height reaching up to 80 m are the dominant morphological types. 
Rocks are composed of massive sandstones corresponding to the Yamna series, the 
Upper Paleocene (57 Ma). 

 

  
Fig. 9 and 10. Dovbush Rocks complex in the village of Bubnyshche (Photo Y. 

Zinko) 
 
Here one can see a number sedimentary and tectonic phenomena. Forms of cellular 

weathering are very interesting. Within the main formation four artificial caves are 
found. Archaeologists suggest that in ancient times there existed a pagan sanctuary, 
and after spreading Christianity in the Carpathians a little Old Rus�¶ monastery-skete 
was founded. Some rocks resemble animals or people. Scattered rocky monadnocks 
among hard Yamna sandstones originated due to both uneven cement composition in 
sandstone and various properties of mineral formations they are composed of. 

Potential for use: The Dovbush Rocks is especially popular among sightseers 
coming from Morshyn, Truskavets and Skhidnytsia resorts, and are included into many 
tour itineraries. Competitions in rock climbing, bouldering and mountain cycling are 
regularly held here. Infrastructure is presented by informational and educational boards 
and marking signs, labelled paths and parking lots. Catering facilities stay open during 
the summer months. Tourists can experience other attractions such as horse riding, 
having photos with wild birds etc. Possible threats and the need for protection: Soil 
and vegetation cover within the complex territory is devastated because of intensive 
recreational and tourist load, rocks bear traces of several graffiti. For limitation the 
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further degradation soil and floral cover it is necessary to restrict services of 
horseriding. For the tourists safety it is necessary to equip stairs for climbing to the top 
of Main massif and sightseeing grounds with a fence. 

Conclusion. Geomorphosites, analysed as the objects of geomorphologicl heritage 
of Geo-Karpaty Ukrainian-Polish route, are represented with the attractive rocks and 
rock complexes. The majority of rock units are popular places for recreation and 
camping. Hotels and catering facilities are nearby the objects. They need informational 
and advertising support as well as arrangement of adequate infrastructure. By the virtue 
�R�I�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �S�U�R�M�H�F�W�� �³�*�H�R-�.�D�U�S�D�W�\�´�� �H�D�F�K�� �R�I�� �W�K�H�� �D�Q�D�O�\�V�H�G�� �J�H�R�P�R�U�S�K�R�V�L�W�H�V�� �Z�D�V��
equipped with informational boards and the description of these sites was included into 
the Ukrainian-�3�R�O�L�V�K���J�X�L�G�H�E�R�R�N���³�*�H�R-�.�D�U�S�D�W�\�´. 

The assessment of possible threats for geomorphosites and the development of 
measures to minimize recreational load should be considered as a subject for further 
studies. Another arising issue of scientific, applied and programme character is 
justification of special infrastructure for geo-educational and geo-tourist aims for main 
types of geomorphosites. 
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�g�Z�p�•�h�g�Z�e�v�g�b�o���i�Z�j�d�•�\���a�j�h�[�e�_�g�h���Z�d�p�_�g�l���g�Z���j�h�a�\�b�l�h�d���j�•�a�g�b�o���n�h�j�f���]�_�h�l�m�j�b�a�f�m���•���]�_�h�h�k�\�•�l�b���l�Z��
�€�o���h�j�]�Z�g�•�a�Z�p�•�c�g�h-�•�g�n�h�j�f�Z�p�•�c�g�h�]�h���c���•�g�n�j�Z�k�l�j�m�d�l�m�j�g�h�]�h���a�Z�[�_�a�i�_�q�_�g�g�y���� 

�G�Z�� �l�_�j�b�l�h�j�•�€�� �g�Z�p�•�h�g�Z�e�v�g�h�]�h�� �i�j�b�j�h�^�g�h�]�h�� �i�Z�j�d�m�� �³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´�� �\�b�a�g�Z�q�g�Z��
�]�_�h�k�i�Z�^�s�b�g�Z�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�f�� �n�_�g�h�f�_�g�h�f�� �± �I�•�\�g�•�q�g�h-�I�h�^�•�e�v�k�v�d�b�f��
�m�k�l�m�i�h�f���^�h�\�`�b�g�h�x���[�e�b�a�v�d�h���������d�f �a���i�_�j�_�i�Z�^�h�f���\�b�k�h�l������-���������f�����q�b�k�e�_�g�g�b�f�b���]�_�h�e�h�]�•�q�g�b�f�b��
�\�•�^�k�e�h�g�_�g�g�y�f�b�� �d�j�_�c�^�h�\�b�o�� �•�� �g�_�h�]�_�g�h�\�b�o�� �i�h�j�•�^���� �m�g�•�d�Z�e�v�g�b�f�b�� �k�d�_�e�v�g�b�f�b�� �m�l�\�h�j�_�g�g�y�f�b��
���L�j�b�g�•�]���� �<�m�o�Z�l�b�c�� �D�Z�f�•�g�v�� �l�Z�� �•�g�������� �k�m�q�Z�k�g�b�f�b�� �^�b�g�Z�f�•�q�g�b�f�b�� �n�h�j�f�Z�f�b�� �j�_�e�v�}�n�m���± �y�j�d�h�\�h-
�[�Z�e�d�h�\�b�f�b���� �P�•�� �Z�l�j�Z�d�p�•�c�g�•�� �h�[�¶�}�d�l�b�� �g�_�`�b�\�h�€�� �i�j�b�j�h�^�b�� �f�Z�x�l�v�� �g�Z�m�d�h�\�h-�h�k�\�•�l�g�x�� �l�Z��
�e�Z�g�^�r�Z�n�l�g�h-�i�_�c�a�Z�`�g�m�� �p�•�g�g�•�k�l�v���� �G�Z�� �i�_�j�k�i�_�d�l�b�\�m�� �a�Z�i�j�h�i�h�g�h�\�Z�g�h�� �\�i�j�h�\�Z�^�`�m�\�Z�l�b�� �l�Z�d�•��
�n�h�j�f�b���]�_�h�l�m�j�b�a�f�m���y�d���g�Z�m�d�h�\�•���]�_�h�e�h�]�•�q�g�•���l�m�j�b�����g�Z�\�q�Z�e�v�g�•���_�d�k�d�m�j�k�•�€���^�e�y���h�k�\�•�l�g�•�o���]�j�m�i�����i�•�r�•����
�\�_�e�h�k�b�i�_�^�g�•�� �•�� �Z�\�l�h�f�h�[�•�e�v�g�•�� �l�m�j�b�k�l�b�q�g�•�� �r�e�y�o�b�� �a�� �h�]�e�y�^�h�f�� �]�_�h�e�h�]�h-�]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o��
�n�_�g�h�f�_�g�•�\�����<���]�_�h�h�k�\�•�l�g�v�h�f�m���\�•�^�g�h�r�_�g�g�•���\�Z�`�e�b�\�b�f���}���h�[�e�Z�r�l�m�\�Z�g�g�y���]�_�h�e�h�]�•�q�g�h�€���_�d�k�i�h�a�b�p�•�€��
�m�� �i�e�Z�g�h�\�Z�g�h�f�m�� �\�•�a�b�l-�p�_�g�l�j�•�� �i�Z�j�d�m�� �m�� �k���� �I�•�^�d�Z�f�•�g�v���� �d�•�e�v�d�h�o�� �]�_�h�h�k�\�•�l�g�•�o�� �k�l�_�`�h�d�� �•�� �\�b�^�Z�g�g�y��
�i�m�l�•�\�g�b�d�Z �l�Z�� �]�_�h�l�m�j�b�k�l�b�q�g�h�€�� �d�Z�j�l�b�� �i�Z�j�d�m�����I �j�_�^�k�l�Z�\�e�_�g�h �i�_�j�r�h�q�_�j�]�h�\�•�� �a�Z�o�h�^�b�� �g�Z��
�i�¶�y�l�b�j�•�q�g�m�� �i�_�j�k�i�_�d�l�b�\�m�� �s�h�^�h�� �h�j�]�Z�g�•�a�Z�p�•�c�g�h-�•�g�n�h�j�f�Z�p�•�c�g�h�]�h�� �l�Z�� �•�g�n�j�Z�k�l�j�m�d�l�m�j�g�h�]�h��
�a�Z�[�_�a�i�_�q�_�g�g�y���j�h�a�\�b�l�d�m���]�_�h�l�m�j�b�a�f�m���•���]�_�h�h�k�\�•�l�b���m���p�v�h�f�m���g�Z�p�•�h�g�Z�e�v�g�h�f�m���i�Z�j�d�m�� 

�G�Z�p�•�h�g�Z�e�v�g�b�c�� �i�j�b�j�h�^�g�b�c�� �i�Z�j�d�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �r�b�j�h�d�b�f��
�k�i�_�d�l�j�h�f�� �h�[�¶�}�d�l�•�\�� �]�_�h�k�i�Z�^�s�b�g�b���� �m�� �l���� �q���� �f�•�`�g�Z�j�h�^�g�h�]�h�� �a�g�Z�q�_�g�g�y���� �K�_�j�_�^�� �g�b�o���� �m�g�•�d�Z�e�v�g�•�� �a�Z��
�g�Z�m�d�h�\�b�f�� �a�g�Z�q�_�g�g�y�f�� �k�l�j�Z�l�b�]�j�Z�n�•�q�g�•�� �j�h�a�j�•�a�b���k�b�e�m�j�•�c�k�v�d�b�o�� �•�� �^�_�\�h�g�k�v�d�b�o�� �\�•�^�d�e�Z�^�•�\�� �m��
�L�j�m�[�q�b�g�•�����A�Z�e�•�s�b�d�Z�o�����1�\�Z�g�_-�A�h�e�h�l�h�f�m�����M�k�l�_�q�d�m�� �<�•�k�l�j�•�����Z���l�Z�d�h�`���•�g�r�•���q�b�k�e�_�g�g�•���\�•�^�k�e�h�g�_�g�g�y��
�i�h�j�•�^; �i�_�c�a�Z�`�g�•�� �d�Z�g�v�c�h�g�h�i�h�^�•�[�g�•�� �\�•�^�j�•�a�d�b�� �^�h�e�b�g�b�� �j�•�q�d�b�� �>�g�•�k�l�_�j �l�Z�� �c�h�]�h�� �e�•�\�b�o�� �i�j�b�l�h�d���± 
�j�•�q�h�d�� �K�l�j�b�i�b���� �>�`�m�j�b�g�Z���� �K�_�j�_�l�m���� �L�m�i�b���� �G�•�q�e�Z�\�b�� �k�d�_�e�v�g�h-�i�_�q�_�j�g�•�� �m�l�\�h�j�_�g�g�y��
�l�j�Z�\�_�j�l�b�g�h�\�b�o���i�h�j�•�^���[�•�e�y���k�•�e���K�h�d�•�e�_�p�v�����D�h�k�f�b�j�b�g�����M�k�l�_�q�d�h�����>�a�\�_�g�b�]�h�j�h�^�����1�\�Z�g�_-�A�h�e�h�l�_���l�Z��
�•�g���� �q�b�k�e�_�g�g�•���]�•�i�k�h�\�•�� �i�_�q�_�j�b���� �m�� �l���� �q�� �i�Z�f�¶�y�l�d�b�� �i�j�b�j�h�^�b�� �a�Z�]�Z�e�v�g�h�^�_�j�`�Z�\�g�h�]�h�� �a�g�Z�q�_�g�g�y��
�<�_�j�l�_�[�Z���� �D�j�b�r�l�Z�e�_�\�Z�����H�i�l�b�f�•�k�l�b�q�g�Z���� �H�a�_�j�g�Z���� �X�\�•�e�_�c�g�Z���� �[�Z�]�Z�l�h�� �^�`�_�j�_�e�� �•�� �g�_�\�_�e�b�d�b�o��
�\�h�^�h�k�i�Z�^�•�\���� �=�_�h�l�m�j�b�k�l�b�q�g�•�� �a�Z�g�y�l�l�y�� �m�� �i�_�j�k�i�_�d�l�b�\�•�� �i�h�\�b�g�g�•�� �k�l�Z�l�b�� �\�•�a�b�l�g�h�x�� �d�Z�j�l�d�h�x�� �p�v�h�]�h��
�g�Z�p�•�h�g�Z�e�v�g�h�]�h�� �i�Z�j�d�m���� �K�_�j�_�^�� �i�_�j�r�h�q�_�j�]�h�\�b�o�� �a�Z�i�e�Z�g�h�\�Z�g�b�o�� �a�Z�o�h�^�•�\�� �m�� �³�I�j�h�_�d�l�•�� �h�j�]�Z�g�•�a�Z�p�•�€��
�l�_�j�b�l�h�j�•�€�� �g�Z�p�•�h�g�Z�e�v�g�h�]�h�� �i�j�b�j�h�^�g�h�]�h�� �i�Z�j�d�m�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�«�´�� �i�_�j�_�^�[�Z�q�_�g�h����
�a�Z�[�_�a�i�_�q�_�g�g�y�� �^�h�k�l�m�i�m�� �^�h�� �]�_�h�e�h�]�•�q�g�b�o�� �\�•�^�k�e�h�g�_�g�v�� �l�Z�� �k�d�_�e�v�g�b�o�� �m�l�\�h�j�_�g�v���� �h�j�]�Z�g�•�a�Z�p�•�€��
�\�_�e�h�k�b�i�_�^�g�b�o���•���\�h�^�g�b�o���r�e�y�o�•�\���a���h�]�e�y�^�h�f���]�_�h�e�h�]�h-�]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�o���n�_�g�h�f�_�g�•�\�����g�Z�m�d�h�\�h- 
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�h�k�\�•�l�g�•�� �i�j�h�]�j�Z�f�b�� �a�� �\�•�^�\�•�^�m�\�Z�g�g�y�� �m�g�•�d�Z�e�v�g�b�o�� �]�•�i�k�h�\�b�o�� �i�_�q�_�j���� �>�e�y�� �i�•�^�l�j�b�f�d�b��
�]�_�h�l�m�j�b�k�l�b�q�g�h�]�h�� �•�f�•�^�`�m�� �l�_�j�b�l�h�j�•�€�� �\�Z�`�e�b�\�h�� �h�j�]�Z�g�•�a�h�\�m�\�Z�l�b�� �s�h�j�•�q�g�•�� �a�Z�o�h�^�b���± �]�_�h�e�h�]�•�q�g�•��
�d�h�g�n�_�j�_�g�p�•�€���� �e�•�l�g�•�� �r�d�h�e�b���� �]�_�h�n�_�k�l�b�\�Z�e�•���� �G�Z�� �^�_�k�y�l�b�j�•�q�g�m�� �i�_�j�k�i�_�d�l�b�\�m�� �h�[�]�j�m�g�l�h�\�Z�g�h��
�k�l�\�h�j�_�g�g�y�� �g�Z�p�•�h�g�Z�e�v�g�h�]�h�� �]�_�h�i�Z�j�d�m�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �a�� �i�j�h�\�•�^�g�b�f�b�� �n�m�g�d�p�•�y�f�b��
�a�[�_�j�_�`�_�g�g�y���]�_�h�k�i�Z�^�s�b�g�b�����j�h�a�\�b�l�d�m���]�_�h�l�m�j�b�a�f�m���•���]�_�h�h�k�\�•�l�b�� 

�D�e�x�q�h�\�•�� �k�e�h�\�Z���� �]�_�h�l�m�j�b�a�f���� �]�_�h�h�k�\�•�l�Z���� �]�_�h�k�i�Z�^�s�b�g�Z���� �g�Z�p�•�h�g�Z�e�v�g�b�c�� �i�j�b�j�h�^�g�b�c�� �i�Z�j�d����
�³�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�´�����³�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�´�� 

 
�I�h�k�l�Z�g�h�\�d�Z�� �i�j�h�[�e�_�f�b�� �G�Z�p�•�h�g�Z�e�v�g�•�� �i�j�b�j�h�^�g�•�� �i�Z�j�d�b�� �³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´�� �•��

�³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �j�h�a�l�Z�r�h�\�Z�g�•���m�� �j�_�]�•�h�g�Z�o�� �a�� �[�Z�]�Z�l�h�x�� �]�_�h�k�i�Z�^�s�b�g�h�x���� �^�_��
�j�_�e�v�}�n�� �a�Z�]�Z�e�h�f�� �•�� �h�d�j�_�f�•�� �h�[�¶�}�d�l�b�� �g�_�`�b�\�h�€�� �i�j�b�j�h�^�b�� �}�� �i�j�_�^�f�_�l�h�f�� �a�Z�p�•�d�Z�\�e�_�g�g�y�� �m��
�\�•�^�\�•�^�m�\�Z�q�•�\���� �� �Y�d�� �•�� �\�� �•�g�r�b�o�� �\�•�l�q�b�a�g�y�g�b�o�� �g�Z�p�•�h�g�Z�e�v�g�b�o�� �i�j�b�j�h�^�g�b�o�� �i�Z�j�d�Z�o, 
�k�l�\�h�j�_�g�g�y�� �_�d�h�l�m�j�b�k�l�b�q�g�b�o�� �•���_�d�h�h�k�\�•�l�g�•�o���i�j�h�i�h�a�b�p�•�c�� �^�e�y�� �\�•�^�\�•�^�m�\�Z�q�•�\�� �•�� �f�•�k�p�_�\�h�]�h��
�g�Z�k�_�e�_�g�g�y���}���h�^�g�b�f���•�a���\�Z�`�e�b�\�b�o���g�Z�i�j�y�f�•�\���€�o�g�v�h�€���j�h�[�h�l�b�����M���i�j�_�^�k�l�Z�\�e�_�g�b�o �G�I�I���p�y��
�^�•�y�e�v�g�•�k�l�v���g�_�^�h�k�l�Z�l�g�v�h�� �\�j�Z�o�h�\�m�}���•�� �\�b�d�h�j�b�k�l�h�\�m�}���]�_�h�e�h�]�•�q�g�m�� �[�m�^�h�\�m�� �•�� �j�_�e�v�}�n��
�l�_�j�b�l�h�j�•�€�� �i�Z�j�d�•�\���± �k�Z�f�_�� �l�•�� �k�d�e�Z�^�h�\�•���� �g�Z�� �y�d�b�o�� �]�j�m�g�l�m�}�l�v�k�y�� �j�h�a�\�b�l�h�d�� �]�_�h�l�m�j�b�a�f�m�� �•��
�]�_�h�h�k�\�•�l�b���� �M�g�Z�k�e�•�^�h�d�� �p�v�h�]�h���� �m���p�b�o���G�I�I�� �g�_�i�h�\�g�•�k�l�x �i�j�_�^�k�l�Z�\�e�_�g�h�� �•�g�n�h�j�f�Z�p�•�x��
���Z�[�h���\�h�g�Z���c���a�h�\�k�•�f���\�•�^�k�m�l�g�y�����i�j�h���]�_�h�e�h�]�•�q�g�m���•�k�l�h�j�•�x���j�h�a�\�b�l�d�m���•���j�_�e�v�}�n���l�_�j�b�l�h�j�•�€, 
�]�_�h�e�h�]�•�q�g�•�� �•�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�•�� �i�j�h�p�_�k�b�� �l�Z�� �€�o�g�•�� �g�Z�k�e�•�^�d�b���� �p�•�d�Z�\�•�� �]�_�h�e�h�]�h-
�]�_�h�f�h�j�n�h�e�h�]�•�q�g�•�� �h�[�¶�}�l�b�� �g�Z�� �l�_�j�b�l�h�j�•�y�o�� �i�Z�j�d�•�\�����Z�g�l�j�h�i�h�]�_�g�g�•�� �a�f�•�g�b�� �i�j�b�j�h�^�g�b�o��
�d�h�f�i�e�_�d�k�•�\�����\�b�d�h�j�b�k�l�Z�g�g�y�� �d�h�j�b�k�g�b�o�� �d�h�i�Z�e�b�g�� �m�� �]�h�k�i�h�^�Z�j�k�l�\�•�� �l�Z�� �[�Z�]�Z�l�h�� �•�g�r�b�o��
�\�•�^�h�f�h�k�l�_�c�� 

�: �g�Z�e�•�a�� �h�k�l�Z�g�g�•�o�� �i�m�[�e�•�d�Z�p�•�c�� �I�b�l�Z�g�g�y�f�� �j�h�a�\�b�l�d�m�� �]�_�h�l�m�j�b�a�f�m�� �•�� �]�_�h�h�k�\�•�l�b�� �m��
�G�I�I���³�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�´���•���³�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�´ �l�Z���j�_�]�•�h�g�Z�o���€�o���j�h�a�l�Z�r�m�\�Z�g�g�y 
�i�j�b�k�\�y�q�_�g�h�� �g�b�a�d�m�� �i�m�[�e�•�d�Z�p�•�c [1-6, 9-11]. �I�•�^�k�l�Z�\�h�x�� �^�e�y�� �k�l�\�h�j�_�g�g�y�� �d�h�g�d�j�_�l�g�b�o��
�i�j�h�i�h�a�b�p�•�c�� �k�l�Z�e�b�� �i�h�i�_�j�_�^�g�•�� �^�h�k�e�•�^�`�_�g�g�y�� �]�_�h�k�i�Z�^�s�b�g�b�� �j�_�]�•�h�g�•�\�� �j�h�a�l�Z�r�m�\�Z�g�g�y��
�G�I�I�� �³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´�� �•�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´���� �a�\�•�l�b�� �h�i�b�k�Z�g�b�o�� �G�I�I�� �i�j�h��
�j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�m�� �•�� �_�d�h�h�k�\�•�l�g�x�� �i�j�h�[�h�l�m���� �Z�g�Z�e�•�a�� �€�o�� �j�_�k�m�j�k�•�\�� �•�� �f�h�`�e�b�\�h�k�l�_�c��
�l�Z���\�k�l�Z�g�h�\�e�_�g�g�y���i�j�•�h�j�•�l�_�l�•�\���j�h�a�\�b�l�d�m���� 

�F�_�l�h�x �i�j�_�^�k�l�Z�\�e�_�g�h�]�h�� �^�h�k�e�•�^�`�_�g�g�y�� �}���a�Z�i�j�h�i�h�g�m�\�Z�l�b�� �^�e�y���\�i�j�h�\�Z�^�`�_�g�g�y �m��
�^�•�y�e�v�g�•�k�l�v�� �g�Z�p�•�h�g�Z�e�v�g�b�o���i�j�b�j�h�^�g�b�o�� �i�Z�j�d�•�\�� �³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´���•�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c��
�d�Z�g�v�c�h�g�´�� �_�e�_�f�_�g�l�b�� �]�_�h�l�m�j�b�a�f�m �•�� �]�_�h�h�k�\�•�l�b�� �l�Z���j�h�a�j�h�[�b�l�b �g�b�a�d�m�� �a�Z�o�h�^�•�\�� �s�h�^�h��
�i�h�i�m�e�y�j�b�a�Z�p�•�€���]�_�h�k�i�Z�^�s�b�g�b �p�b�o�� �i�Z�j�d�•�\, �i�h�]�e�b�[�e�_�g�g�y�� �a�g�Z�g�v�� �\�•�^�\�•�^�m�\�Z�q�•�\�� �•��
�f�•�k�p�_�\�h�]�h�� �g�Z�k�_�e�_�g�g�y�� �m�� �]�Z�e�m�a�•�� �g�Z�m�d�� �i�j�h�� �A�_�f�e�x�� �I�j�h�i�h�a�b�p�•�€�� �j�h�a�j�h�[�e�_�g�h �m�� �j�Z�f�d�Z�o��
�g�Z�m�d�h�\�h-�^�h�k�e�•�^�g�b�o�� �j�h�[�•�l �©�J�h�a�j�h�[�e�_�g�g�y�� �i�j�h�_�d�l�m�� �h�j�]�Z�g�•�a�Z�p�•�€�� �l�_�j�b�l�h�j�•�€��
�g�Z�p�•�h�g�Z�e�v�g�h�]�h�� �i�j�b�j�h�^�g�h�]�h�� �i�Z�j�d�m���� �h�o�h�j�h�g�b���� �\�•�^�l�\�h�j�_�g�g�y�� �l�Z�� �j�_�d�j�_�Z�p�•�c�g�h�]�h��
�\�b�d�h�j�b�k�l�Z�g�g�y�� �c�h�]�h�� �i�j�b�j�h�^�g�b�o�� �d�h�f�i�e�_�d�k�•�\�� �•�� �h�[�¶�}�d�l�•�\�ª�� �^�e�y�� �G�I�I�� �³�I�•�\�g�•�q�g�_��
�I�h�^�•�e�e�y�´ [7] �•�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´ [8]. �I�j�_�^�k�l�Z�\�e�_�g�•�� �i�j�h�i�h�a�b�p�•�€�� �}��
�k�d�e�Z�^�h�\�b�f�b���©�I�j�h�_�d�l�•�\���h�j�]�Z�g�•�a�Z�p�•�€���«�ª���p�b�o���i�Z�j�d�•�\�����y�d�•���\�i�j�h�\�Z�^�`�m�\�Z�l�b�f�m�l�v���a������������
�j�h�d�m. 

�<�b�d�e�Z�^�� �h�k�g�h�\�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�� �^�h�k�e�•�^�`�_�g�g�y�� �G�Z�p�•�h�g�Z�e�v�g�•�� �i�j�b�j�h�^�g�•�� �i�Z�j�d�b��
�³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´ �•�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´���� �k�l�\�h�j�_�g�•�� �m�� �������������}�� �^�h�k�b�l�v��
�f�h�e�h�^�b�f�b�� �i�j�b�j�h�^�h�h�o�h�j�h�g�g�b�f�b�� �m�k�l�Z�g�h�\�Z�f�b�� �g�Z�� �a�Z�o�h�^�• �M�d�j�Z�€�g�b���� �y�d�•�� �Z�d�l�b�\�g�h��
�j�h�a�\�b�\�Z�x�l�v���k�\�h�x���^�•�y�e�v�g�•�k�l�v���m���j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�•�c���•���_�d�h�h�k�\�•�l�g�•�c���k�n�_�j�Z�o.  

�G�I�I���³�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�´���j�h�a�l�Z�r�h�\�Z�g�b�c���m���i�•�\�g�•�q�g�•�c���d�j�Z�c�h�\�•�c���a�h�g�•���I�h�^�•�e�v�k�v�d�h�€��
�\�b�k�h�q�b�g�b���� �s�h�� �q�•�l�d�h�� �\�b�j�Z�`�_�g�b�f�� �I�•�\�g�•�q�g�h�i�h�^�•�e�v�k�v�d�b�f�� �m�k�l�m�i�h�f�� �\�•�^�^�•�^�e�_�g�Z�� �\�•�^��
�j�•�\�g�b�g�b�� �F�Z�e�h�]�h�� �I�h�e�•�k�k�y���� �C�h�]�h�� �l�_�j�b�l�h�j�•�}�x�� �i�j�h�e�y�]�Z�x�l�v�� �\�h�^�h�^�•�e�b�� �[�Z�k�_�c�g�•�\�� �j�•�q�h�d��
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�Q�h�j�g�h�]�h���•���;�Z�e�l�•�c�k�v�d�h�]�h���f�h�j�•�\�����P�•�d�Z�\�h�x���}���]�_�h�[�h�l�Z�g�•�q�g�Z���k�i�_�p�b�n�•�d�Z���l�_�j�b�l�h�j�•�€���I�Z�j�d�m��
�a���]�j�Z�g�b�p�y�f�b���Z�j�_�Z�e�•�\���i�_�\�g�b�o���e�•�k�h�\�b�o���i�h�j�•�^���l�Z���m�g�•�d�Z�e�v�g�b�f�b���k�l�_�i�h�\�b�f�b���^�•�e�y�g�d�Z�f�b�� 
�I�Z�j�d���f�Z�}���d�e�Z�k�l�_�j�g�m���k�l�j�m�d�l�m�j�m���± �k�d�e�Z�^�Z�}�l�v�k�y���a���\�_�e�b�d�h�€���d�•�e�v�d�h�k�l�•���h�d�j�_�f�b�o���f�Z�k�b�\�•�\��
�•�� �n�j�Z�]�f�_�g�l�•�\���� �s�h�� �j�h�a�^�•�e�_�g�•�� �k�•�e�v�k�v�d�h�]�h�k�i�h�^�Z�j�k�v�d�b�f�b�� �m�]�•�^�^�y�f�b���� �k�_�e�b�l�_�[�g�b�f�b��
�l�_�j�b�l�h�j�•�y�f�b�� �l�Z�� �a�_�f�e�y�f�b���� �y�d�•�� �g�_�� �m�\�•�c�r�e�b�� �^�h�� �k�d�e�Z�^�m�� �i�Z�j�d�m�� �a�Z�� �\�•�^�k�m�l�g�h�k�l�•��
�\�•�^�i�h�\�•�^�g�b�o���i�h�]�h�^�`�_�g�v���a�_�f�e�_�d�h�j�b�k�l�m�\�Z�q�•�\���•���a�_�f�e�_�\�e�Z�k�g�b�d�•�\�� 

�<�� �Z�^�f�•�g�•�k�l�j�Z�l�b�\�g�h�f�m�� �\�•�^�g�h�r�_�g�g�•�� �I�Z�j�d�� �j�h�a�f�•�s�_�g�b�c�� �\�� �f�_�`�Z�o�� �;�j�h�^�•�\�k�v�d�h�]�h����
�;�m�k�v�d�h�]�h���c���A�h�e�h�q�•�\�k�v�d�h�]�h���j�Z�c�h�g�•�\���E�v�\�•�\�k�v�d�h�€���h�[�e�Z�k�l�•�����^�_�����h�d�j�•�f���p�•�g�g�b�o���i�j�b�j�h�^�g�b�o��
�h�[�¶�}�d�l�•�\���� �a�[�_�j�_�]�e�b�k�y�� �q�b�k�e�_�g�g�•�� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�•�� �i�Z�f�¶�y�l�d�b���� �^�Z�\�g�•�� �]�h�k�i�h�^�Z�j�k�v�d�•��
�l�j�Z�^�b�p�•�€�� �•�� �j�_�f�_�k�e�Z�� ���a�h�d�j�_�f�Z���� �]�h�g�q�Z�j�k�l�\�h�� [7]. �<�e�Z�k�g�_�� �^�h�k�•�� �h�k�h�[�e�b�\�b�c�� �\�i�e�b�\���g�Z��
�j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�b�c�� �j�h�a�\�b�l�h�d�� �j�_�]�•�h�g�m�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �I�Z�j�d�m�� �f�Z�e�b��
�j�_�d�h�g�k�l�j�m�c�h�\�Z�g�•���m������-90-�o���j�j�����O�O���k�l�����a�Z�f�d�b-�f�m�a�_�€���\���H�e�_�k�v�d�m���•���I�•�^�]�•�j�p�y�o�����\�o�h�^�y�l�v��
�^�h�� �\�•�^�h�f�h�]�h�� �f�Z�j�d�h�\�h�]�h�� �d�m�e�v�l�m�j�g�h-�l�m�j�b�k�l�b�q�g�h�]�h�� �i�j�h�^�m�d�l�m�� �©�A�h�e�h�l�Z�� �i�•�^�d�h�\�Z��
�E�v�\�•�\�s�b�g�b�ª������ �I�j�h�l�y�]�h�f�� ����-90-�o�� �j�j���� �O�O�� �k�l���� �p�y�� �l�_�j�b�l�h�j�•�y�� �k�i�_�p�•�Z�e�•�a�m�\�Z�e�Z�k�v�� �g�Z�� �g�Z��
�k�_�a�h�g�g�h�f�m���\�•�^�i�h�q�b�g�d�m���m���\�•�^�h�f�q�b�o���[�Z�a�Z�o�����f�h�e�h�^�•�`�g�b�o���•���^�b�l�y�q�b�o���l�Z�[�h�j�Z�o�����I�•�^�]�•�j�p�•����
�J�m�^�Z���D�h�e�l�•�\�k�v�d�Z�����K�Z�k�•�\�����A�h�a�m�e�•�������Z���f�•�k�p�_�\�•���e�•�k�h�\�•���f�Z�k�b�\�b���l�Z���h�[�e�Z�r�l�h�\�Z�g�•���\�h�^�h�c�f�b��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�e�b�� �^�e�y�� �e�x�[�b�l�_�e�v�k�v�d�h�]�h�� �f�b�k�e�b�\�k�l�\�Z�� �•�� �j�b�[�Z�e�v�k�l�\�Z���� �<�� �h�k�l�Z�g�g�•��
�^�_�k�y�l�b�e�•�l�l�y�� �l�m�l�� �j�h�a�\�b�\�Z�x�l�v�k�y�� �j�•�a�g�h�f�Z�g�•�l�g�•�� �k�i�_�p�•�Z�e�•�a�h�\�Z�g�•�� �\�b�^�•�\�� �l�m�j�b�a�f�m��
�j�_�]�•�h�g�Z�e�v�g�h�]�h�� �i�e�Z�g�m���� �_�l�g�h�]�j�Z�n�•�q�g�b�c�� ���g�Z�� �[�Z�a�•�� �]�Z�\�Z�j�_�p�v�d�h�€�� �d�_�j�Z�f�•�d�b������ �f�•�e�•�l�Z�j�g�b�c��
���g�Z�� �[�Z�a�•�� �q�b�k�e�_�g�g�b�o�� �f�_�f�h�j�•�Z�e�v�g�b�o�� �f�•�k�p�v�� �1�1�� �k�\�•�l�h�\�h�€�� �\�•�c�g�b������ �d�m�e�v�l�m�j�g�h-
�i�•�a�g�Z�\�Z�e�v�g�b�c�����i�h�\�¶�y�a�Z�g�b�c���a���\�b�^�Z�l�g�b�f�b���h�k�h�[�Z�f�b�����g�Z�i�j�b�d�e�Z�^�����F�Z�j�d�•�y�g���R�Z�r�d�_�\�b�q������
�n�_�k�l�b�\�Z�e�v�g�b�c�� ���a�� �f�b�k�l�_�p�v�d�b�f�b�� �a�Z�o�h�^�Z�f�b�� �m�� �I�•�^�d�Z�f�_�g�•�� �l�Z�� �<�_�j�o�h�[�m�`�•������
�i�Z�e�h�f�g�b�p�v�d�b�c�� ���K�\�y�l�Z�� �]�h�j�Z���� �=�e�b�g�y�g�b���� �I�•�^�]�•�j�p�•�� �l�Z�� �I�•�^�d�Z�f�•�g�v������ �k�_�g�l�b�f�_�g�l�Z�e�v�g�b�c��
���\�Z�`�e�b�\�•�� �f�•�k�p�y�� �^�e�y�� �•�k�l�h�j�•�€�� �i�h�e�v�k�v�d�h�]�h�� ���J�m�^�Z�� �I�_�g�y�p�v�d�Z���� �•�� �}�\�j�_�c�k�v�d�h�]�h�����K�Z�k�•�\����
�;�j�h�^�b�����g�Z�j�h�^�•�\���� 

�M���]�_�h�e�h�]�•�q�g�•�c�� �[�m�^�h�\�•�� �i�•�\�g�•�q�g�h-�a�Z�o�•�^�g�h�]�h�� �d�j�Z�x�� �I�h�^�•�e�e�y�� �[�_�j�m�l�v�� �m�q�Z�k�l�v�� �i�h�j�h�^�b��
�j�•�a�g�h�]�h�� �\�•�d�m���� �\�_�j�o�g�v�h�d�j�_�c�^�h�\�•���� �i�Z�e�_�h�]�_�g�h�\�•���� �g�_�h�]�_�g�h�\�•�� �l�Z�� �Z�g�l�j�h�i�h�]�_�g�h�\�•�� �>7]. 
�L�_�j�b�l�h�j�•�y�� �i�Z�j�d�m�� �•�� �h�d�h�e�b�p�v�� �g�Z�k�b�q�_�g�Z�� �j�•�a�g�h�f�Z�g�•�l�g�b�f�b�� �i�j�b�j�h�^�g�b�f�b�� �l�m�j�b�k�l�b�q�g�b�f�b��
�Z�l�j�Z�d�p�•�y�f�b���� �]�_�h�e�h�]�h-�]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�f�b�� ���k�d�_�e�•���� �e�•�k�h�\�•�� �y�j�b���� �]�_�h�e�h�]�•�q�g�•��
�\�•�^�k�e�h�g�_�g�g�y�����d�j�Z�c�h�\�•���m�k�l�m�i�b���•���h�k�l�Z�g�p�_�\�•���]�h�j�[�b�������[�h�l�Z�g�•�q�g�b�f�b�����[�h�j�h�\�•���e�•�k�b�����k�l�_�i�h�\�•��
�^�•�e�y�g�d�b�����[�h�e�h�l�g�•���f�Z�k�b�\�b���g�Z���d�Z�j�[�h�g�Z�l�g�b�o���i�h�j�h�^�Z�o�������]�•�^�j�h�e�h�]�•�q�g�b�f�b�����\�b�k�h�d�h�^�_�[�•�l�g�•��
�^�`�_�j�_�e�Z���� �\�b�l�h�d�b�� �j�•�d�� �;�m�]�m���� �K�l�b�j�m�� �l�Z�� �K�_�j�_�l�m���� �d�Z�j�k�l�h�\�•�� �h�a�_�j�Z���� �O�Z�j�Z�d�l�_�j�g�h�x��
�h�k�h�[�e�b�\�•�k�l�x���l�_�j�b�l�h�j�•�€���}���g�Z�y�\�g�•�k�l�v���r�b�j�h�d�b�o���i�h�g�b�`�_�g�v���m���\�_�j�o�•�\�¶�y�o���]�h�e�h�\�g�b�o���j�•�q�h�d��
�± �m���j�Z�c�h�g�•���k�����L�j�m�^�h�\�Z�q�����f�� �A�h�e�h�q�•�\�����k�� �D�h�e�l�•�\�����k�f�l�� �I�•�^�d�Z�f�•�g�v���± �l�Z�d���a�\�Z�g�b�o�����a�Z�l�h�d������
�G�Z�c�[�•�e�v�r�_���a���g�b�o���± �D�h�e�l�•�\�k�v�d�Z���m�e�h�]�h�\�b�g�Z�����a�g�Z�o�h�^�b�l�v�k�y���m���\�_�j�o�•�\�¶�y�o���A�Z�o�•�^�g�h�]�h���;�m�]�m��
�•���k�i�h�e�m�q�Z�}�l�v�k�y���i�j�h�o�•�^�g�b�f�b���^�h�e�b�g�Z�f�b���a���\�_�j�o�•�\�
�y�f�b���j�� �K�_�j�_�l [7]. �I �_�j�_�^���h�k�g�h�\�g�b�f��
�n�j�h�g�l�h�f�� �<�h�j�h�g�y�d�•�\���f�•�`�� �f�� �A�h�e�h�q�•�\�� �l�Z�� �k�� �I�•�^�]�•�j�p�•���j�h�a�l�Z�r�h�\�Z�g�Z�� �\�_�e�b�d�Z�� �_�j�h�a�•�c�g�h-
�h�k�l�Z�g�p�_�\�Z�� �]�j�m�i�Z �i�•�^�\�b�s�_�g�v �a�� �\�b�k�h�l�Z�f�b�� �^�h�� ������-�������� �f�� �g���j���f������ �\�•�^�q�e�_�g�h�\�Z�g�Z�� �\�•�^��
�]�h�e�h�\�g�h�]�h�� �f�Z�k�b�\�m�� �I�h�^�•�e�v�k�v�d�h�€�� �\�b�k�h�q�b�g�b�� �^�•�y�e�v�g�•�k�l�x�� �^�Z�\�g�•�o�� �i�j�b�l�h�d�� �j�j�� �A�Z�o�•�^�g�b�c��
�;�m�]���l�Z���A�h�e�h�q�•�\�d�Z�����K�_�j�_�^���g�b�o���]�h�j�b���@�m�e�b�p�v�d�Z�����K�\�y�l�Z�����;�•�e�Z�����<�b�k�h�d�Z�����K�l�h�j�h�`�b�o�Z [2, 
7]. �>�h�� �k�d�e�Z�^�m�� �I�Z�j�d�m�� �m�� �i�_�j�k�i�_�d�l�b�\�•�� �m�\�•�c�^�_�� �n�j�Z�]�f�_�g�l�� ���i�•�\�g�•�q�g�b�c�� �m�k�l�m�i���� �=�h�e�h�]�•�j����
�y�d�b�c�� �a�Z�c�f�_�� �i�•�\�^�_�g�g�h-�a�Z�o�•�^�g�m�� �q�Z�k�l�b�g�m�� �l�_�j�b�l�h�j�•�€�� �I�Z�j�d�m�� �\�a�^�h�\�`�� �Z�\�l�h�l�j�Z�k�b�� �E�v�\�•�\-
�A�h�e�h�q�•�\�����L�m�l���a�h�k�_�j�_�^�`�_�g�h���[�Z�]�Z�l�h���p�•�d�Z�\�b�o���]�_�h�h�[�¶�}�d�l�•�\���± �]�h�j�b���E�b�k�Z �����������f�������K�b�i�m�o�Z����
�<�Z�i�g�y�j�d�Z �����������f�� �l�Z���•�g.�����q�b�k�e�_�g�g�•���]�_�h�e�h�]�•�q�g�•���\�•�^�k�e�h�g�_�g�g�y �g�Z���k�o�b�e�Z�o���\�a�^�h�\�}���m�k�l�m�i�m, 
�k�d�_�e�v�g�b�c �h�k�l�Z�g�_�p�v �<�_�e�b�d�b�c���D�Z�f�•�g�v���[�•�e�y���k�����L�j�m�^�h�\�Z�q���l�h�s�h. �>�_�y�d�•���h�[�¶�}�d�l�b �f�h�`�g�Z��
�i�h�[�Z�q�b�l�b���a���Z�\�l�h�l�j�Z�k�b���E�v�\�•�\-�A�h�e�h�q�•�\�����l�m�l���`�_���j�h�a�l�Z�r�h�\�Z�g�h���g�b�a�d�m���l�j�Z�^�b�p�•�c�g�b�o���k�•�e���± 
�F�b�l�m�e�b�g�����G�h�\�h�k�•�e�d�b���� �L�j�m�^�h�\�Z�q���� �=�h�e�h�]�h�j�b���� �=�h�e�h�]�h�j�d�b���� �K�l�•�g�d�Z���� �Q�_�j�\�h�g�_�� �l�Z�� �•�g���� �a��
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�[�Z�]�Z�l�h�x�� �•�k�l�h�j�•�}�x�����<�•�^�� �k�� �I�•�^�]�•�j�p�•�� �^�h�� �\�_�j�o�•�\�¶�y�� �j�� �1�d�\�Z�� �\�a�^�h�\�`�� �d�j�Z�x�� �I�h�^�•�e�e�y��
�i�•�^�•�c�f�Z�x�l�v�k�y���]�h�j�b���D�Z�f�¶�y�g�Z�������������f���g���j���f�������g�Z�^���k�����@�Z�j�d�•�\�����]�����<�b�k�h�d�b�c���D�Z�f�•�g�v���g�Z�^���k����
�=�h�e�m�[�b�p�y���� �]���� �I�•�^�d�Z�f�•�g�k�v�d�Z�� ���������� �f�� �g���j���f������ �g�Z�^�� �k�f�l���� �I�•�^�d�Z�f�•�g�v�� �>2, 7]. �H�^�g�b�f�� �•�a��
�g�Z�c�p�•�d�Z�\�•�r�b�o�� �_�e�_�f�_�g�l�•�\�� �j�_�e�v�}�n�m�� �l�_�j�b�l�h�j�•�€�� �G�I�I�� �©�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�ª�� �}�� �y�j�d�h�\�h-
�^�_�[�j�h�\�•�� �n�h�j�f�b�� �y�d�• �} �k�\�h�}�j�•�^�g�b�f�� �]�_�h�f�h�j�n�h�e�h�]�•�q�g�b�f�� �•�� �d�h�f�i�e�_�d�k�g�h-�]�_�h�]�j�Z�n�•�q�g�b�f��
�n�_�g�h�f�_�g�h�f�� �g�Z�� �\�b�k�h�q�b�g�Z�o�� �A�Z�o�•�^�g�h�]�h�� �I�h�^�•�e�e�y���� �P�_�� �]�e�b�[�h�d�h�\�j�•�a�Z�g�•���m�� �e�h�s�b�g�g�h-
�[�Z�e�d�h�\�•���n�h�j�f�b���^�Z�\�g�•���_�j�h�a�•�c�g�•���m�l�\�h�j�_�g�g�y���a�g�Z�q�g�h�€���i�j�h�l�y�`�g�h�k�l�•�����•�g�d�h�e�b���^�h����-�����d�f�����a��
�Z�d�l�b�\�g�b�f���i�j�h�y�\�h�f���k�m�q�Z�k�g�b�o���_�j�h�a�•�c�g�h-�Z�d�m�f�m�e�y�l�b�\�g�b�o���l�Z���k�o�b�e�h�\�b�o���i�j�h�p�_�k�•�\�����q�_�j�_�a��
�i�h�}�^�g�Z�g�g�y�� �d�j�m�l�b�o�� �k�o�b�e�•�\�� �•�� �s�•�e�v�g�h�]�h�� �^�_�j�_�\�h�k�l�Z�g�m�� �l�Z�� �q�Z�]�Z�j�g�b�d�•�\�� �^�•�k�l�Z�e�b�� �f�•�k�p�_�\�m��
�g�Z�a�\�m �³�^�_�[�j�b�´�����H�^�g�•�}�x���•�a���\�•�^�h�f�b�o���}���^�_�[�j�Z���[�•�e�y���I�•�^�]�•�j�p�•�\�����M���f�_�`�Z�o���g�Z�p�•�h�g�Z�e�v�g�h�]�h��
�i�j�b�j�h�^�g�h�]�h�� �i�Z�j�d�m�� �©�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�ª�� �}�� �d�•�e�v�d�Z�� �p�•�g�g�b�o�� �]�•�^�j�h�e�h�]�•�q�g�b�o�� �h�[�¶�}�d�l�•�\���± 
�^�`�_�j�_�e�Z�����\�b�l�h�d�b���j�•�q�h�d���>7�@�����K�_�j�_�^���g�b�o���e�Z�g�^�r�Z�n�l�g�b�c���a�Z�d�Z�a�g�b�d���©�<�_�j�o�g�v�h�[�m�a�v�d�b�c�ª����
�]�•�^�j�h�e�h�]�•�q�g�b�c���a�Z�d�Z�a�g�b�d���©�I�h�g�b�d�•�\�k�v�d�b�c�ª�������^�`�_�j�_�e�h���f�•�g�_�j�Z�e�v�g�h�€���\�h�^�b���©�H�e�_�k�v�d�Z�ª���l�Z��
�[�Z�]�Z�l�h���•�g�r�b�o�� 

�K�l�\�h�j�_�g�g�y�� �m�� ���������� �j�h�p�•���G�I�I  �³�I�•�\�g�•�q�g�_�� �I�h�^�•�e�e�y�´�� �\�•�^�d�j�b�e�h�� �g�h�\�•�� �f�h�`�e�b�\�h�k�l�•��
�^�e�y�� �^�b�\�_�j�k�b�n�•�d�Z�p�•�€ �l�m�j�b�k�l�b�q�g�h�]�h�� �i�j�h�^�m�d�l�m�� �d�m�e�v�l�m�j�g�h-�\�•�^�i�h�q�b�g�d�h�\�h�]�h�� �l�b�i�m��
�j�_�]�•�h�g�m���� �A�¶�y�\�b�e�b�k�v�� �h�j�]�Z�g�•�a�Z�p�•�c�g�•�� �i�•�^�k�l�Z�\�b�� �^�e�y�� �j�h�a�\�b�l�d�m�� �i�•�a�g�Z�\�Z�e�v�g�h�]�h��
�i�j�b�j�h�^�g�b�q�h�]�h�� �•�� �d�m�e�v�l�m�j�g�h-�d�j�Z�}�a�g�Z�\�q�h�]�h�� �l�m�j�b�a�f�m���� �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�m�� �Z�d�l�b�\�g�b�o��
�\�b�^�•�\�� �l�m�j�b�a�f�m�� ���i�•�r�h�]�h���� �\�_�e�h�k�b�i�_�^�g�h�]�h���� �e�b�`�g�h�]�h������ �j�h�a�r�b�j�_�g�g�y���f�•�k�p�v��
�d�h�j�h�l�d�h�q�Z�k�g�h�]�h�� �•�� �k�l�Z�p�•�h�g�Z�j�g�h�]�h�� �\�•�^�i�h�q�b�g�d�m���� �:�^�f�•�g�•�k�l�j�Z�p�•�y�� �i�Z�j�d�m�� �g�Z�� �i�_�j�r�h�f�m��
�_�l�Z�i�•�� �a�h�k�_�j�_�^�b�e�Z�� �h�k�g�h�\�g�m�� �m�\�Z�]�m�� �g�Z�� �i�h�i�m�e�y�j�b�a�Z�p�•�€�� �i�h�l�_�g�p�•�c�g�b�f�� �\�•�^�\�•�^�m�\�Z�q�Z�f��
�i�Z�j�d�m�� �Z�l�j�Z�d�p�•�c�g�b�o�� �i�j�b�j�h�^�g�b�q�b�o�� �l�Z�� �d�j�Z�}�a�g�Z�\�q�b�o�� �h�[�¶�}�d�l�•�\���± �]�h�j�Z�� �L�j�b�g�•�]���� �\�_�j�o�•�\�¶�y��
�A�Z�o�•�^�g�h�]�h�� �;�m�]�m���� �]�h�j�Z�� �F�Z�j�d�•�y�g�Z�� �R�Z�r�d�_�\�b�q�Z���� �K�\�y�l�Z�� �]�h�j�Z���� �o�m�l�•�j�� �=�Z�\�Z�j�_�q�q�b�g�Z����
�I�j�h�d�e�Z�^�_�g�h���l�j�b �_�d�h�e�h�]�h-�i�•�a�g�Z�\�Z�e�v�g�•�� ���d�j�Z�}�a�g�Z�\�q�•���� �r�e�y�o�b�� ���L�j�b�g�•�]���� �F�Z�j�d�•�y�g�h�\�•��
�f�•�k�p�y�����K�\�y�l�h�]�•�j�k�v�d�b�c�������P�•���r�e�y�o�b���h�o�h�i�b�e�b���i�_�j�_�\�Z�`�g�h���p�_�g�l�j�Z�e�v�g�m���q�Z�k�l�b�g�m���i�Z�j�d�m���± 
�I�•�^�]�h�j�_�p�v�d�b�c�� �\�b�k�l�m�i���� �\�_�j�o�•�\�¶�y�� �A�Z�o�•�^�g�h�]�h�� �;�m�]�m�� �•�� �K�l�b�j�m���� �<�h�g�b �q�Z�k�l�d�h�\�h��
�a�Z�[�_�a�i�_�q�_�g�•���•�g�n�h�j�f�Z�p�•�c�g�b�f�b���k�l�_�g�^�Z�f�b���l�Z���•�g�n�h�j�f�Z�p�•�c�g�b�f�b���f�Z�l�_�j�•�Z�e�Z�f�b�� 

�I�h�i�j�b���l�_�����s�h���l�_�j�b�l�h�j�•�y���G�I�I���³�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�´���^�h�k�l�Z�l�g�v�h���j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h��
�\�•�^�h�[�j�Z�`�Z�}�� �h�k�h�[�e�b�\�h�k�l�•�� �]�_�h�e�h�]�h-�]�_�h�f�h�j�n�h�e�h�]�•�q�g�h�€�� �[�m�^�h�\�b�� �i�•�\�g�•�q�g�h-�a�Z�o�•�^�g�h�]�h��
�I�h�^�•�e�e�y�� �a�Z�]�Z�e�h�f���� �]�_�h�l�m�j�b�k�l�b�q�g�•�� �Z�l�j�Z�d�p�•�€�� �j�_�]�•�h�g�m���g�_�� �f�Z�x�l�v�� �\�_�e�b�d�h�€�� �i�h�i�m�e�y�j�g�h�k�l�•��
�k�_�j�_�^�� �\�•�^�\�•�^�m�\�Z�q�•�\�� �K�Z�f�_�� �\�h�g�b�� �f�h�`�m�l�v�� �k�l�Z�l�b�� �j�h�^�a�b�g�d�h�x�� �G�I�I���� �Z�e�_�� �i�h�l�j�_�[�m�x�l�v��
�j�h�a�j�h�[�d�b�� �•�� �h�[�e�Z�r�l�m�\�Z�g�g�y�� �•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�v�h�€�� �•�g�n�j�Z�k�l�j�m�d�l�m�j�b����
�i�j�b�k�l�h�k�m�\�Z�g�g�y�� �^�e�y�� �\�•�^�\�•�^�m�\�Z�g�g�y�� �a�� �^�h�l�j�b�f�Z�g�g�y�f�� �i�j�b�j�h�^�h�h�o�h�j�h�g�g�b�o�� �\�b�f�h�]�� �•��
�i�j�h�f�h�p�•�€�� �k�_�j�_�^�� �i�h�l�_�g�p�•�c�g�b�o�� �l�m�j�b�k�l�•�\���� �P�_�� �^�Z�}�� �i�•�^�k�l�Z�\�b�� �\�b�a�g�Z�q�b�l�b�� �j�h�a�\�b�l�h�d��
�]�_�h�l�m�j�b�a�f�m�� �h�^�g�b�f�� �•�a�� �i�j�•�h�j�b�l�_�l�g�b�o�� �g�Z�i�j�y�f�•�\�� �^�•�y�e�v�g�h�k�l�•�� �G�I�I�� �g�Z�� �g�Z�c�[�e�b�`�q�•�� ��-10 
�j�h�d�•�\ [7].  

�K�_�j�_�^�� �i�j�•�h�j�b�l�_�l�•�\�� �i�_�j�k�i�_�d�l�b�\�g�h�]�h�� �j�h�a�\�b�l�d�m�� �j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�h�€�� �k�n�_�j�b��
�i�Z�j�d�m�� �g�Z�� �[�e�b�a�v�d�m�� �i�_�j�k�i�_�d�l�b�\�m�� �\�•�^�a�g�Z�q�_�g�h���� �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�m�� �l�m�j�b�k�l�b�q�g�h-
�j�_�d�j�_�Z�p�•�c�g�b�o�� �a�Z�g�y�l�v���� �i�h�d�j�Z�s�_�g�g�y�� �^�h�k�l�m�i�m�� �•�� �i�h�i�m�e�y�j�b�a�Z�p�•�y�� �h�k�g�h�\�g�b�o��
�i�j�b�j�h�^�g�b�q�b�o�� �l�Z�� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�o�� �Z�l�j�Z�d�p�•�c�� �i�Z�j�d�m���� �j�h�a�[�m�^�h�\�Z�� �•�� �[�e�Z�]�h�m�k�l�j�•�c��
�f�_�j�_�`�•�� �l�m�j�b�k�l�b�q�g�b�o�� �r�e�y�o�•�\���� �f�•�k�p�v�� �\�•�^�i�h�q�b�g�d�m���� �k�l�\�h�j�_�g�g�y�� �k�m�q�Z�k�g�h�€��
�•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�v�h�€���•�g�n�j�Z�k�l�j�m�d�l�m�j�b�����m �l���q�����\�•�a�b�l-�p�_�g�l�j�m�����n�h�j�f�m�\�Z�g�g�y���\�e�Z�k�g�b�o��
�]�_�h���_�d�h���l�m�j�b�k�l�b�q�g�b�o���i�j�h�^�m�d�l�•�\�����<�d�Z�a�Z�g�•���\�b�s�_���i�j�•�h�j�b�l�_�l�b���^�Z�e�b���a�f�h�]�m �k�n�h�j�f�m�\�Z�l�b��
�g�b�a�d�m���k�l�j�Z�l�_�]�•�q�g�b�o���a�Z�\�^�Z�g�v���a���i�h�i�m�e�y�j�b�a�Z�p�•�€���]�_�h�k�i�Z�^�s�b�g�b���l�Z���j�h�a�\�b�l�d�m���]�_�h�l�m�j�b�a�f�m��
�•�� �]�_�h�h�k�\�•�l�b���g�Z�� �^�_�k�y�l�b�e�•�l�g�x�� �i�_�j�k�i�_�d�l�b�\�m�� �a�� �^�_�l�Z�e�•�a�Z�p�•�}�x�� �a�Z�o�h�^�•�\�� �g�Z�� �i�¶�y�l�b�j�•�q�g�b�c��
�i�_�j�•�h�^�� ���^�b�\�����l�Z�[�e����1). �K�l�j�Z�l�_�]�•�q�g�•�� �a�Z�\�^�Z�g�g�y�� �k�i�j�y�f�h�\�Z�g�•�� �g�Z���i�h�e�•�i�r�_�g�g�y��
�•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�v�h�]�h�� �a�Z�[�_�a�i�_�q�_�g�g�y�� �l�Z�� �^�h�k�l�m�i�g�h�k�l�•�� �h�k�g�h�\�g�b�o�� �Z�l�j�Z�d�p�•�c�� �i�Z�j�d�m��
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���m�� �l�•�f�� �•�� �]�_�h�l�m�j�b�k�l�b�q�g�b�o������ �\�^�h�k�d�h�g�Z�e�_�g�g�y�� �•�g�n�j�Z�k�l�j�m�d�l�m�j�g�h�]�h�� �l�Z�� �•�g�n�h�j�f�Z�p�•�g�h-
�h�k�\�•�l�g�v�h�]�h�� �a�Z�_�a�i�_�q�_�g�g�y�� �•�k�g�m�x�q�b�o�� �•�� �i�j�h�_�d�l�h�\�Z�g�b�o�� �]�_�h�h�k�\�•�l�g�•�o�� �k�l�_�`�h�d�� �•��
�]�_�h�l�m�j�b�k�l�b�q�g�b�o���r�e�y�o�•�\�����\�i�j�h�\�Z�^�`�_�g�g�y���g�h�\�b�o���]�_�h�l�m�j�b�k�l�b�q�g�b�o���a�Z�g�y�l�v���•���k�l�\�h�j�_�g�g�y��
�f�Z�j�d�h�\�b�o���]�_�h�l�m�j�b�k�l�b�q�g�b�o���i�j�h�^�m�d�l�•�\���� 

�<�Z�` �e�b�\�b�f�� �}�� �k�l�\�h�j�_�g�g�y�� �•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�v�h�]�h�� �\�•�a�b�l-�p�_�g�l�j�m�� �i�Z�j�d�m�� �m��           
�k���� �I�•�^�]�•�j�p�•���� �^�_�� �a�Z�i�e�Z�g�h�\�Z�g�h�� �j�h�a�f�•�k�l�b�l�b�� �Z�^�f�•�g�•�k�l�j�Z�p�•�x���� �f�m�a�_�c�g�b�c�� �p�_�g�l�j�� ���a��
�]�_�h�h�k�\�•�l�g�•�f�b�� �_�d�k�i�h�a�b�p�•�y�f�b����[7]���� �L�m�l�� �`�_�� �a�Z�i�j�h�i�h�g�h�\�Z�g�h�� �h�[�e�Z�r�l�m�\�Z�l�b���[�Z�a�h�\�m��
�h�k�\�•�l�g�v�x�� �d�h�f�i�e�_�d�k�g�m�� �k�l�_�`�d�m�� �©�I�j�b�j�h�^�g�•�� �l�Z�� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�•�� �d�h�f�i�e�_�d�k�b��
�<�h�j�h�g�y�d�ª�����^�h�\�`�b�g�Z����-�����d�f�����g�Z���l�_�j�b�l�h�j�•�€���•���k�o�•�^�g�b�o���h�d�h�e�b�p�y�o���k�����I�•�^�]�•�j�p�•�� 

  
�L�Z�[�e�b�p�y���� 

�A�Z�i�e�Z�g�h�\�Z�g�•���a�Z�o�h�^�b���^�e�y���j�h�a�\�b�l�d�m���]�_�h�l�m�j�b�a�f�m���•���]�_�h�h�k�\�•�l�b���m���G�I�I   
�³�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�  ́

�‹��
�a/�i 

�K�l�j�Z�l�_�]�•�q�g�•���a�Z�\�^�Z�g�g�y �A�Z�i�e�Z�g�h�\�Z�g�•���a�Z�o�h�^�b �H�q�•�d�m�\�Z�g�b�c��
�j�_�a�m�e�v�l�Z�l 

�J�h�d�b��
�\�i�j�h�\�Z�^-
�`�_�g�g�y 

1 2 3 4 5 
1 �I�h�d�j�Z�s�_�g�g�y��

�•�g�n�h�j�f�Z�p�•�c�g�h�]�h��
�a�Z�[�_�a�i�_�q�_�g�g�y���l�Z��
�^�h�k�l�m�i�g�h�k�l�•��
�h�k�g�h�\�g�b�o���Z�l�j�Z�d�p�•�c��
�i�Z�j�d�m����
�H�[�e�Z�r�l�m�\�Z�g�g�y���g�h�\�b�o��
�Z�l�j�Z�d�p�•�c�g�b�o���h�[�¶�}�d�l�•�\��
�i�Z�j�d�m���l�Z���g�Z��
�i�j�b�e�_�]�e�b�o��
�l�_�j�b�l�h�j�•�y�o 

�1�g�n�h�j�f�Z�p�•�c�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�i�j�b�j�h�^�g�b�o���l�Z���•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�b�o���Z�l�j�Z�d�p�•�c����
�i�h�d�j�Z�s�_�g�g�y���^�h�k�l�m�i-
�g�h�k�l�•���^�h���Z�l�j�Z�d�p�•�c���q�_�j�_�a��
�h�[�e�Z�r�l�m�\�Z�g�g�y���k�l�_�`�h�d����
�j�_�f�h�g�l���‰�j�m�g�l�h�\�b�o���•��
�e�h�d�Z�e�v�g�b�o���^�h�j�•�]���l�Z��
�h�]�e�y�^�h�\�b�o���f�•�k�p�v��
���f�Z�c�^�Z�g�q�b�d�•�\�� 

�1�g�n�h�j�f�Z�p�•�c�g�•���s�b�l�b��
���Z�g�r�e�Z�]�b�����[�•�e�y��
�h�k�g�h�\�g�b�o��
�i�j�b�j�h�^�g�b�q�b�o��
���L�j�b�g�•�]�����;�h�`�Z���=�h�j�Z����
�]�h�j�b���<�Z�i�g�y�j�d�Z�����E�b�k�Z����
�K�\�y�l�Z�����@�m�e�b�p�v�d�Z�����l�Z��
�•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�o��
���o�m�l�•�j���=�Z�\�Z�j�_�q�q�b�g�Z����
�k�Z�d�j�Z�e�v�g�•���l�Z��
�•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�•����
�f�•�k�p�y�������H�[�e�Z�r�l�h�\�Z�g�•��
�e�h�d�Z�e�v�g�•���^�h�j�h�]�b��
���I�•�^�e�b�k�k�y-�;�•�e�b�c��
�D�Z�f�•�g�v-�Q�_�j�_�f�•�r�g�y-
�M�r�g�y-�I�Z�i�•�j�g�y, 
�;�•�e�b�c���D�Z�f�•�g�v-
�=�Z�\�Z�j�_�q�q�b�g�Z-
�=�m�l�b�s�_�����•���i�•�^�o�•�^�g�•��
�k�l�_�`�d�b���^�h���h�k�g�h�\�g�b�o��
�Z�l�j�Z�d�p�•�c�� 

2018-
2020 

  �K�l�\�h�j�_�g�g�y���g�h�\�b�o��
�l�m�j�b�k�l�b�q�g�b�o���Z�l�j�Z�d�p�•�c��
�k�i�•�e�v�g�h���a���h�k�\�•�l�g�•�f�b��
�a�Z�d�e�Z�^�Z�f�b���l�Z���h�j�]�Z�g�Z�f�b��
�f�•�k�p�_�\�h�]�h��
�k�Z�f�h�\�j�y�^�m�\�Z�g�g�y�� 
�d�j�Z�}�a�g�Z�\�q�b�o���f�m�a�_�€�\����
�_�d�h�f�m�a�_�€�\�����l�_�f�Z�l�b�q�g�b�o��
�_�d�k�i�h�a�b�p�•�c�� 

�F�_�j�_�`�Z���d�j�Z�}�a�g�Z�\�q�b�o��
�f�m�a�_�€�\���•���l�_�f�Z�l�b�q�g�b�o��
�_�d�k�i�h�a�b�p�•�c���m��
�i�j�b�e�_�]�e�b�o���g�Z�k�_�e�_�g�b�o��
�i�m�g�d�l�Z�o���=�h�e�h�]�h�j�b����
�L�j�m�^�h�\�Z�q�����Q�_�j�\�h�g�_����
�=�Z�\�Z�j�_�q�q�b�g�Z�����D�h�e�l�•�\, 
�j�h�a�j�h�[�e�_�g�b�o���•��
�\�i�j�h�\�Z�^�`�_�g�b�o���a�Z��
�m�q�Z�k�l�x���i�Z�j�d�m����
�K�l�\�h�j�_�g�g�y��2-�o����
�_�d�h�f�m�a�_�€�\��

2020-
2021 



222 
 

�i�j�b�j�h�^�g�b�q�h-
�_�l�g�h�]�j�Z�n�•�q�g�h�]�h���l�Z��
�i�j�b�j�h�^�g�b�q�h-
�•�k�l�h�j�b�q�g�h�]�h���i�e�Z�g�m���m��
�k�_�e�Z�o���=�Z�\�Z�j�_�q�q�b�g�Z���•��
�=�h�e�h�]�h�j�b�� 

2 �J�_�d�j�_�Z�p�•�c�g�h-
�l�m�j�b�k�l�b�q�g�_��
�\�i�h�j�y�^�d�m�\�Z�g�g�y��
�•�k�g�m�x�q�b�o���_�d�h�e�h�]�h-
�h�k�\�•�l�g�•�o���r�e�y�o�•�\���l�Z��
�j�h�a�j�h�[�d�Z���g�h�\�b�o��
�h�k�\�•�l�g�•�o�����l�_�f�Z�l�b�q�g�b�o��
�l�Z���k�i�_�p�•�Z�e�•�a�h�\�Z�g�b�o��
�r�e�y�o�•�\ 

�K�l�\�h�j�_�g�g�y���^�\�h�o���g�h�\�b�o��
�_�d�h�h�k�\�•�l�g�•�o���k�l�_�`�h�d�� �Z����
�^�b�^�Z�d�l�b�q�g�h�€���k�l�_�`�d�b��
�©�I�j�b�j�h�^�g�•���l�Z���•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�•���d�h�f�i�e�_�d�k�b��
�<�h�j�h�g�y�d�ª�����i�h�[�e�b�a�m��
�g�h�\�h�]�h���Z�^�f�•�g�•�k�l�j�Z-
�l�b�\�g�h�]�h���d�h�j�i�m�k�m���m��
�I�•�^�]�•�j�p�y�o���� �[�����d�j�Z�}-
�a�g�Z�\�q�h-�h�k�\�•�l�g�y���k�l�_�`�d�Z��
�©�I�•�^�]�•�j�p�•���± �]�����L�j�b�g�•�]�ª 

�H�[�e�Z�r�l�h�\�Z�g�•���^�\�•��
�g�h�\�b�o���k�l�_�`�d�b�����y�d�•��
�[�m�^�m�l�v��
�j�h�a�i�h�q�b�g�Z�l�b�k�y���\�•�^��
�Z�^�f�•�g�•�k�l�j�Z�l�b�q�g�h�]�h��
�[�m�^�b�g�d�m���G�I�I 

2019-
2020 

  �H�[�e�Z�r�l�m�\�Z�g�g�y��
�l�_�f�Z�l�b�q�g�b�o���r�e�y�o�•�\��
�i�j�b�j�h�^�g�b�q�h-
�d�j�Z�}�a�g�Z�\�q�h�]�h���l�Z��
�•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�h�]�h��
�i�e�Z�g�m�� 
�Z�����i�j�b�j�h�^�g�b�q�h-
�d�j�Z�}�a�g�Z�\�q�b�c���©�I�•�\-
�g�•�q�g�h�i�h�^�•�e�v�k�v�d�b�c��
�m�k�l�m�i�ª�����f�Z�j�r�j�m�l��
�<�•�e�v�r�Z�g�b�p�y���± �Q�_�j�\�h�g�_��
�± �I�e�m�]�•�\������
�\�_�e�h�k�b�i�_�^�g�h-
�Z�\�l�h�f�h�[�•�e�v�g�b�c�� 
�[�����i�j�b�j�h�^�g�b�q�h-
�d�j�Z�}�a�g�Z�\�q�b�c��
�©�=�h�e�h�\�g�b�f���/�\�j�h�i�_�c-
�k�v�d�b�f���\�h�^�h�^�•�e�h�f���•��
�\�b�l�h�d�b���j�•�d��
�;�Z�e�l�•�c�k�v�d�h�]�h���•���Q�h�j�g�h�]�h��
�[�Z�k�_�c�g�•�\�ª�����f�Z�j�r�j�m�l����
�;�•�e�b�c���D�Z�f�•�g�v���± 
�I�•�^�]�•�j�p�•���± �<�_�j�o�h�[�m�`������
�i�•�r�h�o�•�^�g�h-
�\�_�e�h�k�b�i�_�^�g�b�c 

�J�h�a�r�b�j�_�g�b�c���k�i�_�d�l�j��
�i�j�b�j�h�^�g�b�q�h-
�d�m�e�v�l�m�j�g�b�o��
�j�_�d�j�_�Z�p�•�c�g�b�o��
�i�j�h�i�h�a�b�p�•�c���G�I�I���•��
�i�j�b�e�_�]�e�b�o��
�l�_�j�b�l�h�j�•�c����
�:�d�l�b�\�•�a�Z�p�•�y��
�i�•�r�h�o�•�^�g�h�]�h����
�\�_�e�h�k�b�i�_�^�g�h�]�h���•��
�Z�\�l�h�l�m�j�b�a�f�m 

2020-
2021 

3 �J�h�a�[�m�^�h�\�Z��
�•�g�n�h�j�f�Z�p�•�c�g�h-
�h�k�\�•�l�g�v�h�€���l�Z��
�j�_�d�j�_�Z�p�•�c�g�h�€��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�b���g�Z��
�l�_�j�b�l�h�j�•�€���i�Z�j�d�m 

�K�l�\�h�j�_�g�g�y���\�•�a�b�l-
�p�_�g�l�j�m���a���f�m�a�_�c�g�h-
�_�d�k�i�h�a�b�p�•�c�g�b�f��
�d�h�f�i�e�_�d�k�h�f���m���k�d�e�Z�^�•��
�g�h�\�h�]�h��
�Z��̂f�•�g�•�k�l�j�Z�l�b�\�g�h�]�h��
�d�h�j�i�m�k�m���m���k�����I�•�^�]�•�j�p�• 

�G�Z�^�Z�g�g�y��
�•�g�n�h�j�f�Z�p�•�c�g�h-
�h�k�\�•�l�g�•�o���i�h�k�e�m�]��
�\�•�^�\�•�^�m�\�Z�q�Z�f���i�Z�j�d�m��
�l�Z���i�j�_�^�k�l�Z�\�e�_�g�g�y��
�i�j�b�j�h�^�g�b�q�b�o����
�•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�o��
�Z�l�j�Z�d�p�•�c���•��
�j�_�d�j�_�Z�p�•�c�g�h-

2021-
2022 
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�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�i�h�a�b�p�•�c���i�Z�j�d�m 

  �K�l�\�h�j�_�g�g�y��
�\�•�^�i�h�q�b�g�d�h�\�h-�h�k�\�•�l�g�•�o��
�a�h�g���g�Z���•�k�g�m�x�q�b�o �•��
�i�j�h�_�d�l�h�\�Z�g�b�o���_�d�h�e�h�]�h-
�h�k�\�•�l�g�•�o���r�e�y�o�Z�o�� 
�Z�����i�h�[�m�^�h�\�Z���i�h�[�e�b�a�m��
�i�Z�f�¶�y�l�d�b���©�L�j�b�g�•�]�ª����-�o��
�Z�e�v�l�Z�g�h�d�����f�•�k�p�v���^�e�y��
�\�h�]�g�b�s�Z���l�Z���i�j�h�\�_�^�_�g�g�y��
�_�d�h�h�k�\�•�l�g�•�o���a�Z�g�y�l�v�� �[����
�k�i�h�j�m�^�`�_�g�g�y���i�h�[�e�b�a�m��
�k�_�e�Z���F�Z�c�^�Z�g��
�I�_�g�y�p�v�d�b�c����-�l�b��
�Z�e�v�l�Z�g�h�d���•����-�o��
�k�Z�g�•�l�Z�j�g�h-�]�•�]�•�}�g�•�q�g�b�o��
�i�m�g�d�l�•�\�����f�•�k�p�v���^�e�y��
�\�h�]�g�b�s 

�A�Z�[�_�a�i�_�q�_�g�g�y��
�l�b�f�q�Z�k�h�\�h�]�h��
�\�•�^�i�h�q�b�g�d�m���l�Z��
�_�d�h�h�k�\�•�l�g�•�o���a�Z�g�y�l�v��
�^�e�y���\�•�^�\�•�^�m�\�Z�q�•�\��
�i�Z�j�d�m 

2019-
2020 

4 �J�h�a�r�b�j�_�g�g�y���k�i�_�d�l�j�m��
�j�_�d�j�_�Z�p�•�c�g�h-
�l�m�j�b�k�l�b�q�g�b�o���a�Z�g�y�l�v��
�l�Z���j�h�a�j�h�[�d�Z��
�f�Z�j�d�h�\�b�o��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�^�m�d�l�•�\ 

�J�h�a�r�b�j�_�g�g�y���n�h�j�f��
�a�Z�g�y�l�v���a���i�•�a�g�Z�\�Z�e�v�g�h-
�i�j�b�j�h�^�g�b�q�h�€���•��
�i�•�a�g�Z�\�Z�e�v�g�h-
�d�m�e�v�l�m�j�g�h�€���j�_�d�j�_�Z�p�•�€��
���a�_�e�_�g�•���r�d�h�e�b�����g�Z�m�d�h�\�•��
�_�d�k�d�m�j�k�•�€�����f�Z�c�k�l�_�j-
�d�e�Z�k�b���m���j�_�f�•�k�g�b�q�b�o��
�h�k�_�j�_�^�d�Z�o�����\�b�\�q�_�g�g�y��
�•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�h�€��
�k�i�Z�^�s�b�g�b�� 

�M�j�•�a�g�h�f�Z�g�•�l�g�_�g�g�y��
�j�_�d�j�_�Z�p�•�c�g�b�o��
�i�j�h�i�h�a�b�p�•�€���i�Z�j�d�m��
���_�d�h�e�h�]�•�q�g�_��
�g�Z�\�q�Z�g�g�y�����]�_�h�l�m�j�b�a�f��
�•���[�h�l�Z�g�•�q�g�•���l�m�j�b����
�d�j�Z�}�a�g�Z�\�q�•���l�_�f�Z�l�b�q�g�•��
�i�h�€�a�^�d�b), 
�h�j�•�}�g�l�h�\�Z�g�b�o���g�Z��
�r�d�•�e�v�g�•���•���k�l�m�^�_�g�l�k�v�d�•��
�h�k�\�•�l�g�•���]�j�m�i�b���l�Z��
�d�j�Z�}�a�g�Z�\�p�•�\-
�k�i�_�p�•�Z�e�•�k�l�•�\����
�I�•�^�]�h�l�h�\�e�_�g�•��
�i�j�h�]�j�Z�f�b��
�_�d�h�h�k�\�•�l�g�•�o���a�Z�g�y�l�v���l�Z��
�€�o���h�j�]�Z�g�•�a�Z�p�•�c�g�h-
�h�k�\�•�l�g�}���c��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y�� 

2019-
2022 

  �I�•�^�]�h�l�h�\�d�Z���•��
�\�i�j�h�\�Z�^�`�_�g�g�y��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�]�j�Z�f���^�e�y���h�k�\�•�l�g�v�h�€��
�f�h�e�h�^�•���a���j�•�a�g�b�f��
�l�_�j�f�•�g�h�f���i�_�j�_�[�m�\�Z�g�g�y��
�g�Z���l�_�j�b�l�h�j�•�€���i�Z�j�d�m���± �y�d��
�f�Z�j�d�h�\�h�]�h��
�_�d�h�l�m�j�b�k�l�b�q�g�h�]�h��
�i�j�h�^�m�d�l�m���i�Z�j�d�m 

�H�^�g�h-, 3-�^�_�g�g�•���l�Z��
�l�j�b�\�Z�e�•�r�•��
�_�d�h�l�m�j�b�k�l�b�q�g�•��
�i�j�h�]�j�Z�f�b���^�e�y��
�r�d�•�e�v�g�h�€���f�h�e�h�^�•���•�a��
�\�d�e�x�q�_�g�g�y�f��
�_�d�h�h�k�\�•�l�g�•�o�����_�d�h-
�d�m�e�v�l�m�j�g�b�o����
�Z�d�l�b�\�g�b�o���l�Z��
�\�•�^�i�h�q�b�g�d�h�\�h-
�j�h�a�\�Z�`�Z�e�v�g�b�o��
�a�Z�g�y�l�v����

2020-
2021 
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�A�^�•�c�k�g�x�\�Z�l�b�f�_�l�v�k�y��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�m�q�Z�k�g�b�d�•�\��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�]�j�Z�f���g�•�q�e�•�`�g�b�f�b��
�•���]�Z�k�l�j�h�g�h�f�•�q�g�b�f�b��
�i�h�k�e�m�]�Z�f�b��
�i�Z�j�l�g�_�j�Z�f�b���i�Z�j�d�m 

5 �M�^�h�k�d�h�g�Z�e�_�g�g�y��
�m�i�j�Z�\�e�•�g�g�y��
�j�_�d�j�_�Z�p�•�c�g�h-
�l�m�j�b�k�l�b�q�g�h�x���k�n�_�j�h�x��
�i�Z�j�d�m 

�>�e�y���a�Z�[�_�a�i�_�q�_�g�g�y��
�h�i�l�b�f�Z�e�v�g�h�]�h��
�l�_�j�b�l�h�j�•�Z�e�v�g�h�]�h��
�m�i�j�Z�\�e�•�g�g�y��
�j�_�d�j�_�Z�p�•�c�g�h-
�l�m�j�b�k�l�b�q�g�h�x���k�n�_�j�h�x��
�i�Z�j�d�m���a�Z�[�_�a�i�_�q�b�l�b��
�h�j�]�Z�g�•�a�Z�p�•�x����-�o���_�d�h-
�]�_�h�l�m�j�b�k�l�b�q�g�b�o��
�f�•�k�p�_�\�h�k�l�_�c����
�=�h�e�h�]�•�j�k�v�d�h�€����
�A�h�e�h�q�•�\�k�v�d�h-
�I�•�^�]�h�j�_�p�v�d�h�€�����;�•�e�h-
�D�Z�f�¶�y�g�b�p�v�d�h�€���l�Z��
�<�h�j�h�g�y�p�v�d�h 

�����_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�f�•�k�p�_�\�h�k�l�•����
�=�h�e�h�]�•�j�k�v�d�Z����
�A�h�e�h�q�•�\�k�v�d�h-
�I�•�^�]�h�j�_�p�v�d�Z�����;�•�e�h-
�D�Z�f�¶�y�g�b�p�v�d�Z���•��
�<�h�j�h�g�y�p�v�d�Z 

2020-
2022 

6 �J�h�a�j�h�[�d�Z���•���j�_�Z�e�•�a�Z�p�•�y��
�\�e�Z�k�g�b�o��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�Z�d�p�•�c���l�Z���m�q�Z�k�l�v���m��
�j�_�]�•�h�g�Z�e�v�g�b�o��
�d�m�e�v�l�m�j�g�h-�h�k�\�•�l�g�•�o��
�Z�d�p�•�y�o 

�J�h�a�j�h�[�d�Z���•���i�j�h�\�_�^�_�g�g�y��
�_�d�h-�_�l�g�h�d�m�e�v�l�m�j�g�h�]�h��
�n�_�k�l�b�\�Z�e�x��
�©�=�Z�\�Z�j�_�q�q�b�g�Z���± �d�j�Z�c��
�m�g�•�d�Z�e�v�g�h�€���i�j�b�j�h�^�b���•��
�^�Z�\�g�•�o���i�j�h�f�b�k�e�•�\�ª 

�I�j�_�a�_�g�l�Z�p�•�y��
�_�d�h�h�k�\�•�l�g�•�o���•��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�_�d�k�i�h�a�b�p�•�€����
�_�d�h�e�h�]�•�q�g�•���d�h�g�d�m�j�k�b����
�f�Z�c�k�l�_�j-�d�e�Z�k�b���a��
�]�h�g�q�Z�j�k�l�\�Z���^�e�y��
�r�b�j�h�d�h�]�h���d�h�e�Z��
�m�q�Z�k�g�b�d�•�\ 

2020-
2022 

  �A�Z�[�_�a�i�_�q�_�g�g�y���m�q�Z�k�l�•���•��
�i�h�r�b�j�_�g�g�y���_�d�h-
�d�m�e�v�l�m�j�g�b�o���h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�c���g�Z��
�j�_�]�•�h�g�Z�e�v�g�b�o��
�d�m�e�v�l�m�j�g�h-�h�k�\�•�l�g�•�o��
�a�Z�o�h�^�Z�o�����>�g�•���i�Z�f�¶�y�l�•��
�F�����R�Z�r�d�_�\�b�q�Z����
�<�_�j�o�g�v�h�[�m�a�v�d�•��
�n�_�k�l�b�g�b�����>�g�•���f�•�k�l��
�A�h�e�h�q�_�\�Z�����;�m�k�v�d�Z���l�Z��
�;�j�h�^�•�\�����F�•�`�g�Z�j�h�^�g�b�c��
�l�m�j�b�k�l�b�q�g�b�c���y�j�f�Z�j�h�d���m��
�E�v�\�h�\�•�� 

�I�j�_�^�k�l�Z�\�e�_�g�g�y��
�_�d�h�h�k�\�•�l�g�•�o���•��
�_�d�h�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�i�h�a�b�p�•�c�����i�Z�j�d�m��
�^�e�y���r�b�j�h�d�h�]�h���d�h�e�Z��
�k�i�h�`�b�\�Z�q�•�\ 

2019-
2022 

7 �1�g�n�h�j�f�Z�p�•�c�g�h-
�j�_�d�e�Z�f�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�^�•�y�e�v�g�h�k�l�•��
�j�_�d�j�_�Z�p�•�c�g�h-

�<�b�i�m�k�d���^�j�m�d�h�\�Z�g�h�€��
�i�j�h�^�m�d�p�•�€�����i�m�l�•�\�g�b�d�b����
�[�m�d�e�_�l�b�����d�Z�j�l�b�����l�Z��
�h�g�h�\�e�_�g�g�y��
�j�_�d�j�_�Z�p�•�c�g�h-

�I�m�l�•�\�g�b�d�b�����[�m�d�e�_�l�b����
�d�Z�j�l�b���g�Z���_�d�h�h�k�\�•�l�g�x��
�•���_�d�h�l�m�j�b�k�l�b�q�g�m��
�l�_�f�Z�l�b�d�m�� 
�H�g�h�\�e�x�\�Z�g�Z��

2019-
2022 
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�l�m�j�b�k�l�b�q�g�h�€���k�n�_�j�b��
�i�Z�j�d�m 

�l�m�j�b�k�l�b�q�g�h�€��
�•�g�n�h�j�f�Z�p�•�€���g�Z���•�g�l�_�j�g�_�l-
�k�l�h�j�•�g�p�•���i�Z�j�d�m 

�k�l�h�j�•�g�d�Z���G�I�I 

8 �J�h�a�j�h�[�d�Z��
�d�h�g�d�m�j�_�g�l�h�k�i�j�h�f�h�`
�g�h�]�h���]�_�h�h�k�\�•�l�g�v�h�]�h��
�i�j�h�^�m�d�l�m���G�I�I��
�©�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�ª 

�K�l�\�h�j�_�g�g�y���d�h�g�d�j�_�l�g�b�o��
�^�h�\�]�h- �l�Z��
�d�h�j�h�l�d�h�l�j�b�\�Z�e�b�o��
�]�_�h�h�k�\�•�l�g�•�o���i�j�h�i�h�a�b�p�•�c��
���i�•�^�i�j�h�]�j�Z�f�����^�e�y��
�j�•�a�g�b�o���p�•�e�v�h�\�b�o��
�Z�m�^�b�l�h�j�•�c��
���j�•�a�g�h�\�•�d�h�\�b�o�����a�•��
�k�i�_�p�•�Z�e�v�g�b�f�b��
�a�Z�p�•�d�Z�\�e�_�g�g�y�f�b�����a��
�h�[�f�_�`�_�g�b�f�b��
�f�h�`�e�b�\�h�k�l�y�f�b�� 

�I�h�\�g�b�c���d�h�f�i�e�_�d�l��
�^�h�\�]�h- �l�Z��
�d�h�j�h�l�d�h�l�j�b�\�Z�e�b�o��
�]�_�h�h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�c��
���i�•�^�i�j�h�]�j�Z�f�����^�e�y��
�j�•�a�g�b�o���p�•�e�v�h�\�b�o��
�Z�m�^�b�l�h�j�•�c��
���j�•�a�g�h�\�•�d�h�\�b�o�����a�•��
�k�i�_�p�•�Z�e�v�g�b�f�b��
�a�Z�p�•�d�Z�\�e�_�g�g�y�f�b�����a��
�h�[�f�_�`�_�g�b�f�b��
�f�h�`�e�b�\�h�k�l�y�f�b�����l�Z���€�o��
�Z�i�j�h�[�Z�p�•�y 

2019-
2022 

  �J�h�a�j�h�[�d�Z���f�Z�j�d�h�\�b�o��
�_�d�h���]�_�h���h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�c���G�I�I��
�©�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�ª 

�I�j�h�_�d�l�b����-�o��
�f�Z�j�d�h�\�b�o��
�_�d�h���]�_�h���h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�€���G�I�I��
�©�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�ª��
���?�d�h�h�k�\�•�l�Z���^�e�y���\�k�•�o����
�F�Z�g�^�j�•�\�d�b��
�I�•�\�g�•�q�g�b�f���I�h�^�•�e�e�y�f��
�m���q�Z�k�•���•���i�j�h�k�l�h�j�•��
���d�h�f�i�e�_�d�k�g�b�c������
�=�Z�\�Z�j�_�p�v�d�b�c��
�]�h�g�q�Z�j�g�b�c���_�d�h-�Z�j�l-
�p�_�g�l�j�� 

2019-
2021 

9 �F�Z�l�_�j�•�Z�e�v�g�h-
�l�_�o�g�•�q�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�]�_�h�h�k�\�•�l�g�v�h�€��
�^�•�y�e�v�g�h�k�l�•���G�I�I 

�H�[�e�Z�r�l�m�\�Z�g�g�y���•��
�n�h�j�f�m�\�Z�g�g�y��
�_�d�k�i�h�a�b�p�•�c���f�m�a�_�c�g�b�o��
�d�•�f�g�Z�l���m���i�j�b�f�•�s�_�g�g�•��
�f�m�a�_�c�g�h-
�_�d�k�i�h�a�b�p�•�c�g�h�]�h���p�_�g�l�j�m 

�=�h�l�h�\�•���^�h��
�^�_�f�h�g�k�l�j�m�\�Z�g�g�y��
�l�_�f�Z�l�b�q�g�•���f�m�a�_�c�g�•��
�_�d�k�i�h�a�b�p�•�€������
�]�_�h�e�h�]�•�q�g�b�c���f�m�a�_�c������ 

2020 

  �H�[�e�Z�r�l�m�\�Z�g�g�y���•��
�h�[�e�Z�^�g�Z�g�g�y���g�Z�\�q�Z�e�v�g�h�€��
�e�Z�[�h�j�Z�l�h�j�•�€���^�e�y��
�]�_�h�h�k�\�•�l�g�•�o���a�Z�g�y�l�v 

�G�Z�\�q�Z�e�v�g�Z��
�e�Z�[�h�j�Z�l�h�j�•�y������-7 
�f�•�d�j�h�k�d�h�i�•�\����
�•�g�n�h�j�f�Z�p�•�c�g�•��
�l�Z�[�e�b�p�•���•���k�l�_�g�^�b����
�h�[�e�Z�^�g�Z�g�g�y���^�e�y��
�k�l�\�h�j�_�g�g�y���]�_�h�e�h-
�]�•�q�g�b�o���d�h�e�_�d�p�•�c����
�_�d�k�i�j�_�k-�Z�g�Z�e�•�a�•�\��
�\�h�^�b�����‰�j�m�g�l�m����
�k�m�r�b�e�v�g�•���r�Z�n�b���l�Z��
�•�g�r�_���������d�h�e�_�d�p�•�y��
�]�_�h�e�h�]�•�q�g�b�o���i�h�j�•�^ 

2021-
2022 

10 �1�g�n�h�j�f�Z�p�•�c�g�h-
�h�k�\�•�l�g�}���a�Z�[�_�a�i�_�q�_�g�g�y��

�K�l�\�h�j�_�g�g�y���\�•�j�l�m�Z�e�v�g�b�o��
�]�_�h�k�l�_�`�h�d���l�Z���]�_�h�l�m�j�•�\��

�>�\�•���\�•�j�l�m�Z�e�v�g�b�o���_�d�h-
�k�l�_�`�d�b���©�G�Z���K�\�y�l�m��

2020 
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�^�•�x�q�b�o���l�Z���g�h�\�b�o��
�h�k�\�•�l�g�•�o���k�l�_�`�h�d����
�f�Z�j�r�j�m�l�•�\���G�I�I�� 

�^�e�y���h�k�•�[���a���h�k�h�[�e�b�\�b�f�b��
�i�h�l�j�_�[�Z�f�b 

�]�h�j�m�ª���l�Z���©�I�•�\�g�•�q�g�b�f��
�m�k�l�m�i�h�f���=�h�e�h�]�•�j�ª����
�h�^�g�Z �\�•�j�l�m-�Z�e�v�g�Z��
�i�h�^�h�j�h�`���©�I�•�\�g�•�q�g�b�f��
�d�j�Z�}�f���I�h�^�•�e�e�y�ª 

  �<�b�^�Z�g�g�y���l�_�f�Z�l�b�q�g�h�€��
�]�_�h�l�m�j�b�k-�l�b�q�g�h�€���d�Z�j�l�b-
�k�d�e�Z�^�Z�g�d�b���a��
�•�g�n�h�j�f�Z�p�•�}�x���i�j�h���i�Z�j�d��
�g�Z���a�\�h�j�h�l�•�����<�b�^�Z�g�g�y��
�]�j�b-�i�Z�a�e�•�\���©�K�i�•�j�Z�e�v��
�q�Z�k�m�ª���•�a���a�h�[�j�Z�`�_�g�g�y�f��
�]�_�h�e�h�]�•�q�g�h�€���k�i�•�j�Z�e�•��
�q�Z�k�m 

�L�_�f�Z�l�b�q�g�Z��
�]�_�h�l�m�j�b�k�l�b�q�g�Z���d�Z�j�l�Z-
�k�d�e�Z�^�Z�g�d�Z�����=�j�Z-�i�Z�a�e�b��
�©�K�i�•�j�Z�e�v���q�Z�k�m�ª 

2021 

 
�<�h�g�Z���f�Z�} �h�a�g�Z�c�h�f�b�l�b �a�� �h�k�g�h�\�g�b�f�b�� �_�e�_�f�_�g�l�Z�f�b�� �j�_�e�v�}�n�m���I�•�\�g�•�q�g�h�]�h�� �I�h�^�•�e�e�y����

�l�b�i�h�\�b�f�b�� �e�Z�g�^�r�Z�n�l�Z�f�b�� �a�� �e�•�k�h�\�b�f�b�� �[�Z�e�d�h�\�h-�^�_�[�j�h�\�b�f�b���� �e�•�k�h�k�l�_�i�h�\�b�f�b��
�d�j�Z�c�h�\�b�f�b�� �m�k�l�m�i�Z�f�b���� �a�Z�i�e�Z�\�g�b�f�b�� �d�h�f�i�e�_�d�k�Z�f�b�� �^�h�e�b�g�� �l�Z�� �e�•�k�h�\�b�f�b�� �d�h�f�i�e�_�d�k�Z�f�b��
�]�h�j�[�h�]�•�j�¶�€�\���� �P�y �k�l�_�`�d�Z�� �l�Z�d�h�`�� �h�o�h�i�b�l�v�� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�c�� �a�Z�i�h�\�•�^�g�b�d��
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�_�d�k�d�m�j�k�•�c���l�Z���Z�\�l�h�l�m�j�b�k�l�•�\�� 

�\���� �;�•�e�h-�D�Z�f�¶�y�g�k�v�d�Z���]�_�h-�_�d�h�l�m�j�b�k�l�b�q�g�Z�� �f�•�k�p�_�\�•�k�l�v���± �i�•�a�g�Z�\�Z�e�v�g�b�c��
�i�j�b�j�h�^�g�b�q�b�c�� �•�� �d�m�e�v�l�m�j�g�b�c���� �j�_�e�•�]�•�c�g�b�c���� �Z�d�l�b�\�g�b�c�� ���i�•�r�b�c�� �•�� �\�_�e�h�k�b�i�_�^�g�b�c������
�g�Z�m�d�h�\�b�c�� ���[�h�l�Z�g�•�q�g�b�c������ �i�h�^�h�j�h�`�•�� �i�Z�f�¶�y�l�g�b�f�b�� �f�•�k�p�y�f�b���l�Z�� �h�[�¶�}�d�l�Z�f�b�� �•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�h�€���k�i�Z�^�s�b�g�b�� 

�]���� �<�h�j�h�g�y�p�v�d�Z���]�_�h-�_�d�h�l�m�j�b�k�l�b�q�g�Z�� �f�•�k�p�_�\�•�k�l�v�� ���\�•�^�� �I�•�^�]�•�j�p�•�\�� �^�h�� �;�j�h�^�•�\�����± 
�i�•�a�g�Z�\�Z�e�v�g�b�c���i�j�b�j�h�^�g�b�q�b�c���•���d�m�e�v�l�m�j�g�b�c�����g�Z�m�d�h�\�b�c�����[�h�l�Z�g�•�q�g�•���l�m�j�b���•���]�_�h�l�m�j�b�a�f������
�j�_�e�•�]�•�c�g�b�c�����Z�d�l�b�\�g�b�c�����i�•�r�b�c�����l�m�j�b�a�f�� 

�>�e�y�� �d�h�`�g�h�€�� �a���]�_�h-�_�d�h�l�m�j�b�k�l�b�q�g�b�o�� �f�•�k�p�_�\�h�k�l�_�c�� �i�Z�j�d�m�� �m�� �i�h�l�h�q�g�h�f�m�� �i�¶�y�l�b�j�•�q�q�•��
�i�_�j�_�^�[�Z�q�_�g�h�� �a�^�•�c�k�g�b�l�b�� �a�Z�o�h�^�b�� �a�� �j�h�a�[�m�^�h�\�b�� �h�k�\�•�l�g�•�o�� �•�� �l�m�j�b�k�l�b�q�g�b�o�� �k�l�_�`�h�d����
�j�h�a�\�b�l�d�m�� �g�h�\�b�o�� �n�h�j�f�� �j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�b�o�� �a�Z�g�y�l�v �l�Z�� �h�[�k�e�m�]�h�\�m�\�Z�g�g�y��
�\�•�^�\�•�^�m�\�Z�q�•�\���� 

�G�Z�� �i�h�l�h�q�g�_�� �i�¶�y�l�b�j�•�q�q�y���a�Z�i�e�Z�g�h�\�Z�g�h���j�h�a�r�b�j�b�l�b�� �g�Z�[�•�j�� �•�g�n�h�j�f�Z�p�•�c�g�h-
�j�_�d�e�Z�f�g�b�o���\�b�^�Z�g�v�����i�_�j�_�^�[�Z�q�_�g�h �\�b�^�Z�g�g�y���i�m�l�•�\�g�b�d�Z���^�e�y���G�I�I���©�I�•�\�g�•�q�g�_���I�h�^�•�e�e�y�ª����
�•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�v�h�]�h���g�Z�[�h�j�m �i�h�� �h�k�g�h�\�g�b�o�� �k�l�_�`�d�Z�o�� ���[�m�d�e�_�l�� ���� �d�Z�j�l�h�k�o�_�f�Z������
�]�_�h�l�m�j�b�k�l�b�q�g�h�€�� �•���j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�h�€�� �d�Z�j�l�� �I�Z�j�d�m���� �H�k�h�[�e�b�\�m�� �m�\�Z�]�m���[�m�^�_��
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�i�j�b�^�•�e�_�g�h �•�g�l�_�j�g�_�l-�k�l�h�j�•�g�p�•�� �I�Z�j�d�m���� �^�_���^�h�^�Z�^�m�l�v���g�Z�m�d�h�\�h-�h�k�\�•�l�g�x�� �•�g�n�h�j�f�Z�p�•�x��
�i�j�h�� �l�_�j�b�l�h�j�•�x�� �I�Z�j�d�m�� �l�Z�� �c�h�]�h���j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�•�� �f�h�`�e�b�\�h�k�l�•�����H�k�h�[�e�b�\�m��
�m�\�Z�]�m�� �[�m�^�_�� �a�h�k�_�j�_�^�`�_�g�h�� �g�Z�� �]�_�h�l�m�j�b�k�l�b�q�g�b�o�� �h�[�¶�}�d�l�Z�o�� �•�� �]�_�h�h�k�\�•�l�g�v�h-
�]�_�h�l�m�j�b�k�l�b�q�g�b�o���i�j�h�i�h�a�b�p�•�y�o�� 

�G�Z�p�•�h�g�Z�e�v�g�b�c�� �i�j�b�j�h�^�g�b�c�� �i�Z�j�d�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �j�h�a�l�Z�r�h�\�Z�g�b�c�� �m��
�i�•�\�^�_�g�g�•�c�� �q�Z�k�l�b�g�•�� �L�_�j�g�h�i�•�e�v�k�v�d�h�€�� �h�[�e�Z�k�l�•�� �m�� �f�_�`�Z�o�� �I�h�^�•�e�v�k�v�d�h�]�h�� �I�j�b�^�g�•�k�l�_�j�¶�y����
�L�_�j�b�l�h�j�•�y�� �I�Z�j�d�m�� �\�b�l�y�]�g�m�l�Z�� �\�a�^�h�\�`�� �j�•�q�d�b�� �>�g�•�k�l�_�j�� �a�� �i�•�\�g�•�q�g�h�]�h�� �a�Z�o�h�^�m�� �g�Z��
�i�•�\�^�_�g�g�b�c���k�o�•�^���g�Z�����������d�f�����I�h���j�•�q�p�•���K�l�j�b�i�Z���f �_�`�Z���i�Z�j�d�m���\�•�^�o�h�^�b�l�v���\�•�^���>�g�•�k�l�j�Z���g�Z��
�������d�f�����i�h���j�•�q�p�•���>�`�m�j�b�g���g�Z���������d�f�����i�h���j�•�q�p�•���K�_�j�_�l���g�Z���������d�f�����<�•�^�k�l�Z�g�v���f�•�`���d�j�Z�c�g�•�f�b��
�l�h�q�d�Z�f�b�� �i�Z�j�d�m�� �k�l�Z�g�h�\�b�l�v���� �i�h�� �^�h�\�`�b�g�•�� �������� �d�f���� �i�h�� �r�b�j�b�g�•�� ������ �d�f�����:�^�f�•�g�•�k�l�j�Z�p�•�y��
�I�Z�j�d�m���j�h�a�f�•�s�_�g�Z���m �f�����A�Z�e�•�s�b�d�b [8].  

�=�h�e�h�\�g�b�f�b�� �]�_�h�l�m�j�b�k�l�b�q�g�b�f�b�� �Z�l�j�Z�d�p�•�y�f�b�� �g�Z�� �l�_�j�b�l�h�j�•�€�� �i�Z�j�d�m�� �}�� �d�Z�g�v�c�h�g��
�>�g�•�k�l�j�Z�� �g�Z�� �\�•�^�l�b�g�d�m�� �k���� �>�•�[�j�h�\�Z�� �F�h�g�Z�k�l�b�j�b�k�v�d�h�]�h�� �j�Z�c�h�g�m�� �^�h�� �k���� �H�d�h�i�b�� ���]�b�j�e�h�� �j����
�A�[�j�m�q���� �;�h�j�s�•�\�k�v�d�h�]�h�� �j�Z�c�h�g�m���� �d�Z�j�k�l�h�\�•�� �i�_�q�_�j�b���� �l�j�Z�\�_�j�l�b�g�h�\�•�� �k�d�_�e�•���� �\�h�^�h�k�i�Z�^�b����
�d�Z�g�v�c�h�g�h�i�h�^�•�[�g�•���\�•�^�l�b�g�d�b���^�h�i�e�b�\�•�\���>�g�•�k�l�j�Z�����^�Z�\�g�•���d�m�e�v�l�h�\�•���l�Z���h�[�h�j�h�g�g�•���k�i�h�j�m�^�b��
�i�j�b�j�h�^�g�h-�Z�g�l�j�h�i�h�]�_�g�g�h�]�h�� �i�h�o�h�^�`�_�g�g�y�� �l�Z�� �•�g���� �M�� �d�Z�g�v�c�h�g�h�i�h�^�•�[�g�b�o�� �^�h�e�b�g�Z�o��
�>�g�•�k�l�j�Z�� �l�Z�� �c�h�]�h�� �e�•�\�b�o�� �i�j�b�l�h�d�� �K�l�j�b�i�b���� �>�`�m�j�b�g�Z���� �K�_�j�_�l�m���� �A�[�j�m�q�Z���� �G�•�q�e�Z�\�b��
�\�•�^�k�e�h�g�x�}�l�v�k�y�� �i�h�l�m�`�g�b�c�� �d�h�f�i�e�_�d�k�� �h�k�Z�^�h�\�b�o�� �l�h�\�s�� �\�•�^�� �g�Z�c�f�h�e�h�^�r�b�o���± 
�Z�g�l�j�h�i�h�]�_�g�g�b�o�� �•�� �^�h�� �g�Z�c�^�Z�\�g�•�r�b�o���± �k�b�e�m�j�•�c�k�v�d�b�o�� �\�•�^�d�e�Z�^�•�\�� �i�Z�e�_�h�a�h�c�k�v�d�h�€�� �_�j�b���� �M��
�g�b�`�g�•�c�� �q�Z�k�l�b�g�•�� �d�Z�g�v�c�h�g�m�� �>�g�•�k�l�j�Z�� �\�•�^�k�e�h�g�x�x�l�v�k�y�� �k�b�e�m�j�•�c�k�v�d�•�� �•�� �^�_�\�h�g�k�v�d�•�� ���\�•�d�h�f��
�i�h�g�Z�^�� �������� �f�e�g���� �j�h�d�•�\������ �Z�� �\�b�s�_���± �d�j�_�c�^�h�\�•�� ���i�h�g�Z�^�� �������� �f�e�g���� �j�h�d�•�\���� �•�� �g�_�h�]�_�g�h�\�•��
�\�•�^�d�e�Z�^�b [1, 2, 5]���� �H�k�h�[�e�b�\�h�€�� �m�\�Z�]�b�� �a�Z�k�e�m�]�h�\�m�x�l�v�� �\�•�^�k�e�h�g�_�g�g�y�� �k�b�e�m�j�•�c�k�v�d�b�o�� �•��
�^�_�\�h�g�k�v�d�b�o�� �\�•�^�d�e�Z�^�•�\�� �m�� �L�j�m�[�q�b�g�•���� �A�Z�e�•�s�b�d�Z�o���� �1�\�Z�g�_-�A�h�e�h�l�h�f�m���� �M�k�l�_�q�d�m�� �l�Z�� �<�•�k�l�j�• 
[1, 5]. �P�•�� �l�Z�� �•�g�r�•�� �\�•�^�k�e�h�g�_�g�g�y�� �f�Z�x�l�v�� �\�_�e�b�d�m�� �g�Z�m�d�h�\�h-�i�•�a�g�Z�\�Z�e�v�g�m�� �p�•�g�g�•�k�l�v���� �Z��
�h�d�j�_�f�•���± �k�\�•�l�h�\�_�� �a�g�Z�q�_�g�g�y���� �L�_�j�b�l�h�j�•�y�� �[�Z�]�Z�l�Z�� �c�� �i�Z�e�_�h�g�l�h�e�h�]�•�q�g�b�f�b�� �a�g�Z�o�•�^�d�Z�f�b����
�d�•�e�v�d�Z�� �f�•�k�p�_�a�g�Z�o�h�^�`�_�g�v�� �k�d�Z�f�¶�y�g�•�e�h�k�l�_�c�� �i�_�j�_�[�m�\�Z�x�l�v�� �i�•�^�� �h�o�h�j�h�g�h�x�� �y�d�� �i�Z�f�¶�y�l�d�b��
�i�j�b�j�h�^�b�����G�Z���l�_�j�b�l�h�j�•�€���i�Z�j�d�m�����Z�[�h���i�h�j�m�q���a���g�b�f�����\�•�^�h�f�h���[�e�b�a�v�d�h���������\�_�e�b�d�b�o���•���f�Z�e�b�o��
�i�_�q�_�j���� �K�_�j�_�^�� �g�b�o�� �h�^�g�•�� �a�� �g�Z�c�^�h�\�r�b�o�� �m�� �k�\�•�l�•���± �H�i�l�b�f�•�k�l�b�q�g�Z �������������� �d�f���� 
�H�a�_�j�g�Z �����������d�f�����l�Z���•�g�� �>�e�y���l�_�j�b�l�h�j�•�€���G�I�I���o�Z�j�Z�d�l�_�j�g�Z �\�_�e�b�d�Z���d�•�e�v�d�•�k�l�v���i�h�l�m�`�g�b�o��
�^�`�_�j�_�e���� �y�d�•�� �\�b�o�h�^�y�l�v�� �g�Z���k�o�b�e�Z�o���d�Z�g�v�c�h�g�m���• �`�b�\�e�y�l�v�� �k�l�j�m�f�d�b �± �^�h�i�e�b�\�b �>�g�•�k�l�j�Z�� 
�K�l�j�b�i�b���� �>�`�m�j�b�g�Z. �G�Z�c�\�•�^�h�f�•�r�b�f�� �\�h�^�h�k�i�Z�^�h�f�� �Q�_�j�\�h�g�h�]�h�j�h�^�k�v�d�b�c��
�\�h�^�h�k�i�Z�^ ���\�b�k�h�l�Z�� ���� �f���� ���� �d�Z�k�d�Z�^�b�� �g�Z�� �j�� �>�`�m�j�b�g�� �: �l�j�Z�d�p�•�c�g�b�f�b �i�j�b�j�h�^�g�h-
�Z�g�l�j�h�i�h�]�_�g�g�h�]�h���h�[�¶�}�d�l�Z�f�b�� �} �k�d�_�e�v�g�h-�i�_�q�_�j�g�•�� �f�h�g�Z�k�l�b�j�•�� ���K�l�•�g�d�Z���� �J�m�d�h�f�b�r����
�K�h�d�•�e�_�p�v���� �M�k�l�y���� �>�h�j�h�]�b�q�•�\���� �E�b�l�y�q�•���� �F�h�g�Z�k�l�b�j�h�d�� �l�Z�� �•�g������ �l�Z���^�Z�\�g�• �a�Z�f�d�b�� �•�� �n�h�j�l�_�p�•��
���Q�_�j�\�h�g�h�]�h�j�h�^�k�v�d�b�c�� �m�� �G�b�j�d�h�\�•���� �m�� �K�d�Z�e�•-�I�h�^�•�e�v�k�v�d�•�c���� �D�j�b�\�q�_���� �<�b�k�•�q�p�•���� �H�d�h�i�Z�o����
�H�a�_�j�y�g�Z�o���� �D�m�^�j�b�g�p�y�o���� �F�h�g�Z�k�l�b�j�d�m���� �Y�e�•�\�p�•���� �A�h�e�h�l�h�f�m�� �I�h�l�h�p�•���� �j�•�a�g�h�]�h�� �k�l�m�i�_�g�x��
�a�[�_�j�_�`�_�g�g�y�����©�\�i�b�k�Z�g�•�ª���m���\�•�^�i�h�\�•�^�g�•���n�h�j�f�b���j�_�e�v�}�n�m�� 

�K�l�\�h�j�_�g�b�c�� ���������� �j���� �g�Z�� �[�Z�a�•�� �j�_�]�•�h�g�Z�e�v�g�h�]�h�� �e�Z�g�^�r�Z�n�l�g�h�]�h�� �i�Z�j�d�m���G�I�I��
�³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �a�Z�� �i�_�j�•�h�^�� �k�\�h�]�h�� �n�m�g�d�p�•�h�g�m�\�Z�g�g�y���q�Z�k�l�d�h�\�h���a�^�•�c�k�g�b�\��
�•�g�\�_�g�l�Z�j�b�a�Z�p�•�x�� �g�Z�y�\�g�b�o�� �j�_�k�m�j�k�•�\���� �•�k�g�m�x�q�h�€�� �j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�h�€��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�b�� �i�Z�j�d�m�� �•�� �i�j�b�e�_�]�e�b�o�� �l�_�j�b�l�h�j�•�c���� �K�_�j�_�^�� �h�k�g�h�\�g�b�o�� �l�b�i�•�\��
�]�_�h�l�m�j�b�k�l�b�q�g�b�o �h�[�¶�}�d�l�•�\���i�Z�j�d�m���a�j�h�[�e�_�g�h���Z�d�p�_�g�l���g�Z���k�d�_�e�v�g�•���m�l�\�h�j�_�g�g�y���a���i�_�q�_�j�Z�f�b����
�\�h�^�h�k�i�Z�^�Z�f�b�� �•�� �^�`�_�j�_�e�Z�f�b���� �\�b�a�g�Z�q�g�b�o�� �•�� �i�h�i�m�e�y�j�g�b�o�� �i�_�q�_�j�Z�o�� �•�� �\�h�^�h�k�i�Z�^�Z�o����
�a�Z�i�h�\�•�^�g�b�o�� �]�_�h�e�h�]�•�q�g�b�o�� �•���[�h�l�Z�g�•�q�g�b�o�� �h�[�¶�}�d�l�Z�o���� �m�j�h�q�b�s�Z�o�� �l�b�i�m�� �©�k�l�•�g�h�d�ª����
�Z�j�o�_�h�e�h�]�•�q�g�b�o���� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�o�� �l�Z�� �f�_�f�h�j�•�Z�e�v�g�b�o�� �Z�l�j�Z�d�p�•�y�o�����M�� �a�\�¶�y�a�d�m�� �p�b�f����
�i�j�•�h�j�b�l�_�l�g�b�f�� �g�Z�i�j�y�f�d�h�f�� �j�h�a�\�b�l�d�m�� �j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�h�€�� �•�� �h�k�\�•�l�g�v�h�€��
�^�•�y�e�v�g�h�k�l�•�� �G�I�I�� �³�>�g�•�k�l�j�h�\�k�v�d�b�c�� �d�Z�g�v�c�h�g�´�� �\�b�a�g�Z�g�h�� �]�_�h�l�m�j�b�a�f�� �•�� �]�_�h�h�k�\�•�l�m���� �s�h��
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�a�Z�a�g�Z�q�_�g�h���m���k�l�j�Z�l�_�]�•�q�g�b�o���a�Z�\�^�Z�g�g�y�o���•���a�Z�o�h�^�Z�o �g�Z����-10-�j�•�q�g�m���i�_�j�k�i�_�d�l�b�\�m�����l�Z�[�e��������. 
  

�L�Z�[�e�b�p�y���� 
�A�Z�i�e�Z�g�h�\�Z�g�•���a�Z�o�h�^�b���^�e�y���j�h�a�\�b�l�d�m���]�_�h�l�m�j�b�a�f�m���•���]�_�h�h�k�\�•�l�b���m���G�I�I  

�³�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�  ́
�‹��
�a/�i 

 
�K�l�j�Z�l�_�]�•�q�g�•��

�a�Z�\�^�Z�g�g�y 

�A�Z�i�e�Z�g�h�\�Z�g�•��
�a�Z�o�h�^�b 

�H�q�•�d�m�\�Z�g�b�c���j�_�a�m�e�v�l�Z�l �J�•�d��
�\�i�j�h�\�Z�^-
�`�_�g�g�y 

1 �I�h�d�j�Z�s�_�g�g�y��
�\�b�d�h�j�b�k�l�Z�g�g�y���•��
�i�h�i�m�e�y�j�b�a�Z�p�•�y��
�i�j�b�j�h�^�g�b�o���l�Z��
�•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�b�o���j�_�k�m�j�k�•�\��
�I�Z�j�d�m 

�K�d�e�Z�^�Z�g�g�y��
�•�g�\�_�g�l�Z�j�b�a�h�\�Z�g�b�o��
�i�Z�k�i�h�j�l�•�\���p�•�g�g�b�o��
�i�j�b�j�h�^�g�b�o���l�Z��
�•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�b�o��
�h�[�¶�}�d�l�•�\���^�e�y��
�h�p�•�g�d�b���€�o��
�j�_�d�j�_�Z�p�•�c�g�h�]�h��
�i�h�l�_�g�p�•�Z�e�m 

�1�g�\�_�g�l�Z�j�b�a�Z�p�•�c�g�•��
�i�Z�k�i�h�j�l�b���Z�l�j�Z�d�p�•�c�g�b�o��
�h�[�¶�}�d�l�•�\���a��
�j�_�d�h�f�_�g�^�Z�p�•�y�f�b���s�h�^�h���€�o��
�h�[�e�Z�r�l�m�\�Z�g�g�y���^�e�y��
�j�_�d�j�_�Z�p�•�c�g�b�o���i�h�l�j�_�[ 

2018 

  �1�g�n�j�Z�k�l�j�m�d�l�m�j�g�_��
�l�Z���•�g�n�h�j�f�Z�p�•�c�g�h-
�h�k�\�•�l�g�}��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�^�h�k�l�m�i�g�h�k�l�•���^�h��
�Z�l�j�Z�d�p�•�c�g�b�o��
�]�_�h�h�[�¶�}�d�l�•�\�� 
 

�H�[�e�Z�r�l�h�\�Z�g�•���h�[�¶�}�d�l�b���a��
�\�i�h�j�y�^�d�h�\�Z�g�b�f�b��
�k�l�_�`�d�Z�f�b�����k�o�h�^�b���l�Z��
�i�_�j�b�e�Z�����l�Z���•�g�n�h�j�f�Z�p�•�c�g�h-
�h�k�\�•�l�g�•�f�b���k�l�_�g�^�Z�f�b: 
�<�h�^�h�k�i�Z�^���©�K�_�d�e�b�\�d�b�ª���g�Z��
�i�h�l�h�p�•���K�l�j�m�f�q�b�d���\���m�j����
�K�b�\�m�e�b�g�Z���m���k�����1�\�Z�g�_-
�A�h�e�h�l�_; �L�j�Z�\�_�j�l�b�g�h�\�Z��
�k�d�_�e�y���a���\�h�^�h�k�i�Z�^�h�f��
�©�K�e�v�h�a�b���F�h�g�Z�o�•�\�ª����
�i�_�q�_�j�Z�f�b���©�K�e�v�h�a�b��
�F�h�g�Z�o�•�\�ª���•���©�K�\�y�l�b�e�b�s�_�ª����
�M�j�����I�m�k�l�_�e�v�g�y���k����
�M�k�l�_�q�d�h; �D�h�k�f�b�j�b�g�k�v�d�Z��
�l�j�Z�\�_�j�l�b�g�h�\�Z���k�d�_�e�y���a��
�\�h�^�h�k�i�Z�^�h�f���•���i�_�q�_�j�Z�f�b��- 
�K�d�_�e�y���E�_�l�y�q�d�Z; �<�h�^�h�k�i�Z�^��
�©�L�j�b���k�_�k�l�j�b�ª���g�Z���j�����>�a�\�•�g�Z��
�m���k�����>�a�\�_�g�b�]�h�j�h�^����
�L�j�Z�\�_�j�l�b�g�h�\�Z���k�d�_�e�y��
�©�F�h�g�Z�k�l�b�j�k�v�d�Z���k�d�_�e�y�ª���m��
�k�����K�h�d�•�e�_�p�v; �L�j�Z�\�_�j�l�b�g�h�\�•��
�k�d�_�e�•���©�J�•�\�g�Z���k�d�_�e�y�ª���•��
�©�@�h�e�h�[�b�ª 

2018-
2022 

  �H�[�e�Z�r�l�m�\�Z�g�g�y��
�i�j�b�j�h�^�g�b�o���c��
�•�k�l�h�j�b�d�h-
�d�m�e�v�l�m�j�g�b�o��
�h�[�¶�}�d�l�•�\ �y�d��
�k�d�e�Z�^�h�\�b�o��
�_�e�_�f�_�g�l�•�\���h�k�\�•�l�g�•�o����
�l�_�f�Z�l�b�q�g�b�o���•��

�H�[�e�Z�r�l�h�\�Z�g�•���h�[�¶�}�d�l�b���a��
�\�•�^�i�h�\�•�^�g�b�f��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�b�f��
�a�Z�[�_�a�i�_�q�_�g�g�y�f���l�Z��
�•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�•�f�b��
�k�l�_�g�^�Z�f�b: 
- �]�_�h�h�k�\�•�l�g�y���k�l�_�`�d�Z��
�³�<�•�e�v�]�h�\�Z�´ ���k����

2021-
2022 
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�l�m�j�b�k�l�b�q�g�b�o��
�r�e�y�o�•�\. 
 

�>�h�[�j�•�\�e�y�g�b - �k����
�;�_�^�j�b�d�•�\�p�•�������j�_�^�m�l��
�D�j�b�f�k�v�d�h�€���\�•�c�g�b���\ �m�j����
�<�•�e�v�]�h�\�Z���m���k�����;�_�^�j�b�d�•�\�p�•����
�\�h�^�h�k�i�Z�^���m���_�j�h�a�•�c�g�h�f�m��
�y�j�m���<�•�e�v�]�h�\�Z���a��
�^�`�_�j�_�e�Z�f�b�����\�•�^�k�e�h�g�_�g�g�y��
5-�€ �l�_�j�Z�k�b���>�g�•�k�l�j�Z, 
�\�h�^�h�k�i�Z�^���g�Z���i�h�l�h�p�•���\�•�^��
�^�`�_�j�_�e���©�;�•�e�y���k�h�k�g�b�ª���•��
�d�Z�f�¶�y�g�b�c���h�^�g�h�Z�j�d�h�\�b�c��
�f�•�k�l�h�d���g�Z���^�Z�\�g�•�c���^�h�j�h�a�•��
�©�F�m�j�h�\�Z�g�d�Z�ª; 
- �]�_�h�h�k�\�•�l�g�y���k�l�_�`�d�Z��
�³�Q�_�j�\�h�g�Z���]�h�j�Z�´�����k����
�;�_�j�_�f�¶�y�g�b���� � �̂`�_�j�_�e�h���a��
�l�j�Z�\�_�j�l�b�g�h�\�b�f�b��
�g�Z�d�h�i�b�q�_�g�g�y�f�b���\���m�j����
�=�g�b�e�Z�����k�d�_�e�v�g�•���\�b�o�h�^�b���g�Z��
�k�o�b�e�•���Q�_�j�\�h�g�h�€���]�h�j�b, 
�h�d�h�i�b���I�_�j�r�h�€���k�\�•�l�h�\�h�€��
�\�•�c�g�b���g�Z���\�_�j�r�b�g�• 
�Q�_�j�\�h�g�h�€���]�h�j�b�����i�Z�g�h�j�Z�f�Z��
�g�Z���j�����>�g�•�k�l�_�j 

  �<�b�^�Z�g�g�y���[�m�d�e�_�l�m���•��
�n�h�l�h�Z�e�v�[�h�f�m��
�©�I�j�b�j�h�^�g�Z���•��
�d�m�e�v�l�m�j�g�Z��
�k�i�Z�^�s�b�g�Z���G�I�I  
«�>�g�•�k�l�j�h�\�k�v�d�b�c��
�d�Z�g�c�v�h�g�ª 

�;�m�d�e�_�l�����l�b�j�Z�`���������������•��
�n�h�l�h�Z�e�v�[�h�f�����l�b�j�Z�`����������
�i�j�b�f�•�j�g�b�d�•�\�����©�I�j�b�j�h�^�g�Z���•��
�d�m�e�v�l�m�j�g�Z���k�i�Z�^�s�b�g�Z��
�g�Z�p�•�h�g�Z�e�v�g�h�]�h��
�i�j�b�j�h�^�g�h�]�h���i�Z�j�d�m��
�©�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�ª��
�^�e�y���i�h�e�•�i�r�_�g�g�y���•�f�•�^�`�m��
�i�Z�j�d�m 

2019 

2 �A�Z�[�_�a�i�_�q�_�g�g�y��
�_�e�_�f�_�g�l�•�\���k�l�Z�e�h�]�h��
�j�h�a�\�b�l�d�m���^�e�y��
�^�h�f�•�g�m�x�q�b�o �n�h�j�f��
�j�_�d�j�_�Z�p�•�c�g�h�]�h��
�\�b�d�h�j�b�k�l�Z�g�g�y��
�l�_�j�b�l�h�j�•�€���i�Z�j�d�m 

�J�h�a�j�h�[�d�Z���i�e�Z�g�•�\���l�Z��
�•�g�n�h�j�f�Z�p�•�c�g�h-
�•�g�n�j�Z-�k�l�j�m�d�l�m�j�g�_��
�h�[�e�Z�r�l�m�\�Z�g�g�y������
�h�]�e�y�^�h�\�b�o��
�f�Z�c�^�Z�g�q�b�d�•�\���•������
�Z�\�l�h�k�l�h�y�g�h�d���^�e�y��
�Z�\�l�h�l�m�j�b�k�l�•�\���m��
�k�i�•�\�i�j�Z�p�•���a��
�f�•�k�p�_�\�b�f�b��
�h�j�]�Z�g�Z�f�b���\�e�Z�^�b 

�H�[�e�Z�r�l�h�\�Z�g�•�������h�]�e�y�^�h�\�•��
�f�Z�c�^�Z�g�q�b�d�b���•������
�Z�\�l�h�k�l�h�y�g�d�b���^�e�y��
�Z�\�l�h�l�m�j�b�k�l�•�\���a��
�•�g�n�h�j�f�Z�p�•�c�g�h-
�_�d�h�e�h�]�•�q�g�b�f��
�a�Z�[�_�a�i�_�q�_�g�g�y�f: �M�j�h�q�b�s�_��
�D�j�b�\�_���m���k�����D�Z�k�i�_�j�•�\�p�•; 
�M�j�h�q�b�s�_���F�_�l�_�q�Z���g�Z�^��
�^�h�e�b�g�h�x���j�����L�m�i�Z���m��
�=�h�j�^�h�e�b�g�•. 

2020-
2021 

  �J�h�a�j�h�[�d�Z �i�e�Z�g�•�\ �l�Z 
�•�g�n�h�j�f�Z�p�•�c�g�h-
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�_ 
�h�[�e�Z�r�l�m�\�Z�g�g�y 
�h�o�h�j�h�g�g�b�o �a�h�g 
�[�•�e�y �i�_�q�_�j  

�H�[�e�Z�r�l�h�\�Z�g�Z 
�•�g�n�j�Z�k�l�j�m�d�l�m�j�Z���l�Z��
�•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�}��
�a�Z�[�_�a�i�_�q�_�g�g�y���h�o�h�j�h�g�g�b�o��
�a�h�g���i�_�q�_�j �<�_�j�l�_�[�Z���•��
�H�i�l�b�f�•�k�l�b�q�g�Z �m �k�i�•�\�j�h-
�[�•�l�g�b�p�l�\�• �a �f�•�k�p�_�\�b�f�b 

2021-
2022 
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�h�j�]�Z�g�Z�f�b �\�e�Z�^�b�� 
�k�i�_�e�_�h�d�e�m�[�Z�f�b �• 
�i�•�^�i�j�b�}�f�p�y�f�b 

3 �J�h�a�r�b�j�_�g�g�y���k�i�_�d�l�j�m��
�j�_�d�j�_�Z�p�•�c�g�b�o���a�Z�g�y�l�v��
�_�d�h�e�h�]�•�q�g�h�]�h����
�i�•�a�g�Z�\�Z�e�v�g�h�]�h���•��
�d�\�Z�e�•�n�•�d�h�\�Z�g�h�]�h��
�l�b�i�m���l�Z���€�o��
�h�j�]�Z�g�•�a�Z�p�•�c�g�h-
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y 

�D�h�f�i�e�_�d�k�g�_��
�h�[�e�Z�r�l�m�\�Z�g�g�y��
�_�d�h�e�h�]�h-�h�k�\�•�l�g�•�o��
�k�l�_�`�h�d���l�Z��
�l�_�f�Z�l�b�q�g�b�o��
�r�e�y�o�•�\ 

�H�[�e�Z�r�l�h�\�Z�g�•�������_�d�h�h�k�\�•�l�g�•��
�k�l�_�`�d�b���������]�_�h�l�m�j�b�k�l�b�q�g�b�c��
�•�������d�j�Z�}�a�g�Z�\�q�b�c���r�e�y�o��
�i�j�b�j�h�^�g�b�q�h-�•�k�l�h�j�b�q�g�h�]�h��
�l�b�i�m�����k�l�_�`�d�Z���³�Q�_�j�\�h�g�Z��
�]�h�j�Z�´�����k�����;�_�j�_�f�¶�y�g�b��������
�d�f��; �k�l�_�`�d�Z���³�<�•�e�v�]�h�\�Z�´�����k����
�>�h�[�j�•�\�e�y�g�b�����k����
�;�_�^�j�b�d�•�\�p�•���������d�f��; 
�d�j�Z�}�a�g�Z�\�q�Z���k�l�_�`�d�Z��
�³�M�k�l�_�q�d�h - �<�h�^�h�k�i�Z�^��
�>�•�\�h�q�•���k�e�v�h�a�b�´�� 
���k�����M�k�l�_�q�d�h���������d�f��; 
�d�•�e�v�d�Z�^�_�g�g�b�c���i�•�r�h-
�\�h�^�g�b�c���]�_�h�l�m�j�b�k�l�b�q�g�b�c��
�f�Z�j�r�j�m�l���©�D�Z�g�v�c�h�g��
�>�g�•�k�l�j�Z�ª�����k�f�l���D�h�j�h�i�_�p�v���± 
�k�����H�d�h�i�b���� 

2018-
2021 

  �H�[�e�Z�r�l�m�\�Z�g�g�y���l�Z��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�h-
�h�k�\�•�l�g�}��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�i�•�r�b�o���l�Z��
�\�_�e�h�k�b�i�_�^�g�b�o��
�r�e�y�o�•�\ 

�H�[�e�Z�r�l�h�\�Z�g�•�������i�•�r�h-
�\�_�e�h�k�b�i�_�^�g�b�o���l�Z������
�\�_�e�h�k�b�i�_�^�g�b�o���r�e�y�o�•�\���a��
�\�•�^�i�h�\�•�^�g�b�f��
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�h-�h�k�\�•�l�g�•�f��
�a�Z�[�_�a�i�_�q�_�g�g�y�f�� 
�I�•�a�g�Z�\�Z�e�v�g�b�c���i�•�r�h�o�•�^�g�h-
�\�_�e�h�k�b�i�_�^�g�b�c���f�Z�j�r�j�m�l��
�³�>�h�e�b�g�h�x���>�g�•�k�l�j�Z�´���g�Z��
�^�•�e�y�g�p�•���M�k�l�_�q�d�h���± 
�A�Z�e�•�s�b�d�b�����������d�f������
�I�•�a�g�Z�\�Z�e�v�g�b�c���i�•�r�h�o�•�^�g�h- 
�\�_�e�h�k�b�i�_�^�g�b�c���f�Z�j�r�j�m�l��
�³�A�Z�e�•�s�b�d�b���± �H�[�•�`�_�\�h���± 
�D�j�b�\�_�´�����������d�f������
�I�•�a�g�Z�\�Z�e�v�g�b�c���i�•�r�h�o�•�^�g�h-
�\�_�e�h�k�b�i�_�^�g�b�c���f�Z�j�r�j�m�l��
�³�>�h�e�b�g�h�x���>�g�•�k�l�j�Z�´���g�Z��
�^�•�e�y�g�p�•���A�Z�e�•�s�b�d�b���± 
�F�_�e�v�g�b�p�y-�I�h�^�•�e�v�k�v�d�Z����������
�d�f); 
�I�•�a�g�Z�\�Z�e�v�g�•���i�•�r�h�o�•�^�g�h-
�\�_�e�h�k�b�i�_�^�g�b�c���f�Z�j�r�j�m�l��
�³�I�h���g�Z�^���K�l�j�b�i�h�x�´����������
�d�f) 

2018-
2022 

  �J�h�a�j�h�[�d�Z���l�Z��
�d�Z�^�j�h�\�_��
���_�d�k�d�m�j�k�•�c�g�_����
�a�Z�[�_�a-�i�_�q�_�g�g�y��
�i�j�h�\�_�^�_�g�g�y��

�J�h�a�j�h�[�e�_�g�•���i�j�h�]�j�Z�f�b��
�k�i�_�p�•�Z�e�•�a�h�\�Z�g�b�o��
�j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�b�o��
�i�j�h�]�j�Z�f���a���\�•�^�i�h�\�•�^�g�h��
�i�•�^�]�h�l�h�\�e�_�g�b�f�b��

2018-
2020 
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�k�i�_�p�•�Z�e�•�a�h�\�Z�g�b�o��
�j�_�d�j�_�Z�p�•�c�g�h-
�l�m�j�b�k-�l�b�q�g�b�o��
�i�j�h�]�j�Z�f�� 

�_�d�k�d�m�j�k�h�\�h�^�Z�f�b���l�Z��
�i�j�h�\�•�^�g�b�d�Z�f�b���^�e�y��
�h�[�k�e�m�]�h�\�m�\�Z�g�g�y��
�[�h�l�Z�g�•�q�g�b�o�����]�_�h�e�h�]�•�q�g�b�o����
�d�m�e�v�l�m�j�g�h-�i�•�a�g�Z�\�Z�e�v�g�b�o����
�\���l�����q�����k�_�g�l�b�f�_�g�l�Z�e�v�g�b�o����
�l�m�j�•�\�����i�•�r�h�]�h�����\�_�e�h-
�k�b�i�_�^�g�h�]�h�����\�h�^�g�h�]�h��
�l�m�j�b�a�f�m���•���k�i�_�e�_�h-�l�m�j�b�a�f�m 

  �A�Z�[�_�a�i�_�q�_�g�g�y��
�h�j�]�Z�g�•�a�Z�p�•�€���g�Z�p�•�h-
�g�Z�e�v�g�b�o���•��
�f�•�`�g�Z�j�h�^-�g�b�o��
�n�h�j�m�f�•�\��
���d�h�g�n�_�j�_�g�p�•�c����
�k�_�f�•�g�Z�j�•�\�� 

�S�h�j�•�q�g�_���i�j�h�\�_�^�_�g�g�y����-3 
�g�Z�m�d�h�\�b�o���a�Z�o�h�^�•�\���•��
�i�_�j�_�l�\�h�j�_�g�g�y���A�Z�e�•�s�b�d���m��
�p�_�g�l�j���d�h�g�n�_�j�_�g�p�•�c�g�h�]�h��
�l�m�j�b�a�f�m 

2018-
2022 

4 �J�h�a�j�h�[�d�Z �• 
�j�_�Z�e�•�a�Z�p�•�y 
�h�j�]�Z�g�•�a�Z�p�•�c�g�h-
�i�e�Z�g�m�\�Z�e�v�g�b�o 
�a�Z�o�h�^�•�\ �s�h�^�h 
�f�_�g�_�^�`�f�_�g�l�m 
�\�•�^�\�•�^�m�\�Z�q�•�\ �l�Z 
�l�_�j�b�l�h�j�•�Z�e�v�g�h�€ 
�h�j�]�Z�g�•�a�Z�p�•�€ 
�j�_�d�j�_�Z�p�•�c�g�h�€ �k�n�_�j�b 
�i�Z�j�d�m 

�J�h�a�j�h�[�d�Z��
�i�j�h�]�j�Z�f�b��
�h�[�k�e�m�]�h�\�m�\�Z�g�g�y��
�h�k�\�•�l�g�•�o�����m�q�g�•���•��
�k�l�m�^�_�g�l�b������
�g�Z�m�d�h�\�b�o���•��
�l�_�f�Z�l�b�q�g�b�o���]�j�m�i��
�\�•�^�\�•�^�m�\�Z�q�•�\ 

�I�j�h�]�j�Z�f�b��
�h�[�k�e�m�]�h�\�m�\�Z�g�g�y���h�k�\�•�l�g�•�o��
���m�q�g�•���•���k�l�m�^�_�g�l�b������
�g�Z�m�d�h�\�b�o���•���l�_�f�Z�l�b�q�g�b�o��
�]�j�m�i���\�•�^�\�•�^�m�\�Z�q�•�\ 

2019-
2021 

5 �J�h�a�j�h�[�d�Z��
�d�h�g�d�m�j�_�g�l�h�k�i�j�h�f�h�`
�g�h�]�h���]�_�h�h�k�\�•�l�g�v�h�]�h��
�i�j�h�^�m�d�l�m���G�I�I��
�©�>�g�•�k�l�j�h�\�k�v�d�b�c��
�d�Z�v�c�h�g�ª 

�K�l�\�h�j�_�g�g�y��
�d�h�g�d�j�_�l-�g�b�o��
�^�h�\�]�h- �l�Z���d�h�j�h�l�d�h-
�l�j�b�\�Z�e�b�o��
�]�_�h�h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�c��
���i�•�^�i�j�h�]�j�Z�f�����^�e�y��
�j�•�a�g�b�o���p�•�e�v�h�\�b�o��
�Z�m�^�b�l�h�j�•�c��
���j�•�a�g�h�\�•�d�h�\�b�o�����a�•��
�k�i�_�p�•�Z�e�v�g�b�f�b��
�a�Z�p�•�d�Z�\�e�_�g�g�y�f�b�����a��
�h�[�f�_�`�_�g�b�f�b��
�f�h�`�e�b�\�h�k�l�y�f�b�� 

�I�h�\�g�b�c���d�h�f�i�e�_�d�l���^�h�\�]�h- 
�l�Z���d�h�j�h�l�d�h�l�j�b�\�Z�e�b�o��
�_�d�h�h�k�\�•�l�g�•�o���i�j�h�i�h�a�b�p�•�c��
���i�•�^�i�j�h�]�j�Z�f�����^�e�y���j�•�a�g�b�o��
�p�•�e�v�h�\�b�o���Z�m�^�b�l�h�j�•�c��
���j�•�a�g�h�\�•�d�h�\�b�o�����a�•��
�k�i�_�p�•�Z�e�v�g�b�f�b��
�a�Z�p�•�d�Z�\�e�_�g�g�y�f�b�����a��
�h�[�f�_�`�_�g�b�f�b��
�f�h�`�e�b�\�h�k�l�y�f�b�����l�Z���€�o��
�Z�i�j�h�[�Z�p�•�y 

2019-
2022 

  �J�h�a�j�h�[�d�Z��
�f�Z�j�d�h�\�b�o��
�_�d�h���]�_�h���h�k�\�•�l�g�•�o��
�i�j �h�i�h�a�b�p�•�c���G�I�I��
�©�>�g�•�k�l�j�h�\�k�v�d�b�c��
�d�Z�g�v�c�h�g�ª 

�I�j�h�_�d�l�b����-�o���f�Z�j�d�h�\�b�o��
�_�d�h���]�_�h���h�k�\�•�l�g�•�o��
�i�j�h�i�h�a�b�p�•�€���G�I�I��
�©�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�ª��
���?�d�h�h�k�\�•�l�Z���^�e�y���\�k�•�o����
�D�Z�g�v�c�h�g���>�g�•�k�l�j�Z���m��
�i�j�h�k�l�h�j�•���•���q�Z�k�•��
���d�h�f�i�e�_�d�k�g�b�c�������=�•�i�k�h�\�•��
�e�Z�[�•�j�b�g�l�b���I�j�b�^�g�•�k�l�_�j�¶�y����
�L�j�Z�\�_�j�l�b�g�b���I�j�b�^�g�•�k�l�_�j�¶�y��

2019-
2021 
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���k�d�_�e�•�����i�_�q�_�j�b�����\�h�^�h�k�i�Z�^�b����
�^�`�_�j�_�e�Z�� 

6 �F�Z�l�_�j�•�Z�e�v�g�h-
�l�_�o�g�•�q�g�_��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�]�_�h�h�k�\�•�l�g�v�h�€��
�^�•�y�e�v�g�h�k�l�•���G�I�I 

�H�[�e�Z�r�l�m�\�Z�g�g�y���•��
�n�h�j�f�m�\�Z�g�g�y��
�_�d�k�i�h-�a�b�p�•�c��
�f�m�a�_�c�g�b�o���d�•�f�g�Z�l���m��
�i�j�b�f�•�s�_�g�g�•��
�f�m�a�_�c�g�h-
�_�d�k�i�h�a�b�p�•�c�g�h�]�h��
�p�_�g�l�j�m�� 

�=�h�l�h�\�•���^�h��
�^�_�f�h�g�k�l�j�m�\�Z�g�g�y��
�l�_�f�Z�l�b�q�g�•���f�m�a�_�c�g�•��
�_�d�k�i�h�a�b�p�•�€�������]�_�h�e�h�]�•�q�g�b�c��
�f�m�a�_�c���\���f�����A�Z�e�•�s�b�d�b 

2020 

  �H�[�e�Z�r�l�m�\�Z�g�g�y���•��
�h�[�e�Z�^�g�Z�g�g�y��
�g�Z�\�q�Z�e�v�g�h�€��
�e�Z�[�h�j�Z�l�h�j�•�€���^�e�y��
�]�_�h�h�k�\�•�l�g�•�o���a�Z�g�y�l�v 

�G�Z�\�q�Z�e�v�g�Z���e�Z�[�h�j�Z�l�h�j�•�y��
(5-�����f�•�d�j�h�k�d�h�i�•�\����
�•�g�n�h�j�f�Z�p�•�c�g�•���l�Z�[�e�b�p�•���•��
�k�l�_�g�^�b�����h�[�e�Z�^�g�Z�g�g�y���^�e�y��
�k�l�\�h�j�_�g�g�y���]�_�h�e�h�]�•�q�g�b�o��
�d�h�e�_�d�p�•�c�����_�d�k�i�j�_�k-
�Z�g�Z�e�•�a�•�\���\�h�^�b�����‰�j�m�g�l�m����
�k�m�r�b�e�v�g�•���r�Z�n�b���l�Z���•�g�r�_����
�����d�h�e�_�d�p�•�y���]�_�h�e�h�]�•�q�g�b�o��
�i�h�j�•�^ 

2021-
2022 

7 �A�Z�[�_�a�i�_�q�_�g�g�y��
�•�f�•�^�`�m���G�I�I��
�©�>�g�•�k�l�j�h�\�k�v�d�b�c��
�d�Z�g�v�c�h�g�ª���y�d��
�l�_�j�b�l�h�j�•�€���k�l�Z�e�h�]�h��
�j�_�d�j�_�Z�p�•�c�g�h�]�h��
�\�b�d�h�j�b�k�l�Z�g�g�y 

�J�h�a�j�h�[�d�Z���•��
�a�Z�[�_�a�i�_�q�_�g�g�y��
�j�h�a�i�h�\�k�x�^�`�_�g�g�y��
�•�g�n�h�j�f�Z�p�•�c�g�h-
�j�_�d�j�_�Z�p�•�c�g�b�o��
�f�Z�l�_�j�•�Z�e�•�\���s�h�^�h��
�l�_�j�b�l�h�j�•�€���G�I�I  

�J�_�d�j�_�Z�p�•�c�g�Z���d�Z�j�l�Z���l�Z��
�i�m�l�•�\�g�b�d���l�_�j�b�l�h�j�•�}�x��
�I�Z�j�d�m�����j�_�d�j�_�Z�p�•�c�g�•��
�i�j�h�i�h�a�b�p�•�€���g�Z���h�n�•�p�•�c�g�•�c��
web-�k�l�h�j�•�g�p�•���i�Z�j�d�m 

2019 

  �<�b�^�Z�g�g�y��
�l�_�f�Z�l�b�q�g�h�€��
�]�_�h�l�m�j�b�k�l�b�q�g�h�€��
�d�Z�j�l�b-�k�d�e�Z�^�Z�g�d�b���a��
�•�g�n�h�j�f�Z�p�•�}�x���i�j�h��
�i�Z�j�d���g�Z���a�\�h�j�h�l�•����
�<�b�^�Z�g�g�y���]�j�b-
�i�Z�a�e�•�\���©�K�i�•�j�Z�e�v��
�q�Z�k�m�ª�� 

�L�_�f�Z�l�b�q�g�Z��
�]�_�h�l�m�j�b�k�l�b�q�g�Z���d�Z�j�l�Z-
�k�d�e�Z�^�Z�g�d�Z�����=�j�Z-�i�Z�a�e�b��
�©�K�i�•�j�Z�e�v���q�Z�k�m�ª���•�a��
�a�h�[�j�Z�`�_�g�g�y�f���]�_�h�e�h�]�•�q�g�h�€��
�k�i�•�j�Z�e�•���q�Z�k�m 

2021 

 
�K�_�j�_�^�� �]�h�e�h�\�g�b�o�� �i�j�•�h�j�b�l�_�l�•�\�� �j�h�a�\�b�l�d�m�� �j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�h�€�� �k�n�_�j�b�� �G�I�I��

�³�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�´���i�h�l�j�•�[�g�h���\�b�^�•�e�b�l�b���g�Z�k�l�m�i�g�•�� 
1) �i�h�e�•�i�r�_�g�g�y�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �i�j�b�j�h�^�g�b�o�� �l�Z�� �•�k�l�h�j�b�d�h-�d�m�e�v�l�m�j�g�b�o�� �j�_�k�m�j�k�•�\��

�q�_�j�_�a�� �a�Z�[�_�a�i�_�q�_�g�g�y�� �€�o�� �^�h�k�l�m�i�g�h�k�l�•���� �^�h�e�m�q�_�g�g�y�� �^�h�� �_�d�h�h�k�\�•�l�g�•�o���� �l�_�f�Z�l�b�q�g�b�o�� �•��
�l�m�j�b�k�l�b�q�g�b�o���r�e�y�o�•�\�� 

2) �_�d�h�e�h�]�•�a�Z�p�•�y�� �•�� �a�Z�[�_�a�i�_�q�_�g�g�y�� �a�j�•�\�g�h�\�Z�`�_�g�h�k�l�•�� �^�h�f�•�g�m�x�q�b�o�� �l�m�j�b�k�l�b�q�g�b�o��
�a�Z�g�y�l�v�� �q�_�j�_�a�� �m�^�h�k�d�h�g�Z�e�_�g�g�y�� �i�j�b�[�_�j�_�`�g�h�€�� �•�g�n�j�Z�k�l�j�m�d�l�m�j�b�� �\�h�^�g�h�]�h�� �l�m�j�b�a�f�m����
�h�[�e�Z�r�l�m�\�Z�g�g�y�� �•�� �a�Z�[�_�a�i�_�q�_�g�g�y�� �_�d�h�e�h�]�•�q�g�b�o�� �\�b�f�h�]�� �m�� �j�_�d�j�_�Z�p�•�c�g�b�o�� �f�•�k�p�y�o���� �g�Z��
�h�]�e�y�^�h�\�b�o���f�Z�c�^�Z�g�q�b�d�Z�o���•���\���f�•�k�p�y�o���i�Z�j�d�m�\�Z�g�g�y�����d�_�f�i�•�g�]�Z�o���� 

3) �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�m�� �•�� �h�j�]�Z�g�•�a�Z�p�•�c�g�h-�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�_�� �\�i�j�h�\�Z�^�`�_�g�g�y��
�g�h�\�b�o���n�h�j�f���j�_�d�j�_�Z�p�•�c�g�h-�l�m�j�b�k�l�b�q�g�b�o���a�Z�g�y�l�v���a���_�e�_�f�_�g�l�Z�f�b���k�l�Z�e�h�]�h���l�m�j�b�a�f�m�����j�•�a�g�•��
�n�h�j�f�b���_�d�h�l�m�j�b�a�f�m���•���]�_�h�l�m�j�b�a�f�m���l�Z���c�h�]�h���•�g�n�j�Z�k�l�j�m�d�l�m�j�g�_���a�Z�[�_�a�i�_�q�_�g�g�y���� 

4) �j�h�a�j�h�[�d�Z�� �•�� �j�_�Z�e�•�a�Z�p�•�y�� �h�j�]�Z�g�•�a�Z�p�•�c�g�h-�i�e�Z�g�m�\�Z�e�v�g�b�o�� �a�Z�o�h�^�•�\�� �s�h�^�h��
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�f�_�g�_�^�`�f�_�g�l�m�� �l�Z�� �l�_�j�b�l�h�j�•�Z�e�v�g�h�€�� �h�j�]�Z�g�•�a�Z�p�•�€�� �j�_�d�j�_�Z�p�•�c�g�h�€�� �k�n�_�j�b�� �G�I�I��
�³�>�g�•�k�l�j�h�\�k�v�d�b�c���d�Z�g�v�c�h�g�´�� 

�<�b�o�h�^�y�q�b�� �a�� �h�[�j�Z�g�b�o�� �i�j�•�h�j�b�l�_�l�•�\�� �j�h�a�\�b�l�d�m�� �j�_�d�j�_�Z�p�•�c�g�h�€�� �k�n�_�j�b�� �l�Z��
�\�b�s�_�\�d�Z�a�Z�g�b�o�� �d�j�b�l�_�j�•�€�\�� �s�h�^�h�� �n�h�j�f�m�\�Z�g�g�y�� �a�Z�o�h�^�•�\�� �j�_�d�h�f�_�g�^�m�}�l�v�k�y�� �\�g�_�k�l�b��
�g�Z�k�l�m�i�g�•���d�h�j�_�d�l�b�\�b���^�h���k�n�h�j�f�h�\�Z�g�b�o���a�Z�o�h�^�•�\�� 

1) �a�f�_�g�r�b�l�b���d�•�e�v�d�•�k�l�v���g�h�\�h�k�l�\�h�j�_�g�b�o���_�d�h�e�h�]�•�q�g�b�o���k�l�_�`�h�d���g�Z���j�h�a�j�Z�o�m�g�d�h�\�b�c��
5-�j�•�q�g�b�c�� �i�_�j�•�h�^�� �^�h�� �f�h�^�_�e�v�g�b�o�� ��-���� �k�l�_�`�h�d�� �a�� �\�•�^�i�h�\�•�^�g�b�f�� �•�g�n�h�j�f�Z�p�•�c�g�h-�h�k�\�•�l�g�•�f����
�•�g�n�j�Z�k�l�j�m�d�l�m�j�g�b�f���l�Z���i�j�b�j�h�^�h�h�o�h�j�h�g�g�b�f���a�Z�[�_�a�i�_�q�_�g�g�y�f�� 
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The article considers possibilities of the development of geotourism and geo-education in 

the two national parks �± �³�1�R�U�W�K�H�U�Q�� �3�R�G�L�O�O�\�D�´�� �D�Q�G�� �³�'�Q�L�H�V�W�H�U�� �&�D�Q�\�R�Q�´���� �Z�K�L�F�K�� �S�R�V�V�H�V�V�� �D�Q��
outstanding geological and geomorphological heritage. Within the framework of the research 
�H�Q�W�L�W�O�H�G�� �³�'�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�� �S�U�R�M�H�F�W�� �I�R�U�� �R�U�J�D�Q�L�]�D�W�L�R�Q�� �R�I�� �W�K�H�� �W�H�U�U�L�W�R�U�\�� �R�I�� �D�� �Q�D�W�X�U�D�O�� �S�D�U�N�� �D�Q�G��
�S�U�R�W�H�F�W�L�R�Q�����U�H�S�U�R�G�X�F�W�L�R�Q���D�Q�G���U�H�F�U�H�D�W�L�R�Q�D�O���X�V�H���R�I�� �L�W�V���Q�D�W�X�U�D�O���F�R�P�S�O�H�[�H�V���D�Q�G���R�E�M�H�F�W�V���´����- and 10-
�\�H�D�U�V�¶�P�D�Q�D�J�H�P�H�Q�W�� �S�O�D�Q�V�� �K�D�Y�H�� �E�H�H�Q elaborated for the development of each of these national 
parks. Within the strategic ten-year tasks and five-year development activities of each of the 
parks, the development of various forms of geotourism and geo-education and their 
organizational, informational and infrastructural support have been particularly emphasized.  

�2�Q�� �W�K�H�� �W�H�U�U�L�W�R�U�\�� �R�I�� �W�K�H�� �³�1�R�U�W�K�H�U�Q�� �3�R�G�L�O�O�L�D�´�� �1�D�W�L�R�Q�D�O�� �3�D�U�N���� �D�Q�� �R�X�W�V�W�D�Q�G�L�Q�J�� �J�H�R�K�H�U�L�W�D�J�H�� �L�V��
presented by a geomorphological phenomenon �± the Northern Podilskyi Ledge of about 60 km 
of length with the difference in altitude of 80-150 meters, by numerous geological outcrops of 
Cretaceous and Neogene rocks, unique rock formations (Trynih, Vuhatyi Kamin, etc.), and by 
such dynamic modern forms of relief as a gully-ravine one. These attractive objects of 
inanimate nature have an educational and landscape value. In the future, it is proposed to 
introduce such forms of geotourism as scientific geological tours, educational excursions for 
learning groups, hiking, cycling and automobile tourist routes with an overview of geological 
and geomorphological phenomena. From the viewpoint of geo-educational significance, it is 
important to arrange a geological exhibition in the planned park visit-centre in the village of 
Pidkamin, to equip several geo-educational paths and to publish a guidebook and a geotourist 
map of the park. The priority measures for a five-year period, which concern organizational, 
informational and infrastructural provision for the development of 2geotourism and geo-
education in this National Park, are presented. 

�7�K�H�� �³�'�Q�L�H�V�W�H�U�� �&�D�Q�\�R�Q�´�� �1�D�W�L�R�Q�D�O�� �3�D�U�N�� �L�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\�� �D�� �Z�L�G�H�� �U�D�Q�J�H�� �R�I�� �R�E�M�H�F�W�V�� �R�I�� �W�K�H��
geopolitical heritage, including those of international significance. Among them are unique, as 
to their research value, stratigraphic sections of the Silurian and Devonian deposits in 
Trubchyna, Zalishchyki, Ivane-Zolote, Ustechko, and Vistra, as well as other numerous 
outcrops of rocks; landscape canyon-like segments of the Dniester River valley and of its left 
tributaries �± the Strypa, Dzhuryn, Seret, Tupa, and Nichlava rivers; rock and cave formations of 
travertine rocks near the villages of Sokilets, Kosmyryn, Ustechko, Dzvenyhorod, Ivano-Zolote 
and others; numerous gypsum caves, including those of national significance, such as Verteba, 
Kryshtaleva, Optymistychna, Ozerna, Yuvileyna; numerous springs and small waterfalls. Future 
geotourist activities should become a calling card of this National Park. Among the top-priority 
�S�O�D�Q�Q�H�G�� �D�F�W�L�Y�L�W�L�H�V���� �W�K�H�� �³�3�U�R�M�H�F�W�� �R�I�� �R�U�J�D�Q�L�]�D�W�L�R�Q�� �R�I�� �W�K�H�� �W�H�U�U�L�W�R�U�\���R�I�� �W�K�H�� �³�'�Q�L�H�V�W�H�U�� �&�D�Q�\�R�Q�´��
�1�D�W�L�R�Q�D�O�� �3�D�U�N�´�� �H�Q�Y�L�V�D�J�H�V�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J���� �D�F�F�H�V�V�� �W�R�� �J�H�R�O�R�J�L�F�D�O�� �R�X�W�F�U�R�S�V�� �D�Q�G�� �U�R�F�N�� �I�R�U�P�D�W�L�R�Q�V����
organization of bicycle and waterways with an overview of geological and geomorphological 
phenomena, scientific and educational programs which will include visiting the unique gypsum 
caves. To maintain an appropriate geotourist image of the territory, it is important to organize 
annual events �± geological conferences, summer schools, and geofestivals. The creation of the 
�³�'�Q�L�H�V�W�H�U���&�D�Q�\�R�Q�´�� �1�D�W�Lonal Geopark within a 10 year-period, which will perform the leading 
functions of geoheritage preservation and development of geotourism and geo-education, has 
been suggested and justified.  

Key words: geotourism, geo-education, geoheritage, national park, �³�1�R�U�W�K�H�U�Q�� �3�R�G�L�O�O�L�D�´����
�µ�'�Q�L�H�V�W�H�U���&�D�Q�\�R�Q�´��  
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