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ɸʥʥʦʪʘʮʠʷ. ʄʘʟʢʫʨ ʤʘץʦʣʘʜʘ ʨʝʣʴʝʬ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʩʥʠʬʣʘʰ ʫʩʫʣʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫʥʜʘ ʨʘʥʛʥʠ 

ʘʥʠץʣʘʰ ʪʘʤʦʡʠʣʠʛʘ  ʚʘ ʛʝʦʤʦʨʬʦʥʣʘʨ ʢʦʥʮʝʧʮʠʷʩʠʛʘ ʘʩʦʩʣʘʥʠʙ, ʝʨʥʠʥʛ ʨʘץʘʤʣʠ ʤʦʜʝʣʠ ʸʨʜʘʤʠʜʘ 

ʨʝʣʴʝʬʥʠ ʪʘץץʦʩʣʘʰ ʫʩʫʣʠ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. 

ɹʫʥʜʘ ʨʝʣʴʝʬ ʵʣʝʤʝʥʪʣʘʨʠ ʶʟʘʩʠʥʠʥʛ ʰʘʢʣʠ ʚʘ ʥʠʩʙʠʡ ʞʦʡʣʘʰʠʰʠʛʘ ץʘʨʘʙ ʪʘʩʥʠʬʣʘʥʘʜʠ. ʐʫʥʠʥʛʜʝʢ, 

ʤʘʟʢʫʨ ʤʘץʦʣʘ ʨʘץʘʤʣʠ ʪʦʧʦʛʨʘʬʠʢ ʤʦʜʝʣʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʛʘ ʙʘסʠʰʣʘʥʛʘʥ. 

ʋʰʙʫ ʤʘץʦʣʘʜʘ ʘʣʛʦʨʠʪʤʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ פʦʨʘץʘʣʧʦסʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʯʘʧ ץʠʨסʦץʣʘʨʠʜʘʛʠ 

ʪʫʤʘʥʣʘʨʠʥʠ ʤʠʩʦʣʣʘʨʠʜʘ ʢ˄ʨʠʙ ʯʠץʜʠʢ. ɹʫʥʜʘ ʠʨʨʠʛʘʮʠʷ ʪʠʟʠʤʣʘʨʠ, פʦʨʘץʘʣʧʦסʠʩʪʦʥ ʈʝʧʩʫʙʣʠʢʘʩʠʥʠ 

ʚʝʛʝʪʘʮʠʷ ʠʥʜʝʢʩʠʥʠ, ʛʝʦʤʦʨʬʦʥ ʫʩʫʣʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʨʝʣʴʝʬ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʩʥʠʬʠʥʠ, ʵʥʛ ʡʠʨʠʢ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʩʥʠʬʣʘʰ, ʤʝʟʦʨʝʣʴʝʬ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʥʣʘʛʘʥ ״ʦʣʜʘ פʦʨʘץʘʣʧʦסʠʩʪʦʥʥʠʥʛ ʯʘʧ 

 .ʠʜʘʛʠ ʪʫʤʘʥʣʘʨʥʠʥʛ ʨʝʣʴʝʬ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʪʘʩʥʠʬʣʘʰʜʘʥ ʠʙʦʨʘʪסʦסʠʨץ

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʧʦʩʪ-ʜʝʣʴʪʘ ʣʘʥʜʰʘʬʪʠ, ʘʩʩʠʤʝʪʨʠʷ, ʪʝʭʥʦʛʝʥ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʛʝʦʤʦʨʬʦʤʝʪʨʠʷ, 

ʤʝʟʦʤʘʩʰʪʘʙ, ʶʟʘʥʠ ʪʦʧʦʛʨʘʬʠʢ ʠʥʜʝʢʩ (TRI). 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʣʴʝʬʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʩ ʎʄʈ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ ʠ ʢʦʥʮʝʧʮʠʠ ʛʝʦʤʦʨʬʦʥʦʚ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʝ ʠ ʧʦʣʦʞʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʵʪʦʪ ʘʣʛʦʨʠʪʤ, ʤʳ 

ʠʟʫʯʠʣʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʨʠʤʝʨʝ ʣʝʚʦʙʝʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʩ 

ʥʘʣʦʞʝʥʥʳʤʠ ʦʩʥʦʚʥʳʤʠ ʠʨʨʠʛʘʪʦʨʘʤʠ, ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʣʝʚʦʙʝʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʠʨʨʠʛʘʪʦʨʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜ ʛʝʦʤʦʨʬʦʥʦʚ, ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʪʙʦʨ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʠ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʝʦʤʦʨʬʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʩ ʦʪʙʦʨʦʤ 

ʵʣʝʤʝʥʪʦʚ ʤʝʟʦʨʝʣʴʝʬʘ, ʣʝʚʦʙʝʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʪʜʝʣʴʪʦʚʦʡ ʣʘʥʜʰʘʬʪ, ʘʩʠʤʤʝʪʨʠʷ, ʪʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʛʝʦʤʦʨʬʦʤʝʪʨʠʷ, 

ʤʝʟʦʤʘʩʰʪʘʙ, ʠʥʜʝʢʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ (TRI). 

 

Abstract. Article presents a classification system for relief elements. We used the methods of classification and 

comparison of relief elements with DEM based on the principle of pattern recognition and the concept of 

geomorphons. These elements are classified using a relative classification model based on the shape and position of 

the surface. The paper deals with the development of methods for analyzing digital topographic models. Also, using 

this algorithm, we studied topographic indicators using the example of left-bank regions of the Republic of 

Karakalpakstan with basic irrigators imposed, vegetation index of the left-bank regions of Republic of 

Karakalpakstan using basic irrigators, classification of relief elements using the geomorphons method, low 

resolution, selection of the largest elements, classification of relief elements and elements using the geomorphons 

method with high resolution with the selection of elements of the mesorelief, of left-bank regions of the Republic of 

Karakalpakstan. 

Keywords: post-deltaic landscape, skewness, technogenic transformation, geomorphometry, mesoscale, 

topographic ruggedness index (TRI). 

 

Introduction.  For the post-deltaic landscapes of the 

lower reaches of the Amudarya, a combination of 

relatively plain relief and small mean slope with a 

complex geomorphological structure of the developed 

delta, man-made elements and small a remnant height is 

typical. In this case, the relief, one of the system-

forming components of the landscape continues to 

transform, both under the influence of man, and due to 

natural causes, in particular desertification. Therefore, 

the development of methods for analyzing digital 

topographic models is an important step in this research 

work.   Many scientists have proposed classification and 

mapping of the terrain on applied geomorphology for a 

comprehensive study of land resources (T.Tamura, 

1980) [1]. The terrain classifications have been studied 

by many researchers (Tang Guo-an and Lai Fayuan, 

2008), also, the last decade, many scientists have paid 

attention to the classification and mapping of the relief 

in geomorphology (L.DrŁgut and C. Eisank, 2009, 

2011) [2,3,4].  In the world of the present time many 

researchers for the classification of methods of 

geomorphons (T.F. Stepinski et al., 2011, 2015), other 

researchers of the DEM transformed the relief using the 

methods of geomorphons (J. Jasiewicz et. all. 2013) 

[5,6,7]. In 2013, scientists presented a new method of 

classification and mapping of elements from the relief 

of the height matrix based on the principle of pattern 

recognition (J.Jasiewicz and T.F. Stepinski., 2013) [6]. 

Some researchers compared the terrain classification by 

height, slope, curvature relief inputs and (TPI) 

mailto:yakhshimurad@rambler.ru
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topographic position index and some studies have used 

the classification of the relief of the DEM which has a 

high spatial resolution (M.Mokarrama, M.Hojati, 2018) 

[8,9]. 

Methods and data. 

J. Jasiewicz, P. Netzel, T.F. Stepinski (2013) 

proposed a new alternative approach for mapping 

elementary relief forms that differs significantly 

from other modern methodologies, based not on 

visual assessment of topographic features of the 

terrain, isolation of negative and positive forms 

using traditional methods of differential geometry, 

but using methods of computer recognition [6]. In 

part, this method repeats certain features of visual 

classification, but is free from possible errors 

caused by a priori representations of the 

geomorphological researcher about the territory 

under study. To do this, it is suggested to use 

methods for classifying textures, in particular, 

content-oriented image processing. In this case, the 

elements of the relief are considered as specifically 

spatially distributed heights in a certain region of 

the digital relief model. Within the framework of 

such a representation, the means of texture 

classification were adapted. In particular, an 

approach based on local ternary structures (LTS) 

can be used to identify relief elements. The set of 

all LTSs is finite, taking into account the symmetry 

of rotation and the reflection of their total 498 

types.  A geomorphic map is a thematic 

topography map, it shows the spatial structure of 

the ten most common relief elements: 1 ï flat, 2 ï 

peak, 3 - ridge, 4 ï shoulder, 5 ï spur, 6 ï slope, 7 

ï hollow, 8 ï footslope, 9 ï valley, and 10 ï pit 

(Fig.1). In the article, we used the algorithm 

implemented in GRASS 7 as a GRASS r. 

geomorphons module (Geomorphons App is a web 

interface for the r. geomorphons). 
 

 
Fig.1. Main geomorphons known for the analysis of the 

landforms (Jasiewicz, Stepinski, 2013). 

 

One of the most important parameters of the 

relief is the slope. The slope expresses essential 

characteristics of the earth's surface and is widely 

used in landscape analysis, land use planning and 

land use optimization. It is important to correctly 

choose the scale of the grid on which this 

parameter is calculated, since the slope calculated 

by the single minimum cell of the digital relief 

model in a raster form may not be able to reveal 

the most important features of the terrain of the 

studied territory. This is especially important for 

the post-deltaic plains, where a complex picture of 

the technogenic transformation of the surface is 

superimposed on the natural dissection of the 

channel system, the river banks and inter-river 

depressions. And, although the averaged slope is 

widely used as a topographic ruggedness index 

(TRI), revealing the unevenness of the earth's 

surface on an average scale, it cannot be applied 

directly to the geomorphological assessment of 

post-deltaic landscapes and their classification as a 

single functional parameter. Thus, it is obvious that 

for post-deltaic landscapes with a high degree of 

anthropogenic fragmentation, more subtle and 

sophisticated methods of analysis are needed. 

In particular, Tang Guo-an, Li Fayuan, [2] for 

the first time formulated new promising 

approaches to the analysis of the spectrum of this 

parameter. In this case, there is the possibility of 

statistical study of the surface gradient within the 

boundaries of the corresponding facies or larger 

landscape units. At the same time, the slope 

spectrum of the surface reflects the type of relief 

more fully and efficiently in comparison with other 

topographic indices, and the transition of slope 

compositions from positive to negative skewness 

depends on the dimensionless value reflecting the 

processes of relief formation-accumulation and 

denudation. In a number of cases, the distribution 

of slopes is an important means of research, for 

example, slope processes and the slope spectrum 

can characterize the topographic profiles of 

inhomogeneous relief more effectively than 

traditional qualitative classifications [10]. 

Object and study area. 

Objects the post deltaic landscapes of the 

northern part of the Amudarya river delta. We 

want using the geomorphons method of classifying 

and mapping the northern part of the Amudarya 

river delta. Because in this territory present time 

the landscape is changing rapidly. From this point 

of view, the methods of geomorphons give us very 

good results. 

Results. We have made the classification of 

geomorphons left-bank regions Republic of 

Karakalpakstan. Also, the basic topographic 

ruggedness indexes widely used in modern 

geomorphometry are also quite informative. This is 

the topographic ruggedness index (TRI), which is 

the average difference between the value of the 

central cell of the sliding window and adjacent 

cells, and also the TPI (topographic position index) 

calculated as the difference in the values of the 

central cell from the average surrounding cells. 

It should be noted that a variety of topographic 

ruggedness index (TRI) systems based on 

hydrographic reconstruction of the territory does 

not always give an adequate picture due to the 
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great degree of transformation of the relief in agro 

landscapes (irrigation canals, dams, collectors) and 

superposition in post-deltaic landscapes of 

mesoscale geomorphologic elements of different 

genesis, in particular, the remnant elevations and 

intra-oasis sand massifs. Using this method, we 

made the topographic ruggedness index (TRI) of 

the left-bank regions Republic of Karakalpakstan 

(Fig.2). 
 

 
Fig.2. Topographic ruggedness index (TRI) of left-bank 

regions of the Republic of Karakalpakstan. 

 

There are many different filters for texture 

analysis of images, in particular, local binary 

encodings are widely used to describe and classify 

textures. The local ternary structure can be 

considered as a binary modification in order to 

operate with images with lower contrast levels. 

The operation is based on assigning to the 

neighboring cell of the sliding filter a value of 1 if 

its value exceeds the value in the central cell by at 

least a predetermined threshold value. In the 

opposite case, if the value of the neighboring cell is 

less than the value centrally to the threshold value, 

then it is assigned the value -1. In all other cases, 

the calculated value is zero. From a practical point 

of view, the ternary coding of the relief type in the 

vicinity of the central point is determined not just 

by the height difference, but by the derivative 

value for the local surface using the principle of 

the observed neighborhood. There in this method 

we made Vegetation index of left-bank regions of 

the Republic of Karakalpakstan with superimposed 

primary irrigation systems (yellow lines), August, 

2013 (Fig.3) and you can see Fig.4. Space image of 

the northern part of the delta Amudarya (2013, 

Landsat) with the imposition of isohypses made by 

these methods.  

J. Jasiewicz, P. Netzel, T.F. Stepinski propose 

to call these elementary "atoms" of the 

geomorphological structure geomorphic, by 

analogy with textiles, elementary units in the 

analysis of textures [7]. Texts reflect the 

fundamental features of the microstructure of 

images and, thus, form the basic elements of visual 

perception. Similarly, geomorphons can be 

represented as elementary constituents of the 

geomorphological structure of a territory. 

Geomorphons can be obtained by processing a 

digital terrain model with relatively small 

computational costs. In this case, instead of a 

sliding window with a constant scale factor, you 

can use a LTS with the automatic size and shape 

that is automatically adaptable to the local 

topography for the transformation operator of the 

digital terrain model.  

 

 
Fig.3. Vegetation index (NDVI) of left-bank regions of 

the Republic of Karakalpakstan with superimposed 

primary irrigation systems (yellow lines), August, 2013. 

 

 
Fig.4. Space image of the northern part of the delta 

Amudarya (2013, Landsat) with the imposition of 

isohypses. 

 

This approach uses the idea of the line of sight 

and ensures that all forms of relief are identified in 

the most appropriate scale for them. At the same 

time, single expressed relief elements consist of a 

set of geomorphons, and it is possible to generate 

geomorphological maps consisting of ten generally 

recognized elements of a relief (peak, ridge, slope, 

valley, plain, ledge, bottomless drop, etc.). The 

process of generating such a card reduces the 

reclassification of geomorphic maps using cross-

matching tables. It should also be noted the 

extensive flexibility of this method, which is 

especially important for delta plains, including 
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small elevations, outcrops and ridges. With this 

method, we have made classification of relief 

elements using the method of geomorphons, low 

resolution, with the selection of the largest 

elements, of the Republic of Karakalpakstan 

(Fig.5). 

 
Fig.5. Classification of relief elements using the method 

of geomorphons, low resolution, with the allocation of 

the largest elements left bank regions Republic of 

Karakalpakstan. 

 

This principle, first proposed by Yokoyama and 

Shirachava in 2002, relates the surface relief and 

horizontal distance by means of the so-called 

zenith and nadir angles along eight main 

directions. To calculate the corners from the digital 

elevation model, eight local profiles are created 

starting from the central point and propagating 

along the main directions up to the distance of 

visibility. The analytical details of this operation 

are set forth in the works [11]. 

 

 
Fig.6. Classification of relief elements using the method 

of geomorphons, increased resolution, with the isolation 

of elements of mesorelief left bank regions the Republic 

of Karakalpakstan. 

 

As well as with the metods we have made 

classification of relief elements using the method 

of geomorphons, increased resolution, with the 

isolation of elements of mesoreliefs the Republic 

of Karakalpakstan (Fig.6). 

The geomorphological analysis of the Southern 

Aral Sea in a survey scale is consistently shown 

using the method described above, a fragment of a 

digital geomorphological map obtained by 

classification of local ternary structures and 

topographical indices for this section of the study 

area. 

We used so-called geomorphons approaches 

proposed and developed by T.F. Stepinski, and J. 

Jasiewicz [6]. This approach reveals more 

complicated details of the relief structure and 

allows studying modern processes of the relief 

genesis and landscaping transformation in 

comparison with traditional topographic indexes or 

ñrelief plasticsò. 

Conclusion. 

Thus, it can be seen from the presented 

illustrations that the use of traditional topographic 

indexes for post-delta territories is extremely 

complicated by the complexity and "noisiness" of 

the relief caused by both the development of the 

territory and various natural processes, in 

particular, the previously discovered phenomenon 

of geoecological interference [12]. At the same 

time, the use of analytical methods based on 

ternary coding and subsequent classification (the 

method of geomorphons), even in the complex 

situation of a developed agrolandscape, gives the 

possibility of classifying and isolating the essential 

elements of the terrain. The study of relief is 

important both from the point of view of 

formulating the geoecological foundations of 

modern soil formation and describing geochemical 

flows in the post-delta ecosystem, and, in the long 

term, as a method for regional monitoring of the 

transformation processes of landscapes due to 

desertification. 
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APPLICATION  
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Abstract: The crowdsourcing-based data collection is a relatively new and interesting part of the geoinformatics. 

Since the end of the last decade crowdsourcing had become a fast spreading data acquisition method due to the 

increasing of (mainly laic) users. We can find similar methods mainly in the field of GIS (for example community 

map editing), but due to the rapid spread of point cloud formation algorithms based on image matching, this field 

had been supplemented with an interesting application group build on large amount of pictures in various quality 

and resolution, originate from different photo and video sharing websites. 

In our article, we would like to present the application possibilities of a large number of images on different 

image and video sharing portals for an architectural survey. The article shows the possibilities of automation, the 

advantages and disadvantages of the technology. It contains the practical experience of the available resolution and 

the accuracy of the method, as well as the other potential uses of the crowdsourcing-based data acquisition. 

Keywords: crowdsourcing, photogrammetry, laserscanning 

 

The studyôs object and tools. 

As the concrete object of the study, we chose 

B®laOhmannôssculpture, named óRights of 

Feh®rv§rô, in its more popular name the ôState 

Appleô. One reason of our choice is symbolical. 

The statue, made in 1943, had been inspirited by 

the regalias and has become not only the cityôs but 

our facultyôs emblem too. As it is the most well-

known monument in Sz®kesfeh®rv§r, we expected 

sufficient amount of available photos on image 

sharing portals, therefore we did not check the 

number and quality of them in advance. In the 

interest of studying the geometry of the point cloud 

made by the help of crowdsourcing, we needed a 

reference, what we get from the laser scanning 

measurement of the statue (Figure 1.). 

 
Figure 1. Reference point cloud from the laser scanning 

measurement 

 

Besides the laser scanning measurement, we 

were taking own pictures too with simple amateur 



 ˽ͪ ͔ͦ͋ͣ͡· ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊ 2019 ͎ ͦ͒Σ   ͔ͫͨͼ͙͊͡Έͤ·͚ ͍·ͨͯͫ͟ 

10 

ground cameras in ideal measuring arrangement 

(Figure 2.). From these photos we created adense 

point cloud of the statue usingthe 

AgisoftPhotoscan software (Figure 3.). We also 

analyzed what was the maximal resolution and 

accuracy that we can reach using this 

measurement. 

 

Figure 2. Measurement layout. 

 

Figure 3. Point cloud - made from our own photos. 

 

During the investigation of crowdsourcing we 

used several sources of data. From the popular 

social websites ofFlickr, YouTube, Vimeo and 

Instagram we havecollected photos and video 

recordings as well. Naturally crowdsourcing can be 

adapted the most efficiently if the filtering and 

downloading of pictures is automated.  An 

example innovation with the same purpose is the 

API (Application Programming Interface) of 

Flickr. Bycalling the applicationôs functions into 

our application or simply by using the web 

interface designed for this purpose, it is possible to 

filter photos by place capturing time, uploading 

time, attached metadata or keywords and then 

download them. In the course of the searching 

method we used the filters listed above. From our 

aspect it was significantly important to limit the 

capturing time of photos, because the statue had 

been resurrected and rebuilt in the past years, this 

way we could utilize only those photos which 

belong to the current position. 

We obtained nearly 340 useful pictures from 

some of the sources. The obstacles that we have 

faced during the filtering, were mainly caused by 

the incorrect georeferencing or because the 

keywords were given wrong. We have done the 

filtering manually, but further on we design to 

automate this process through some developments. 

The evaluation was also done with the above-

mentioned AgisoftPhotoscan commercial product. 

We present the result point cloud on Figure 4. As 

we can see, the resolution has not as fine quality as 

the reference point cloud. 

 
Figure 4. Point cloud produced from crowdsourced 

images 

 
Figure 5. Manually selected ground control points 

 

We made point clouds not only from automatic 

evaluation, but with the manual defining tiesas 

well (Figure 5.). The comparison of the point cloud 

achieved with crowdsourcing and the reference one 

was done by the analogy with a former casework 

[4]. All of the pointsof the clouds were 

transformed with an ICP algorithm-based 

transformation (Figure 7-8.) into a common 

reference system, then we examined whether their 

average distance and deviation correlate with the 

reference point cloud.  
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Figure 6. Point cloud from videos 

 

 
Figure 7. Point cloud (from Photos) 

 

 
Figure 8. Point cloud (from scanner) and the result of 

ICP algorithm 

 

The study had been carried out separately on 

recordings with different sources, the outcome is 

exposed in Table 1. 

It is noticeable, that naturally the best resolution 

belongs to the point cloud produced from our own 

pictures what ensures the largest overlap. The next 

one is the point cloud made from the numerous 

pictures extracted from videos. The model, 

calculated by the help of ~340 crowdsourced 

images, contains much less points. Although the 

number of pictures is relatively large, one of the 

reasons of it is the spatial distribution of them, 

which is not nearly even. 

 
Table 1. Average distances from the reference point 

cloud in the cases of recordings with different sources 

Source of 
the 

reference 
point cloud 

Source of the 
adjusted point 

cloud 

Average 
distance 

[m] 

Deviation 
[m] 

Number of 
points in the 
point cloud 

(pcs) 

Laser 
scanner 

336 assorted 
pictures, without 
tie points 

0,043 0,063 3740 

Laser 
scanner 

336 assorted 
pictures, with tie 
points placed on 
buildings 

0,001 0,001 2486 

Laser 
scanner 

336 assorted 
pictures, with tie 
points placed on 
the statue 

0,028 0,033 12059 

Laser 
scanner 

Pictures 
extracted from 
videos 

0,023 0,024 61011 

Laser 
scanner 

Own pictures 0,011 0,010 204683 

 

Conclusions.  
All in all, the score of the paper is that we could 

establish that the crowdsource-based point cloud 

processing holds promising developmental 

possibilities. One of its main advantages lies in the 

opportunity of automation. Especially in those 

locations that are beloved by tourists we can expect 

the sufficient quantity (and quality) of imagery that 

may lead to proper coverage and geometry. The 

final product can be suitable for architectural or 

cultural heritage conservational purposed 

assessment too [5, 6]. In futuredevelopments we 

set our sights on the automation of filtering the 

pictures originated from crowdsourcing. 
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Abstract: Urban development and management require the handling of complex spatial related objects as well. 

Nowadays there are data acquisition and data process technologies, which can satisfy such demands. The methods of 

data acquisition typically provide additional information for GIS beyond geometric data. During the data processing 

we can get further possibilities. Data from different source can be managed jointlyand the information content of the 

data can be multiplied. Formal times, production of the corresponding high-quality data of the objects was a time 

consuming and expensive procedure. GIS data acquisition technologies such as Lidar, digital photogrammetry, 

remote sensing, terrestrial laser scanning and GNSS positioning enable to produce a complex spatial urban database 

with high resolution and high accuracy. Certainly, the data collection equipment may be still costly, but due to the 

efficiency of the acquisition method, the measurement time can dramatically be shortened. It is also an important 

aspect that a complex database enables multiple analysis so that the database can serve multiple disciplines. 

In this study we present some of the data acquisition and data processing technologies, which are suitable to 

integrate into an urban database and can provide useful information for a wide range of applications through 

analysis and visualization. In urban development several factors need to be considered simultaneously, such as 

infrastructure, environment, heritage preservation, etc. Different spatial display capabilities can illustrate object of 

interests one-by-one, but also it is possible to model its surroundings as well. This way such tools can be used 

efficiently for urban planning by the municipal decision makers. In this study, we will present how to collect and 

how to utilize different resolution data (Lidar, close range and aerial photogrammetry, terrestrial laser scanning) in 

urban areas, how to create 3 dimensional models of objects or how to generate surface model of the city based on 

different data. There are examples presented indicating how to use different combinations of geometric, spectral and 

topographic data in practice. 

Keywords: LIDAR, photogrammetry, remote sensing, laser scanning, urban data set 

 

GIS inurban planning 

The Geographic Information System (GIS) is a 

system created to capture, store, analyze and 

manage spatial or geographic data. The GIS 

techniques are used in a wide area of global, 

regional and local planning. An essential issue for 

GIS is the quality and suitability for the analysis of 

the data used in the applied database. The concept 

of quality nowadays means not only geometric 

accuracy but also the quality of the further contents 

of the database. In addition to accuracy, the 

geometrical resolution is important.  Further in the 

case of remote sensing data, it has significance the 

spectral (channel number) and radiometric (BPC- 

bit/channel) resolution. The traditional planning 

techniques of architecture and civil engineering are 

time consuming and static procedures. Today, 

there are many well-known data acquisition 

technologies that can deliver large amounts of data 

on their own, and when used combined, it can 

multiply the information content. [2] 

Data acquisition technologies 

Field data. This is the oldest data acquisition 

procedure. It is used when we want to determine 

the location of a few discrete points, i.e. the 

determination of the field is abstracted to 

appropriately chosen discrete points (Figure 1). 

The task of surveyor to identify and to select the 

characteristic points of the field and register them. 

It is time consuming field work and it is using a 

limited number of keypoints. We can use GPS for 

lower accuracy, but if we need high accuracy, use 

of total station is suggested. These devices are 

indispensableforthe construction of engineering 

structures, for monitoring of their movements. 

 

 
1. Figure. Measurement of discrete points [1] 

 

o Time-consuming and not efficient enough, 

but the most accurate data acquisition methods. 

o Usually used for engineering tasks (setting 

out of engineering facilities, measuring of parcel 

boundaries, measuring of utility lines) and field 

calibration and reference measurements for remote 

sensing. 

Photogrammetry. Photogrammetry has advan-

mailto:balazsik.valeria@amk.uni-obuda.hu
mailto:toth.zoltan@amk.uni-obuda.hu
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ced greatly in the last years. At the beginning of 

the XXI. century the digital photogrammetric 

cameras replaced the film-based equipments. The 

digital cameraswith the high resolution, multi-ray 

imaging and high automation potential completely 

haverenewed the photogrammetric technology. [2] 

In addition to traditional aerial photogram-

metry, UAV (Unmanned Aerial Vehicle) platform 

for photogrammetryhas been appeared. The use of 

UAV-s is having a big impact on photogrammetry. 

Due to the lower flying altitude,significantly 

higher resolution became available (1-2 cm, see 

Figure 2). Making aerial photos of larger areas still 

have to becarried out with traditional aircraft-

mounted camera. For the urban GIS,close-range 

photogrammetry can also be efficiently used. 

Software have been developed that can process 

images taken with an amateur camera, asthe use of 

non-metric cameras is widespread. Based on 

handhold images,one can create 3-dimensional 

models of buildings or other objects. 

Sensors used in photogrammetry are very 

diverse in geometric, spectral and radiometric reso-

lution. Their greatest advantage in urban environ-

ments is their geometric resolution (from mm to 

cm), which can be exploited in many areas. 

Detailed survey of smallarea, condition observe, 

open trench survey, rapid documentation of 

archaeological excavations, illegal construction 

supervision, engineering environmental 

management, waste management, intelligent 

transportation, and other aspects can be mentioned 

as relevant examples. 

 
 

 

2. Figure Highresolution UAV image 

 

  
Geometricaldata 

 

        
 

3. FigureTrue colour and false colour othophoto of  

Sz®kesfeh®rv§r based on aerial images 

 

In aerial photogrammetry, there is a widespread 

method of shooting: in addition to the classical Nadir 

shooting at a given position (Figure 3), images can be 

taken forwards, backwards and sideways (Figure 4). 

These óobliqueô images make it possible to produce a 

spatial model of cities. 

 

 

4. Figure 3-dimensional model of Sz®kesfeh®rv§r by 

using oblique images 

 

Photogrammetry is now being integrated into 

many activities involving geospatial data. 

Remote sensing 

Satellite remote sensing is capable of producing 

more data types, that expand the possibilities of 

urban information databases. The geometric, 

spectral and radiometric resolution of the satellite 

images have improved a lot in the recent years. 

Formal times, they had lessapplications in urban 

environments due to their poor geometric 

resolution. By now, this has changed. For example, 

the WorldView-2 is a commercial Earth 

observation satellite. WorldView-2 provides 

commercially available panchromatic imagery of 

0.46 m (18 inch) resolution, and eight-band 

multispectral imagery with 1.84 m (72 in) 

resolution [6]. 
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5. Figure Image of downtown Oakland captured by 

DigitalGlobe's WorldView-2 satellite. [6] 

 

LIDAR 

 

 

 
 

The invention of laser has started in the early 

1960ôs. The main product of LIDAR (Light 

Detection and Ranging) survey is a 3D point cloud. 

The density of the point cloud depends on the 

sensor characteristics (scanning frequency and 

repetition rate), as well as the flight parameters 

(see an example on Figure 6). Assuming that the 

scanner is pulsing and oscillating at a fixed rate, 

the point cloud density depends purely on the flight 

altitude and speed of the aircraft. It is also 

important to understand that LiDAR sensor is only 

sampling positions without RGB (spectral 

information), creating a monochrome dataset 

which is challenging to be interpreted. To make it 

more meaningful, the data is often visualized using 

false-color based on reflectivity or elevation 

(Figure 7). [3] 
 

 

7.a FigureOrthophoto and pointcloud [1] 

 

 

7b. Figure3D pointcloudvisualizedusingfalse-

colorbasedonelevation [1] 

 

The lidar technology collects highly accurate 

geometrical data with high density,  but the 

analysis and semantic interpretation require 

application-specific data processing methods. It is 

possible to overlay color on the LiDAR data in the 

post-processing phase based on supplementary 

information, such as images or other data sources. 

The color can also be added based on 

classification. [2,3] As the size of LIDAR 

equipments become smaller, they not only 

mounted on aircraft, but also on UAVs, increasing 

both the resolution and the accuracy. 

Mobile laser scanner and terrestrial laser 

scanner 

Mobile laser scanning technology combines the 

use of a laser scanner, the global navigation 

satellite systems, and an inertial measurement unit 

(IMU - adjusts input data for vehicle movements) 

on a mobile platform to produce accurate 

geospatial data. Terrestrial Laser Scanners has 

been developed for as-built modeling of 

architectural and engineering structures. They can 

be used for high-resolution modeling of terrain 

objects over limited distances in the range of 50ï

300 m. These equipmentsare a key player in the 

sector due to their low cost, durability and 

simplicityof usage. A point cloud can be quickly 

and easily produced, and the process is expected to 

become more affordable and automated.Mobile 
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laser scanned measurements are characterized 

about by 30mm absolute and 3-5mm relative 

accuracy on distances less than10 m. [7] Examples 

are shown on Figure 8. 
 

 
 

 

8. Figure Mobile laserscannedpointcloudat a 

busytrafficjunction in Budapest [8];  

Terrestriallaserscannedpointcloud of thestatue 

ĂOrsz§galmaò in Sz®kesfeh®rv§r [5] 

 

Digital Terrain Model from analog maps 

Low-resolution and accurate data, that can be 

derived from analog topographic maps can be used well 

for global city planning. They provide 3D information 

about the entire city (Figure 9). 

 
9. FigureVisualisation of topographicmapsondigital 

terrain model of Sz®kesfeh®rv§r (20 m gridsize) 
 

The approximate evaluation of the recorded data 

1. Table 

 
Field 
data 

collection 

Photo-
gram-
metry 

LIDAR 
Mobile 
laser-

scanner 

Terrestrial 
laser-

scanner 

Multi-
spectral 
remote 
sensing 

Horizontal 
accuracy 

***** ***** *** ** **** * 

Vertical 
accuracy 

***** *** ***** ** ***** - 

Spatial 
resolution 

*  ******  ***  ****  *****  *  

Semantic 
resolution 

*  ***  *  *  *  *****  

time 
required 

*  **  *  *  *  *****  

cost 
efficiency 

*  *****  **  *  *  ***  

Source: [9] 

 

Table 1. summarizes the strength and weakness 

of the different data acquisition methods. Itmay 

help to find the optimal method forurban planning, 

which satisfies the needs ofresolution and 

accuracy, and provides information on cost 

efficiency.Data from different source can be 

managed together and the advantages can be 

added. 

Examples are shown on Figure 10 to Figure 15. 

 
10. FigureGreen and artificiallandcover, 

classifiedsatellite image drapedon DTM (20m grid size) 

[10] 

 

 

11. FigureWatersheets of Sz®kesfeh®rv§ron DTM 

forglobalplanning 

 

 

12. Figure 3-dimensional urbanmodel, applied of 

LIDAR data (0,5 m) and high resolution true orthophoto 

(~0,2m), Sz®kesfeh®rv§r 
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13. Figure Orthophoto and LIDARpointcloud,Cross-

section of a street. [1] 

 

 

14. FigureCross-section of merged LIDAR and 

terrestriallaserscannedpointclouds [2] 

 

 
 

 

15. FigureCadastralmap, highr esolution true ortho 

photo and depictedindividuallymeasuredtrees in a 

common reference system 

 

Conclusions 

Data acquisition and processing techniques 

show different resolution and accuracy. It is 

important to understand that all of technologies 

have their strength as well as limitations, defined 

by the application they have been developed for. 

Usually, they can be usedcomplementary, so joint 

use of these techniques is often recommended. 

None of these technologies is better than the other 

and none of them can be used optimally for all 

cases. The geometric resolution of LIDAR is better 

than the resolution of a satellite image, but the 

LIDAR itself has no continuous spectral 

information from the surface. We can prepare an 

industrial investment map using UAV technology, 

but the structure must be assigned field geodetic 

measurements. The technologies have changed, but 

the rule remains. The accuracy needs and 

efficiency demands are the primer factors to decide 

on the proper data acquisition method, andwe 

choose the technique which best suits for our 

purpose. 
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 ɸʈ ʇʆʃʀɻʆʅʆʄɽʊʈʀʗʉʀɼɸɻʀ ʍɸʊʆʃʀʂʃɸʈ׳ɸʈʐʀ ʐɸפ

ɺɸ ʋʅʀ ׳ʀʉʆɹɻɸ ʆʃʀʐʅʀʅɻ ɿɸʄʆʅʆɺʀʁ ɽʏʀʄʀ 

 

ʉʫʶʥʦʚ ɸ.ʉ.,ʉʫʶʥʦʚ ʐ.ɸ., ʌʘʡʟʠʝʚ ʐ.ʐ. 
ʉʘʤʘʨץʘʥʜ ʜʘʚʣʘʪ ʘʨʭʠʪʝʢʪʫʨʘ-ץʫʨʠʣʠʰ ʠʥʩʪʠʪʫʪʠ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʳʝ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦ ʥʦʚʦʤ ʤʝʪʦʜʝ, ʧʦʚʳʰʘʶʱʠʡ ʪʦʯʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʪʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʠ ʩʫʭʦʛʦ 

ʢʣʠʤʘʪʘ ʋʟʙʝʢʠʩʪʘʥ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʢʦʪʦʨʳʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʣʝʚʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. 

 

Annotation. In this scientific article the issue of environmental influence by horizontal angular measurements 

was investigated. Discusses a new method that improves the accuracy of horizontal angular and linear measurements 

in the network in polygonometry in hot and dry climates, Uzbekistan. A new method has been developed which 

makes it possible to increase the measurement accuracy using field experimental material. 

 

ʂʘʣʠʪʣʠ ʩ˄ʟʣʘʨ: ʕʣʝʢʪʨʦʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʶץʦʨʠ ʘʥʠץʣʠʢʜʘʛʠ ʛʝʦʜʝʟʠʢ ˄ʣʯʘʰʣʘʨ, ʪʘʰץʠ ʤʫ״ʠʪ 

ʪʘʲʩʠʨʠ, ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ ʛʦʨʠʟʦʥʪʘʣ ʨʝʬʨʘʢʮʠʷʩʠ, ʸʨʫסʣʠʢ ʥʫʨʠʥʠʥʛ ʥʦʪʝʢʠʩ ʪʘʨץʘʣʠʰʠ, ʟʘʤʦʥʦʚʠʡ 

ʵʣʝʢʪʨʦʥ ʪʘʭʝʦʤʝʪʨʣʘʨ. 

 

ɾʘ״ʦʥʜʘ ʛʝʦʜʝʟʠʷ ʚʘ ʢʘʨʪʦʛʨʘʬʠʷ ʩʦ״ʘ-

ʩʠʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ʙʠʣʘʥ ʙʫʛʫʥʛʠ ʢʫʥʜʘ 

ʫʥʠʥʛ ʟʘʤʦʥʦʚʠʡ ʵʣʝʢʪʨʦʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʜʘʛʠ 

˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʦʰʠʨʠʰ ʤʫʘʤʤʦʣʘʨʠʥʠ ʝʯʠʰ 

 ʠʜʘ״ʘʤʜʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʷʨʘʪʠʰ ʘʣʦ״

ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. ʖץʦʨʠ ʘʥʠץʣʠʢʜʘʛʠ ʙʫʨʯʘʢ 

˄ʣʯʦʚʣʘʨʠ ʟʘʤʦʥʘʚʠʡ ʪʝʭʥʦʣʦʛʠʷʩʠ ʸʨʜʘʤʠʜʘ 

ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢʣʘʨʥʠ ˄ʣʯʘʰʥʠʥʛ ʘʥʠץʣʠ-

ʛʠʥʠ ʯʝʢʣʘʡʜʠʛʘʥ ʵʥʛ ʤʫ״ʠʤ ʩʘʙʘʙʣʘʨʜʘʥ ʙʠʨʠ 

ʙʫ ʠʥʩʪʨʫʤʝʥʪʘʣ ʭʘʪʦʣʘʨ ʵʤʘʩ, ʙʘʣʢʠ ʪʘʰץʠ 

ʤʫ״ʠʪ (ʨʝʬʨʘʢʮʠʷ) ʪʘʲʩʠʨʠ ʯʘץʠʨʘʜʠʛʘʥ ״ʘʚʦ 

ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ ʛʦʨʠʟʦʥʪʘʣ ʨʝʬʨʘʢʮʠʷʩʠ ʜʝʙ 

ʘʪʘʣʤʠʰ ʭʘʪʦʣʠʛʠʜʠʨ. 

ʋʰʙʫ ʭʦʜʠʩʘʥʠ ˄ʨʛʘʥʠʰ ʚʘ ʫʥʠʥʛ ʟʘʨʘʨʣʠ 

ʪʘʲʩʠʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ, ʪʨʠʘʥʛʫʣʷʮʠʷ ʚʘ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʪʘʨʤʦץʣʘʨʥʠʥʛ ʘʥʠץʣʠʛʠʥʠ 

ʦʰʠʨʠʰ ʫʯʫʥ ʠʣʦʞʠ ʙʦʨʠʯʘ, ʠʣʤʜʘ ʚʘ ʠʰʣʘʙ 

ʯʠץʘʨʠʰʜʘ ʙʠʨʠʥʯʠ ʚʘʟʠʬʘ ʙ˄ʣʠʙ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʋʰʙʫ ʡ˄ʥʘʣʠʰʜʘ ʨʠʚʦʞʣʘʥʛʘʥ ʜʘʚʣʘʪʣʘʨʜʘ, 

ʞʫʤʣʘʜʘʥ ʈʦʩʩʠʷ ʋʢʨʘʠʥʘ, ɻʝʨʤʘʥʠʷ, ɸפʐ ʚʘ 

ʙʦʰץʘ ʤʘʤʣʘʢʘʪʣʘʨʜʘ ʛʝʦʜʝʟʠʢ ˄ʣʯʘʰ 

ʠʰʣʘʨʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʞʘʨʘʸʥʠʜʘ ʪʘʰץʠ 

ʤʫ״ʠʪ ʪʘʲʩʠʨʠʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰʛʘ, ˄ʣʯʘʰ 

ʥʘʪʠʞʘʣʘʨʠʛʘ ʩʝʟʠʣʘʨʣʠ ʪʘʲʩʠʨʠʥʠ ˄ʪʢʘʟʘʜʠʛʘʥ 

ʛʦʨʠʟʦʥʪʘʣ ʨʝʬʨʘʢʮʠʷ ʭʦʩʩʘʣʘʨʠʥʠ ʵʲʪʠʙʦʨʛʘ 

ʦʣʠʙ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠʥʠ ʦʰʠʨʠʰʛʘ ʘʣʦ״ʠʜʘ 

ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʛʘʥ. 

ʂʘʪʪʘ ʤʠץʸʩʜʘʛʠ ʡʠʨʠʢ ʤʘʩʰʪʘʙʣʠ ʭʘʨʠʪʘ-

ʣʘʰ, ʛʝʦʜʝʟʠʷ ʘʩʦʩʣʘʨʠ ʚʘ ʘʡʥʠץʩʘ, ʙʫʨʯʘʢ 

˄ʣʯʦʚʣʘʨʥʠʥʛ ʘʥʠץʣʠʛʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙʘʨʯʘ 

ʪʘʣʘʙʣʘʨʥʠ ץ˄ʡʠʙ, ʛʝʦʜʝʟʠʢ ʘʩʦʩʣʦʚʥʠ ץʫʨʠʰ 

ʫʯʫʥ ʷʥʛʠ ʪʘʰʢʠʣ ʵʪʠʣʛʘʥ ʚʘ ʵʪʠʣʘʜʠʛʘʥ 

ʩʠʩʪʝʤʘʣʘʨʥʠ ץʘʡʪʘ ʢ˄ʨʠʙ ʯʠץʠʰʛʘ ʤʘʞʙʫʨ 

 ʠʰʥʠץʠʣʘʜʠ ʚʘ ʫʥʠʥʛ ʷʥʛʠ, ʫʩʫʣʠʥʠ ʠʰʣʘʙ ʯʠץ

ʪʘʣʘʙ ʵʪʘʜʠ. 

ɹʫ ʙʦʨʘʜʘ, ʞʫʤʣʘʜʘʥ ʪʘʰץʠ ʤʫ״ʠʪ ״ʘʨ ʜʦʠʤ 

 ʦʣʘʪʜʘ ʙ˄ʣʘʚʝʨʤʘʩʣʠʛʠ, ʫʥʠʥʛ״ ʫʥסʘʤ ʪʫʨ״

ʚʘץʪʠ-ʚʘץʪʠ ʙʠʣʘʥ ˄ʟʛʘʨʠʙ ʪʫʨʠʰ ץʦʥʫʥʠʷʪʣʘʨʠ 

˄ʨʥʘʪʠʣʛʘʥ ״ʘʤʜʘ ʫʣʘʨʥʠ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠʥʠ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ 

 .ʠʩʦʙʣʘʥʘʜʠ״

ɸʩʦʩʠʡ ʛʝʦʜʝʟʠʢ ʪʘʜץʠץʦʪʥʠʥʛ ʷʥʛʠ ʪʠʟʠʤʠ 

ʫʯʙʫʨʯʘʢʣʘʨ ʚʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʪʦʤʦʥʣʘʨʠ-

ʥʠʥʛ ץʠʩץʘʨʪʠʨʘʜʠ, ʯʫʥʢʠ ʫ ʧʫʥʢʪʣʘʨʥʠʥʛ 

ʦʨʘʩʠʜʘ ʢ˄ʧʨʦץ ʘʪʤʦʩʬʝʨʘʥʠʥʛ ʟʠʯʣʠʛʠʥʠ 

˄ʨʛʘʥʠʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. ɹʫ ״ʦʣʘʪ, ˄ʟ ʥʘʚʙʘ-

ʪʠʜʘ, ʢ˄ʨʠʰ ʚʠʟʠʨ ʥʫʨʥʠʥʛ ʧʘʩʪʢʠ ץʘʪʣʘʤʠʜʘ, 

(ʷʲʥʠ ʝʨʥʠʥʛ ʶʟʘʩʠʛʘ ʷץʠʥ ץʘʪʣʘʤʜʘ) 

ʵʛʠʣʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ, ʯʫʥʢʠ ʥʫץʪʘʣʘʨ 

ʦʨʘʩʠʜʘʛʠ ʢ˄ʨʠʥʠʰ ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ ʝʨʥʠʥʛ 

ʫʩʪʢʠ ץʠʩʤʠʜʘ ˄ʟʛʘʨʘʜʠ. ʅʘʪʠʞʘʜʘ, ʙʠʟ ʸʨʫסʣʠʢ 

ʥʫʨʠʥʠʥʛ ʥʦʪʝʢʠʩ ʯʠʟʠץ ʙ˄ʡʣʘʙ ʙʦʨʠʰʠ 

ʰʘʨʦʠʪʠʥʠ ʙʠʨʦʟ ʸʤʦʥʣʘʰʛʘʥʠʥʠ ʢʫʟʘʪʘʤʠʟ, 

ʰʫ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ʘʡʥʠ ʧʘʡʪʜʘ ʙʫʨʯʘʢ ʚʘ 

ʯʠʟʠץ ˄ʣʯʦʚʣʘʨʠʥʠʥʛ ʘʥʠץʣʠʛʠʥʠ ʦʰʠʨʠʰ 

ʪʘʣʘʙʠʥʠ ץ˄ʷʤʠʟ. ʐʫ ʥʫץʪʘʠ ʥʘʟʘʨʜʘʥ, ʰʘ״ʘʨ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢʣʘʨʥʠ 

˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʙ˄ʡʠʯʘ ʛʦʨʠʟʦʥʪʘʣ ʨʝʬʨʘʢ-

ʮʠʷʩʠʥʠʥʛ ʪʘʲʩʠʨʠ ״ʘץʠʜʘ ʷʥʛʠ ʤʫʘʤʤʦʣʠ 

ʤʘʩʘʣʘʩʠʥʠ ʙʠʣʠʰ ʢʝʨʘʢ ʙ˄ʣʘʜʠ. ʐʫ ʞʦʡʜʘ 3, 

4-ʩʠʥʬʣʘʨ ʪʨʠʘʥʛʫʣʷʮʠʷʩʠ ʚʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ-

ʩʠʜʘʛʠ ״ʘʚʦ ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ ʩʠʥʠʰ ʢ˄ʨ-

ʩʘʪʛʠʯʣʘʨʠ ʪʘʲʩʠʨʠ ʤʘʩʘʣʘʩʠʥʠ ˄ʨʛʘʥʠʰ 

ʟʘʨʫʨʘʪʠ ʪʫסʠʣʘʜʠ. 

2017-2021 ʡʠʣʣʘʨʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠ-

ʢʘʩʠʥʠ ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ ׳ʘʨʘʢʘʪ-

ʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠʜʘ, ʞʫʤʣʘʜʘʥ ç...ʘʨʭʠʪʝʢʪʫʨʘ ʚʘ 

ʫʨʠʣʠץ  hʢʦʤʧʣʝʢʩʠʥʠ ʠʥʥʦʚʘʮʠʦʥ ʨʠʚʦʞʣʘʥ-

ʪʠʨʠʰ, ʷʥʛʠ ʩʘʥʦʘʪ ʢʦʨʭʦʥʘʣʘʨʠʥʠ ץʫʨʠʰ, 

ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʠʰ ʦʙʲʝʢʪʣʘʨʠʥʠ ʠʰʛʘ ʪʫʰʠ-

ʨʠʰ...è ʚʘʟʠʬʘʣʘʨʠ ʙʝʣʛʠʣʘʙ ʙʝʨʠʣʛʘʥ[1]. ʋʰʙʫ 

ʚʘʟʠʬʘʣʘʨʥʠ ״ʘʸʪʛʘ ʪʘʜʙʠץ ʵʪʠʰ ʫʯʫʥ, ʪʘʰץʠ 
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ʤʫ״ʠʪʥʠʥʛ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ˄ʣʯʘʰ ʠʰʣʘʨʠʛʘ 

ʪʘʲʩʠʨʠʥʠ ʘʥʠץʣʘʰ ʚʘ ʫʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰʥʠʥʛ 

ʷʥʛʠ ʟʘʤʦʥʦʚʠʡ ʝʯʠʤʠʥʠ ʪʦʧʠʰ ʚʘ ʫʥʠ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘ ״ʠʩʦʙʣʘʥʘʜʠ. 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠʥʛ ñɻʝʦʜʝʟʠʷ ʚʘ 

ʢʘʨʪʦʛʨʘʬʠʷ ʪ˄סʨʠʩʠʜʘòʛʠ פʦʥʫʥʠ (1997), 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 

2017 ʡʠʣ 7 ʬʝʚʨʘʣʜʘʛʠ ʇʌ-4947-ʩʦʥ ñɶʟʙʝʢʠʩ-

ʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ 

ʙ˄ʡʠʯʘ ׳ʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠ ʪ˄סʨʠʩʠʜʘòʛʠ, 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 

2017 ʡʠʣ 31 ʤʘʡʜʘʛʠ ʇʌ-5065-ʩʦʥ "ɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʝʨ ʨʝʩʫʨʩʣʘʨʠ, ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦ-

ʛʨʘʬʠʷ ʚʘ ʢʘʜʘʩʪʨʠ ʜʘʚʣʘʪ ץ˄ʤʠʪʘʩʠ ʬʘʦʣʠʷ-

ʪʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʪ˄סʨʠʩʠʜʘòʛʠ 

ʌʘʨʤʦʥʣʘʨʠ ʚʘ 2017 ʡʠʣ 31 ʤʘʡʜʘʛʠ ʇ3024-פ-

ʩʦʥ פʘʨʦʨʠ ʚʘ ʙʦʰץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ 

 ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ״

ʦʰʠʨʠʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ʉʦ״ʘʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ʙʠʣʘʥ ʰʘ״ʘʨ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ʚʘ 

ʯʠʟʠץʣʠ ʤʘʩʦʬʘʣʘʨʥʠ ˄ʣʯʘʰʣʘʨ ʸʨʜʘʤʠʜʘ ״ʘʣ 

 ʠʣʠʥʘʜʠʛʘʥ ʠʣʤʠʡ ʤʘʩʘʣʘʣʘʨ ʢʝʥʛʘʷʜʠ, ʙʫ ʵʩʘץ

ʠʩʩʠץ, ʞʫʜʘ ʠʩʩʠץ ʚʘ ץʫʨʫץ ʠץʣʠʤ ʰʘʨʦʠʪʠʥʠʥʛ 

ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ˄ʣʯʦʚʣʘʨʠʛʘ ʙ˄ʣʛʘʥ 

ʪʘʲʩʠʨʠʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʢʝʨʘʢʣʠʛʠʥʠ ʪʘʣʘʙ 

ʵʪʘʜʠ. 

ɹʫ ʤʫʘʤʤʦʣʘʨ ʘʡʥʠץʩʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙ-

ʣʠʢʘʩʠ, פʘʨʰʠ ʰʘ״ʘʨ ʠץʣʠʤʠ ʰʘʨʦʠʪʠʜʘ 

˄ʨʛʘʥʠʣʠʰʠ ʚʘ ʝʯʠʤʠʥʠ ʪʦʧʠʣʠʰʠ ʜʦʣʟʘʨʙ, 

ʯʫʥʢʠ: ץʫʨʫץ ʚʘ ʠʩʩʠץ ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ 

ʘʪʤʦʩʬʝʨʘʥʠʥʛ ˄ʟʛʘʨʫʚʯʘʥʣʠʛʠ ʞʫʜʘ ʢʘʪʪʘ, ʙʫ 

ʵʩʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ 

ʢʘʪʪʘ ʭʘʪʦʣʠʢʣʘʨʥʠ ʦʣʠʙ ʢʝʣʘʜʠ; ʐʘ״ʘʨ ʝʨʣʘʨʠ 

ʫʩʪʢʠ ץʠʩʤʠʜʘ ʚʘ ʫʥʜʘʛʠ ʤʝʪʝʦʧʘʨʘʤʝʪʨʣʘʨʠʥʠ 

ʩʫʪʢʘʣʠ ˄ʟʛʘʨʠʰʠ ʨʝʩʧʫʙʣʠʢʘʥʠʥʛ ʙʦʰץʘ 

 ʘʨʘʛʘʥʜʘ ʈʝʩʧʫʙʣʠʢʘʤʠʟʥʠʥʛץ ʫʜʫʜʣʘʨʠʛʘ״

ʞʘʥʫʙʠ, פʘʰץʘʜʘʨʴʸ ʚʠʣʦʷʪʠʜʘ ʘʥʯʘ ʶץʦʨʠ, 

ʙʫʣʘʨʥʠʥʛ ʪʘʲʩʠʨʠ ʵʩʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ 

˄ʣʯʘʰʣʘʨʜʘ ʩʝʟʠʣʘʨʣʠ ʙ˄ʣʘʜʠ. ʐʫʥʜʘʡ ʵʢʘʥ  

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʜʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ʚʘ 

ʤʘʩʦʬʘ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʘʪʤʦʩʬʝʨʘʥʠʥʛ 

ʪʘʲʩʠʨʠʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʫʩʫʣʣʘʨʠ ʤʝʲʸʨʠʡ 

ʠץʣʠʤʣʠ ˄ʨʪʘ ʢʝʥʛʣʠʢʜʘ ʚʘ ʈʝʩʧʫʙʣʠʢʘʥʠʥʛ 

ʙʦʰץʘ, ʥʠʩʙʘʪʘʥ ʧʘʩʪʨʦ״ ץʫʜʫʜʣʘʨʠʜʘ ʤʘʲʣʫʤ 

ʜʘʨʘʞʘʜʘ, ץʠʩʤʘʥ ʩʠʥʦʚʜʘʥ ˄ʪʛʘʥ, ʙʠʨʦץ ʫʣʘʨ 

ʘʨʠʜ ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ ʫʤʫʤʘʥ ˄ʨʛʘʥʠʣʤʘʛʘʥ. 

ʖץʦʨʠ ʘʥʠץʣʠʢʜʘʛʠ ʙʫʨʯʘʢ ˄ʣʯʘʰ ʠʰʣʘʨʠ 

ʟʘʤʦʥʘʚʠʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʸʨʜʘʤʠʜʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʘʜʠ,ʫʥʜʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ˄ʣʯʘʰʥʠʥʛ 

ʘʥʠץʣʠʛʠʥʠ ʯʝʢʣʘʡʜʠʛʘʥ ʵʥʛ ʤʫ״ʠʤ ʩʘʙʘʙ-

ʣʘʨʜʘʥ ʙʠʨʠ ʙʫ ʠʥʩʪʨʫʤʝʥʪʘʣ ʭʘʪʦʣʘʨ ʵʤʘʩ, 

ʙʘʣʢʠ ʪʘʰץʠ ʤʫ״ʠʪ ʪʘʲʩʠʨʠʜʘ, ʷʲʥʠ ʙʫ ״ʘʚʦ 

ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ ʨʝʬʨʘʢʮʠʷʩʠ ʭʘʪʦʣʠʛʠʜʠʨ. 

ʋʰʙʫ ʭʦʜʠʩʘʥʠ ˄ʨʛʘʥʠʰ ʚʘ ʫʥʠʥʛ ʟʘʨʘʨʣʠ 

ʪʘʲʩʠʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ, ʪʨʠʘʥʛʫʣʷʮʠʷ ʚʘ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʪʘʨʤʦץʣʘʨʥʠʥʛ ʘʥʠץʣʠʛʠʥʠ 

ʦʰʠʨʠʰ ʫʯʫʥ ʠʣʦʞʠ ʙʦʨʠʯʘ, ʠʣʤʜʘ ʚʘ ʠʰʣʘʙ 

ʯʠץʘʨʠʰʜʘ ʙʠʨʠʥʯʠ ʚʘʟʠʬʘ ʙ˄ʣʠʙ ʪʫʨʘʜʠ. 

ʂʘʪʪʘ ʤʠץʸʩʜʘʛʠ ʭʘʨʠʪʘʣʘʰ, ʛʝʦʜʝʟʠʷ 

ʘʩʦʩʣʘʨʠ ʚʘ, ʘʡʥʠץʩʘ, ʙʫʨʯʘʢ ˄ʣʯʦʚʣʘʨʥʠʥʛ 

ʘʥʠץʣʠʛʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙʘʨʯʘ ʪʘʣʘʙʣʘʨʥʠ 

 ʫʨʠʰ ʫʯʫʥ ʷʥʛʠץ ʡʠʙ, ʘʩʦʩʘʥ ʛʝʦʜʝʟʠʢ ʘʩʦʩʥʠ˄ץ

ʪʘʰʢʠʣ ʵʪʠʣʛʘʥ ʚʘ ʵʪʠʣʘʜʠʛʘʥ ʩʠʩʪʝʤʘʣʘʨʥʠ 

 ʠʣʘʜʠ ʚʘ ʫʥʠץ ʠʰʛʘ ʤʘʞʙʫʨץʘʡʪʘ ʢ˄ʨʠʙ ʯʠץ

ʷʥʛʠʯʘ ʝʯʠʤʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʛʘ ʜʘʲʚʘʪ ʵʪʘʜʠ. 

ɸʩʦʩʠʡ ʛʝʦʜʝʟʠʢ ʪʘʜץʠץʦʪʥʠʥʛ ʷʥʛʠ ʪʠʟʠʤʠ 

ʫʯʙʫʨʯʘʢʣʘʨ ʚʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʪʦʤʦʥʣʘʨʠ-

ʥʠʥʛ ʫʟʫʥʣʠʛʠʥʠ ץʠʩץʘʨʪʠʨʘʜʠ, ʯʫʥʢʠ ʫ ʥʫץʪʘ-

ʣʘʨʥʠʥʛ ʘʪʨʦʬʠʜʘʛʠ ״ʘʚʦ ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ  

ʟʠʯʣʠʛʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʘʜʠ. ɹʫ ״ʦʣʘʪ, ˄ʟ 

ʥʘʚʙʘʪʠʜʘ, ʢ˄ʨʠʰ ʥʫʨʠʥʠʥʛ ʧʘʩʘʡʠʰʠʛʘ, ʝʨ 

ʩʠʨʪʠ ʫʩʪʠʜʘ ˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ, ʯʫʥʢʠ 

ʥʫץʪʘ ʦʨʘʩʠʜʘʛʠ ʢ˄ʨʠʥʠʰ ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ 

ʝʨʥʠʥʛ ʫʩʪʢʠ ץʘʪʣʘʤʠ ʘʪʨʦʬʠʜʘ ˄ʟʛʘʨʘʜʠ. 

ʅʘʪʠʞʘʜʘ, ʙʠʟ ʚʠʟʠʨ ʥʫץʪʘʩʠʥʠ ʢ˄ʨʠʥʠʰʠʥʠ 

ʸʤʦʥʣʘʰʛʘʥʠʛʘ ʛʫʚʦʭ ʙ˄ʣʘʤʠʟ. ɸʡʥʠ ʧʘʡʪʜʘ 

ʙʫʨʯʘʢ ˄ʣʯʦʚʣʘʨʠʥʠʥʛ ʘʥʠץʣʠʛʠʥʠ ʦʰʠʨʠʰʥʠ 

ʪʘʣʘʙ ץʠʣʘʜʠʛʘʥ ״ʦʣʘʪʜʘ ʘʪʤʦʩʬʝʨʘʥʠʥʛ 

ʪʘʲʩʠʨʠ ʯʠʟʠץ ʚʘ ʙʫʨʯʘʢ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠʥʠ 

ʧʘʩʘʡʪʠʨʘʜʠ. ʐʫ ʥʫץʪʘʠ ʥʘʟʘʨʜʘʥ, ʰʘ״ʘʨ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢʣʘʨ ʚʘ 

ʯʠʟʠץʣʠ ˄ʣʯʘʰʣʘʨ ʘʥʠץʣʠʛʠʥʠ ʩʘץʣʘʙ ץʦʣʠʰʛʘ 

ʨʝʬʨʘʢʮʠʷʥʠʥʛ ʪʘʲʩʠʨʠ ʤʫʘʤʤʦ ʪʫסʜʠʨʘʜʠ. ʐʫ 

ʩʘʙʘʙ ʰʘʭʘʨ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʥʠʥʛ III, IV-

ʩʠʥʬʜʘʛʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨ ʵʪʫʚʯʠ 

ʪʘʰץʠ ʤʫʭʠʪ ʨʝʬʨʘʢʮʠʷʩʠʥʠ ʙʘʨʪʘʨʘʬ ץʠ-

ʣʠʰʥʠ ʷʥʛʠʯʘ ʫʩʫʣʠʥʠ ʪʦʧʠʰ ʫʩʪʠʜʘ ʪʘʜץʠץʦʪ 

˄ʪʢʘʟʠʰ ʤʘʩʘʣʘʩʠ ʪʫʨʘʜʠ. 

ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʩʦʙʠץ ʩʦʚʝʪʣʘʨ ʤʘʤʣʘʢʘ-

ʪʠʜʘ ʚʘ ʭʦʨʠʞʠʡ ʜʘʚʣʘʪʣʘʨʜʘ ʪʨʠʘʥʛʫʣʷʮʠʷ-

ʥʠʥʛ 1 ʚʘ 2 ʩʠʥʬʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ˄ʣʯʘʰ 

ʠʰʣʘʨʠ ʚʘ ʫʥʛʘ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʨʝʬʨʘʢʮʠʷ 

ʤʫʘʤʤʦʣʘʨʠ ʙʠʣʘʥ (ʉʪʨʫʚʝ, ʌʠʰʝʨ, ʌʦʨʩʪʝʨ, 

ʏʨʠʩʪʠʘʥʩʝʥ, ʂʫʢʢʘʤʝʢʠ, ʈʘʙʠʥʦʚʠʯ, 

ʄʝʱʝʨʷʢʦʚ)ʣʘʨ ʰʫסʫʣʣʘʥʠʰʛʘʥ. 

ʊʘʜץʠץʦʪʯʠ, ɸʫʟʘʥ ʪʘʤʦʥʠʜʘʥ ʷʭʰʠ ˄ʡʣʘʥ-

ʛʘʥ ʚʘ ʩʠʥʯʢʦʚʣʠʢ ʙʠʣʘʥ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ 

ʪʘʞʨʠʙʘʣʘʨ ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʶץʦʨʠ ʪʦʠʬʘ-

ʜʘʛʠ ʪʨʠʘʥʛʫʣʷʮʠʷʜʘʛʠ ʸʥ ʪʘʨʘʬ ʨʝʬʨʘʢʮʠʷ 

ʤʘʩʘʣʘʩʠʥʠ ʘʥʠץʣʘʰʪʠʨʠʰʛʘ ץʘʨʘʪʠʣʛʘʥ. ʋ 

-ʫʸʰ ʥʫʨʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ʠʩʠʪʠʣʘʜʠʛʘʥ ʙʠʥʦץ

ʣʘʨ ʙ˄ʡʣʘʙ ʢ˄ʨʠʰ ʥʫʨʣʘʨ ʪʨʘʩʩʘʩʠʥʠʥʛ ʙʫʪʫʥ 

ʫʟʫʥʣʠʢ ʙ˄ʡʣʘʙ ʫʟʘʪʠʣʠʰʠ ʫʥʜʘʛʠ ʵʛʠʣʠʰ 

ʥʘʪʠʞʘʩʠʜʘ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ ʙʫʨʯʘʢʣʘʨʜʘʛʠ 

ʭʘʪʦʣʠʢʣʘʨ ״ʘץʠʜʘ ״ʝʯ ʥʘʨʩʘ ʜʝʤʘʛʘʥ. 

ʐʘ״ʘʨ ʰʘʨʦʠʪʠʜʘ ʨʝʬʨʘʢʮʠʷʥʠ ʪʘʜץʠץ 

-ʙ˄ʣʛʘʥ ʉʦʢʦ ץʣʠסʠʣʠʰ, ˄ʨʛʘʥʠʰ ʙʠʣʘʥ ʙʦץ

ʙʘʥʠʥʛ ʠʰʣʘʨʠ ʞʫʜʘ ץʠʩץʘ (ʦʣʪʠ ʩʦʘʪ) ʤʫʜ-

ʜʘʪʣʠ ʪʘʞʨʠʙʘʛʘ ʘʩʦʩʣʘʥʛʘʥ ʚʘ ʫʥʜʘ ʙʠʨ ץʘʪʦʨ 

ʢʘʤʯʠʣʠʢʣʘʨ ʢʫʟʘʪʠʣʛʘʥ. ʐʫʥʜʘʡ ʵʢʘʥ, ʰʘ״ʘʨ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘ ״ʘʣʠ-״ʘʣʠʛʘʯʘ ʨʝʬʨʘʢʮʠʷ-

ʥʠʥʛ ʛʝʦʜʝʟʠʢ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨʠ  

ʤʘʩʘʣʘʣʘʨʠ ˄ʨʛʘʥʠʣʤʘʛʘʥ. 
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ɸʩʣʠʜʘ, ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʩʘʚʦʣʥʠʥʛ 

ʝʯʠʤʠʥʠ ʝʪʘʨʣʠ ʵʤʘʩʣʠʛʠʥʠ ʉ.ʅ. ʄʘʨʯʝʥʢʦ 

˄ʟʠʥʠʥʛ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʜʝʚʦʨʠʜʘ ʙʝʣʛʠʣʘʨ 

˄ʨʥʘʪʠʰ ʪʠʟʠʤʠʜʘ ʪʘʜץʠץ ץʠʣʠʙ, ʙʫ ״ʦʣʘʪ 

ʪ˄סʨʠʩʠʜʘ, ʘʡʥʠץʩʘ ʢ˄ʨʠʰ ʥʫʨʠʥʠʥʛ ʩʠʥʠʰʠ 

ʸʢʠ ʵʛʠʣʠʰʠ ״ʘץʠʜʘ ʙʠʨ ʦסʠʟ ʩ˄ʟ ʘʡʪʦʣʤʘʩʣʠʛʠ 

 ʘʥʜʘʡʜʠʨ  ʪʫʰʠʥʘʨʩʠʟ ʪʘʲʩʠʨ ʙʦʨ ʵʢʘʥʠʥʠץ

ʪʘʲʢʠʜʣʘʛʘʥ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʰʘ״ʘʨ ʢ˄ʯʘʣʘʨʠ 

ʙ˄ʡʣʘʙ ʯ˄ʟʠʣʛʘʥ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʣʘʨʠ, 

ʙʠʥʦʣʘʨʥʠʥʛ ʜʝʚʦʨʣʘʨʠʜʘʛʠ ʙʝʣʛʠʣʘʨʛʘ ʷץʠʥʣʘ-

ʰʘʜʠ ʚʘ ʙʫ ״ʦʣʘʪ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢʣʘʨ ˄ʣʯʘʰ-

ʜʘ ״ʘʚʦʥʠʥʛ ʩʠʥʠʰʠ, ʙʫʟʠʣʠʰʠʥʠ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʵʢʘʥʠ ʪ˄סʨʠʩʠʜʘ ʭʫʣʦʩʘʛʘ ʢʝʣʜʠ. 

ɹʘʲʟʠʜʘ ʛʝʦʜʝʟʠʷ ʠʣʤ ʬʘʥʠʜʘ 1, 2 ʩʠʥʬ 

ʪʨʠʘʥʛʫʣʷʮʠʷʩʠʜʘ ʚʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠʥʛ ʧʘʩʪ 

ʩʠʥʬʣʘʨʠʜʘ ʨʝʬʨʘʢʮʠʷ ʪʘʲʩʠʨʠ ʤʝʭʘʥʠʟʠʤʠ-

ʥʠʥʛ ʘʩʦʩʣʘʥʤʘʛʘʥʣʠʛʠ ʩʘʙʘʙ ʜʝʙ ʢ˄ʨʩʘʪʠʣʘʜʠ. 

ʈʝʬʨʘʢʮʠʷʥʠʥʛ ʛʝʦʜʝʟʠʢ ʙʫʨʯʘʢ ʚʘ ʯʠʟʠץ 

˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ-

ʥʠʥʛ ץʫʡʠ ʩʠʥʬʣʘʨʠʜʘʛʠ ץ˄ʨʩʘʪʛʠʯʣʘʨʠʛʘ ʦʣʠʙ 

ʢʝʣʠʰʠ ʘʡʪʠʣʘʜʠ. 

ʐʫʥʛʘ ץʘʨʘʤʘʡ, ʙʫʥʜʘʡ ʤʝʭʘʥʠʢ ʘʣʤʘh ʠ-

ʥʠʰʥʠʥʛ ʘʩʦʩʩʠʟʣʠʛʠ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠʥʛ 

ʫʯʠʥʯʠ ʚʘ ʪ˄ʨʪʠʥʯʠ ʩʠʥʬʣʘʨʜʘ ɽʨ ʩʠʨʪʠ 

ʘʪʨʦʬʠʜʘ ʢ˄ʨʠʰ ʥʫʨʠʥʠʥʛ ʪʨʘʩʩʘ ʙ˄ʡʣʘʙ 

ʙʘʣʘʥʜʣʠʛʠ 3 ʚʘ 4 ʩʠʥʬ ʪʨʠʘʥʛʫʣʷʮʠʷ ʚʘ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʛʘ ץʘʨʘʛʘʥʜʘ 1 ʚʘ 2-ʩʠʥʬʣʘʨ-

ʥʠʥʛ ʪʨʠʘʥʛʫʣʷʮʠʷʩʠ ʚʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘʥ 

ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤ ʵʢʘʥʠ ʪʘʲʢʠʜʣʘʥʘʜʠ. 

ɸʡʥʠץʩʘ, ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢʣʘʨʥʠ ˄ʣʯʘʰ 

ʘʥʠץʣʠʛʠ ʙ˄ʡʠʯʘ ʘʡʪʠʣʛʘʥʜʘ ʸʥ ʪʘʨʘʬ ʨʝʬ-

ʨʘʢʮʠʷʩʠʥʠʥʛ ʪʘʲʩʠʨʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠʥʛ 

ʧʘʩʪ ʩʠʥʬʣʘʨʠʜʘ ʩʝʟʠʣʘʨʣʠ ʙ˄ʣʠʰʠ ʪʘʲʢʠʜ-

ʣʘʥʘʜʠ [5]. 

ɹʫʥʜʘʡ ʬʠʢʨʛʘ ץʫʡʠʜʘʛʠʣʘʨ ʩʘʙʘʙʠ ʙ˄ʣʘʜʠ: 

ʘ) ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʦʜʘʪʜʘ ʪʝʢʠʩʣʠʢʜʘ, ʸʧʠץ 

ʤʘʡʜʦʥʜʘ, ʷʲʥʠ ״ʘʚʦ ״ʘʨʦʨʘʪʠ (ʟʠʯʣʠʛʠ) ʚʘ 

ʰʫʥʠʥʛʜʝʢ ʸʨʫסʣʠʢ ʥʫʨʠʥʠʥʛ ʩʠʥʠʰʠ  ״ʘʚʦ 

ʘʪʤʦʩʬʝʨʘʩʠʥʠʥʛ ʧʘʩʪʢʠ ץʠʩʤʠ, 1,5ʤ ʛʘʯʘ 

ʙ˄ʣʛʘʥ ʙʘʣʘʥʜʣʠʛʠ ʪ˄ʩʠץʣʠ ʞʦʡʣʘʨʠʜʘ ״ʘʚʦ 

 ʘʨʦʨʘʪʠʥʠʥʛ ʢʫʯʣʠ ʪʘʲʩʠʨ ʰʘʨʦʠʪʣʘʨʜʘ״

ʨʠʚʦʞʣʘʥʘʜʠ. ɸʡʥʠץʩʘ 3 ʚʘ 4 ʩʠʥʬ  ʜʘʣʘ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠ ʚʘ  ʰʘ״ʘʨ ʧʦʣʠʛʦʥʦ-

ʤʝʪʨʠʷʩʠʜʘ ʸʨʫסʣʠʢ ʥʫʨʠʥʠʥʛ  "ʪ˄ʩʠץʣʘʨ 

ʫʩʪʠʜʘ ʵʤʘʩ, ʙʘʣʢʠ ʪ˄ʩʠץʣʘʨ ʦʨʘʩʠʜʘ"ʛʠ 

 .ʠʜʘ ʘʡʪʠʰ ʢʝʨʘʢ״ʦʣʘʪʠʛʘ ʪʘʲʩʠʨʠʥʠ ʘʣʦ״

ʊʨʠʘʥʛʫʣʷʮʠʷ ʦʜʘʪʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʠʙ, ʘʩʦʩʘʥ 

ʦʯʠץ, ʢʝʩʠʰʘʜʠʛʘʥ ʸʢʠ ʷʨʠʤ ʸʧʠץ ʞʦʡʣʘʨʜʘ, 

ʷʲʥʠ ʙʘʨʯʘ ʫʟʦץʣʠʢʜʘʛʠ ʸʢʠ ʫʥʠʥʛ ʙʠʨ 

ʙ˄ʣʘʛʠʜʘ ʢ˄ʟʛʘ ʢ˄ʨʠʥʘʜʠʛʘʥ ʰʘʨʦʠʪʣʘʨʜʘ 

ʸʨʫסʣʠʢ ʥʫʨʠ ʘʪʤʦʩʬʝʨʘʥʠʥʛ ʧʘʩʪʢʠ ʶʟʘ 

 .ʠʩʤʠʜʘʥ ˄ʪʘʜʠץ

ʙ) ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʜʘ ʘʟʠʤʫʪʥʠʥʛ ˄ʟʘʪʠʣʠʰ 

ʭʦʪʦʣʠʛʠ ʪʨʠʘʥʛʫʣʷʮʠʷʜʘʛʠ ʭʘʪʦʣʠʢʛʘ ʥʠʩʙʘʪʘʥ  

ʪʘץʨʠʙʘʥ 1,3 ʙʘʨʦʙʘʨ ʢʘʪʪʘ ʙ˄ʣʛʘʥ ץʠʡʤʘʪʣʘʨʜʘ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ [3]. 

ʚ) ʇʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠʥʛ ʧʘʩʪ ʩʠʥʬʣʘʨʠʜʘ 

ʯʠʟʠץ ʫʟʫʥʣʠʛʠ 0,5-1 ʢʤ ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥʜʘ  

ʢʠʯʠʢ, ʢʫʯʣʠ ʘʥʠץ ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ ʨʝʬʨʘʢʮʠʷ 

ʤʘʡʜʦʥʣʘʨʠ ʙʫʪʫʥ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʣʘʨʠʜʘ 

˄ʣʯʘʥʛʘʥ ʛʝʦʜʝʟʠʢ ʥʘʪʠʞʘʣʘʨʛʘ ʨʝʬʨʘʢʮʠʷʥʠʥʛ 

ʪʘʲʩʠʨʠ ʢʫʯʣʠ ʙ˄ʣʠʙ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠʥʠʥʛ 

ʙʘʲʟʠ ʙʠʨ ʡ˄ʥʘʣʠʰʣʘʨʥʠʥʛ ʙʠʨ ʪʘʨʘʬʣʘʤʘ 

ʵʛʠʣʠʰʠ ʢʫʟʘʪʠʣʘʜʠ ʚʘ ʫ ʰʫ ʞʦʡʜʘ ʢʠʯʠʢ 

ʨʝʬʨʘʢʮʠʦʥ ʤʘʡʜʦʥʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʐʫʥʜʘʡ 

-ʠʣʠʙ ʨʝʬʨʘʢʮʠʷ ʤʘʡʜʦʥʠ ʪʘʲʩʠʨʠ ʧʦʣʠʛʦʥʦץ

ʤʝʪʨʠʷ ʡ˄ʣʠʥʠʥʛ ʧʘʩʪ ʩʠʥʬʣʘʨʠʜʘ ץʠʡʤʘʪʣʘʨ, 1 

ʚʘ 2 ʩʠʥʬ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘʛʠ ʨʝʬʨʘʢʮʠʷ 

ʤʘʡʜʦʥʠ ʢ˄ʨʩʘʪʛʠʯʣʘʨʠʛʘ ʞʫʜʘ ʷץʠʥ ʢʝʣʘʜʠ. 

ɺʘ ʥʠ״ʦʷʪ, ʷʥʘ ʙʠʨ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ 

ʙ˄ʣʛʘʥ ʩʘʙʘʙʥʠ ʢʝʣʪʠʨʘʤʠʟ. 

ʇʨʦʬ. ɸ.ʉ.ʏʝʙʦʪʘʨʝʚʥʠʥʛ ʢʠʪʦʙʠʜʘ ʰʫʥʜʘʡ 

ʸʟʘʜʠ: "ɾʦʡʥʠ ʣʦʡʠ״ʘʣʘʰʜʘ ʧʦʣʠʛʦʥʤʝʪʨʠʷ 

ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʪʝʛʠʰʣʠ ʩʦ״ʘ ʫʯʫʥ ʵʥʛ 

ʤʫ״ʠʤ ʙ˄ʣʛʘʥ ʤʘʲʣʫʤ ʙʠʨ ״ʫʜʫʜʥʠʥʛ ʛʝʦʜʝʟʠʢ 

ʘʩʦʩʠʥʠ ʪʘʲʤʠʥʣʘʰʠ ʢʝʨʘʢʣʠʛʠʥʠ ʸʜʜʘ ʪʫʪʠʰ 

ʟʘʨʫʨ. ɹʫʥʛʘ ʤʫʚʦʬʠץ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠ 

˄ʟʠʥʠ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠʥʠ ץʫʣʘʡʣʠʛʠ 

 ʠʟʠʣʘʜʠ.ʋ ʙʠʨʠʥʯʠץʦʣʜʘ ʸʪ״ ʠʩʦʙʛʘ ʦʣʠʥʛʘʥ״

ʥʘʚʙʘʪʜʘ ʘʩʦʩʠʡ ʡ˄ʣʣʘʨ ʙ˄ʡʣʘʙ, ʫʣʘʨʥʠʥʛ ʘʪʨʦ-

ʬʠʜʘ ʚʘ ʜʘʨʸ ץʠʨסʦץʣʘʨʠ  ʙ˄ʡʣʘʙ ʸʪץʠʟʠʣʘʜʠ... " 

ʐʫʥʛʘ ˄ʭʰʘʰ ʭʫʣʦʩʘʣʘʨ ʩʦʙʠץ ʩʦʚʝʪʣʘʨ 

ʜʘʚʣʘʪʠʜʘ ʌ.ʅ.ʂʨʘʩʦʚʩʢʠʡ, ɺ.ɺ.ɼʘʥʠʣʦʚ, 

ʀ.ʉ.ʇʘʥʜʫʣ, ʅ.ɸ.ʋʨʤʘʝʚ, ʈ.ʄ.ʊʘʨʪʘʯʠʥʩʢʠʡ, 

ɹ.ʄ.ʊʣʫʩʪʷʢ,  ɸ/ʃ.ʆʩʪʨʦʚʩʢʠʡ, ʅ.ɺ.ʗʢʦʚʣʝʚ, 

ʃ.ʉ.ʖʥʦʰʝʚʣʘʨʥʠʥʛ ʠʰʣʘʨʠʜʘ, ʭʦʨʠʞʜʘ ʵʩʘ 

ɺ.ɼ. ʉʪʨʫʚʝ, ʍ.ɾ.ʄʘʪʪʭʠʘʩ, ɺ.ʀʦʨʜʘʥʣʘʨʥʠʥʛ 

ʢʘʪʪʘ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

ɶʟʙʝʢʠʩʪʦʥʜʘ ʨʝʬʨʘʢʮʠʷʥʠ ʛʝʦʜʝʟʠʢ ʙʫʨʯʘʢ 

˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨʠ ʚʘ ʫʥʠ ״ʠʩʦʙʛʘ 

ʦʣʠʰʥʠ ʨʝʩʧʫʙʣʠʢʘʤʠʟ ʦʣʠʤʣʘʨʠ ɸ.ʉ.ʉʫʶʥʦʚ 

ʚʘ ʊ.ʄ.ɸʙʜʫʣʣʘʝʚʣʘʨ [2] ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨʠʜʘ 

˄ʨʛʘʥʠʰʛʘʥ ״ʘʤʜʘ  ʫʣʘʨ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ 

ʠʞʦʙʠʡ ʥʘʪʠʞʘʣʘʨʛʘ ʵʨʠʰʠʣʛʘʥ. ʏʝʪ ʵʣʜʘ, 

ʭʫʩʫʩʘʥ, פ˄ʰʤʘ ʐʪʘʪʣʘʨʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ 

ʡ˄ʣʣʘʨʠʥʠ, ʪʝʤʠʨ ʡ˄ʣ ʨʝʣʴʩʣʘʨʠ  ʙ˄ʡʣʘʙ ʢʝʥʛ 

 ʣʣʘʥʠʣʛʘʥ ʚʘ ʫʥʜʘ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ˄ץ

 ʘʥʜʘʡʜʠʨ ʪʫʰʠʥʘʨʩʠʟ ʭʘʪʦʣʠʢ ʪʘʲʩʠʨʠץ

ʙʦʨʣʠʛʠ ʘʡʪʠʣʘʜʠ. ʐʫʥʛʘ ˄ʭʰʘʰ ʬʠʢʨʣʘʨ 

ʩʦʙʠץ ʩʦʚʝʪʣʘʨ ʤʘʤʣʘʢʘʪʠ ʛʝʦʜʝʟʠʷʩʠʛʘ ʘʩʦʩ 

ʩʦʣʛʘʥ ʦʣʠʤʣʘʨ ʌ.ʅ.ʂʨʘʩʦʚʩʢʠʡ ʚʘ ɺ.ɺ.ɼʘʥʠ-

ʣʦʚʣʘʨʥʠʥʛ ʠʰʣʘʨʠʜʘ ״ʘʤ ʪʘʢʠʜʣʘʥʘʜʠ [6]. 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠ ʫʯʫʥ 

ʜʘʨʸʣʘʨ, ʤʘʛʠʩʪʨʘʣ ʡ˄ʣʣʘʨ ʚʘ ʪʝʤʠʨ ʡ˄ʣʣʘʨ 

ʙ˄ʡʣʘʙ ʤʘʰסʫʣʦʪʣʘʨ ʦʜʘʪʠʡʜʠʨ. 

ʐʫʥʜʘʡ ʵʢʘʥ ʰʘʭʘʨ ʰʘʨʦʠʪʠʜʘ ʫʥʠʥʛ 

ʢ˄ʯʘʣʘʨʠʜʘ ʯʠʟʠץʣʠ ʠʥʰʦʦʪʣʘʨ ʙ˄ʡʣʘʙ 

ʸʪץʠʟʠʣʘʸʪʛʘʥ   ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠ ʛʝʦʜʝʟʠʢ 

ʘʩʦʩ ʷʨʘʪʠʰ ʫʩʫʣʠ ʷץץʦʣ ʦʯʠץ, ʞʫʜʘ ʤʫ״ʠʤ 

ʞʦʡʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʛʘ ʪʝʛʠʰʣʠ ʙ˄ʣʘʜʠ. ʐʫ 

ʙʠʣʘʥ ʙʠʨ ʚʘץʪʜʘ, ʜʘʨʸʣʘʨ, ʤʘʛʠʩʪʨʘʣ ʡ˄ʣʣʘʨ, 

ʪʝʤʠʨ ʡ˄ʣʣʘʨ, ʰʘ״ʘʨ ʢ˄ʯʘʣʘʨʠ ʢʠʯʠʢ 

ʨʝʬʨʘʢʮʠʦʥ ʤʘʡʜʦʥʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ, ʙʫ ʵʩʘ 

ʙʫʨʯʘʢ ʚʘ ʯʠʟʠץ ˄ʣʯʘʰʣʘʨʥʠʥʛ ʘʥʠץʣʠʛʠʥʠ 
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ʧʘʩʘʡʠʰʠʛʘ ʦʣʠʙ ʢʝʣʠʰʠ ʤʫʤʢʠʥ. ɹʫ ʵʩʘ 

ʥʘʚʙʘʪʠʜʘ ʢʫʪʠʣʤʘʛʘʥ ʩʠʩʪʝʤʘʪʠʢ ʭʘʪʦ 

 .ʠʩʦʙʣʘʥʘʜʠ״

ɻʝʦʜʝʟʠʢ ˄ʣʯʘʰʣʘʨ ʡ˄ʨʠץʥʦʤʘʩʠ ʙ˄ʡʠʯʘ, 

ʤʘʩʰʪʘʙʠ 1: 5000, 1: 2000 ʣʠʢ ʪʦʧʦʛʨʘʬʠʢ 

ʩʲʸʤʢʘʣʘʨ-ʟʘʨʫʨʠʡ ʚʘ ʢʝʨʘʢʣʠ ʭʦʣʣʘʨʜʘ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʥʠʥʛ ʯʠʟʠץʣʠ ʥʠʩʙʠʡʣʠʢ 

ʭʘʪʦʩʠ 1:25000 ʜʘʥ ʦʨʪʠץ ʙ˄ʣʤʘʛʘʥʜʘ, 4-ʩʠʥʬ 

ʪʨʠʘʥʛʫʣʷʮʠʷʩʠʥʠ ʘʣʤʘʰʪʠʨʠʰʥʠ ʥʘʟʘʨʜʘ 

ʪʫʪʘʜʠ, ʣʝʢʠʥ ״ʝʯ ץʘʥʜʘʡ ʥʠʩʙʠʡ ʦʛʦ״ʣʘʥ-

ʪʠʨʠʰʩʠʟ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠʜʘʛʠ ʣ˄ʯʘʰ-

ʣʘʨʛʘ ʪʘʲʩʠʨʠ ʶʟʘʛʘ ʢʝʣʘʜʠ, ʫʵʩʘ  ʸʥ ʪʘʨʘʬ 

ʨʝʬʨʘʢʮʠʷʩʠ ʙ˄ʣʘʜʠ. ʐʫ ʞʦʡʜʘ, ʶץʦʨʠʜʘ 

ʢ˄ʨʩʘʪʠʙ ˄ʪʠʣʛʘʥ ʰʘʨʦʠʪʣʘʨʜʘ ʙʫʨʯʘʢʣʘʨʥʠʥʛ 

ʨʝʬʨʘʢʮʠʷ ʪʘʲʩʠʨʠʜʘ ʯʠʟʠץʣʠ ˄ʟʛʘʨʠʰʠ 

ʯʠʟʠץʣʠ ץʠʡʤʘʪʥʠʥʛ ʭʘʪʦ ʯʝʢʠʜʘʥ ʢʘʪʪʘʨʦץ 

˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʠʰʠ ʤʫʤʢʠʥ. 

ɼʘʨ״ʘץʠץʘʪ, ʯ˄ʟʠʣʛʘʥ ʪʝʥʛ ʪʘʤʦʥʣʠ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʢ ʡ˄ʣ n ʪʘʤʦʥʜʘʥ S ʫʟʫʥʣʠʢ 

ʙʠʣʘʥ  ɸ ʚʘ ʉ ʤʘʭʢʘʤʣʘʥʛʘʥ ʧʫʥʢʪʣʘʨ ʦʨʘʩʠʜʘ 

ʸʪץʘʟʠʣʛʘʥ (ʨʘʩʤ -1). ʌʘʨʘʟ ץʠʣʘʡʣʠʢ, ʪʝʥʛʣʠʢ 

ʚʘ ʙʠʨ ʪʘʨʘʬʣʘʤʘ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠʥʠʥʛ 

ʙʘʨʯʘ ʡ˄ʥʘʣʠʰʣʘʨ ʫʯʫʥ ʷʨʠʤ ʨʝʬʨʘʢʮʠʷ 

ʙʫʨʯʘʛʠ ʙʫʟʠʣʠʰʠ ŭ. 

ʏʠʟʤʘʜʘʥ  ʢ˄ʨʘʤʠʟʢʠ  ʙʫ ״ʦʣʘʪ ʫʯʫʥ  ʙʫʨʯʘʢ 

ʭʘʪʦʣʠʛʠ ʪ˄ʣʠץ ʨʝʬʨʘʢʮʠʷ ʙʫʨʯʘʛʠʛʘ ů ʪʝʥʛ. 

 
1-ʨʘʩʤ. ʇʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠ ʜʝʬʦʨʤʘʮʠʷʩʠʜʘʛʠ 

ɹʫʨʯʘʢʣʘʨ ʩʠʩʪʝʤʘʪʠʢ ʭʘʪʦʣʘʨʠ 

 

ʊ˄ʣʠץ ʨʝʬʨʘʢʮʠʷ ʙʫʨʯʘʛʠ ů ʪʘʲʩʠʨʠʜʘ 

ʦʭʠʨʛʠ ʥʫץʪʘ (n+1) ʡ˄ʣʠ ʙʠʨʠʥʯʠ ʙʫʨʯʘʛʠ 

ʢ˄ʥʜʘʣʘʥʛ ʩʠʣʞʠʰ ʠ1 ʥʠ ץʦʙʫʣ ץʠʣʘʜʠ. 

ʐʫ ʞʦʡʜʘ, ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ ʯʠʟʤʘʜʘʥ: 

       ό ὛϽὲϽ
„ͼ

—ͼ
     Ȣ                                  ρ 

ɸʥʘʣʦʛʠ,      

      ὲ ὛϽὲ ρ
„ͼ

—ͼ
                                ς 

.    .   .    .    .   .   .   . 

      ό ὛϽ
„ͼ

—ͼ
  Ȣ                                             σ 

(1.1), (1.2), ....... (1.3) ʠʬʦʜʘʣʘʨʠʥʠ ʞʘʤʣʘʙ ʚʘ  

Sn = L (ʯʠʟʠץ ʫʟʫʥʣʠʛʠ) ʥʠ ״ʠʩʦʙʛʘ ʦʣʠʙ, 

ʫʤʫʤʠʡ ʢ˄ʥʜʘʣʘʥʛ ʩʠʣʞʠʰʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟ. 

     Ὗ
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—ͼ
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ς
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ʅʠʩʙʠʡ ʭʘʪʦʣʠʢʛʘ ʡ˄ʣ ץ˄ʡʠʙ, ץʫʡʠʜʘʛʠ 

ʠʬʦʜʘʥʠ ʦʣʘʤʠʟ. 
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ʌʦʨʤʫʣʘ (1.5) ʤʫ״ʠʤʣʠʛʠʥʠ ״ʠʩʦʙʛʘ ʦʣʠʙ, 

 .ʫʡʠʜʘʛʠʯʘ ʭʫʣʦʩʘʛʘ ʢʝʣʜʠʢ. [4]ץ

ʀʥʩʪʨʫʢʮʠʷʜʘ ʡ˄ʣ Ϩ˄ʡʠʰʠ ʙ˄ʡʠʯʘ L =10 ʢʤ, 

S=500 ʤ;˄ʟ ʥʘʚʙʘʪʠʜʘ, n =20 ʛʘ ʪʝʥʛ.  ʐʫʥʜʘ 

„ͼ=1 ʙ˄ʣʩʘ 
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ʙ˄ʣʛʘʥʜʘ 
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ɹʫ ʭʦʣʘʪ ʢ˄ʨʩʘʪʠʙ ʪʫʨʠʙʜʠʢʠ ʤʫʥʪʘʟʘʤ 

ʙʫʨʯʘʢʣʘʨ ʭʘʪʦʩʠ,ʰʘʭʘʨ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠ 

ʡ˄ʣʠʜʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ ʤɻʘʩ. 

ɹʫ ʭʦʣʘʪʣʘʨʥʠʥʛ ״ʘʤʤʘʩʠ ʰʫʙʭʘʩʠʟ ʰʘʭʘʨ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘ ʸʥ ʪʘʨʘʬ ʨʝʬʨʘʢʮʠʷʩʠʥʠ 

˄ʨʛʘʥʠʰʥʠ ʪʘʣʘʙ ʵʪʘʜʠ. 

ɹʦʰץʘ ʪʘʤʦʥʜʘʥ ʵʩʘ ʸʥ ʪʘʨʘʬ ʨʝʬʨʘʢʮʠʷ-

ʩʠʥʠ ˄ʨʛʘʥʠʰʛʘʥ ʙʠʨ ץʘʪʦʨ, ʤʫʘʣʣʠʬʣʘʨʥʠʥʛ 

ʠʰʣʘʨʠʥʠ ˄ʨʛʘʥʠʣʠʰʠ, ʙʫ ʩʘʚʦʣʥʠʥʛ ʥʘʟʘʨʠʡ 

ʞʠʭʘʪʜʘʥ ʷʭʰʠ ˄ʨʛʘʥʠʣʤʘʛʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ 

[2]. ɸʬʩʫʩʢʠ, ʫʣʘʨʥʠʥʛ ״ʝʯ ʙʠʨʠ ʘʤʘʣʜʘ 

 ʣʣʘʥʠʣʤʘʛʘʥ, ʘʩʦʩʠʡʩʠ, ʢ˄ʨʠʰ ʪʨʫʙʘʩʠʥʠ˄ץ

ʚʠʟʠʨ ʥʫץʪʘʩʠʛʘ ʡ˄ʥʘʣʪʠʨʛʘʥ ʚʘץʪʜʘ, ״ʘʚʦ 

ʘʪʤʦʩʬʝʨʘʩʠʜʘ ʥʫʨʥʠʥʛ ʡ˄ʥʘʣʠʰ ʪʨʘʩʩʘʩʠʜʘ, 

 ʘʚʦʜʘʛʠ ʤʝʪʝʦʨʦʣʦʛʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ״

ʘʥʠץʣʘʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʪʦʧʠʰʘʦʣʤʘʛʘʥ. 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʙʘʨʯʘ ʛʝʦʜʝʟʠʢ ˄ʣʯʘʰ ʥʘʪʠ-

ʞʘʣʘʨʠʛʘ, ʷʲʥʠ ʰʘʭʘʨ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠʜʘʛʠ 

˄ʣʯʘʰʣʘʨʛʘ ʨʝʬʨʘʢʮʠʷʥʠ ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ-

ʥʠʥʛ  ʥʘʟʘʨʠʡ ʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣ ʪʦʤʦʥʣʘʨʠ 

˄ʨʪʘʩʠʜʘ ʬʘʨץ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ. 

ʐʫʥʠʥʛ ʫʯʫʥ ʶץʦʨʠʜʘ ץʘʡʜ ץʠʣʠʙ  

˄ʪʠʣʛʘʥʣʘʨʛʘ ʤʫʚʦʬʠץ, ʙʠʟ ʸʥ ʪʘʲʨʘʬ 

ʨʝʬʨʘʢʮʠʷʩʠʥʠʥʛ ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ʚʘ ʯʠʟʠץ 

˄ʣʯʘʰ ʘʥʠץʣʠʛʠʛʘ ʪʘʲʩʠʨʠ ʤʘʩʘʣʘʩʠʥʠ ʜʘʣʘ 

ʪʘʞʨʠʙʘ ʤʘʡʜʦʥʠʜʘ, פʘʨʰʠ ʰʘʭʨʠʜʘ, ʍʫʜʦʡʟʦʜ 

ʭʫʜʫʜʠʜʘ ʸʪץʠʟʠʣʛʘʥ  ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʡ˄ʣʠʜʘ 

ʙʘʞʘʨʠʙ ʪ˄ʧʣʘʥʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨ ʘʩʦʩʠʜʘ 

˄ʨʛʘʥʠʙ ʯʠץʠʙ ʪʘʜץʠץ ץʠʣʜʠʢ. 

ɹʫʥʠʥʛ ʫʯʫʥ ʙʠʟʛʘ ɻɸʊ ʷʲʥʠ, ʛʝʦʘʭʙʦʨʦʪ 

ʪʠʟʠʤʣʘʨʠʥʘʥ ʬʦʡʜʘʣʘʥʠʰ ʟʘʨʫʨ ʙ˄ʣʘʜʠ. 

ɻɸʊ ʙʫ ʵʣʝʢʪʨʦʥ ״ʠʩʦʙʣʘʰ ʪʝʭʥʠʢʘʣʘʨʠ 

ʘʩʦʩʠʜʘ ʷʨʘʪʠʣʘʜʠʛʘʥ ʘʪʨʦʬ-ʤʫ״ʠʪ ʪ˄סʨʠʩʠʜʘʛʠ 

ʤʘʚʞʫʜ ʢ˄ʧ ץʠʨʨʘʣʠ ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʞʤʫ-

ʘʩʠʜʠʨ [2]. ɻɸʊ ʠʥʩʦʥ ʭ˄ʞʘʣʠʢ ʬʘʦʣʠʷʪʠʥʠʥʛ 

ʪʫʨʣʠ ץʘʪʣʘʤʣʘʨʠʜʘ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʤʘʲʣʫ-

ʤʦʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʫʯʫʥ ץʫʣʘʡ ʢ˄ʨʠʥʠʰʜʘ 

ʪʘץʜʠʤ ʵʪʠʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ɻɸʊʥʠ ʘʩʦʩʠʡ 

ʨʠʚʦʞʣʘʥʠʰ ʙʦʩץʠʯʠ ʩ˄ʥʛʛʠ 7-8 ʡʠʣʛʘ ʪ˄סʨʠ 

ʢʝʣʘʜʠ. ɹʫʥʛʘ ʩʘʙʘʙ ʛʝʦʛʨʘʬʠʢ ʤʘʲʣʫʤʦʪʣʘʨ 

ʥʝʛʠʟʠʜʘʛʠ ʙʘʨʯʘ ʠʰʣʘʨ ʞʘʨʘʸʥʠʥʠ ʘʚʪʦ-

ʤʘʪʣʘʰʛʘʥ ʪʘʨʟʜʘ ʣʦʡʠ״ʘʣʘʰʥʠʥʛ ʪʝʭʥʦʣʦʛʠʢ 

ʚʘ סʦʷʚʠʡ ʞʠ״ʘʪʜʘʥ ʪʘʰʢʠʣ ʵʪʠʣʛʘʥʣʠʛʠʜʠʨ. 
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ɻɸʊʥʠ ʠʰʣʘʙ ʯʠץʠʰʥʠʥʛ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ-

ʟʘʤʦʥʘʚʠʡ ʪʘʣʘʙʣʘʨʛʘ ʪ˄ʣʘ ʞʘʚʦʙ ʙʝʨʘ 

ʦʣʘʜʠʛʘʥ ʪʠʟʠʤʣʘʨʥʠ ʷʨʘʪʠʰʜʘʥ ʠʙʦʨʘʪ. 

ɻʝʦʜʝʟʠʢ ʪʘʜץʠץʦʪʣʘʨ ʫʯʫʥ ɻɸʊ-ʪʝʭʥʦʣʦ-

ʛʠʷʣʘʨʠ ʙʫ ʤʘʢʘʤʤʘʣ ʡ˄ʣ- ʡ˄ʨʠץ ʢ˄ʨʩʘʪʫʚʯʠ 

ʚʦʩʠʪʘʜʠʨ. ʋ ʠʰʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʙʠʨ 

ʥʝʯʘ ʙʦʨ ʦʰʠʨʘʜʠ. ɻɸʊ ʤʘʚʞʫʜ ʘʭʙʦʨʦʪʣʘʨʜʘʥ 

ʚʦץʝʘ ʚʘ ״ʦʜʠʩʘʣʘʨ ʞʦʡʠʥʠ ʘʢʩ ʵʪʛʘʥ ״ʦʣʜʘ, 

ʢʠʰʠ ʦʥʛʠʜʘ ʷץץʦʣ ʪʘʩʘʚʚʫʨʥʠ ʥʘʤʦʸʥ ץʠʣʘ 

ʦʣʘʜʠʛʘʥ ʷʥʛʠ סʦʷʣʘʨʥʠʥʛ ʤʘʭʩʫʣʠʜʠʨ. 

ɻɸʊ ʪʫʨʣʠ ʤʘʟʤʫʥʜʘʛʠ ʚʘ ʪʘʨץʦץ ʘʭʙʦʨʦʪ-

ʣʘʨʥʠ ʙʠʨ ʪʠʟʠʤʛʘ ʙʠʨʣʘʰʪʠʨʘʜʠ, ʛʝʦʛʨʘʬʠʢ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘʭʣʠʣ ץʠʣʠʰ ʫʯʫʥ ʢʝʣʠʰʠʣʛʘʥ 

ʪʠʟʠʤʥʠ ʷʨʘʪʘʜʠ. ʊʫʨʣʠ ʢ˄ʨʠʥʠʰʜʘʛʠ ʬʘʦʣʠʷʪ 

ʚʘ ʤʘʥʙʘʣʘʨʥʠ ʪʫʰʠʥʠʰ, ʙʦʰץʘʨʠʰ ץʘʥʯʘʣʠʢ 

ʜʦʣʟʘʨʙ ʙ˄ʣʤʘʩʠʥ, ʫʥʜʘ ɻɸʊʥʠʥʛ ˄ʟʘʨʦ ʘʣʦץʘʩʠ 

ʪʘʲʤʠʥʣʘʥʤʘʩʘ, ʙʫ ʤʘʩʘʣʘ ״ʘʣ ʵʪʠʣʤʘʩʜʘʥ 

ʜʦʣʟʘʨʙʣʠʛʠʯʘ ץʦʣʠʙ ʢʝʪʘʜʠ. 

ɹʠʟ ʠʣʤʠʡ ʠʰʠʤʠʟʜʘ ץ˄ʣʣʘʸʪʛʘʥ çPanoramaè 

- ʜʘʩʪʫʨʠ ʵʣʝʢʪʨʦʥ ״ʠʩʦʙʣʘʰ ʪʘʞʨʠʙʘ 

ʤʘʡʜʦʥʠʥʠ ʧʣʘʥʠʥʠ ʷʨʘʪʠʰ ʚʘ ʪʘ״ʨʠʨ ʫʯʫʥ 

ʚʦʩʠʪʘʣʠ ʙ˄ʣʛʘʥ ʫʥʠʚʝʨʩʘʣ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ 

ʪʠʟʠʤʜʠʨ. ʋʥʜʘʛʠ 3D ʤʦʜʝʣʣʘʨ ץʫʨʠʰʜʘ, ˄ʣʯʦʚ 

ʚʘ ״ʠʩʦʙ-ʢʠʪʦʙʣʘʨʜʘ, ʪʫʨʣʠ ʦʧʝʨʘʮʠʷʣʘʨʠʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰʜʘ, ʨʘʩʪʝʨ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ 

ʠʰʣʘʰʜʘ, ʨʘʩʤʠʡʣʘʰʪʠʨʠʰʜʘ ʰʫʥʠʥʛʜʝʢ 

ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʚʦʩʠʪʘʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰʜʘ 

 .ʣ ʢʝʣʜʠ˄ץ

ɹʫ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ, ʛʝʦʜʝʟʠʷ ץʠʩʤʠ 

ʙʣʦʢʠʜʘ, ʰʘʭʘʨ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʩʠ ʡ˄ʣʠʥʠ 

 ʫʨʠʰ ʠʰ ʬʘʦʣʠʷʪʠʜʘ ʪʘʰʢʠʣʦʪʣʘʨ ʪʦʤʦʥʠʜʘʥץ

ʜʫʯ ʢʝʣʠʥʛʘʥ ʤʫʘʤʤʦʣʘʨ ״ʘʣ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʜʠ. 

ɹʫʣʘʨ ʸʨʜʘʤʠʜʘ ʙʠʟ ʪʘʞʨʠʙʘ ʤʘʡʜʦʥʠʜʘ  

 :ʫʡʠʜʘʛʠ ʭʫʣʦʩʘʣʘʨʛʘ ʵʨʠʰʜʠʢץ

1) ɶʨʛʘʥʠʣʛʘʥ ʰʘʨʦʠʪʜʘ ʭʘʚʦ ʘʪʤʦʩʬʝʨʘ-

ʩʠʥʠ ˄ʣʯʘʥʛʘʥ ʤʝʪʝʦʨʦʣʦʛʠʢ ʤʘʲʣʫʤʦʪʣʘʨ 

ʘʩʦʩʠʜʘ ʪʘʨץʘʣʠʰ ץʦʥʫʥʠʷʪʣʘʨʠʥʠ, ʨʝʬʨʘʢʮʠʦʥ 

ʤʘʡʜʦʥ ʭʦʩʠʣ ץʠʣʫʚʯʠ ʤʠʢʨʦʢʣʠʤʘʪʠʥʠ ˄ʨʛʘ-

ʥʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ˄ʨʥʘʪʜʠʢ: 

2) ʂʫʥ ʜʘʚʦʤʠʜʘ, ʫʥʠʥʛ ʠʩʩʠץ ʚʘ ץʫʨʫץ 

ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ  ʛʦʨʠʟʦʥʪʘʣ ʙʫʨʯʘʢ ʚʘ ʯʠʟʠץ 

˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʸʥ ʪʘʨʘʬ ʨʝʬʨʘʢʮʠʷ-

ʩʠʥʠʥʛ ʪʘʲʩʠʨʠ ʙʫʟʠʣʠʰʠʥʠ ʂʘʨʰʠ ʰʘʭʘʨ 

ʰʘʨʦʠʪʠʜʘ,  ʢʫʥʥʠʥʛ ״ʘʨ ʠʢʢʠ ʩʦʘʪʣʠʢ ʠʥʪʝʨ-

ʚʘʣʜʘ ʚʘ ʪʫʨʣʠ ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ ˄ʨʥʘʪʠʣʠʰʠ 

ʤʫʤʢʠʥʣʠʛʠʥʠ ʢʱʨʩʘʪʜʠʢ: 

3) ɼʘʣʘʜʘ ʘʥʠץʣʘʥʛʘʥ ʤʝʪʝʦʨʦʣʦʛʠʢ ʵʣʝ-

ʤʝʥʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, ʪʫʟʘʪʤʘʣʘʨ ״ʠʩʦʙ-

ʣʘʥʠʙ ʧʦʣʠʛʦʥʦʤʝʪʨʠʷʜʘ ʙʘʞʘʨʠʣʛʘʥ ʛʝʦʜʝʟʠʢ 

˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʛʘ ʸʥ ʪʘʲʨʘʬ ʨʝʬʨʘʢʮʠʷʩʠ 

ʫʯʫʥ  ץ˄ʣʣʘʥʠʣʠʙ, ʥʘʪʠʞʘʣʘʨʛʘ  ʢʠʨʠʪʠʙ ʘʥʠץ-

ʣʠʢ ʷʭʰʠʣʘʰ ʠʤʢʦʥʠʥʠ ʪʦʧʜʠʢ: 

4) ʇʦʣʠʛʦʥʦʤʝʪʨʠʢ ʪʘʨʤʦץʣʘʨʥʠʥʛ ʘʥʠץ-

ʣʠʛʠʥʠ ʷʭʰʠʣʘʰ ʫʯʫʥ ʪʘʰץʠ ʤʫ״ʠʪ  ʪʘʲʩʠʨ-

ʣʘʨʛʘ ץʘʨʰʠ ʢʫʨʘʰʠʰʥʠ ʷʥʛʠʯʘ ʝʯʠʤʠʛʘ 

ʵʨʠʰʜʠʢ. 
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Abstract: This research aimed to assess vegetation status via remote sensing techniques using various vegetation 

indices in semi-desert and desert environments. The feasibility of applying such techniques is tested for assessing 

grazing impact in study area. The main objective of the research was creating a map shows the territory of rangeland 

degradation levels in study area for the three years of 2011, 2013 and 2015. Two common vegetation indices 

(NDVI, SAVI) were derived from Landsat Surface Reflectance (LSR) imagery. Vegetation Indices results were 

correlated to the field geobotanical monitoring results and appropriate values were defined for four degradation 

levels (weak, average, strong, very strong). Those values were applied for three years to define a degradation level 

in order to monitor grazing impact in the study area. 

Keywords: rangeland, remote sensing, vegetation indices, NDVI, SAVI, landsat 
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Annotatsiya: Mazkur tadqiqot yarim cho'l va cho'l mintaqasida o'simliklar holatini turli o'simlik indekslaridan 

foydalanib, masofadan zondlash usullari orqali baholashga qaratilgan. Bunday usularni qo'llash imkoniyati tadqiqot 

obyektida chorva mollarini boqish taôsini baholash uchun sinab koôrildi. Tadqiqotning asosiy maqsadi ï 2011, 2013 

hamda 2015 yillarda tadqiqot obyektining degradatsiya darajasini koôrsatuvchi kartalarni yaratishdan iborat Landsat 

Surface Reflectance (LSR) suratlari yordamida ikki xil o'simlik indekslari (NDVI va SAVI) hosil qilindi. O'simlik 

indekslari natijalari va dala geobotanik monitoring natijalari oôrtasidagi bogôliqlik asosida to'rt xil yaylov 

degradatsiya darajalari (kuchsiz, o'rtacha, kuchli, juda kuchli) uchun tegishli o'simlik indekslari qiymatlari aniqlandi. 

Mazkur qiymatlar uch yil davomida tadqiqot obyektida chorva mollari boqilishi taôsini monitoring qilish maqsadida 

yaylovlar degradatsiyasi darajasini aniqlash uchun qoôllanildi. 

Kalit soôzlar: yaylov, masofadan zondlash, vegetatsiya indekslari, NDVI, SAVI, landsat 

 

ɸʥʥʦʪʘʮʠʷ: ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʥʜʝʢʩʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʣʫʧʫʩʪʳʥʝ ʠ 

ʧʫʩʪʳʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʳʧʘʩʘ ʚ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʢʘʨʪʳ ʧʦʢʘʟʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʫʨʦʚʥʝʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʘʩʪʙʠʱ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʟʘ ʪʨʠ ʛʦʜʘ 2011, 2013 ʠ 2015 ʛʛ. ɼʚʘ ʦʙʳʯʥʳʭ ʠʥʜʝʢʩʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (NDVI ʠ SAVI) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ Landsat Surface Reflectance (LSR) ʠʟʦʙʨʘʞʝʥʠʡ. 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʀʥʜʝʢʩʳ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʝʚʳʭ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʢ 

ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʯʝʪʳʨʝʭ ʫʨʦʚʥʝʡ ʜʝʛʨʘʜʘʮʠʠ (ʩʣʘʙʘʷ, 

ʩʨʝʜʥʘʷ, ʩʠʣʴʥʘʷ, ʦʯʝʥʴ ʩʠʣʴʥʘʷ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʮʝʣʷʭ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʧʘʩʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʪʙʠʱʘ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, NDVI, SAVI, 

landsat 

 

Introduction  

Nowadays the total land area of Uzbekistan is 

44896.9 thousand hectares, hayfields and pastures 

21102.5 thousand hectares, which is 47.04 percent 

of the total land area [1]. 

The livestock sector is one of dynamically 

developing agricultural sectors of Uzbekistan, 

accounting for 46.8%1 of the gross national 

agricultural output [2]. The bulk of livestock 

output is produced by small household (dehkan) 

farms with an average size of 0.15 hectares (ha), 

which is the key specific feature of the sector. 

Livestock production in dehkan farms plays a 

significant social role, because it is the important 

source of income and food for rural families [3]. 

There are 12414.7 thousand cattle, 20680.5 

thousand sheep and goats in Uzbekistan [2]. Based 

on this, we can see that 0.64 hectares of hayfields 

and pastures correspond to each livestock. 

According to statutory regulations, it is 

indicated that one livestock must be coincided with 

1 ha of pasture in extensive technologies. The 

number of livestock increased, but the pasture 

lands decreased by 11.6 %, from 1990 till 2012 [4]. 

To stimulate grazing of flocks in remote 

rangelands rather than nearby villages it is 

suggested to establish a pasture fund to be 

supported from land leasing payments as well as 

income from environmental services such as 

carbon sequestration [5,6]. 

The vegetation changes of semi-desert and 

desert landscapes are temporally and spatially 

heterogeneous. Traditional field-based monitoring 

methods have failed to sample adequately in time 

and space in order to capture this heterogeneity and 

thus lack the spatial extent and the long-term 

continuous time-series of data necessary to detect 

anomalous dynamics in landscape behaviour [7]. 

Efficient use of pasture resources, reclamation 

and environmental problems should be solved by 

using advanced technology and efficient methods 

is one of the most important issues. 

Fortunately, scientists around the world started 

long ago to look at the problem of land degradation 

and have developed assessment and monitoring 

methods. Therefore, assessment methods have 

been developed to determine the status of the land, 

extent and impact of land degradation and to help 

designing possible conservation activities. 

Accurate and relevant assessment methods of land 

degradation in drylands with a flexible scale 

combining socio-economic, institutional, and 

biophysical aspects and driving forces are needed 

to plan actions and investments to reverse land 

degradation, improve socio-economic livelihoods, 

and conserve dryland ecosystems and its unique 

biological diversity [8]. 

Remote sensing offers unique opportunities to 

monitor grazing landscape processes, reflected in a 

large number of studies on land use/land cover 

change [9,10]. Its techniques have long been 

applied for the quantitative and qualitative 

evaluation of vegetation in semiarid ecosystems. 

Visible and near-infrared (NIR) multispectral 

images are the most useful data to examine 

vegetation patterns and corresponding ecological 

processes at regional and global scales. Vegetation 

indices (VI) [11] derived from remotely sensed 

data have frequently been proposed as a method 

for predicting green biomass. 
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The use of remote sensing in assessing and 

monitoring of vegetation, erosion and land 

degradation under different environmental 

conditions is reported by many researchers. As can 

be seen from the above studies that use remote 

sensing, the methods can be quite beneficial. These 

examples show that integration of remote sensing 

with land degradation assessment gives useful 

results. A remote sensing tool has been available 

for more than 30 years [12]. Remote sensing is 

recommended by many users because of its broad 

areal coverage, repeatability, and cost and time 

effectiveness. It has the greatest comparative 

advantage when the scale is small because it can 

provide data for a large area at one time. 

Therefore, it is, in principle, an ideal methodology 

for regional or global degradation assessments 

[13]. 

In remote sensing applications VIs play a 

significant role for qualitatively and quantitatively 

evaluating vegetation cover by contrasting intense 

chlorophyll pigment absorption in the red against 

the high reflectivity of plant materials in the NIR 

[14]. Studies on the use of remote sensing for 

assessing the impact of livestock grazing on 

vegetation cover and land degradation in arid and 

semi-arid areas are numerous [15,16,17,18,19,20]. 

In our research we apply and evaluate well-used 

VIs from satellite data for detecting grazing 

impacts in a semi-desert and desert environment, 

and compare it with ground measurements of 

vegetation. 

The main problem with the method is that the 

data should not be used as such alone but should be 

accompanied by adequate ground data in order to 

obtain reliable estimates. This is one of the reasons 

why remote sensing is most often used for 

degradation assessments of relatively small areas. 

Experienced and knowledgeable people are 

required to interpret the data and run the software 

[13]. 

Materials and methods 

The research area (1480 km
2
) comprehends the 

territory of the shirkats ñBogdonò, ñOrolovò, 

ñMustakillikò, ñNarvonò the forest agency in 

Forish district. It consists of different ecosystems, 

including a plain with steppe and semi desert 

vegetation (about 20-30 kilometres broad), where 

four villages and about 30 shirkat farms are 

situated, the foothills of the mountains with mainly 

steppe vegetation, where about 25 villages are 

situated along the mountain streams and the 

Nuratau mountain range in the South, mostly under 

the administration of the forest agency [21]. 

In this research Landsat ETM+ Surface 

Reflectance imageries, which represent the wet 

season (May-June) of 2010 for correlating to the 

field monitoring results, and dry season (Augustï

September) of the three years of 2011, 2013 and 

2015 for applying correlation results, were used. 

The list of used Landsat images is given in Table 1 

below. 

Table 1. Landsat Images used in the research 
ˉ Landsat Scene 

Identifier  

Sensor Spacecraft 

Identifier  

Date 

acquir

ed 

1 LE71550322010148PF

S00 

ETM_SLC_O

FF 

LANDSAT

_7 

28-05-

10 

2 LE71550322011247PF

S00 

ETM_SLC_O

FF 

LANDSAT

_7 

04-09-

11 

3 LE71550322013252S

G100 

ETM_SLC_O

FF 

LANDSAT

_7 

09-09-

13 

4 LE71550322015258N

PA01 

ETM_SLC_O

FF 

LANDSAT

_7 

15-09-

15 

 

Surface reflectance is the fraction of incoming 

solar radiation that is reflected from Earth's 

surface. Retrieved from satellite images by 

correcting for atmospheric effects, surface 

reflectance images approximate what would be 

measured by a sensor held just above the Earth's 

surface, without any effects from the atmosphere 

or illumination and viewing geometry. Surface 

reflectance is the most basic remotely sensed 

surface parameter in the solar reflective 

wavelengths (i.e., visible and infrared), providing 

the primary input for essentially all higher-level 

surface geophysical parameters, including 

vegetation indices, land cover, and land cover 

change etc. Because removing atmospheric effects 

increases the comparability between images of 

Earth's surface taken at different times, surface 

reflectance is also used to detect and monitor 

changes on the Earth's surface [22]. 

Many different methods exist for reducing 

background influence on VIs. We selected and 

compared two VIs that characterise the vegetation 

cover. 

Normalized Difference Vegetation Index 

(NDVI), where [23]: 

)RNIR(

)RNIR(
NDVI

+

-
=           (1) 

SAVI was specifically developed and is 

recommended for arid environments to reduce soil 

background effects on the vegetation signal and is 

calculated as: 

( )
( )

( )L1
LREDNIR

REDNIR
SAVI +*

++

-
=          (2) 

The L is an adjustment factor which varies from 

0-1 in accordance with soil background conditions. 

The recommended L factor of 0.5 was used for all 

images [24]. 

We used field geobotanical monitoring (figure 

1) results which show 4 degradation levels (weak, 

average, strong and very strong) in 45 sample 

https://lta.cr.usgs.gov/landsat_dictionary.html#entity_id
https://lta.cr.usgs.gov/landsat_dictionary.html#entity_id
https://lta.cr.usgs.gov/landsat_dictionary.html#spacecraft_identifier
https://lta.cr.usgs.gov/landsat_dictionary.html#spacecraft_identifier
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points within the study area for the year 2010. 

They were defined by using the traditional method 

of routing geobotanical research methods and 

laboratory deciphering the Landsat satellite 

images. For study of seasonal dynamics of forage 

on pasture reference sites laid transects 10 m
2
 

areas, which were carried out mowing and 

determined biomass of forage plants. Types of 

rangeland pastures were allocated according to the 

scheme of typology [25]. 

 

 
Figure 1. Geobotanical monitoring processes in the 

research area 

 

Weak ï vegetation is characterized by full 

composition and structure, good life conditions and 

normal resumption most species, with weak signs 

of deterioration of the vegetation (the appearance 

of traces of weed species, a slight decrease in the 

abundance of fodder species). 

Average (moderate) ï noticeable adverse 

changes in the composition and structure of 

vegetation: growing an abundance of xerophytes, 

ephemeras and weedy species, they begin to play 

the role of subdominants; reduced abundance of 

food plants deteriorates their living condition and 

renewal; reduced projective cover. 

Strong ï the composition and structure of 

communities disrupted, changed set dominate and 

subdominants (dominated by ephemeral, uneaten, 

weed species). Status of fodder plants depression, 

renewed weakness. Pastures knocked out, grass is 

sparse, low productivity. 

Very strong ï pastures strongly stamped, 

indigenous communities were replaced by 

secondary phytocenosis with the dominance of 

weed species and ephemeral and very low 

productivity. 

NDVI and SAVI methods were applied for the 

Landsat ETM+ SR image of 2010, and the mean 

value for the 5*5 neighbouring pixels was 

calculated for each pixel of the result image of 

those methods by using software Erdas Imagine 

2014. 

The ranges of values for 4 degradation levels 

were defined by correlating NDVI and SAVI 

values itself and mean values of them to field 

geobotanical monitoring results for exact points. 

Results and discussion 

First of all, we created subset and layer stack 

the required bands (1-5 and 7) for all satellite 

images to define and show only the territory of the 

study area by using AOI (area of interest) method. 

Then NDVI and SAVI were calculated within the 

unsupervised classification method for the image 

of 2010 year. The area was very homogeneous, so 

that the mean values of the pixels of the NDVI and 

SAVI result images were calculated as well. 

Appropriate values for the field monitoring sample 

point were derived from the images and those 

values correlated with degradation levels (Figure 

2). 

The results showed the correlation values were 

0.259, 0.283, 0.261 and 0.263 for NDVI, NDVI 

mean, SAVI, SAVI mean methods respectively. 

So, we could decide that NDVI mean values were 

correlated with degradation levels better than other 

values. Thatôs why we used those values for 

defining the ranges of values related to degradation 

levels (Table 2). Those ranges were used for the 

time series analysis of the Landsat images of the 

years of 2011, 2013 and 2015 in order to show the 

degradation level of study area which can help us 

to monitor grazing impact. 

We obtained 3 new raster layers for NDVI from 

Landsat images and other 3 new raster layers for 

NDVI mean from NDVI images for the years of 

2011, 2013 and 2015 respectively. Those NDVI 

mean raster layers were used to classify and show 

the degradation level of vegetation. In total 3 

images were created for showing grazing land 

degradation status which can help us to monitor the 

grazing impact in study area (Figure 3). 

 
Table 2. NDVI mean values corresponding to 

degradation levels 

NDVI 

mean 

value 

Degradation 

level 

NDVI 

mean 

value 

Degradation 

level 

0.10-0.13 very strong 0.20-0.25 weak 

0.13-0.16 strong 0.25-1.00 no degradation 

0.16-0.20 average   
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Figure 2. Comparison of NDVI, NDVI mean, SAVI 

and SAVI mean using degradation levels 

 

The fig.3 shows that the 2013 have particularly 

pronounced numbers of higher NDVI values 

(green) than other years and the most of territory 

were strongly degraded (red) in 2011. Actually, a 

dry season time series of scenes were used because 

wet season scenes tend to capture the dynamics of 

the more ephemeral components of plant 

communities such as annuals. Dry season scenes 

are appropriate for this analysis because they are 

constrained to the more permanent ground cover. 

 
Figure 3. The dry season time series of NDVI images 

of the research area (Forish district) 

 

 
Figure 4. Rangeland ecosystem of Forish district 

 

Conclusion 

This research shows that Landsat ETM+ can be 

used to delineate vegetation change in ecosystems 

threatened by grazing land degradation in semi-

desert and desert environments such as Forish 

district (Figure 4). 

Vegetation indices derived from remotely 

sensed data are capable of estimating vegetation 

degradation levels on semi-desert and desert 

rangelands. 

The methodology used in this research shows 

quantitatively that at 30 m spatial resolution both 

SAVI and NDVI have comparable performance to 

detect vegetation cover in the study area. 

Nevertheless, while correlation between the 

vegetation indices values and degradation levels, 

the NDVI values were better correlated than SAVI 

values during our research. SAVI is still correlated 

to degradation level of vegetation but with a lower 

accuracy than NDVI. 
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Hence, it is recommended to use NDVI index to 

produce vegetation maps for Forish district. 

Finally, this research confirmed the adequacy of 

more popular NDVI vegetation index over the 

SAVI in desert and semi-desert zones. 
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Abstract: The control of agricultural subsidies in the EU is strictly regulated. The satellites provide relevant and 

complete free and open data which allows monitoring of all agricultural areas in the Member States. However, 

narrow parcels are not suitable for controlling. Areas smaller than 0.3 ha and narrower than 10 meters should be 

excluded from monitoring, as recommended by the EU. The present article explains how to determine the shape 

factors of parcels for accurate analysis. 
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Introduction  

Monitoring of agricultural subsidies were 

traditionally carried out at the place in question. 

However, GIS-based analysis of satellite imagery 

has allowed remote sensing of support. The goal is 

to fully automate the monitoring of all parcels 

while reducing the rate of on-the-spot checks. 

Member states can voluntarily introduce the new 

system, which is going to take 3 years. All 

advanced techniques can be used, but Sentinel 

satellite imagery is recommended. Sentinel-2 can 

be used to separate soil and vegetation, to 

determine the characteristics and phenological 

status of vegetation, and to delimit non-agricultural 

areas. Sentinel-1 can be used successfully to 

determine the structure, volume and moisture 

content of vegetation and to examine the structure 

of the soil. Only aspects that cannot be controlled 

by monitoring require classic on-the-spot 

verification. Areas smaller than 0.3 ha and 

narrower than 10 meters should be excluded from 

monitoring, as recommended by the EU. Due to 

the fragmented ownership structure in Hungary, 

thousands of parcels do not fulfill this condition. 

[1][2]  

According to the 2010 land use registry, on the 

average [3]: 

Å the number of land parcels used by a private 

person is 4.44 pieces 

Å the size of land parcels used by a private 

person is 9.54 hectares 

Å the number of land parcels used by 

professional farmers is 39.42 pieces 

Å the size of land parcels used by professional 

farmers is 296.38 hectares 

Bipolar land structure can be found in Hungary: 

there are either small land holdings or large land 

holdings; there are no medium sized agricultural 

holdings (See Table I). In the last few years it has 

become better and better and more and more farms 

over 50 hectares have been made. The rate of large 

land holdings belongs to the lowest in the 

European Union. With its 3,9 % Hungary is behind 

the average of 11 %.  Nowadays there are about 

3,3 million landowners who have 2 hectare 

agricultural field and 1 million acquire incomings 

from land renting. 
 

Table 1.The distribution of the farms in Hungary 

 Number of 

holdings 

(thousands) 

Distri-

bution 

(%) 

Area 

(thou-

sand ha) 

Distri-

bution 

(%) 

Avera-

gearea 

(ha) 

under 

10 ha 
279,3 78,5 758,9 11,7 2,7 

10-30 

ha 
47,1 13,2 797,9 12,3 16,9 

30-100 

ha 
20,4 5,7 1064,4 16,4 52,2 

100-300 

ha 
6,8 1,9 1153 17,8 169,6 

over 

300 ha 
2,4 0,7 2719,3 41,8 1133 

sum-

total 
356 100 6493,5 100 18,2 

Hungarian Ministry of Agriculture (2011) 
 

Although Hungary is below the EU average in 

terms of average farm size (Figure 1.), screening of 

non-controllable parcels may be necessary in other 

Member States. 
 

 
Figure 1. Average size of non-fragmented land parcels 

[4] 
 

Methodology for determining the shape 

factor 

The size and shape of the parcel also play an 

important role in evaluating the land. On the basis 

of experience, the shape and size factor influence 

mailto:katona.janos@amk.uni-obuda.hu
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the market value of a parcel by Ñ 10%. Area is an 

objective, well-defined attribute. However, width 

is no longer a clear category, as most of the land is 

not regular rectangular. A study [5] gives the 

following definition of the parcel shape: 

 

Shape factor=Ѝarea/perimeter*area0,1 (1) 

 

Considering the average Hungarian land 

structure, both area and form influence the final 

score in the equation. This dimensionless number 

can be used to filter out parcels that are unsuitable 

for monitoring. If the shape factor of a parcel is 

less than 0.21, the parcel is 87.6% likely to be 

unsuitable for remote sensing monitoring. This 

threshold is based on a set of 1000 data series. The 

area is between 0.2 and 0.4 hectares, with a trunk 

of no width between 7 and 12 meters from the 

randomly issued mark. 
 

Table 2.Excerpt from the 1000-pattern dataset. 

 
 

If the shape or area is incorrect, the metrics in 

the table will have "1". If the area index or the 

width index is set to "1", the complex index is also 

set to "1". The shape factor index takes on "1" if it 

is less than 0.21. The parity between the shape and 

the complex index is shown by "Parity". Its 

average value after analysis of 25 different datasets 

is 72.44%. 

Analysis in the sample area 

Hungarian Ministry of Agriculture has merely 

provided the data of Mestersz§ll§s for the analysis. 

This village is on the Great Hungarian Plain. It is 

42.92 km2 and its population is 702 people. 508 

land parcels have been involved in the planning. 

 

 
Figure 2. Shape factor of parcels in the sample area 

 

Shape factors were calculated for all plots of 

the sample area (Figure 2.). As a result of the 

analysis, 25 of the 508 plots are not suitable for 

remote sensing monitoring based on the index. 

Therefore 4.92% of the parcels require field 

inspections. This is also confirmed by the separate 

inspection of the parcels. 

Summary 

There is a tendency to automatically check 

agricultural subsidies based on satellite imagery. 

However, not all parcels are capable of remote 

sensing control. The objective and fast method of 

GIS based shape factor calculation helps decision 

making. Based on the results presented in this 

paper, the shape factor, which is used to evaluate 

parcels, can be used to filter out parcels unsuitable 

for remote sensing monitoring. 
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Abstract:  Data acquisition for geoinformatics cannot be done continuously, but by discrete sampling of the 

object or phenomenon. The sampling involves errors on the knowledge of the continuous signal due to the loss of 
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to get a deeper understanding on the limitations pertaining to the discretization. The analysis is than subsequently 

performed for a case study, namely for different realizations of the Hungarian Gravimetric Network. 
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Introduction  

Data acquisition for geoinformatics contains 

collection of spatially and/or temporally changing 

features, which are continuous by nature. No data 

acquisition can be done continuously, but by 

discrete sampling of the phenomenon.Discrete 

sampling often then considered to be uninterrupted 

sequences of continuous data, which results in an 

underestimation of the actual phenomenon.Details 

on sampling theory see [9], [10] and [12]. 

The sampling by its discrete characteristics 

involves errors on the knowledge of the real 

continuous phenomenon. Without understanding 

the limitations of the discretization, the observed 

phenomenon may be interpreted falsely. In the 

present study, an analysis of the sampling errors is 

delivered. 

Note, that in practice the discretization is often 

obtained by determining averages over a finite 

segment of the data, resulting in aliasing the point-

wise data by the block averaging. The general 

theory and its consequences are discussed by [3], 

while its application on spatial (2D) data is by [4]. 

In this study, however, the discretization is 

considered to be performed point-wisely. 

Methodology 

As [3] has discusses, theoretically any signal 

can be interpreted as infinite number of periodic 

signals as Fourier transformation provides such a 

decomposition. 

Ὢὸ В ὃÓÉÎ ς“Ὢὸ ‰Ð  (1) 

Note that in practice no full equivalence of the 

original and the Fourier transform signals can be 

achieved as the transformation can make use of 

only finite numbers of frequencies,and also due to 

numerical limitations. Assuming, however, in this 

study that the Fourier transform can fully reserve 

the information content of the original signal, the 

effect of discretization can be discussed by 

concentrating on periodic signals. 

Figure 1 and Figure 2 display an example of a 

periodic signal, which is sampled with a certain 

sampling period. Let Ὕ refer to the period of the 

signal, and ЎὝ to the sampling period. If the 

sampling period is sufficiently fine, then the signal 

can efficiently be approximated by assuming 

linearity between two consecutive points.  In 

practice, for sake of simplicity, such a linearity is 

assumed; accordingly, linear interpolation is used 

for approximating inner values of the signal, c.f. 

dashed line on Figure 1. However, in cases of 

obvious inappropriateness of linear interpolation, 

more delicate interpolation methods can be 

applied, such as cubic spline interpolation on 

Figure 2. 

 

Figure 1. Sampled signal is approximated by linear 

interpolation. 

 

Figure 2. Sampled signal is approximated by spline 

interpolation. 
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As in case of an óappropriatelyô sampled signal, 

intermediate values are assumed to be determined 

with óappropriateô accuracy by linear interpolation, 

thus it is used very often, therefore the present 

study deals with this issue. 

Letôs assume that the periodic signal with a 

period of Ὕ (equivalently can be described by its 

frequency,  ‫ ρȾὝ ) is sampled regularly by a 

constant sampling rate, ЎὝ ρȾὪ, where Ὢ is the 

sampling frequency. The dimension of the signal 

may range at different scales, even the content of 

the signal can be different, e.g. time in seconds, 

hours, years, ages or length in mm, m, km, AU. 

Therefore, instead of discussing actual reliable 

scales and magnitudes, in the present analysis the 

periodic function is characterized by its amplitude, 

ὃ and frequency, ‫ ρὝϳ , while the sampling is 

defined by the sampling rate, ЎὝ ρȾὪ, or 

equivalently by theratio of the frequency of the 

signal, and the observation,Ὢ ‫ 

ὔ
Ў

 (2). 

 
 

Figure 3.Errors due to sampling a periodic signal and 

approximating by linear interpolation 

 

The amplitude, ὃ is set arbitrarily to a unit, and 

error estimation due to the sampling is performed 

by considering two parameters: the frequency, ‫ 

of the signal, and the ratio ὔ. The error estimates 

are provided in percentage of the amplitude, ὃ. 

Beyond ὃ, ,and ὔ, also the phase of the signal ‫ 

‰is used for defining the periodic signal, however 

the calculus later is performed independently of 

this variable. All in all, the periodic function is 

defined as 

Ὢὼ ὃÓÉÎ ς“‫ὼ ‰  (3), 

where x is the independent variable. The 

sampling affects the knowledge of the observed 

signal between the sampling epochs. Therefore, 

sampling error is modelled here as the difference 

of real and the (linearly) interpolated values. 

According to Figure 3, when the function value at 

an arbitrary epoch, xk falling into the interval of [xi, 

xi+1], the error due to the sampling becomes the 

difference of the real, f(xk) and the interpolated, 

fint(xk) function values, ‐. 
The interpolated function value, fint(xk) can be 

derived by considering it as a point of division, i.e. 

it divides in a ratio of (xk-xi) : (xi+1-xk) the join of 

points ( xi, f(xi) ) and ( xi+1, f(xi+1) ): 

Ὢ ὼ  (4). 

Accordingly, the sampling error at this epoch 

becomes 

‐ Ὢὼ Ὢ ὼ Ὢὼ  
 

 (5). 

Note that the difference of two consecutive 

abscissae (in the denominator of the second term of 

the righthand side) is the sampling interval, 

ЎὝ ὼ ὼ. The sampling error can be 

estimated by the L1-norm of the sampling error 

over the [xi, xi+1] interval, as it is the mean of the ‐ 
differences at all epochs, 

ὒρ ὼȟὼ
В ȿȿ

᷿ ȿ‐ὼȿὨὼ (6). 

The integral provides the area between the real 

and interpolated curves, which is then 

subsequently divided by the sampling interval.By 

rigorous calculus, a closed-form for the L1-norm 

(inserting (3) and (5) to (6)) can be derived by 

solving the definite integral of 

ὒρ ὼȟὼ

᷿
 

Ў

Ў
 (7), 

resulting in 

       ὒρ ὼȟὼ ȿὅϽÃÏÓς“‫ὼ ‰ ὛϽ
ÓÉÎς“‫ὼ ‰ȿ (8), 

where 

ὅ

Ў
ÓÉÎ ς“‫ЎὝ

Ў
ÃÏÓς“‫ЎὝ  (9) 

and 

Ὓ
Ў
ÓÉÎς“‫ЎὝ ÃÏÓ ς“.‫ЎὝ(10) 

Making use of the ὅϽÃÏÓ‌ ὛϽÓÉÎ‌ ὙϽ
ÓÉÎ‌ •  conversion, the parameters ὅ and Ὓ 
can be replaced to Ὑ and ‰ as 

ὒρ ὼȟὼ ὙϽȿÓÉÎ ς“‫ὼ ‰ •ȿ (11), 

where 
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Ὑ Ѝς
ρ “ὔ ς“.ÓÉÎς“ὔ

ρ “ὔ ÃÏÓς“ὔ

 (12) 

and 

• ὥὶὧὸὫ
 

 
 (13). 

In (11) and (12) ὔ ‫ЎὝ
Ў

 is the ratio of 

the sampling interval and theperiod of the signal, 

c.f. (2). In (11) it is also multiplied by ὃ, which 

provides the scale (and the unit) of Ὑ, i.e. it works 

as the scale factor of the ordinate of the figure, 

while only the ratio ὔ is relevant along the 

abscissa. 

Discussion 

When sampling error of a periodic signal is to 

be estimated, it should definitely be kept in mind 

that it highly depends on which part of the signal it 

takes place, c.f. on Figure 1 the errors are 

apparently larger at the extremes (peaks) than 

around the inflection points. 

Equation (11) to (13) provides an analytic 

formulation for the periodicity of the sampling 

error using the L1-norm. These equations indicate 

that it purely depends on the ratio of the signal 

period and the sampling interval, ὔ.  The 

periodicity of the sampling error is displayed on 

Figure 4 for an arbitrary example of N=0.05 ratio. 

It shows that the periodicity of the error is tied to 

the periodicity of the signal, but with a phase lag 

(it is 9Á in this example). It also shows that for 

such a case the maximal error is 0.82% of the 

amplitude of the period of the signal. 
 

 
Figure 4. Sampling error (based on L1-norm) of a 

periodic signal with N=0.05 ratio. 

 

As in error theory basically, the L2-norm is 

used for error estimates (namely the standard 

deviation, or the second central moment), alsothe 

L2-norm of the sampling error has been derived, 

though it results in not such an elegant closed-form 

solution as equations (11) to (13). The L1 and the 

L2 errors are shown on Figure 5 for a range of ὔ 

ratios in the interval of [0.01, 0.5]. The limits were 

chosen considering practical aspect. The tested 

finest resolution was 0.01 (equivalent to 10 

samplings per each period), which has resulted in 

negligible, 0.03% and 0.04% errors using the L1-

norm and the L2-norm, respectively. The tested 

largest ratio was chosen in accordance with the 

Nyquist criterion, which says that meaningful 

frequency components of the properly sampled 

periodic signal exist below the half of the period of 

the signal, i.e. the Nyquist frequency,see e.g. [8]. 

For this extreme case, the sampling error was 

found to be 63.7% and 70.7% for the L1-norm and 

the L2-norm, respectively. 

 
Figure 5. Sampling error for ratios ranges from 0.01 

to 0.5. 

 

Case study: the Hungarian Gravimetric 

Network 

In order to indicate the relevance of the errors 

contaminated by the sampling, a case study 

explained in [5] is to be recited. In that study the 

comparison of two epochs of the Hungarian 

Gravimetric Network (MGH) has been provided. 

The first epoch of the network was dated to the 

1950s, labelled as MGH-50 [2], while the second 

one is dated to 2000, referred to as MGH-2000 [1]. 

The distribution of the gravimetric stations is 

shown on Figure 6 for MGH-50 and on Figure 7 

for MGH-2000. 

 
Figure 6. The point distribution of the MGH-50 

gravimetric network 
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Figure 7. The point distribution of the MGH-2000 

gravimetric network 

 

The covered area (the area of the country) is 

approximately 93000 km
2
, the number of stations 

is more than 900 for both the MGH-50 and the 

MGH-2000 networks, the gravity interval of the 

country is approximately 350 mGal. Thethe 

distance between gravimetric stations is roughly 10 

km, thus it provides a nice coverage of the country 

for capturing the relevant features of the gravity 

field. 

For historical reasons, however, most stations 

of the MGH-50 network has been perished, 

accordingly, most points of the MGH-2000 are 

newly established stations. In fact, there are only 

13 identical stations of the two networks. Apart 

from the change of the gravity by time (which is 

not striking due to the moderate tectonics of the 

area), the two networks are meant to present two 

independent description of the same phenomenon, 

that is the gravity field of Hungary. The gravity 

field is visualized on Figure 8 and Figure 9 as a 

result of a spatial interpolation of the MGH-50 and 

MGH-2000 networks, respectively. The 

interpolated gravity fields for both cases are 

dominated by the well-known South to North 

tendency, otherwise the tiny details may differ. 

On Figure 10, the difference of the two 

interpolated gravity fields (Figure 8 and Figure 9) 

is displayed. Even though the difference of them is 

in the range of some mGals, there are striking 

outliers reaching even the 100 mGal value. This is 

very much, which cannot be interpreted neither 

with the temporal variations of the gravity field nor 

with observation errors. This difference is 

obviously a consequence of the different sampling 

of the gravity field. 

By making use of the formulations above, the 

adequacy of the resolution of the Hungarian 

gravity network can be tested. According to 

equation (12), with stations located about 10 km 

distance from each other, features of the gravity 

field can be observed with 5%, 1% and 0.1% 

sampling error up to a resolution of 0.18 km, 0.42 

km and 1.33 km, respectively. Indeed, local gravity 

anomalies can be relevant with even finer 

resolutions, therefore it is obvious that the 10 km 

distance between the stations are capable only for 

capturing middle wavelength gravity field 

variations. 

 

Figure 8. Interpolated gravity field based on the MGH-

50 gravimetric network data. The values of the 

colourbar are in mGal unit. 

 

 

Figure 9. Interpolated gravity field based on the MGH-

2000 gravimetric network data. The values of the 

colourbar are in mGal unit. 

 

Figure 10. Differences of the interpolated gravity fields 

based on MGH-50 (Figure 8) and on MGH-2000 

(Figure 9) gravimetric network data. The values of the 

colourbar are in mGal unit. 
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Amore reliable and informative test can be 

provided if also the magnitude of the observable is 

considered. Since the gravity field sums up of 

gravity features at different scales (ranging from 

local to global), the spectral behaviour of the 

gravity field should be modelled. In our case it is 

approximated by the Kaulaôs rule of thumb [7], 

which isexpressed in equation (14) for gravity 

anomaly, Dg: 

„ЎὫ ὲ ρϽ
Ѝ

ρπ  (14). 

The Kaulaôs rule of thumb estimates the signal 

content of gravity as a function of the spherical 

harmonic degree, ὲ,for an Earth with an average 

mass ὓand an average radius Ὑ.The óclassicalô 

rule of thumb (referring to the potential) is 

converted to gravity anomaly, ЎὫ by multiplying it 

with the transfer function of the spherical harmonic 

expansion of the gravity anomaly. (For detailed 

explanation about the physical content of the 

Kaulaôs rule of thumb see [6] and [11]). 

The spherical harmonic degree, ὲ can 

approximately be related to the scale of the gravity 

content, i.e. to the spatial resolution of the features 

of the gravity field (described by a wavelength Ὕ). 

ὝЎὫ  (15). 

By making use of (14) and (15), Figure 11 

shows an estimate of the gravity field content by 

the spatial resolution according to Kaulaôs rule of 

thumb in logarithmic scale. For the discussion 

below, let us clarify two terms highly used in 

geoinformatics and geodesy, in general: omission 

error refers to those errors, which are committed 

due to omitting certain parts of the frequency 

spectrum, while commission error refers to the 

errors provided by the involved frequencies. 

Certainly, the total error is a combination of the 

omission and commission errors, and one can only 

attempt to separate them based on the spatial 

resolution of the observed total error. 

 
Figure 11. Signal content of gravity anomaly based on 

Kaulaôs rule of thumb vs. sampling error (by L1-norm 

and L2-norm as well) according to a sampling rate, ЎὝ 

of 10 km. 

The sampling error is estimated by L1-norm 

and L2-norm using equation (12).The value of the 

sampling rate has been set to ЎὝ ρπὯά, and the 

values of ὔ were determined by using Ὕ as the 

independent variable. The resulted curves are 

shown on Figure 11. The maximal value of ὔ was 

0.5 according to the Nyquist criterion, which is at 

the distance of 20 km. The ὔ ρabscissa is 

displayed on the figure by a vertical dotted line, 

which refers to the Ὕ ЎὝ ρπὯά value. By any 

mean, signal content below Ὕ ρπὯά is appears 

as noise in the signal, as the corresponding 

frequencies are overlooked (not sampled) by the 

ЎὝ ρπὯά sampling rate. The omission of the 

signal content of the short wavelength gravity (i.e. 

at less than ρπὯά resolution) may particularly be 

relevant at mountainous regions, where the gravity 

may change more sharply, the gradients of the 

gravity are larger. Basically, omission error of the 

short wavelength gravity is the primer source of 

100 mGal large, very localized outliers on Figure 

10. 

Beyond the omission error, the commission 

error due to the sampling is also large: according to 

Figure 11, the sampling generated error reaches the 

signal at 28.1 km (L1-norm) and 26.8 km (L2-

norm). A signal is reliable up to that point where 

its noise content is at least one order of magnitude 

smaller than the signal content, i.e. the Signal-to-

Noise ratio is 10. In the case of Figure 11, this is 

reached at 73.8 km (L1-norm) and 70.7 km (L2-

norm), so any smaller scale gravity information 

can be gained only quite uncertainly due to the 

commission error.As in an actual case both the 

omission and commission errors affect the 

solution, the gravity field with 10 km sampling 

may describe properly the gravity field features up 

to 100 km resolution only. 

Summary 

Sampling of continuous signals cannot be 

avoided for practical applications therefore 

sampling errors are contaminating the knowledge 

of the continuous signal. In order to check whether 

the sampling is sufficiently fine for a certain 

application, a simple test on the sampling rate can 

be performed. In this study, analytic formulation 

for L1-norm sampling error estimate of a periodic 

signal has been delivered in a closed form. Also, 

the L2-norm error estimate has been derived 

making use of a symbolic programming module of 

Matlab, which has not been presented here but 

applied for the tests. According to the results, the 

5%, 1% and 0.1% errors can be reached by 

N=0.177, 0.078 and 0.025, equivalent to 6, 13 and 

41 samples per period, respectively. 

As an example, the case of the Hungarian 

gravity network is analysed. With stations located 
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about 10 km distance from each other, both 

omission and commission errors were found to be 

relevant. Fine features of the gravity field are 

largely contaminated by the omission of the 

gravity signal over less than 10 km scales, 

resulting in huge, local peaks in the gravity 

anomaly error map on Figure 10. Commission 

error was found to be relevant up to a resolution of 

approximately 70 km. As in an actual case both the 

omission and commission errors affect the 

solution, the gravity field with 10 km sampling 

may describe properly the gravity field features up 

to 100 km resolution only. For reducing the spatial 

resolution, the sampling density should be 

increased further. 
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Abstract: Differences in attentional properties might have a serious impact on interpretation of certain map-

related information. The aim of the present study was to reveal the link between self-reported attentional problems 

and performance related to interpretation of different map types describing earthquake distribution. Twenty-four 

B.Sc. students (Land Surveying and Land Management, aged between 21-26 years; mean: 22.7, SEM: 0.3; seven 

females) were involved in the study after informed consent. The Adult ADHD Self-Report Scale (ASRS) Symptom 

Checklist was used to evaluate attention-related problems, and specific tasks related to pre-set earthquake 

distribution maps were addressed. Both 2 and 3 dimensional maps were applied. Spear-man-correlation patterns and 

General Linear Model was used for statistical analysis. Self-reported attention problems were inversely correlated 

with the performance on 2-dimensional maps, while no similar correlation was pre-sent in the case of 3-dimensional 

maps. General Linear Model outlined a major significant difference between the categorically distributed groups of 

students with high and low self-reported attentional problems on 2-dimensional maps, while no difference was 

present in the performance of 3-dimensional maps. Despite the low case number, a robust and differential effect was 

observed, what might have a major impact on the interpretation of different map types. 

Keywords: ASRS, attention, map-design, performance 

 

Introduction  

During recent years a new generation called 

ñYò appeared in higher education which is 

characterized by short attention span [1]. Images 

like maps easily communicate complex messages 

[2]. Maps have an important role in learning 

processes, they help us in spatial cognition, reveal 

unknown phenomena, and hidden connections. 

Cognitive processes are crucial both in map design 

and its interpretation, and recent influential studies 

directly encourage researchers to focus on specific 

cognitive aspect [3,4]. Attention and interpretation 

are among these processes, albeit to our best 

knowledge, no previous study addressed the 

number of inattention symptoms on map 

performance. 

mailto:podor.andrea@amk-uni-obuda.hu
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In a previous research maps to communicate of 

danger of earthquake to citizens were used. The 

results showed that different visualization methods 

can contribute to cognition process in diverse ways 

[5, 13, 14]. 

Short attention span means a common problem 

(in clinical terms, up to 7%, [6]), but also it affects 

map usage. The aim of the present study was to 

establish correlation pattern between map 

performance and self-reported inattention problems 

on different map design. In the study maps were 

applied which were already investigated, so the 

results of the recent samples could be compared to 

the results of previous tests. The study addressed 

directly 2-dimensional and 3-dimensional maps, as 

major differences could be observed in recent 

studies in relation to specific cognitive domains in 

this respect [7]. According to our hypothesis, an 

inverse correlation was expected between 

inattention symptom and 2-dimensional map 

performance. In the case of 3-dimensional maps, a 

significantly weaker link was suggested. 

Methods 

Twenty-five BSc students from land surveying 

(čbuda University, Alba Regia Technical Faculty 

Institute of Geoinformatics) were asked to 

participate voluntarily in the present study, after 

informed consent. The study was approved by the 

Joint Psychological Ethical Committee (EPKEB) 

for the cooperative research between University of 

Debrecen and čbuda University. One student did 

not fill out the test maps, thus the data from the 

remaining 24 students were used (aged between 

21-26 years; mean: 22.7, SEM: 0.3; seven 

females). 

Test maps 

The test maps were originally used to test 

usability of earthquake maps. From that study five 

2-dimensional maps and two 3-dimensional were 

chosen. The data source of the maps was the 

Hungarian Earthquake Catalogue which contains 

information about location, magnitude, and energy 

of earthquakes from 456 B.C till present days [8]. 

This information was used to help citizens to 

identify places with higher risks connected to 

earthquakes. The maps which were used in the 

present study were labelled as Map 2 till 6, and 

Map11 and 12. The represented data on 2-

dimensional maps were magnitude in case of Map 

2, released energy in case of Map 3, 4, 5, number 

of earthquake in case of Map 6. In case of 3-

dimensional maps released energy on Map 11 and 

number of earthquakes in case of Map 12 was 

depicted (Figure 1. and Figure 2.) 

Diff erent visualization methods were applied to 

different representative aspects. Map 2 showed 

different magnitudes with graduated point 

symbols. This type of visualization is widely used 

on earthquake maps, traditionally the magnitude is 

one of the most important attribute in visualizing 

earthquakes. However, the problem occurs as these 

phenomena are connected to seismological active 

areas, where the majority of seismic activities like 

earthquakes happen therefore activities in different 

time slots are covering each other. Map 3 depicted 

energy release with graduate point symbols, where 

the same problem occurs as in case of Map2. Map 

4 used graduated point symbols showing energy, 

but the data was handled with a special aggregation 

method developed previously by PŖdºr&Kiszely, 

2014 [5]. Here the results showed all the 

aggregated values of all released energy during 

earthquakes happened in a region, so point 

symbols were not covering each other. Map 5 and 

6 were different density maps, where IDW 

interpolation was used to create a surface from the 

point data. On both maps the different shade of 

orange were applied. Although on Map 6 the 

density map were supplemented by isolines. 

In case of 3-dimensional maps the base map 

was also a density map, it was used to generate an 

artificial 3D surface where the ñheightò showed the 

extent of released energy in case Map11, and the 

total number of earthquakes happened at certain 

region in case Map 12 (Figure 2.). 

 
Map1 

 
 

Map2 
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Map3 

 
 

Map4 

 
 

Map5 

 
 

Map6 

 
1 FigureMaps used in the present study - 2-

dimensional test maps. 

 

Map11 

 
 

Map12 

 
2. FigureMaps used in the present study -3-

dimensional test maps. 

 

Questions designed to test map-understanding 

The test consisted of 24 questions related to 8 

maps. Altogether 14 questions were asked 

connected to 2-dimensional maps, and 10 

concerning 3-dimensional map design. According 

to the illustrated information the same type of 

questions and task were applied for 2D and 3D 

maps. 

The participants were asked to define 2 

settlements where magnitude was bigger than M3 

(Map2); how many times more energy was 

released in Szombathely than in GyŖr (Map3, 

Map4, Map11); where was the earthquake with the 

biggest energy released (Map3, Map4, Map11); to 

define how many energy was released in 

settlements Sz®kesfeh®rv§r, Sz§zhalombatta, 

Szom-bathely, Miskolc. The participants were 

asked to create the ascending sequence according 

to released energy of the earthquakes between 

Budapest, Duna¼jv§ros, Kecskem®t, M·r, 

Szombathely (Map5, Map11); to find out how 

many earthquakes was in the settlement 

Sz®kesfeh®rv§r, Sz§zhalombatta, Szombathely, 

Miskolc (Map2); how many earthquakes were in 

Budapest, Duna¼jv§ros, Kecskem®t, M·r, 

Szombathely (Map12). 

The questions were focused on (1) to what 

extent could participants estimate where the 

biggest earthquakes were; (2) to what extent could 

participants compare the magnitude, the number of 

earthquakes, and the extent of re-leased energy; 

and (3) to what extent could participants put the 

seismic regions in ascending order according to the 

magnitude of past earthquakes. 
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The answers connected to test maps were 

counted and the total score was taken into 

consideration. Each answer could get a score 0 - 

wrong, 1 -acceptable or 2 ï good. 

Self-reported attention problems 

Additional to the ArcGIS maps, participants 

were given the Adult ADHD Self-Report Scale 

(ASRS) Symptom Checklist [9, 10]. This self-

reported checklist consists of 18 items, 9 related to 

attention problems, and 9 related to 

hyperactivity/impulsivity problems. The Hungarian 

version was also introducedin a large international 

cohort [11]. The items are identical to Attention-

Deficit/Hyperactivity Disorder (ADHD) DSM-IV 

criteria [12].The ASRS is used only for screening 

clinical problems related to ADHD, but solely 

cannot be used to evaluate the condition. In the 

present study, this self-reported scale was used to 

evaluate personal functionality in terms of ADHD 

related problems. The number of items of both the 

attentional problems and the 

hyperactivity/impulsivity scale within the clinical 

range were considered. Symptoms of attentional 

problems contain items like ñHow often do you 

have difficulty getting things in order when you 

have to do a task that requires organization?ò or 

òHow often do you make careless mistakes when 

you have to work on a boring or difficult project?ò, 

while symptoms of hyperactivity/impulsivity 

consist items like òHow often do you fidget or 

squirm with your hands or feet when you have to 

sit down for a long time?ò or òHow often do you 

have difficulty waiting your turn in situations when 

turn taking is required?ò. The participants were 

also divided into two groups according to their 

attentional problems symptom checklist results. 

According to the DSM-5 [6], participants with four 

or less inattention symptoms were considered into 

the group of low symptoms (N=14), while 

participants with five or more inattention 

symptoms were considered into the high symptom 

group (N=10). 

The procedure 

After the informed consent, participants were 

addressed the ASRS Symptom Checklist, then 

participants were asked to make their tasks related 

to the test-maps. At the beginning of the 

experiment some settlements were defined and 

showed on Map1, which served as a reference data 

layer showing the municipalities of Hungary for 

the participants in order to be easier to find and 

identifying them on the other test maps. This task 

was not calculated into the results. 

No time constrain was defined. The test lasted 

up to 35 minutes. 

The participants conducted the tasks in a 

computer lab. The maps were prepared in ArcGIS 

at 1:3 million scale. This scale allowed participants 

to analyze the map as a whole on the screen. 

The tests were designed on an e-learning 

platform, and the participants used this platform 

while answering the questions and examining the 

maps. 

Statistical analyses 

Statistica 7.0 program package was used to 

analyze the link between map performance and 

ASRS symptoms. Spearmanôs correlations were 

run between symptom checklist and map 

performance variables. Additional to the 

correlation patterns, a General Linear Model was 

also used to analyze group differences in the case 

of 2-dimensional and 3-dimensional maps between 

the low and high inattention symptom groups, as 

defined earlier. The level of significance was set at 

p=0.05. 

Results 

According to the overall map performance, the 

maximum score was 40 out of 48 points, the 

minimum was 24, the mean was 34.9 points. 

In the population studied, the number of 

inattention symptoms was 3.3Ñ0.4 (meanÑSEM), 

while the number of hyperactivity/impulsivity 

symptoms was 2.2Ñ0.3. From the maximum 

scores, students reached 76.0Ñ2.4 percent on the 2-

dimensional maps, while 68.1Ñ2.9 percent on the 

3-dimensional maps. 

Hyperactivity/impulsivity symptoms did not 

correlate with the percentage of perfect responses 

or with the map scores on different map types 

(Table 1). In contrast with the above finding, 

inattention symptoms showed a highly significant 

inverse correlation pattern with the map-related 

task performance (Table 1), but only in the case of 

2-dimensional maps. 

 
Table 1. Spearman'sCorrelations 

(behavioraldimensionsandperformance) 

Correlation N 
Spear-
man R 

t(N-2) 
p- 

level 

Hyperactivity-impulsivity symptoms 
& D-2 Map Score %  

24 -0,022 -0,103 0,919 

Hyperactivity-impulsivity symptoms 
& D-2 Map Perfect Responses  

24 -0,086 -0,406 0,689 

Inattention symptoms & D-2 Map 
Score %  

24 -0,601 -3,525 0,002 

Inattention symptoms & D-2 Map 
Perfect Responses  

24 -0,660 4,117 0,000 

Hyperactivity- impulsivity symptoms 
& D-3 Map Score %  

24 0,102 0,482 0,635 

Hyperactivity- impulsivity symptoms 
& D-3 Map Perfect Responses  

24 0,238 1,150 0,262 

Inattention symptoms & D-3 Map 
Score %  

24 -0,028 -0,130 0,898 

Inattention symptoms & D-3 Map 
Perfect Responses  

24 0,055 0,260 0,798 

 

A General Linear Model was also used to study 
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the categorical effect of symptom number in the 

case of inattention, while gender was used as a 

covariate (Fig 3. and 4). Within the 2-dimensional 

maps, a robust difference was observed between 

the low and high inattention symptom group in 

map-scores (F(1,21)=8.502, p<0.01) and in the 

percentage of perfect responses (F(1,21)=13.782, 

p<0.002). Surprisingly, no similar differences were 

observed in the 3-dimensional maps between the 

two groups (map-scores: F(1,21)=0.851, p<0.37; 

percentage of perfect responses: F(1,21)=0.335, 

p<0.57). Gender effect was not observed within the 

analysis. 
 

 
3. Figure Map scores. Data are expressed as mean Ñ 

SEM. Low symptom, four or less symptoms related to 

inattention on the ASRS Symptom Checklist; High 

symptom, five or more symp-toms related to inattention 

on the ASRS Symptom Checklist; **, significantly 

different from Low symptom group (p<0.01). 

 

 
4. Figure Perfect responses on maps. Data are 

expressed as mean Ñ SEM. Low symptom, four or less 

symptoms related to inattention on the ASRS Symptom 

Checklist; High symptom, five or more symptoms 

related to inattention on the ASRS Symptom Checklist; 

**, significantly different from Low symptom group 

(p<0.01). 

 

Discussion 

The main results of the present study were the 

followings. The number of self-reported inattention 

symptoms was inversely correlated with the test 

performance in 2-dimensional maps, while this 

effect was not observed in the map performance 

related to 3-dimensional maps. The robust effect 

was also present in a categorical setting between 

students with low and high inattention symptom 

number. 

All the answers of the 24 participants were 

analyzed and taken into consideration. The test 

contained both simple and complex tasks for the 

test persons. Each answer could get a score 0 - 

wrong, 1 -acceptable or 2 - good. As it was 

mentioned earlier, these maps were already used in 

a map-reading task, so it was possible to compare 

with previous results (with a considerably higher 

number of subjects) which could support the idea 

that in this study the results did not alter from the 

average [5]. There were 3 evident findings of the 

former study: (1) the easiest task was to find the 

place where the largest earthquake occurred 

especially on 3D maps, and (2) the hardest task 

proved to be the preparation of the ascendant 

sequence of energy re-lease, (3) 3D visualization is 

not effective in defining the exact number of 

earthquakes. 

The present study didnôt produced diverse 

results, only a slight difference can be noticed. In 

this casenot the biggest energy release place was 

detected the most effectively but also in those 

cases where a concrete value connected to a 

settlement it was easier for the participants to 

identify it. In case of high values test participants 

could read the exact value very effectively even in 

the case of 3D maps, similarly to the former study 

we experienced that preparing the ascendant 

sequence of energy release caused a lot of problem 

for the test participants. Concerning 3-dimensional 

maps, it was evident that the map-reading was not 

effective in those cases when higher objects were 

shadowing areas behind them. 

There are important differences in cognitive 

interpretational aspects between 2-dimensional and 

3-dimensional maps. For example, Elder et al 

found that spatial visual memory is affected 

according to 2- and 3- dimensional representations 

[7]. Albeit we did not have knowledge of study on 

attention problems and 2-dimensional and 3-

dimensional performance, results related with 

spatial visual memory might be interesting in our 

terms. In the present study, the map outline 

differentially effected the link with self-reported 

attention problems, what might have a crucial 

importance in both in map design and in 

interpretation [3,4]. 

There are certain limitations within our study. 

Firstly, the participantsnumber could be 

considerably higher. Secondly, only self-reported 

attention measures were applied. For the first 

argument, the correlation pattern was surprisingly 

high, and the effect could be observed in a 

categorical design as well, thus despite the 
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relatively low number, the effect might have 

importance for later interpretation studies as well. 

Nevertheless, in future studies the number of 

participants has to be increased. For the second 

argument, there are a number of 

neuropsychological test related to attention, but 

still in clinical settings, the DSM-5 uses the 

number of self-reported symptoms in adults [6]. 

Thus, it seems to be a relevant measure, but in later 

settings other attention-related neuropsychological 

test should also be used. 

The number of population with ADHD 

(between 2-7 %, not counting the so-called 

subsyndromal cases) [6] might also indicate the 

importance of understanding the relation between 

map design, map performance and attention 

problems. Interestingly, hyperactivity/impulsivity 

problems were not related to test performance, and 

it was irrespective from map-types. 

Conclusions 

The comparison of the results of inattention test 

and map-reading results detected that inattention 

problems can be revealed in map reading as well, 

and specifically occurred according to the map 

types. These results have to get tested on different 

map-tasks delivering different information, and the 

application of further neuropsychological tests on 

higher case number is also needed, to study this 

potentially crucial and important effect. 
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Abstract: Precision Farming concept is spreading rapidly worldwide as a tool to enable farmers for profitable 

production while fulfilling environmental and food safety conditions. The introduction and application of precision 

technologies in agriculture has been motivated by the high degree of variability of agro-ecological conditions within 

fields. With increased use of precision agriculture techniques information concerning within field soil and crop 
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variability is becoming increasingly important for effective crop management. Precision farming technology is the 

combined result of development of different sectors like a positioning system, remote sensing, yield mapping, soil 

sensing, etc. As a result of technological advances, more and more data is available. The safe and reliable transfer of 

different kinds of data into detailed information for management purposes is also of increasing importance. 

In this paper based on literature and my own research,an overview is given on the use of remote sensing data in 

site-specific farming for assessing crop growth and yield variability. According to the results two classification 

approach - pixel-based and object-based (OBIA)- are presented. Image processing techniques including vegetation 

indices, segmentation, and classification were used in this research. The models presented in the article are 

suggested to be used for crop monitoring and supporting decision making. Yield data gathering is also highlighting 

in the article. 

Keywords: Remote sensing, precision farming, classification, vegetation index, crop monitoring 

 

Introduction  

Precision agriculture technology is a farm 

management system, which relies on various 

measurements, data collections and analysis, as 

well as decision making. Measurements include 

soil chemical and physical characteristics 

determination, grain yield and quality 

measurements, and several remotely sensed 

property determination. The base of precision 

agriculture is information on the spatial and 

temporal variability of soil and crop characteristics 

as well as the environment and external 

conditions[7, 10]. The data on the properties of 

soils, plants, occurrence of pests, obtained yield 

and meteorological parameters are needed to 

optimize field management [1, 2]. How to measure 

and map the spatially and temporally varied field 

parameters accurately and efficiently has been the 

focus of the researches in the field. In many studies 

remote sensing data are used as a source of 

information and GIS technology as tool for data 

analysis. Geographical information systems (GIS) 

are systems for the storage, analysis and 

presentation of spatial data. GIS can also support 

translation of the research findings into operational 

systems for use at farm level by providing a good 

platform for storage of base data, simple 

modelling, presentation of results, development of 

a user interface and, in combination with a global 

positioning system, controlling the navigation of 

farm vehicles. On the basis of GIS a decision 

support system could be developed for operational 

application of precision agriculture at farm level 

[6, 8]. 

Remote sensing technologies are being used 

more and more often in agriculture providing data 

for monitoring within and between-field. In 

parallel with development of spatial, temporal and 

spectral resolution in the last decade the quantity 

and quality of data is constantly increasing as well.  

Results of research in the field from all over the 

world have provided a fundamental information 

relating spectral properties of soils and crops to 

their agronomic and biophysical characteristics. 

This knowledge has facilitated the development 

and use of various remote sensing methods to 

detect spatially and temporally varied 

environmental stresses which limit crop 

productivity [1, 2, 10]. This can make significant 

contribution in optimizing crop management as 

sowing, irrigation, fertilization and harvest. 

However, gathering, accessing, and processing of 

remote sensing images from different satellites 

require high technical skills and agricultural 

knowledge as well. Besides expertise, a computer 

(software and hardware) background is also 

required. Processing large amounts of data can be 

time consuming. The lack of comprehensive 

software platforms to extract useful spatially and 

temporally varied information from remote sensing 

and other sources, and the lack of knowledge can 

hindered the wide application of technology to 

support precision farming. 

Data gathering 

The introduction of precision technologies in 

agriculture has been motivated by the high degree 

of variability of agro-ecological conditions within 

fields. One of the criterion for introducing 

precision agricultural technologies is the 

development of an up-to-date arable crop 

information system that provides information on 

soils, crop land cultivation, plant status, etc.[1, 5, 

11, 12].  This information can be used as starting 

data for cultivation and predicting yield estimate. 

In order to set up such an information system, it is 

essential to use modern data gathering and analysis 

technologies. Remote sensing is the most effective 

tool for surveying the Earth's surface and tracking 

its changes. 

Yield monitoring  

With increased use of precision agriculture 

techniques, information on crop yield variability 

within-field is becoming increasingly important for 

effective crop management. The yield map 

integrates the effects of various spatial variables so 

that it providealso information on soil properties, 

topography, plant population, nutrient replacement 

practices and applied agrotechnology. A yield map 

can therefore been indispensable input for site-

specific operations either by itself or in 

combination with other spatial data. Yield data can 

be obtained at harvest by harvester-mountedyield 
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monitors. The first yield measuring devices were 

applied in the early '80s, since that they have 

started to become standard equipment on 

combines. With technological advances of 

harvester-mounted yield monitors and Global 

Position Systems (GPSs) farmers are able to 

collect intensive and accurate yield data during 

harvest. Yield maps can be generated immediately 

following data collection to show yield patterns 

within fields [3, 13]. The result of analysis can be 

used for after-season management. The yield 

monitor accuracy depending on the type and brand 

of yield monitor, calibration regime, flow rate and 

conditions at harvest (Figure 1.). Yield monitor 

calibration plays a key role in obtaining the best 

possible accuracy from the yield monitor [3]. 
 

 
Figure 1. The effect of the direction of harvest on the 

quantity of crop measured. Source: [13] 

 

Despite the commercial availability of yield 

monitors, many crop harvesters are not equipped 

with them. Furthermore, additional information is 

needed for effective analysis of the map e.g. 

information on plant stress during the growing 

season. Yield monitor data cannot be used to detect 

problems and generate maps within season. 

Within season estimates of relative yield 

variation and stress detection can more useful 

address by remote sensing.  Satellite imagery 

obtained during the growing season can be used to 

generate yield maps for both within season and 

after season management (Figure 2). 
 

 
Figure2. Cell yield of maize created from Sentinel 

data: input data and output). Source: [13] 

 

Indicators of vegetation 

By measuring the reflectance of the plants at 

various wavelengths, it is possible to collect a lot 

of information about the status of the plants. The 

reflectance of light spectra from plants depends on 

plant type, water content within tissues, and other 

intrinsic factors [4]. The reflectance of vegetation 

is low in the blue and red regions of the visible 

spectrum, due to absorption by chlorophyll for 

photosynthesis. It has a peak at the green region 

which gives rise to the green colour of vegetation. 

In the near infrared (NIR) region, the reflectance is 

much higher than that in the visible band due to the 

cellular structure in the leaves. In the mid infrared 

there are more water absorption regions (Figure3.) 

[14]. 

 

 
Figure 3. Spectral curve of the light reflected from 

the plant. Source:[14] 

 

During the quantitative interpretation of remote 

sensing information from vegetation can be created 

by extracting vegetation information using 

individual light spectra bands or a group of single 

bands for data analysis. The construction of VI 

algorithms are effective tools to measure 

vegetation status.  Vegetation information from 

remote sensed images is mainly interpreted by 

differences and changes of the green leaves from 

plants and canopy spectral characteristics. The data 

from near infrared (0.7ï1.1 m) and red (0.6ï0.7 m) 

or other bands are combined in different ways 

according to their specific objectives [4]. As the 

population of plants increases, the amount of 

biomass causes an increase in the overall near-

infrared reflectance and a reduction in the red 

reflectance. From previous research, there are 

known relationships between the indices using 

those two regions of the spectrum and the amount 

of vegetation. From these estimates we can derive 

the population of the data provided by the sensors 

can also be used to make an estimate on the future 

crop yield. By calculating the Normalized 

Difference Vegetation Index (NDVI), or the Soil-

Adjusted Vegetation Index (SAVI) when 

vegetation cover is low, we can get information on 

the crops' vigour. Low index values usually 
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indicate little healthy vegetation while high values 

indicate much healthy vegetation. Different indices 

have been developed to better model the actual 

amount of vegetation on the ground. A lot of 

research has been done to derive relationships 

between a vegetation index of a crop, measured at 

a particular time, and the final crop yield. Low 

index values usually indicate little healthy 

vegetation while high values indicate much healthy 

vegetation [11, 12]. Different indices have been 

developed to better model the actual amount of 

vegetation on the ground.Spectral indices derived 

from satellite data are widely used for land cover 

change research. Vegetation indices use various 

combinations of multispectral satellite data to 

produce single images representing the amount of 

vegetation present, or vegetation vigour. They can 

reduce the data volume for analysis and provide 

combined information that is more strongly related 

to changes than any single band. 

With the use of high resolution spectral 

instrumentation, the number of bands obtained by 

remote sensing is increasing, and the bandwidth is 

getting narrower [4]. Several studies have been 

dealing with calculation of the relationship 

between vegetation indices and yield. This 

relationship depends not only on the type of index 

but also on the time of data gathering and the stage 

of plant.Remote sensing yield estimation requires 

multitemporal data gathering during the vegetation 

period. One of the most often used indices the 

Normalized Difference Vegetation Index (NDVI). 

A direct use of NDVI is to characterize canopy 

growth or vigor; hence, many studies have 

compared it with the Leaf Area Index (LAI), where 

LAI is defined as the area of single sided leaves 

per area of soil.Figure 4. shows the change of 

vegetation index (NDVI)depending on vegetation 

growing. 

 

 
Figure 4. The change of vegetation index (NDVI) depending on vegetation growing. Source: [15] 

 

Classification 

There are various approaches and quantitative 

methods for using remote sensing data to 

discriminate different types of habitat cover. In this 

study pixel-based and object-based approaches 

were applied for mapping spatial variability within 

a field. 

In an unsupervised classification (Figure 5.), 

the analyst does not predefine the land cover or 

habitat types. The image processing software 

divides the image into a certain number of classes, 

based entirely on the spectral data and with no 

knowledge of what cover types are present in the 

image. The user can define limits to the number of 

output classes and spectral variance within each 

class. The resulting classes are identified by 

different numbers, and the analyst must then assign 

names to these classes with the support of field 

knowledge and an understanding of how different 

habitats should appear in these images. 

One of the main objectives of this study was to 

develop a methodology to map variations in 

conditions within a field from high spatial 

resolution images through object-based 

classification. Object base image analysis (OBIA) 

have been used for classification inside an 

agricultural field to detect lack of vegetation and 

map vegetation quality.  
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Figure 5. Work flow of mappingspatial variability by 

unsupervised classification methods 

 

The data extraction includes the following 

steps: data pre-processing, rule set development, 

multi-scale image segmentation, the definition of 

features used to map land use, classification based 

on rule set and accuracy evaluation. Using the 

eCognition software not only the spectral 

information but also the shape, compactness and 

other parameters can be employed to extract 

information. Figure 6. shows the work flow of 

mapping spatial variability by OBIA [12]. 
 

 
Figure 6. Work flow of mapping spatial variability 

by OBIA 

Conclusion 

Remote sensing data canbe useful data sources 

for estimating and mapping withinfield crop yield 

variability for precision agriculture. Imagery taken 

during thegrowing season can be used to monitor 

crop growingconditions and identify potential 

problems that could beaddressed within the 

growing season. The multitemporalimagery can 

also be used togenerate yield maps to record the 

spatial variation inyield. Vegetation index is a 

useful tool in crop monitoring and crop estimation: 

identification of problems (lack of sowing, 

cultivation problems, pests, ..),mapping stressed 

plants, mapping variable requirements for 

irrigation within a field, identifying fertilization 

and pesticide requirements, and mapping potential 

management zones within fields[6, 7, 11]. 

However, the analysis should take into account 

thatthe reliability of such surveysdepend on more 

factors like as the type of index, the time of data 

gathering and the stage of plant.This type of 

research cannot be considered complete as more 

and more satellite and airborne imageryare 

becomingavailable, more research is needed to 

develop right data analysis techniques for 

yieldestimation and other precision agriculture 

applications. 
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ʊʆʇʆɻʈɸʌʀʂ ʂɸʈʊɸ ɸʉʆʉʀɼɸ ʈɽʃʒɽʌʅʀʅɻ 3D (ʋʏ ɶʃʏɸʄʃʀ) ʄʆɼɽʃʀʅʀ 

ʗʈɸʊʀʐ 
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ɸʥʥʦʪʘʮʠʷ: ʄʘʟʢʫʨ ʤʘץʦʣʘʜʘ  çPanoramaè GIS Karta ʜʘʩʪʫʨʠ ʘʩʦʩʠʜʘ ״ʫʜʫʜʣʘʨʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ 

ʷʨʘʪʠʰ ʫʩʫʣʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʙʝʨʠʣʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨʜʘʛʠ ʛʦʨʠʟʦʥʪʘʣʣʘʨʥʠ 

ʨʘץʘʤʣʘʰʪʠʨʠʰʜʘʛʠ ʙʘʲʟʠ ʙʠʨ ʤʫʣʦ״ʘʟʘʣʘʨ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: 3D-ʤʦʜʝʣ, çPanoramaè GIS Karta, GIS TERRA VISTA, ʛʦʨʠʟʦʥʪʘʣʣʘʨ, ʘʙʩʦʣʴʶʪ 

ʙʘʣʘʥʜʣʠʢ, ʩʝʛʤʝʥʪʘʮʠʷ. 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʜʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʢʘʢ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ Panorama GIS. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʥʝʢʦʪʦʨʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦ 

ʦʮʠʬʨʦʚʢʝ ʛʦʨʠʟʦʥʪʘʣʝʡ ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʤʦʜʝʣʴ, Panorama GIS ʂʘʨʪʘ, GIS TERRA VISTA, ʛʦʨʠʟʦʥʪʘʣʴ, ʘʙʩʦʣʶʪʥʘʷ 

ʚʳʩʦʪʘ, ʩʝʛʤʝʥʪʘʮʠʷ. 

 

Annotation:  This article provides information on how to create a three-dimensional model of territories based 

on the Panorama GIS mapping program. There are also some considerations in the digitization of horizontals in 

topographic maps. 

Key words: 3D model, çPanoramaè GIS Karta, GIS TERRA VISTA, horizontal, absolute height, segmentation. 

 

ʂʠʨʠʰ. ʊʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʜʘʛʠ ʣʘʥʜʰʘʬʪ 

ʵʣʝʤʝʥʪʠ ʙ˄ʣʛʘʥ ʨʝʣʲʝʬ ʰʘʢʣʠʥʠ, ʢ˄ʨʠ-

ʥʠʰʠʥʠ, ״ʦʣʘʪʠʥʠ, ʨʝʣʲʝʬ ״ʘץʠʜʘ ʙʘʪʘʬʩʠʣ ʚʘ 

ʢʝʥʛʨʦץ ʪʘʩʘʚʚʫʨʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʤʫ״ʠʤ ʘ״ʘʤʠ-

ʷʪʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʙʫ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʦʧʦʛʨʘʬʠʢ 

ʢʘʨʪʘ ʘʩʦʩʠʜʘ ʷʨʘʪʠʣʛʘʥ ʨʝʣʲʝʬʥʠʥʛ 3D ʤʦʜʝʣʠ 

ʸʨʜʘʤʠʜʘ ˄ʨʛʘʥʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ 

 .ʠʩʦʙʣʘʥʘʜʠ [1]״

ɹʫʛʫʥʛʠ ʢʫʥʜʘ ʨʘץʘʤʣʠ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨ 

ʷʨʘʪʠʰ, ʫʣʘʨʥʠ ʪʘ״ʨʠʨ ץʠʣʠʰ, ʷʥʛʠʣʘʰ, ʫʣʘʨ 

ʘʩʦʩʠʜʘ ״ʫʜʫʜʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ ״ʦʩʠʣ ץʠʣʠʰ  

ʚʘ ʰʫ ʢʘʙʠ ʠʰʣʘʨʥʠ ʙʘʞʘʨʠʰʜʘ ʪʫʨʣʠ ʭʠʣʜʘʛʠ 

ɻɸʊ ʜʘʩʪʫʨʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʢʝʣʠʥʤʦץʜʘ. 

3D ʤʦʜʝʣʣʘʨ ״ʫʜʫʜʣʘʨʥʠ ʛʝʦʛʨʘʬʠʢ, ʛʝʦʣʦʛʠʢ, 

ʛʠʜʨʦʣʦʛʠʢ, ʪʦʧʦʛʨʘʬʠʢ ʞʠ״ʘʪʜʘʥ ʢʝʥʛʨʦץ 

˄ʨʛʘʥʠʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʙʝʨʘʜʠ. ʈʝʣʲʝʬʥʠʥʛ 

3D ʤʦʜʝʣʠʜʘʥ ʘ״ʦʣʠ ʤʘʥʟʠʣʛʦ״ʣʘʨʠ, ʩʘʥʦʘʪ, 

 ʭ˄ʞʘʣʠʛʠ, ʪʨʘʥʩʧʦʨʪ, ʛʠʜʨʦʛʨʘʬʠʷ ץʠʰʣʦץ

ʪʘʨʤʦץʣʘʨʠʥʠ ʞʦʡʣʘʰʪʠʨʠʰʜʘ ʚʘ ʰʫʥʠʥʛʜʝʢ 

ʦʣʠʡ ʪʘʲʣʠʤ ʪʠʟʠʤʠʜʘ ˄ץʫʚ ʞʘʨʘʸʥʣʘʨʠʜʘ 

ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. 

ɸʩʦʩʠʡ ץʠʩʤ. çPanoramaè GIS Karta ʜʘʩʪ-

ʫʨʠ ʸʨʜʘʤʠʜʘ ʢ˄ʧʣʘʙ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨʥʠ 

ʷʨʘʪʠʰ, ʪʘ״ʨʠʨ ץʠʣʠʰ, ʵʣʝʢʪʨʦʥ ״ʦʣʘʪʠʥʠ 

ʷʨʘʪʠʰ ״ʘʤʜʘ ʯʦʧ ץʠʣʠʰ ʢʘʙʠ ʠʰʣʘʨʥʠ 

ʙʘʞʘʨʠʰ ʤʫʤʢʠʥ. ʂʝʡʠʥʛʠ ʡʠʣʣʘʨʜʘ ʟʘʤʦʥʘʚʠʡ 

ʪʦʧʦʛʨʘʬʠʷʜʘ ״ʫʜʫʜʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ ʷʨʘʪʠʰ 

ʵʥʛ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ ʙʠʨʠ ʩʘʥʘʣʘʜʠ. 

 ʘʤʣʠ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʩʠʜʘʥץʫʜʫʜʥʠʥʛ ʨʘ׳

ʬʦʡʜʘʣʘʥʠʙ, ʫʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ çPanoramaè 

GIS Karta ʜʘʩʪʫʨʠ ʸʨʜʘʤʠʜʘ ʷʨʘʪʠʰ ʤʫʤʢʠʥ. 

ɹʫʥʠʥʛ ʫʯʫʥ ʘʚʚʘʣʦ ʢʦʤʧʶʪʝʨʜʘ çPanoramaè 

GIS Karta ʜʘʩʪʫʨʠ ʤʘʚʞʫʜ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. 

ɼʘʩʪʫʨ ʠʰʛʘ ʪʫʰʠʨʠʣʛʘʯ, ʢʝʨʘʢʣʠ ʧʘʧʢʘʛʘ 

ʨʘʩʪʨ ʪʘʩʚʠʨ ʩʘץʣʘʥʠʙ ʦʣʠʥʘʜʠ. ʈʘʩʪʨ ʪʘʩʚʠʨ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ץʠʣʠʙ ʦʣʠʥʛʘʯ, ʰʘʨʪʣʠ 

ʙʝʣʛʠʣʘʨ ʷʨʘʪʠʣʠʙ ʦʣʠʥʘʜʠ. 

çPanoramaè GIS Karta ʜʘʩʪʫʨʠʜʘ ʪʦʧʦʛ-

ʨʘʬʠʢ ʢʘʨʪʘ ʸʨʜʘʤʠʜʘ ʞʦʡʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ 

ʷʨʘʪʠʰʜʘ ʘʚʚʘʣʦ 3ʪʘ ʰʘʨʪʣʠ ʙʝʣʛʠ ʷʨʘʪʠʰ 

ʢʝʨʘʢ ʙ˄ʣʘʜʠ. ɹʫʣʘʨ ʥʫץʪʘʣʠ, ʸʟʫʚʣʠ ʚʘ ʯʠʟʠץʣʠ 

ʰʘʨʪʣʠ ʙʝʣʛʠʣʘʨ. 

ʅʫץʪʘʣʠ ʦʙʲʝʢʪʣʘʨ ʙʠʣʘʥ ʢʘʨʪʘʜʘʛʠ 

ʘʙʩʦʣʴʶʪ ʙʘʣʘʥʜʣʠʛʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʥʫץʪʘʣʘʨ 

˄ʨʥʠ ʨʘץʘʤʣʘʙ (ʙʝʣʛʠʣʘʙ) ʦʣʠʥʘʜʠ. ʄʘʟʢʫʨ 

ʞʘʨʘʸʥʜʘ ʘʙʩʦʣʴʶʪ ʥʫץʪʘʥʠʥʛ ʜʝʥʛʠʟ ʩʘʪ״ʠʜʘʥ 

ʙʘʣʘʥʜʣʠʢ ץʠʡʤʘʪʠ ״ʘʤ ʢʠʨʠʪʠʣʠʙ ʢʝʪʠʣʘʜʠ. 

ɸʛʘʨ ʢʘʨʪʘʜʘ ʥʫץʪʘʣʠ ʦʙʲʝʢʪʣʘʨ ʪʫʨʠ ʙʠʨ ʥʝʯʪʘ 

ʙ˄ʣʘʜʠʛʘʥ ʙ˄ʣʩʘ, ʫʣʘʨ ʫʯʫʥ ״ʘʤ ʘʣʦ״ʠʜʘ 

ʰʘʨʪʣʠ ʙʝʣʛʠʣʘʨ ʷʨʘʪʠʙ ʦʣʠʥʘʜʠ. ʄʘʩʘʣʘʥ, 

ʪʨʠʘʥʛʫʣʷʮʠʷ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ ʧʫʥʢʪʣʘʨʠ ʫʯʫʥ 

ʘʣʦ״ʠʜʘ ʰʘʨʪʣʠ ʙʝʣʛʠʣʘʨ ʤʘʚʞʫʜ. 

ɪʟʫʚʣʠ ʰʘʨʪʣʠ ʙʝʣʛʠʣʘʨ ʙʠʣʘʥ ʵʩʘ ʘʙʩʦʣʴʶʪ 

ʙʘʣʘʥʜʣʠʛʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʥʫץʪʘʣʘʨʥʠʥʛ 

ʜʝʥʛʠʟ ʩʘʪ״ʠʜʘʥ ʙʘʣʘʥʜʣʠʛʠ (ʨʘץʘʤʠ) ʸʟʠʙ 

 .ʡʠʣʘʜʠ˄ץ

ʏʠʟʠץʣʠ ʙʝʣʛʠʣʘʨ ʙʠʣʘʥ ʵʩʘ ʢʘʨʪʘʜʘʛʠ 

ʨʝʣʲʝʬ ʵʣʝʤʝʥʪʣʘʨʠ ʛʦʨʠʟʦʥʪʘʣʣʘʨ ʨʘץʘʤʣʘʰ-

ʪʠʨʠʣʘʜʠ. ɻʦʨʠʟʦʥʪʘʣʣʘʨʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰ 

ʞʘʨʘʸʥʠʜʘ ʢʘʨʪʘʜʘʛʠ ʙʘʨʯʘ ʨʝʣʲʝʬ ʵʣʝʤʝʥʪ-

ʣʘʨʠʥʠ ʨʘץʘʤʣʘʰ ʰʘʨʪ ʵʤʘʩ. ʏʫʥʢʠ ʙʫ ʠʰ ʢ˄ʧ 

ʚʘץʪ ʚʘ ʤʝ״ʥʘʪʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. ʂʘʨʪʘʜʘʛʠ 

ʘʩʦʩʠʡ ʨʝʲʣʝʬ ʰʘʢʣʣʘʨʠʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰ 

ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠ״ ץʠʩʦʙʣʘʥʘʜʠ. ʄʘʩʘʣʘʥ, 

1:500000 ʤʘʩʰʪʘʙʜʘʛʠ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨʜʘ 

ʘʩʦʩʠʡ ʨʝʣʲʝʬʣʘʨ ״ʘʨ 100 ʤʝʪʨʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ, 

1:200000 ʤʘʩʪʘʙʜʘʛʠ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨʜʘ ʵʩʘ 

40 ʤʝʪʨʜʘʥ, 1:100000 ʤʘʩʪʘʙʜʘʛʠ ʢʘʨʪʘʣʘʨʜʘ ʵʩʘ 

20 ʤʝʪʨʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. ʄʘʟʢʫʨ ʛʦʨʠʟʦʥ-

ʪʘʣʣʘʨʠʥʠ ʰʘʨʪʣʠ ʙʝʣʛʠ ʸʨʜʘʤʠʜʘ ʨʘץʘʤʣʘʰ-
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ʪʠʨʠʰ ʢʠʬʦʷ ץʠʣʘʜʠ. 

ɻʦʨʠʟʦʥʪʘʣʣʘʨ ʯʠʟʠץʣʘʨʥʠ ʨʘץʘʤʣʘʰ-

ʪʠʨʠʰʜʘ ʩʝʛʤʝʥʪʘʮʠʷ ʞʘʨʘʸʥʠʛʘ ʘʣʦ״ʠʜʘ 

ʵʲʪʠʙʦʨ ʙʝʨʠʰ ʪʘʣʘʙ ץʠʣʠʥʘʜʠ. ʈʘץʘʤʣʘʰ-

ʪʠʨʠʰʜʘ ״ʘʨ ʙʠʨ ʙʫʨʠʣʛʘʥ ʵʛʨʠ ʯʠʟʠץ ץʘʥʯʘʣʠʢ 

ʵʛʨʠ-ʙʫʛʨʠ ʙ˄ʣʘʜʠʛʘʥ ʙ˄ʣʩʘ, ʰʫʥʯʘ ʢ˄ʧ ʨʘץʘʤ-

ʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ (1-ʨʘʩʤ). 
 

 
 

1-ʨʘʩʤ. ɻʦʨʠʟʦʥʪʘʣʣʘʨʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰʜʘ 

ʩʝʛʤʝʥʪʘʮʠʷ ʞʘʨʘʸʥʠ. ɻʦʨʠʟʦʥʪʘʣʣʘʨ 18 ʪʘ (ʘ) ʚʘ 43 

ʪʘ (ʙ) ʥʫץʪʘ ʘʩʦʩʠʜʘ ʨʘץʘʤʣʘʰʪʠʨʠʣʛʘʥ. 

 

ɸפʐʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʛʘʥ GIS TERRA 

VISTA (2002) ʜʘʩʪʫʨʠʜʘ ʛʦʨʠʟʦʥʪʘʣʣʘʨʥʠ 

ʨʘץʘʤʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠʜʘ 1
ʘ
-ʨʘʩʤʜʘʛʠ ʢʘʙʠ 

-ʘʤʣʘʰʪʠʨʠʰ ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣץʦʣʘʪʜʘ ʨʘ״

ʛʘʥ. ʉʘʙʘʙʠ ʰʫʥʜʘʢʠ, ʜʘʩʪʫʨʥʠ ʧʨʦʛʨʘʤʤʘ-

ʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠʜʘ ʜʘʩʪʫʨʯʠʣʘʨ ʪ˄סʨʠ ʯʠʟʠץ 

ʪʝʥʛʣʘʤʘʩʠ ʘʩʦʩʠʜʘ ʜʘʩʪʫʨʣʘʰʛʘʥ. ʊ˄סʨʠ ʯʠʟʠץ 

ʪʝʥʛʣʘʤʘʩʠʛʘ ʢ˄ʨʘ y=ax+b ʙ˄ʣʠʙ, ʤʘʟʢʫʨ 

ʪʝʥʛʣʘʤʘ ʪ˄סʨʠ ʯʠʟʠץʥʠ ʠʬʦʜʘʣʘʡʜʠ [2]. 

ʐʫʥʠʥʛ ʫʯʫʥ GIS TERRA VISTA (2002) 

ʜʘʩʪʫʨʠʜʘ ʛʦʨʠʟʦʥʪʘʣʣʘʨ ʩʠʥʠץ ʪ˄סʨʠ ʯʠʟʠץʣʘʨ 

ʞʘʤʣʘʥʤʘʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ ץʦʣʛʘʥ (2-ʨʘʩʤ). 
 

 
 

2-ʨʘʩʤ. GIS TERRA VISTA (2002) ʜʘʩʪʫʨʠʜʘ 

ʛʦʨʠʟʦʥʪʘʣʣʘʨʥʠʥʛ ʪʘʩʚʠʨʣʘʥʠʰʠ 

 

ʂʝʡʠʥʯʘʣʠʢ ʤʘʟʢʫʨ ʞʘʨʘʸʥʥʠ ״ʠʩʦʙʛʘ ʦʣʠʙ, 

ʜʘʩʪʫʨʯʠʣʘʨ ʢʚʘʜʨʘʪ ʬʫʥʢʮʠʷʥʠʥʛ ʪʝʥʛʣʘʤʘ-

ʩʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʢʝʡʠʥʛʠ ɻʀʉ 

ʜʘʩʪʫʨʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʋʥʛʘ ʢ˄ʨʘ 

y=ax
2
+bx+c ʪʝʥʛʣʘʤʘ ʥʘʪʠʞʘʩʠ ʵʛʨʠ ʯʠʟʠץʥʠ 

ʠʬʦʜʘʣʘʡʜʠ. 

ʊʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʜʘ ʙʠʨ ʭʠʣ ʛʦʨʠʟʦʥʪʘʣ 

ʯʠʟʠץʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠʥʠ ʢ˄ʨʠʙ 

ʯʠץʘʤʠʟ. 1-״ʦʣʘʪʜʘ ʨʘץʘʤʣʘʰʪʠʨʠʰ ʠʰʣʘʨʠʜʘ 

17 ʪʘ ʥʫץʪʘ ʸʨʜʘʤʠʜʘ ʨʘץʘʤʣʘʰʪʠʨʠʰ ʠʰʣʘʨʠ 

ʙʘʞʘʨʠʣʛʘʥ ʙ˄ʣʩʘ, 2-״ʦʣʘʪʜʘ ʭʫʜʜʠ ʰʫ ʛʦʨʠ-

ʟʦʥʪʘʣ ʯʠʟʠץʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰʜʘ 45ʪʘ ʥʫץʪʘ 

ʸʨʜʘʤʠʜʘ ʨʘץʘʤʣʘʰʪʠʨʠʰ ʠʰʣʘʨʠ ʦʣʠʙ 

ʙʦʨʠʣʛʘʥ. ʅʘʪʠʞʘʛʘ ʵʲʪʠʙʦʨ ʙʝʨʘʜʠʛʘʥ ʙ˄ʣʩʘʢ, 

-ʘʤʣʘʰʪʠץʨʘ ץʪ˄ʣʠ ץʦʣʘʪʜʘ ʛʦʨʠʟʦʥʪʘʣ ʯʠʟʠ״-1

ʨʠʣʤʘʛʘʥʣʠʛʠʥʠ, 2-״ʦʣʘʪʜʘ ʵʩʘ ʘʢʩʠʥʯʘ 

ʛʦʨʠʟʦʥʪʘʣ ʯʠʟʠץ ʪ˄ʣʠץ ץʘʤʘʣʘʰʪʠʨʠʣʛʘʥ-

ʣʠʛʠʥʠ ʢ˄ʨʘʤʠʟ (3-ʨʘʩʤ). ʐʫʥʠ ʪʘʲʢʠʜʣʘʰ 

ʣʦʟʠʤʢʠ, ʨʘץʘʤʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠʜʘ ʛʦʨʠʟʦʥ-

ʪʘʣ ʯʠʟʠץʥʠʥʛ ״ʘʨ ʙʠʨ ʵʛʨʠ ʥʫץʪʘʩʠʥʠ ʨʘץʘʤ-

ʣʘʪhʠʨʠʣʩʘ, ʘʣʙʘʪʪʘ ʥʘʪʠʞʘ ʷʭʰʠ ʙ˄ʣʘʜʠ. 

ɹʘʨʯʘ ʪʘʬʩʠʣʦʪʣʘʨ ʨʘץʘʤʣʘʰʪʠʨʠʣʛʘʥʜʘʥ 

ʢʝʡʠʥ, ʦʨץʘ ʬʦʥʜʘʛʠ ʘʩʦʩ ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʛʘʥ 

ʪʦʧʦʛʨʘʬʠʢ ʨʘʩʪʨ ˄ʯʠʨʠʙ ץ˄ʡʠʣʘʜʠ. ʐʫʥʜʘ ʙʠʟ 

ʨʘץʘʤʣʘʰʪʠʨʛʘʥ ʛʦʨʠʟʦʥʪʘʣʣʘʨ ʚʘ ʘʙʩʦʣʴʶʪ 

ʙʘʣʘʥʜʣʠʛʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʥʫץʪʘʣʘʨ 

ʢʦʤʧʶʪʝʨʥʠʥʛ ʵʢʨʘʥʠʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠ [3] (4-

ʨʘʩʤ). 

 

 
 

 
 

3-ʨʘʩʤ. ɻʦʨʠʟʦʥʪʘʣ ʯʠʟʠץʥʠ 17ʪʘ ʥʫץʪʘʜʘ (ʘ) ʚʘ 45ʪʘ 

ʥʫץʪʘʜʘ (ʙ) ʨʘץʘʤʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠ 

 

ɹʘʨʯʘ ʪʘʬʩʠʣʦʪʣʘʨ ʸʟʠʙ ʙ˄ʣʛʘʥʣʠʛʠʛʘ ʠʰʦʥʯ 

 ʠʣʠʥʛʘʥʜʘʥ ʢʝʡʠʥ ʢʘʨʪʘʥʠʥʛ ʤʘʪʨʠʮʘץ ʦʩʠʣ״

ʢ˄ʨʠʥʠʰʠʥʠ ʷʨʘʪʠʙ ʦʣʘʤʠʟ. (ʌʘʡʣŸ 

ʉʦʟʜʘʪʴŸʄʘʪʨʠʮʫ). ɾʦʡʥʠʥʛ ʤʘʪʨʠʮʘ 

ʢ˄ʨʠʥʠʰʠʜʘ ʨʘʥʛʣʘʨ ʸʨʜʘʤʠʜʘ ʪʝʢʠʩʣʠʢ ʷʰʠʣ, 

ʙ) 

ʘ) 
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ʘʜʠʨ ʩʘʨʠץ, ʪʦסʣʘʨ ʵʩʘ ʞʠʛʘʨʨʘʥʛ ʢ˄ʨʠʥʠʰʠʜʘ 

ʪʘʩʚʠʨʣʘʥʘʜʠ (5-ʨʘʩʤ).  
 

 
 

 

4-ʨʘʩʤ. ʈʘʩʪʨ ˄ʯʠʨʠʣʤʘʛʘʥ ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘ (ʘ) 

ʚʘ ʨʘʩʪʨ ˄ʯʠʨʠʣʛʘʥ ״ʦʣʘʪʜʘʛʠ ʢʘʨʪʘ (ʙ) 

 

 
 

5-ʨʘʩʤ. ׳ʫʜʫʜʥʠʥʛ ʤʘʪʨʠʮʘ ʬʦʨʤʘʪʜʘʛʠ ʢ˄ʨʠʥʠʰʠ. 

 

ʐʫʥʜʘʥ ʩ˄ʥʛ ɻʀʉ ʜʘʩʪʫʨʠʥʠʥʛ ʫʩʢʫʥʘʣʘʨ 

ʧʘʥʝʣʠʜʘʥ 3D ʤʦʜʝʣʥʠ ״ʦʩʠʣ ץʠʣʠʰ ʪʫʛʤʘʩʠʥʠ 

ʙʦʩʘʤʠʟ ʚʘ ʵʢʨʘʥʜʘ ʞʦʡʥʠʥʛ 3D ʤʦʜʝʣʠ 

-ʦʩʠʣ ʙ˄ʣʘʜʠ [2] (6״ ʦʣʘʪʠʜʘʛʠ ʢ˄ʨʠʥʠʰʠ״

ʨʘʩʤ). 
 

 

 

6-ʨʘʩʤ. ɾʦʡʥʠʥʛ ʤʘʪʨʠʮʘʣʠ (ʘ) ʚʘ 3D 

ʢ˄ʨʠʥʠʰʛʜʘʛʠ (ʙ) ʤʦʜʝʣʠ 

 

ɸʛʘʨʜʘ ʢʘʨʪʘʜʘʛʠ ץʘʡʩʠʜʠʨ ʦʙʲʝʢʪ ʘʙʩʦʣʶʪ 

ʙʘʣʘʥʜʣʠʛʠ ʥʦʪ˄סʨʠ ʢʠʨʠʪʠʣʛʘʥ ʙ˄ʣʩʘ, 

ʢʘʨʪʘʥʠʥʛ ʤʘʪʨʠʮʘ ʢ˄ʨʠʥʠʰʜʘ ʫʰʙʫ ʞʦʡ 

ʭʘʪʦʣʠʛʠ ʷץץʦʣ ʢ˄ʨʠʥʠʙ ץʦʣʘʜʠ. ʄʘʟʢʫʨ 

ʞʘʨʘʸʥʜʘ ʭʘʪʦʣʠʢ ʪʫʟʘʪʠʣʠʙ, ʩ˄ʥʛʨʘ ץʘʡʪʘʜʘʥ 

ʢʘʨʪʘ ʤʘʪʨʠʮʘ ״ʦʣʘʪʠʛʘ ˄ʪʢʘʟʠʣʩʘʛʠʥʘ ʭʘʪʦʣʠʢ 

ʪʫʟʘʪʠʣʛʘʥ ʙ˄ʣʘʜʠ.ʍʫʣʦʩʘ. ʐʫʥʠ ʘʡʪʠʰ 

ʤʫʤʢʠʥʢʠ, ʤʘʟʢʫʨ ʤʘץʦʣʘʜʘ ״ʫʜʫʜʥʠʥʛ 3D 

ʤʦʜʝʣʠʥʠ ʷʨʘʪʠʰʜʘ çPanoramaè GIS Karta 

ʜʘʩʪʫʨʠ ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʰ ʞʘʨʘʸʥʠʥʠ ʢ˄ʨʠʙ 

ʯʠץʜʠʢ [5]. ɹʫ ʢʘʙʠ ʠʰʣʘʨʥʠ ʙʘʞʘʨʠʰʜʘ ɻɸʊ 

ʥʠʥʛ ʙʦʰץʘ ʜʘʩʪʫʨʣʘʨʠʜʘʥ ״ʘʤ ʬʦʡʜʘʣʘʥʠʰ 

ʤʫʤʢʠʥ. ʃʝʢʠʥ ʰʫʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʢʝʨʘʢʢʠ, 

çPanoramaè GIS Karta ʜʘʩʪʫʨʠ ʘʡʥʘʥ 

ʪʦʧʦʛʨʘʬʠʢ ʢʘʨʪʘʣʘʨʥʠ ʷʨʘʪʠʰ, ʷʥʛʠʣʘʰ, 

ʪʘ״ʨʠʨ ץʠʣʠʰ, ʪʫʟʘʪʠʰ, ʫʣʘʨ ʘʩʦʩʠʜʘ ʪʫʨʣʠ 

ʤʦʜʝʣʣʘʨʥʠ ʷʨʘʪʠʰ ʫʯʫʥ ʘʥʯʘ ץʫʣʘʡ 

ʙ˄ʣʛʘʥʣʠʛʠ ʫʯʫʥ ʤʘʟʢʫʨ ʜʘʩʪʫʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ 

 ʫʜʫʜʣʘʨʥʠʥʛ 3D ʤʦʜʝʣʠʥʠ ʷʨʘʪʠʰʜʘ ʞʫʜʘ״

ʷʭʰʠ ʥʘʪʠʞʘ ʙʝʨʘʜʠ. 
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ʋɼʂ 624.131:626 (571.1) 

ʉʋʈʍʆʅɼɸʈɪ ɺʀʃʆʗʊʀ ʉʋɺ ʆʄɹʆʈʃɸʈʀʅʀʅɻ ɻɽʆʕʂʆʃʆɻʀʂ 

ʐɸʈʆʀʊʃɸʈʀʅʀ ɻɽʆʌɸɿʆɺʀʁ ʄɸʒʃʋʄʆʊʃɸʈ ʊɸ׳ʃʀʃʀ ɸʉʆʉʀɼɸ ɹɸ׳ʆʃɸʐ 

 

ʀʤʦʤץʫʣʦʚ ɶ.׳. 
ɼʘʚʝʨʛʝʦʜʝʟʢʘʜʘʩʪʨ ץ˄ʤʠʪʘʩʠ ɼʘʚʣʘʪ ʢʘʜʘʩʪʨʣʘʨʠ, ʛʝʦʜʝʟʠʷ ʚʘ ʢʘʨʪʦʛʨʘʬʠʷ ʤʠʣʣʠʡ ʤʘʨʢʘʟʠ.  

ʊʦʰʢʝʥʪ, ɶʟʙʝʢʠʩʪʦʥ. 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʭʥʦʣʦʛʠʡ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ), 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ ʢʘʜʘʩʪʨ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʘʜʘʩʪʨ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʅʘʮʠʦʥʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ. 
 

Annotation. The article presents the results of the assessment of the geoecological conditions of the reservoirs of 

the Surkhandarya region located in different physical and geographical zones of increased seismic hazard, based on 

the analysis of geospatial data. It was recommended that continuous geoecological monitoring be carried out using 

GIS technologies in order to ensure technological safety and trouble-free operation of reservoirs. 

Key words: reservoir, geographic information technologies (GIS-technologies), state water cadastre, state 

cadastre of zones of increased natural hazard, National Geographic Information System, National spatial data 

infrastructure. 
 

ʂʠʨʠʰ. ɼʘʚʣʘʪ ʩʫʚ ʢʘʜʘʩʪʨʠ - ʷʛʦʥʘ ʜʘʚʣʘʪ 

ʩʫʚ ʬʦʥʜʠʥʠ ʪʘʰʢʠʣ ʵʪʫʚʯʠ ʩʫʚ ʦʙʲʝʢʪʣʘʨʠ, 

ʩʫʚ ʨʝʩʫʨʩʣʘʨʠ, ʩʫʚ ʨʝʞʠʤʠ, ʩʠʬʘʪʠ ʚʘ ʫʥʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ״ʘץʠʜʘʛʠ, ʰʫʥʠʥʛʜʝʢ, ʩʫʚʜʘʥ ʬʦʡ-

ʜʘʣʘʥʫʚʯʠʣʘʨ ʪ˄סʨʠʩʠʜʘʛʠ ʪʘʨʪʠʙʛʘ ʩʦʣʠʥʛʘʥ, 

ʜʦʠʤʠʡ ʪ˄ʣʜʠʨʠʙ ʙʦʨʠʣʘʜʠʛʘʥ ʚʘ ʟʘʨʫʨʘʪ 

ʙ˄ʣʛʘʥʜʘ ʘʥʠץʣʘʰʪʠʨʠʣʘʜʠʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ 

ʪ˄ʧʣʘʤʠʥʠ ʠʬʦʜʘʣʘʡʜʠ ״ʘʤʜʘ ɼʘʚʣʘʪ ʢʘʜʘʩʪʨ-

ʣʘʨʠ ʷʛʦʥʘ ʪʠʟʠʤʠ(ɼʂʗʊ)ʥʠʥʛ ʪʘʨʢʠʙʠʡ ץʠʩʤʠ 

ʠʩʦʙʣʘʥʘʜʠ [1]״
.
 

ʊʘʙʠʠʡ ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ ʜʘʚʣʘʪ 

ʢʘʜʘʩʪʨʠ ï ɼʂʗʊʥʠʥʛ ʪʘʨʢʠʙʠʡ ץʠʩʤʠ ״ʠʩʦʙʣʘ-

ʥʠʙ, ʨ˄ʡ ʙʝʨʛʘʥ ʭʘʚʬʣʠ ʪʘʙʠʠʡ ״ʦʜʠʩʘʣʘʨʥʠ 

ʪʠʟʠʤʣʠ ʢʫʟʘʪʠʰʣʘʨ, ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ ʙʦʨʠʰ, 

ʘʭʙʦʨʦʪʣʘʨ ʪ˄ʧʣʘʰ ʥʘʪʠʞʘʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘʡʸʨ-

ʣʘʥʘʜʠʛʘʥ, ʜʦʠʤʦ ʷʥʛʠʣʘʙ ʙʦʨʠʣʘʜʠʛʘʥ ʫʥʠʬʠ-

ʢʘʮʠʷ ץʠʣʠʥʛʘʥ ʪʘʚʩʠʬʣʘʨ ʚʘ ʪʘʩʚʠʨʣʘʨ ʢʘʙʠ 

ʤʘʲʣʫʤʦʪʣʘʨ ʪ˄ʧʣʘʤʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʘʜ. ʋʰʙʫ 

ʢʘʜʘʩʪʨ ʘʩʦʩʠʥʠ ץʫʡʠʜʘʛʠ ʭʘʚʬʣʠ ʪʘʙʠʠʡ ʞʘ-

ʨʘʸʥʣʘʨ (״ʦʜʠʩʘʣʘʨ) ʪʘʰʢʠʣ ץʠʣʘʜʠ: 

1. ʍʘʚʬʣʠ ʛʝʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ ʨ˄ʡ ʙʝʨʘʜʠ-

ʛʘʥ ʟʦʥʘʣʘʨʜʘ (ʟʠʣʟʠʣʘʣʘʨ, ʢ˄ʯʢʠʣʘʨ, ʝʤʠʨʠ-

ʣʠʣhʘʨ, ʯ˄ʢʠʰʣʘʨ, ˄ʧʠʨʠʣʠʰʣʘʨ, ʩʫʬʬʦʟʠʷ-

ʣʘʨ, ʢʘʨʩʪʣʘʨ ʚʘ ʙʦʰץʘʣʘʨ). 

2. ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ״ʦʜʠʩʘʣʘʨʠ ʭʘʚʬʠ 

ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ (ʩʫʚ ʪʦʰץʠʥʣʘʨʠ, ʩʝʣʣʘʨ, 

 ,ʦʨ ʢ˄ʯʢʠʣʘʨʠ, ʢʫʯʣʠ ʰʘʤʦʣʣʘʨ, ʞʘʣʘʣʘʨץ

 .(ʘʣʘʨץʯʠʣʠʢ, ʩʫʚ ʙʦʩʠʰʠ ʚʘ ʙʦʰץʦסʫʨץ

3. ʉʝʡʩʤʠʢ ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ 

(ʟʠʣʟʠʣʘ ʤʘʨʢʘʟʣʘʨʠ ʧʘʡʜʦ ʙ˄ʣʠʰʠ ʤʫץʘʨʨʘʨ 

ʟʦʥʘʣʘʨ (ʩʝʡʩʤʦʛʝʥ ʟʦʥʘʣʘʨ) ʚʘ ʪʫʨʣʠʯʘ 

ʪʦʠʬʘʜʘʛʠ ʩʝʡʩʤʠʢ ʪʘʲʩʠʨ ʟʦʥʘʣʘʨʠ) [2]. 

ʌʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨ ʤʠʣʣʠʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʘʩʠ ï ʠʣʤʠʡ-ʪʝʭʥʠʢʘʚʠʡ ʩʠʸʩʘʪ, ʪʝʭʥʠʢ ʨʝʛ-

ʣʘʤʝʥʪʣʘʨ,  ʤʠʣʣʠʡ ʚʘ ʭʘʣץʘʨʦ ʩʪʘʥʜʘʨʪʣʘʨ, 

ʪʘʰʢʠʣʠʡ ʪʘʲʤʠʥʦʪ, ʠʰʯʠ ʚʘ ʙʦʰץʘ ʨʝʩʫʨʩʣʘʨ 

ʢʘʙʠ ʬʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ, 

 ʘ ʘʭʙʦʨʦʪ ʪʠʟʠʤʣʘʨץʣʘʰ,  ʙʦʰץʘʡʪʘ ʠʰʣʘʰ, ʩʘץ

ʙʠʣʘʥ ʠʥʪʝʛʨʘʮʠʷʣʘʰ ʚʘ ʬʦʡʜʘʣʘʥʠʰʠʜʘ ʟʘʨʫʨ 

ʙ˄ʣʘʜʠʛʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠʥʛ ʫʤʫʤʠʡ ʤʘʞ-

ʤʫʠʜʘʥ ʠʙʦʨʘʪ. 

ʊʘʜץʠץʦʪ ʤʝʪʦʜʦʣʦʛʠʷʩʠ. ʌʘʟʦʚʠʡ ʤʘʲʣʫ-

ʤʦʪʣʘʨ ʤʠʣʣʠʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʩʠ ʬʘʟʦʚʠʡ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʷʨʘʪʠʰ ʚʘ ʷʥʛʠʣʘʙ ʙʦʨʠʰʥʠ, 

ʜʘʚʣʘʪ ״ʦʢʠʤʠʷʪʠ ʚʘ ʙʦʰץʘʨʫʚ ʦʨʛʘʥʣʘʨʠʥʠʥʛ 

ʘʭʙʦʨʦʪ ʪʠʟʠʤʣʘʨʠʜʘʛʠ ʬʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨʛʘ 

ʠʥʪʝʨʥʝʪ ʪʘʨʤʦסʠ ʦʨץʘʣʠ ʤʫʨʦʞʘʘʪ ץʠʣʠʰʥʠ 

ʪʘʲʤʠʥʣʘʰ,ץ˄ʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

1. ɹʘʟʘʚʠʡ ʬʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨ. 

2. ʌʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨ ʩʪʘʥʜʘʨʪʠ ʚʘ 

ʫʣʘʨʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʚʘ ʬʦʡʜʘʣʘʥʠʰ ʤʝʪʦʜ-

ʣʘʨʠ. 

3. ʄʝʪʘʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʚʘ ʫʣʘʨʛʘ ʤʫ-

ʨʦʞʘʘʪ ץʠʣʠʰ ʤʝʭʘʥʠʟʤʠ  
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ɸʩʦʩʠʡ ץʠʩʤ. ʉʫʚ ʦʤʙʦʨ ï ʜʘʨʸ ʦץʠʤʠʥʠ 

ʪʘʨʪʠʙʛʘ ʩʦʣʠʰ, ʩʫʚ ʪ˄ʧʣʘʰ ʚʘ ʫʥʜʘʥ ʩʫסʦʨʠʰ, 

ʵʥʝʨʛʠʷ ʦʣʠʰ ʫʯʫʥ ץʫʨʠʣʛʘʥ ʩʫʥʲʠʡ ʩʫʚ 

 ʘʚʟʘʩʠʜʠʨ. ɹʠʨʠʥʯʠ ʩʫʚ ʦʤʙʦʨʣʘʨ 4 ʤʠʥʛ ʡʠʣ״

ʠʣʛʘʨʠ ʧʘʡʜʦ ʙ˄ʣʛʘʥ. ʉʫʚ ʦʤʙʦʨʣʘʨʥʠʥʛ ʭʫʩʫ-

ʩʠʷʪʠ ʚʘ ʬʦʡʜʘʣʘʥʠʣʠʰʠ, ʬʠʟʠʢ-ʛʝʦʛʨʘʬʠʢ 

ʞʦʡʣʘʰʫʚʠʛʘ ʢ˄ʨʘ (ʪʦסʣʠ ʚʘ ʪʦסʦʣʜʠ-ʪʝʢʠʩ-

ʣʠʢʣʠ) ˄ʟʠʛʘ ʭʦʩ ʭʫʩʫʩʠʷʪʛʘ ʵʛʘ. ʊʦסʣʠ ״ʫʜʫʜʜʘ 

ʞʦʡʣʘʰʛʘʥ ʩʫʚ ʦʤʙʦʨʣʘʨ ʩʫʚ ʩʘʪ״ʠ ʥʠʩʙʘʪʘʥ 

ʢʠʯʠʢ ʙ˄ʣʛʘʥ ״ʫʜʫʜʣʘʨʥʠ ʵʛʘʣʣʘʡʜʠ; ˄ʟʘʥʠ ˄ʪʘ 

ʯʫץʫʨ (ʙʘʲʟʠʜʘ 100-200 ʤ); ץʠʨסʦץ ʶʚʠʣʠʰʠ 

ʠʥʪʝʥʩʠʚ ʙ˄ʣʠʙ, ʪʦסʣʠ ʜʘʨʸʣʘʨʥʠʥʛ ʦץʠʤʠ ʰʠʜ-

ʜʘʪʣʠ ʙ˄ʣʛʘʥʣʠʛʠ ʫʯʫʥ ʯ˄ʢʠʥʜʠ ʪʦס ʞʠʥʩʣʘʨʠ 

ʙʠʣʘʥ ʙʠʨʛʘ ץʦʷ ʪʦס ʞʠʥʩʣʘʨʠʥʠʥʛ ץʫʣʘʰʠ 

ʥʘʪʠʞʘʩʠʜʘ ʣʦʡץʘ ʙʠʣʘʥ ʧʘʩʪ ʠʥʪʝʥʩʠʚʣʠʢʜʘ 

ʪ˄ʣʘʜʠ. ʊʦסʦʣʜʠ-ʪʝʢʠʩʣʠʢ ʩʫʚ ʦʤʙʦʨʣʘʨʠ ץʫʡʠ-

ʜʘʛʠ ʘʩʦʩʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʘʜʠ: 

ʩʫʚ ʩʘʪ״ʠ ʢʘʪʪʘ ʤʘʡʜʦʥʣʘʨʥʠ ʵʛʘʣʣʘʡʜʠ, 

ʯʫץʫʨʣʠʛʠ 2 ʤ.ʜʘʥ 30 ʤ ʘʪʨʦʬʠʜʘ ʙ˄ʣʘʜʠ. 

 ʘ ʙʦʩʠʰץʶʚʠʣʠʰʠ ʠʥʪʝʥʩʠʚ ʙ˄ʣʠʙ, ʣʦʡ ץʦסʠʨפ

˄ʪʘ ʞʘʜʘʣʣʠʢʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. ɶʨʪʘ ʚʘ ʢʠʯʠʢ 

ʤʠץʜʦʨʜʘʛʠ ʩʫʚ ʦʤʙʦʨʣʘʨ ʫʯʫʥ (˄ʨʛʘʥʠʣʘʸʪʛʘʥ 

ʊʫʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨ ʢʘʙʠ) ʙʫ ʞʘʨʘʸʥʣʘʨʠʥʥʛ 

ʠʥʪʝʥʩʠʚʣʠʛʠ ʩʝʟʠʣʘʨʣʠ ʵʤʘʩ.                            

ʉʫʚ ʦʤʙʦʨʠʥʠʥʛ ץʫʨʠʰʜʘ ʶʟʘʛʘ ʢʝʣʘʜʠʛʘʥ 

ʞʘʨʘʸʥʣʘʨ - ʩʫʚ ʦʤʙʦʨʣʘʨ ʛʝʦʣʦʛʠʢ ʤʫ״ʠʪʛʘ 

ʩʝʟʠʣʘʨʣʠ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ, ʘʩʦʩʘʥ ʵʢʟʦʛʝʥ ʚʘ 

ʘʡʨʠʤ ʭʦʣʣʘʨʜʘ ʵʥʜʦʛʝʥ ʞʘʨʘʸʥʣʘʨ (ʪʦסʣʠ 

 ʫʜʫʜʣʘʨʜʘ ʡʠʨʠʢ ʩʫʚ ʦʤʙʦʨʣʘʨ ʩʝʡʩʤʠʢʣʠʢʥʠ״

ʞʘʜʘʣʣʘʰʪʠʨʘʜʠ). ʈʠʚʦʞʣʘʥʘʸʪʛʘʥ ʞʘʨʘʸʥʣʘʨ-

ʥʠʥʛ ʪʫʨʣʘʨʠ ʚʘ ʤʠץʜʦʨʠ ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʩʫʚ 

ʦʤʙʦʨ ץʠʨסʦסʠʥʠʥʛ ʰʘʢʣʠ, ˄ʣʯʘʤʠ, ʪʦס 

ʞʠʥʩʣʘʨʠʥʠʥʛ ʣʠʪʦʣʦʛʠʷʩʠ ʚʘ ʩʫʚ ʦʤʙʦʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʫʩʣʫʙʠʛʘ ʙʦסʣʠ[3] ץ. 
ʊʦסʦʣʜʠ-ʪʝʢʠʩʣʠʢ ʩʫʚ ʦʤʙʦʨʠ - ʩʫʚ ʦʤʙʦʨ 

 סʠʜʘʛʠ ʛʝʦʣʦʛʠʢ ʬʘʦʣʠʷʪʠ ʥʘʪʠʞʘʩʠʜʘ ʪʦסʦסʠʨץ
ʞʠʥʩʣʘʨʠʥʠʥʛ ʥʫʨʘʰʠ ʞʘʜʘʣʣʘʰʠʰʠ ʞʘʨʘʸʥʠ 
ʢʫʟʘʪʠʣʘʜʠ. ʉʫʚ ʦʤʙʦʨ ץʫʨʠʣʠʰʠ ˄ʟ ʥʘʚʙʘʪʠʜʘ 
ʦʨʪʠץʯʘ ʙʦʩʠʤ, ʝʨ ʦʩʪʠ ʩʫʚʣʘʨʠ ʩʘʪ״ʠʥʠʥʛ 
˄ʟʛʘʨʠʰʠʛʘ, ʢʘʨʩʪ-ʩʫʬʬʦʟʠʷ ʞʘʨʘʸʥʣʘʨʠ, ʵʨʦ-
ʟʠʷ, ״ʫʜʫʜʣʘʨʥʠʥʛ ʩʫʚ ʙʦʩʠʰʠ ʚʘ ʯ˄ʢʠʰʠʥʠ 
ʬʘʦʣʣʘʰʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. 
ʉʫʚ ʦʤʙʦʨ ʩʫʚ ״ʘʞʤʠ 1 ʢʤ

3
 ʜʘʥ ʦʨʪʠץ ʚʘ 

ʯʫץʫʨʣʠʛʠ 100 ʤ ʜʘʥ ʦʨʪʠץ ʙ˄ʣʛʘʥʜʘ ״ʫʜʫʜ-
ʣʘʨʜʘ ʩʝʡʩʤʠʢ ʬʘʦʣʣʠʢʥʠʥʛ ʦʰʠʰʠ ʭʦʣʘʪʠ 
ʘʤʘʣʠʸʪʜʘ ʢʫʟʘʪʠʣʛʘʥ. ɹʫʥʠ ʩʘʙʘʙʠʥʠ ץʫʡʠʜʘ-
ʛʠʯʘ ʪʫʰʫʥʪʠʨʠʰ ʤʫʤʢʠʥ, ʷʲʥʠ ʩʫʚʥʠʥʛ 
ʦסʠʨʣʠʛʠ ʪʘʲʩʠʨʠʜʘ ʪʦס ʞʠʥʩʣʘʨ סʦʚʘʢʣʠʛʠʜʘʛʠ 
ʙʦʩʠʤʥʠʥʛ ʦʨʪʠʰʠ ʚʘ ʪʦס ʞʠʥʩʣʘʨ ץʘʪʣʘʤʠʥʠ 
ʵʛʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʟʠʣʟʠʣʘʥʠʥʛ ʩʦʜʠʨ ʙ˄ʣʠ-
ʰʠʛʘ ʪʫʨʪʢʠ ʙ˄ʣʘ ʦʣʘʜʠ. ׳ʦʟʠʨʛʠ ʚʘץʪʜʘ 20 ʜʘʥ 
ʦʨʪʠץ ʟʠʣʟʠʣʘʣʘʨ ʩʦʜʠʨ ʙ˄ʣʠʰ ʭʦʜʠʩʘʣʘʨʠ 
ʢ˄ʧʛʠʥʘ ʡʠʨʠʢ ʩʫʚ ʦʤʙʦʨʣʘʨ ״ʫʜʫʜʣʘʨʠʜʘ 
ʢʫʟʘʪʠʣʛʘʥ. ɹʫʣʘʨ ʦʨʘʩʠʜʘ ʵʥʛ ʢʫʯʣʠ ʟʠʣʟʠʣʘ 
(ʚʦʟʙʫʞʜʝʥʥʦʝ) 1967 ʡʠʣʜʘ ׳ʠʥʜʠʩʪʦʥʥʠʥʛ 
ʂʦʡʥʘ ʛʠʜʨʦʫʟʝʣ ʤʘʡʜʦʥʠʜʘ ʩʦʜʠʨ ʙ˄ʣʛʘʥ. 1962 
ʡʠʣʠ ʩʫʚ ʦʤʙʦʨʠʥʠ ʪ˄ʣʜʠʨʠʣʛʘʥʜʘʥ ʩ˄ʥʛ 
ʪ˄סʦʥʛʘ ʷץʠʥ ʤʘʡʜʦʥʣʘʨʜʘ ʢʫʯʩʠʟ ʟʠʣʟʠʣʘʣʘʨ 

ʩʦʜʠʨ ʙ˄ʣʘ ʙʦʰʣʘʜʠ, ʫʣʘʨʥʠʥʛ ץʘʡʪʘʨʠʣʠʰʠ 
1963 ʡʠʣ ˄ʨʪʘʣʘʨʠʜʘ ʪ˄ʩʘʪʜʘʥ ʦʨʪʠʙ ʢʝʪʜʠ. 
1967 ʡʠʣ ʜʘʚʦʤʠʜʘ ʤʘʛʥʠʪʫʜʘʩʠ 5,5 ʛʘʯʘ ʙ˄ʣʛʘʥ 
5 ʪʘ ʢʫʯʣʠ ʟʠʣʟʠʣʘʣʘʨ ʩʦʜʠʨ ʙ˄ʣʛʘʥ, ʚʘ ʥʠ״ʦʷʪ 
1967 ʡʠʣʥʠʥʛ 10 ʜʝʢʘʙʨʠʜʘ ʤʘʛʥʠʪʫʜʘʩʠ 6 ʜʘʥ 
ʶץʦʨʠ ʪʘʣʦʬʘʪʣʠ ʟʠʣʟʠʣʘ ʨ˄ʡ ʙʝʨʜʠ [2]. 

ʊʦסʣʠ ״ʫʜʫʜʜʘʛʠ ʩʫʚ ʦʤʙʦʨʣʘʨ. ɹʫ ״ʫʜʫʜ-

ʣʘʨʜʘ ʙʘʨʧʦ ʵʪʠʣʛʘʥ ʩʫʚ ʦʤʙʦʨʣʘʨ ʛʝʦʣʦʛʠʢ 

ʤʫ״ʠʪʛʘ ˄ʟʠʛʘ ʭʦʩ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ, ʩʫʚ ʦʤʙʦʨ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʨʝʞʠʤʠ ʚʘ ״ʫʜʫʜʥʠʥʛ ʪʫʨʣʠ-

ʪʫʤʘʥ ʤʦʨʬʦʤʝʪʨʠʢ ˄ʣʯʘʤʣʘʨʠ ʷʥʘʜʘ ʤʫʨʘʢʢʘʙ 

ʛʝʦʣʦʛʠʢ ʚʘ ʛʠʜʨʦʛʝʦʣʦʛʠʢ ʰʘʨʦʠʪʣʘʨʠ ʙʠʣʘʥ 

 ʘʨʘʢʪʝʨʣʘʥʘʜʠ. ʕʢʟʦʛʝʥ ʛʝʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ״

ʘʩʦʩʘʥ, ץʠʨסʦץʣʘʨʜʘ ʞʘʨʣʠʢʣʘʨʥʠʥʛ ״ʦʩʠʣ 

ʙʣ˄ʠʰʠ, ʢʘʪʪʘ ʢʘʪʪʘ ʤʘʡʜʦʥʣʘʨʥʠʥʛ ʢ˄ʯʠʰʠ ʚʘ 

ʩʫʨʠʣʠʰʠ ʢʫʟʘʪʠʣʘʜʠ [3]. 
ʊʫʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠ. ɶʨʛʘʥʠʣʘʸʪʛʘʥ ʤʘʡ-

ʜʦʥʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʨʝʣʴʝʬʠ ʘʣʧ ʚʘ ʟʘʤʦʥʘʚʠʡ 
ʪʝʢʪʦʥʠʢ ״ʘʨʘʢʘʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʩʦʜʠʨ ʙ˄ʣʛʘʥ 
ʙ˄ʣʠʙ, ʧʣʠʦʮʝʥ, ʧʣʝʡʩʪʦʮʝʥ ʚʘ ʛʦʣʦʮʝʥ 
(ʪ˄ʨʪʣʘʤʯʠ) ʜʘʚʨʣʘʨʠʥʠ ץʘʤʨʘʙ ʦʣʛʘʥ. ʉʫʚ 
ʦʤʙʦʨ ״ʫʜʫʜʠ ʶץʦʨʠ ʩʝʡʩʤʠʢ ʟʦʥʘʜʘ ʞʦʡʣʘʰ-
ʛʘʥ ʙ˄ʣʠʙ, 8-9 ʙʘʣʣʠ ʢʫʯʣʠ ʟʠʣʟʠʣʘʣʘʨ ʩʦʜʠʨ 
ʙ˄ʣʛʘʥ. 1907 ʡʠʣʜʘ ʩʝʡʩʤʠʢ ʞʘʜʘʣʣʠʛʠ 9 ʙʘʣʣ 
ʙ˄ʣʛʘʥ פʘʨʘʪʦס ʟʠʣʟʠʣʘʩʠ ʩʦʜʠʨ ʙ˄ʣʛʘʥ. ɿʠʣ-
ʟʠʣʘ ˄ʯʦסʠʜʘʥ ʩʫʚ ʦʤʙʦʨʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘ 20-
30 ʢʤ ʙ˄ʣʠʙ, ʩʫʚ ʦʤʙʦʨ ״ʫʜʫʜʠʜʘ 9 ʙʘʣʣʠ 
ʩʝʡʩʤʠʢ ʞʘʜʘʣʣʠʢ ʩʝʟʠʣʛʘʥ. ʐʫʥʠʥʛʜʝʢ, 1935 
ʡʠʣʜʘʛʠ ɹʦʡʩʫʥ ʟʠʣʟʠʣʘʩʠ ʵʧʠʮʝʥʪʨʠʜʘ ʩʝʡʩ-
ʤʠʢ ʞʘʜʘʣʣʠʢ 7-8 ʙʘʣʣʥʠ, ʩʫʚ ʦʤʙʦʨ ״ʫʜʫʜʠʜʘ 
7 ʙʘʣʣʥʠ ʪʘʰʢʠʣ ץʠʣʛʘʥ. ׳ʦʟʠʨʛʠ ʢʫʥʛʘ ʢʝʣʠʙ 
ʊʫʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠʜʘʛʠ ץʫʨʠʣʠʰ ʠʰʣʘʨʠ 
ʥʠ״ʦʷʩʠʛʘ ʝʪʜʠ ʚʘ ʪ˄סʦʥ ʙʘʣʘʥʜʣʠʛʠ 181ʤ ʥʠ 
ʪʘʰʢʠʣ ץʠʣʜʠ. ʄʘʢʩʠʤʫʤ ʩʫʚ ʡʠסʠʣʛʘʥʜʘ 8,85 
ʢʤ

2
 ʩʘʪ״ʥʠ, ʤʠʥʠʤʫʤ ʜʘʨʘʞʘʜʘ (80-90ʤ) 7,5 ʢʤ

2
 

ʩʘʪ״ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. פʠʨסʦץʜʘ ʜʠʥʘʤʠʢ 
˄ʟʛʘʨʠʰ 1,5 ʢʤ

2
 ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʊ˄סʦʥ 

ʤʫʨʘʢʢʘʙ ʪʘʙʠʠʡ ʛʝʦʣʦʛʠʢ ʰʘʨʦʠʪʜʘ ʶץʦʨʠ 
 ʠʜʘ ʚʘסʠʷʣʠʢʜʘʛʠ ʚʦʜʠʡʜʘ, ʪʝʢʪʦʥʠʢ ʝʨ ʸʨʠץ
 .ʞʠʥʩʣʘʨʠ ʫʩʪʠʜʘ ʞʦʡʣʘʰʛʘʥ [4] סʦʷ ʪʦץ
ʅʘʪʠʞʘʣʘʨ. ʉʫʚ ʦʤʙʦʨʠ ʘʩʦʩʘʥ ʵʥʝʨʛʠʷ 

ʦʣʠʰʛʘ ״ʠʟʤʘʪ ץʠʣʘʜʠ, ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʚʝʛʠ-
ʪʘʮʠʷ ʜʘʚʨʠʜʘ ʩʫסʦʨʠʰ ʫʯʫʥ ״ʘʤ ʬʦʡʜʘʣʘʥʠ-
ʣʘʜʠ. ʉʫʚ ץʘʪʣʘʤʠʥʠ ʙʘʣʘʥʜʣʠʛʠ 115-120 ʤʛʘ 
ʝʪʛʘʥʜʘ ʩʫʚ ʦʤʙʦʨ ʠʢʢʘʣʘ ʙʦʨʪʠʜʘʛʠ ʜʘʨʟʣʠʢ-
ʣʘʨʜʘʥ ʘʪʨʦʬʠʜʘʛʠ ץ˄ʰʥʠ ʚʦʜʠʡʣʘʨʛʘ ʩʫʚʥʠʥʛ 
ʙʫʣʦץʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ʩʠʟʠʰʠ ʢʫʟʘʪʠʣʜʠ. ɹʫ 
ʭʦʣʘʪ ʬʠʣʴʪʨʘʮʠʷʛʘ ץʘʨʰʠ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ 
ʠʰʣʘʙ ʯʠץʠʰ ʟʘʨʫʨʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ (1-ʨʘʩʤ). 
ʕʥʜʦʛʝʥ ʞʘʨʘʸʥʣʘʨʜʘʥ ץʫʨʠʣʠʰ ʜʘʚʨʠʛʘʯʘ 

ʟʘʤʦʥʘʚʠʡ ʪʝʢʪʦʥʠʢ ״ʘʨʘʢʘʪʣʘʨ, ʟʠʣʟʠʣʘʣʘʨ 

ʢʫʟʘʪʠʣʛʘʥ. ʉʫʚ ʦʤʙʦʨʥʠ ץʫʨʠʰ ʚʘ ʫʥʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʜʘʚʨʠʜʘ ʵʢʟʦʛʝʥ ʞʘʨʘʸʥʣʘʨ ʰʘʢʣʠ 

ʚʘ ʜʠʥʘʤʠʢʘʩʠ ˄ʟʠʛʘ ʭʦʩ. ʊʦס ʸʥ ʙʘסʠʨʣʘʨʠʜʘ 

ʥʫʨʘʰ ʞʘʨʘʸʥʣʘʨʠ ʬʘʦʣʣʘʰʘʜʠ. ʉʫʚ ʦʤʙʦʨ 

 ʣʘʨʠʜʘ ʶʚʠʣʠʰʣʘʨ ʢʫʟʘʪʠʣʘʜʠ. ʉʫʚץʦסʠʨץ

ʩʘʪ״ʠʥʠ ʢ˄ʪʘʨʠʣʠʰʠ ʷʥʛʠʜʘʥ-ʷʥʛʠ ʙʫʣʦץʣʘʨʥʠ 

ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʘʜʠ. 
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ʘ) 

 
ʙ) 

 

ʈʘʩʤ 1. ʊ˄ʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠ ץ˄ʰʥʠ ʚʦʜʠʡʜʘʛʠ 

 ʘʸʪʛʘʥץʘʪʣʘʤʣʘʨ ʦʨʘʩʠʜʘʛʠ ʜʘʨʩʣʠʢʣʘʨʜʘʥ ʩʠʟʠʙʯʠץ

ʝʨ ʦʩʪʠ ʩʫʚʠ ʘ) ʊ˄ʧʘʣʘʥʛ ʜʘʨʸ ˄ʟʘʥʠʜʘʥ 60-70 ʤ 

ʙʘʣʘʥʛʜʣʠʢʜʘʛʠ; ʙ) 30-40 ʤ ʙʘʣʘʥʛʜʣʠʢʜʘʛʠ 

ʙʫʣʦץʣʘʨ. 
 

ʄʦʨʬʦʤʝʪʨʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, 

ʜʘʚʣʘʪ ʩʫʚ ʢʘʜʘʩʪʨʠ ʦʙʲʝʢʪʥʠʥʛ ʘʩʦʩʠʡ ʢ˄ʨʩʘʪ-

ʢʠʯʣʘʨʠʜʘʥ ʩʘʥʘʣʛʘʥ ʩʫʚ ʩʘʪ״ʠ ʚʘ ʩʫʚ ״ʘʞʤʠ 

˄ʨʪʘʩʠʜʘʛʠ ʤʫʥʦʩʘʙʘʪʥʠ ʢ˄ʨʠʙ ʯʠץʘʤʠʟ: 

( )
( )2

36

.

10

ʢʤS

ʤW
h ʯʢʬʠʢʪ¹  (1-ʞʘʜʚʘʣ).  

 

ɾʘʜʚʘʣ 1- ʉʫʨ״ʘʥʜʘʨʸ ʚʠʣʦʷʪʠ ʩʫʚ ʦʤʙʦʨʣʘʨʠ ʩʫʚ 

 ʣʠʢץʣʠסʠ ˄ʨʪʘʩʠʜʘʛʠ ˄ʟʘʨʦ ʙʦ״ʘʞʤʠ ʚʘ ʩʫʚ ʩʘʪ״

 ʠʩʦʙʠ״

ʉʫʚ ʦʤʙʦʨ 

ʥʦʤʠ 

ʃʦʠ״ʘʚʠʡ 

ʭʘʞʤʠ  

ʄʣʥ, ʤ
3
 

ʸʢʠ 

W(10
6
ʤ

3
) 

ʉʫʚ 

ʦʤʙʦʨ 

ʩʫʚ 

ʩʘʪ״ʠ 

ʤʘʡʜʦʥʠ 

S (ʢʤ
2
) 

ʊ˄סʦʥ 

ʙʘʣʘʥʜ

ʣʠʛʠ, ʤ 

ɶʟʘʨʦ ʙʦס-

ʣʠץʣʠʢ 

hʬʠʢʪ.ʯʢ = 

W(10
6
ʤ

3
)/S

(ʢʤ
2
),ʤ 

 

ɾʘʥʫʙʠʡ 

ʉʫʨ״ʦʥ 
800 65 30 12.31 

ʋʯ ץʠʟʠʣ 160 10,5 10,5 15.24 

ɼʝʛʨʝʟ 13 2,25 12,8 5,67 

ʆץʪʝʧʘ 120 11,5 14 10,43 

ʊ˄ʧʘʣʘʥʛ 500 8.85 181 56,5 

1-ʞʘʜʚʘʣ ʥʘʪʠʞʘʣʘʨʠ ʪʘ״ʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠ-

ʢʠ, ʞʘʥʫʙʠʡ ʩʫʚ ʦʤʙʦʨʠʜʘʥ ʩʫʚ ʦʤʙʦʨʠ hʬʠʢʪ.ʯʢ 

ʢ˄ʨʩʘʪʢʠʯʠ ʊ˄ʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠʜʘʥ 4.5 ʤʘʨʪʘ 

ʢʠʯʠʢʨʦץ. ʉʫʨʭʦʥʜʘʨʸ ʚʠʣʦʷʪʠʜʘʛʠ ʩʫʚ ״ʘʚʟʘ-

ʣʘʨʠʜʘʛʠ ʪʘʭʣʠʣ ʰʫʥʠ ʪʘʲʢʠʜʣʘʡʜʠʢʠ, ʪʦסʣʠ 

-ʠʡץ ʫʜʫʜʣʘʨʜʘ ʞʦʡʣʘʰʛʘʥ ʩʫʚ ʦʤʙʦʨ ʢʘʪʪʘ״

ʤʘʪʛʘ ʵʛʘ, ʪʦסʦʣʜʠ-ʪʝʢʠʩʣʠʢʣʘʨʜʘ ʞʦʡʣʘʰʛʘʥ-

ʣʘʨʠ 6 ʜʘʥ 15 ʛʘʯʘ ץʠʡʤʘʪʥʠ ʠʬʦʜʘʣʘʡʜʠ. 

ʉʫʚ ʦʤʙʦʨʠ ʬʘʦʣʠʷʪʠʥʠʥʛ ʙʘʨץʘʨʦʨʣʠʛʠ ʚʘ 

ʠʰʦʥʯʣʠʛʠʛʘ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠʛʘʥ ʶץʦʨʠʜʘ 

ʘʡʪʠʙ ˄ʪʠʣʛʘʥ ʦʤʠʣʣʘʨ ʙʠʣʘʥ ʙʠʨ ץʘʪʦʨʜʘ, 

ʠʥʞʝʥʝʨ-ʛʝʦʣʦʛʠʢ ʚʘ ʛʝʦʵʢʦʣʦʛʠʢ ʰʘʨʦʠʪ-

ʣʘʨʠʛʘ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ [6, 7]. 

ʄʠʣʣʠʡ ʛʝʦʬʘʟʦʚʠʡ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ (ʤʠʣ-

ʣʠʡ ʛʝʦʛʨʘʬʠʢ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ)ʜʘʥ ʙʝʣʛʠʣʘʥʛʘʥ 

-ʫʜʫʜʥʠʥʛ ʛʝʦʵʢʦʣʦʛʠʢ ʰʘʨʦʠʪ ʢʦʤʧʦʥʝʥ״

ʪʘʣʘʨʠ, ʝʨ ʢʘʜʘʩʪʨʠ ʤʘʲʣʫʤʦʪʣʘʨʠ ״ʠʩʦʙʣʘʥʛʘʥ 

ʝʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʪʫʨʣʘʨʠ ץʘʪʣʘʤʣʘʨʠ, ʩʫʚ 

ʢʘʜʘʩʪʨʠ ʦʙʲʝʢʪʣʘʨʠʛʘ ʪʝʛʠʰʣʠ ʤʘʲʣʫʤʦʪʣʘʨ 

 ʘʤʜʘ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʩʦʩʠʜʘ״

ʙʠʨʛʘʣʠʢʜʘ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ץʫʣʘʡ ʪʘ״ʣʠʣʠʡ 

ʠʰʣʘʨ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ɹʘʨʯʘ ʛʝʦʬʘʟʦʚʠʡ 

ʤʘʲʣʫʤʦʪʣʘʨ ʨʘʩʪʨ ʚʘ ʚʝʢʪʦʨ ʢ˄ʨʠʥʠʰʜʘʛʠ 

ʪʝʤʘʪʠʢ ץʘʪʣʘʤʣʘʨʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ״ʫʜʫʜʥʠʥʛ 

ʛʝʦʵʢʦʣʦʛʠʢ ״ʦʣʘʪʠʥʠ 250ʭ250 ʤʝʪʨ ʷʯʝʡʢʘʣʠ 

˄ʣʯʘʤʜʘ ʨʘʩʪʣʠ ʬʦʨʤʘʪʜʘ ʢʦʤʧʦʥʝʥʪʣʘʨʠʥʠ 

ʠʬʦʜʘʣʘʡʜʠ (ʨʘʩʤ 2, 3). 
 

 

ʈʘʩʤ 2. ɼʘʚʣʘʪ ʩʫʚ ʢʘʜʘʩʪʨʠ ʚʘ ʪʘʙʠʠʡ ʭʘʚʬ 

ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ ʜʘʚʣʘʪ ʢʘʜʘʩʪʨʠ ʦʙʲʝʢʪʣʘʨʠ 

 ʫʜʫʜʣʘʨʠ ʫʯʫʥ״ ʠʩʦʙʣʘʥʛʘʥ ʩʫʚ ʦʤʙʦʨʣʘʨ״

ʛʝʦʵʢʦʣʦʛʠʢ ʢʦʤʧʦʥʝʥʪʣʘʨʠʥʠʥʛ ʪʘʭʣʠʣʠʡ ʤʦʜʝʣʠ 

ʥʘʪʠʞʘʩʠ. 

 

 

ʈʘʩʤ 3. ɻʝʘʭʙʦʨʦʪ ʪʠʟʠʤʜʘ ʊʫʧʘʣʘʥʛ ʩʫʚ 

ʦʤʙʦʨʠʥʠʥʛ ʞʘʥʫʙʠʡ ʪʦʤʦʥʜʘʥ 3 ˄ʣʯʘʤʣʠ ʤʦʜʝʣʠ 

ʢ˄ʨʠʥʠʰʠ. 
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 ʘʨ ʙʠʨ ʷʯʝʡʢʘʜʘ ʛʝʦʵʢʦʣʦʛʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ׳

ʫʣʘʨʛʘ ʪʝʛʠʰʣʠ ʪʘʩʥʠʬʠ ʙʠʣʘʥ ʤʦʩ ʢʝʣʪʠ-

ʨʠʣʛʘʥ, ʰʫʥʠʥʛʜʝʢ, ʝʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʥʠʥʛ 

ʪʘʨʪʠʙʠ ʢ˄ʨʠʥʠʰʣʘʨʠʜʘʥ ״ʘʤ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. 

ʂʝʡʠʥʛʠ ʙʦʩץʠʯʜʘ ״ʘʨ ʙʠʨ ʷʯʝʡʢʘʜʘʛʠ 

 ʠʡʤʘʪʣʘʨ ʤʘʪʨʠʮʘʛʘ ʤʦʩ ʨʘʚʠʰʜʘ ʛʝʦʵʢʦʣʦʛʠʢץ

-ʣʘʰʪʠʨʘʜʠ. ʐʫʥʠʥץʦʣʘʪ ʜʘʨʘʞʘʣʘʨʠʥʠ ʘʥʠ״

ʜʝʢ, ʷʯʝʡʢʘʜʘʛʠ ʢʝʣʪʠʨʠʣʛʘʥ ץʠʡʤʘʪʣʘʨʥʠʥʛ 

ʙʠʨʦʨʪʘʩʠ 4 ʨʘץʘʤʣʠ ץʠʡʤʘʪʥʠ ʦʣʩʘ, ʫʰʙʫ 

ʷʯʝʡʢʘ ʞʫʜʘ ʶץʦʨʠ ʜʘʨʘʞʘʛʘ ʵʛʘ ʜʝʙ 

 ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʷʯʝʡʢʘʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʫʯʫʥ״

ʛʝʦʵʢʦʣʦʛʠʢ ʦʤʠʣʠʥʠʥʛ ץʘʡʪ ץʠʣʠʥʛʘʥ ʟʘʨʫʨ 

ʤʫ״ʠʤ ʪʘʲʤʠʥʦʪ ʪʠʟʠʤʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɻʝʦʵʢʦʣʦʛʠʢ ״ʦʣʘʪ ʧʦʪʝʥʮʠʘʣʠʥʠ ʙʘ״ʦʣʘʰ ʫʯʫʥ 

 ʘʨ ʙʠʨ ʢʣʘʩʩ ʢʦʤʧʦʥʝʥʪʠ ʚʘ ʪʫʨʠ ʙ˄ʡʠʯʘ״

ʘʣʦ״ʠʜʘ ʢ˄ʨʠʣʘʜʠ. ʋ ʪ˄ʨʪ ʜʘʨʘʞʘʣʠ ʚʘ ʰʘʨʪʣʠ 

1 ʜʘʥ 4 ʛʘʯʘ ץʠʡʤʘʪʣʠ ʢʘʪʪʘʣʠʢʢʘ ʵʛʘ. 

ɻʝʦʵʢʦʣʦʛʠʢ ʰʘʨʦʠʪ ʭʘʨʠʪʘʩʠʜʘ ʜʘʨʘʞʘʣʘʨ 

ʪ˄ʨʪʪʘ ʨʘʥʛʣʠ ʢ˄ʨʠʥʠʰʜʘ ʪʫʟʠʣʛʘʥ. ʂʦʤʧʣʝʢʩ 

ʛʝʦʵʢʦʣʦʛʠʢ ʜʘʨʘʞʘ ʩʪʨʫʢʪʫʨʘʩʠʥʠʥʛ ʪʘ״ʣʠʣʠ 

ʫʯʫʥ ʭʘʨʠʪʘʣʘʨ ʘʪʣʘʩʠʜʘ ʘʣʦ״ʠʜʘ ʛʝʦʵʢʦʣʦʛʠʢ 

ʰʘʨʦʠʪ ʢʦʤʧʦʥʝʥʪʣʘʨ ʭʘʨʠʪʘʩʠ ʢʝʣʪʠʨʠʣʘʜʠ. 

-ʘʨ ʙʠʨ ʷʯʝʡʢʘʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠʜʘʥ ʤʘʢʩʠ׳

ʤʫʤ ץʠʡʤʘʪʠ ʪʘʥʣʘʙ ʦʣʠʥʘʜʠ. ʊʘʙʠʠʡ ʭʘʚʬ 

ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ ʜʘʚʣʘʪ ʢʘʜʘʩʪʨʠʥʠʥʛ 

ʩʝʡʩʤʠʢ ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨ ʦʙʲʝʢʪʠ 

 ʠʩʦʙʣʘʥʘʜʠʛʘʥ ʩʝʡʩʤʠʢ ʘʢʪʠʚ ʤʘʡʜʦʥʣʘʨʜʘʛʠ״

ʩʫʚ ʦʤʙʦʨʣʘʨʥʠʥʛ ״ʫʜʫʜʣʘʨʠʥʠʥʛ ʛʝʦʵʢʦʣʦʛʠʢ 

ʜʘʨʘʞʘʩʠʥʠ ʙʘ״ʦʣʘʰ ʫʯʫʥ ʤʫ״ʘʥʜʠʩ-ʛʝʦʣʦʛʠʢ 

ʰʘʨʦʠʪʠ ʚʘ ʝʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʨʝʞʠʤʠʥʠ 

ʵʢʩʧʝʨʪ ʙʘ״ʦʣʘʰ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 

ʄʠʣʣʠʡ ʛʝʦʛʨʘʬʠʢ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ ʤʘʲʣʫ-

ʤʦʪʣʘʨʠ ʚʘ ʛʝʦʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ 

-ʘʣʠ ʩʫʚ ʢʘʜʘʩʪʨ ʦʙʲʝʢʪʣʘʨʠ ʞʦʡץʣʣʘʰ ʦʨ˄ץ

ʣʘʰʛʘʥ ״ʫʜʫʜʣʘʨ, ʞʫʤʣʘʜʘʥ ʩʫʚ ʦʤʙʦʨʣʘʨʥʠ 

ʛʝʦʵʢʦʣʦʛʠʢ ʰʘʨʦʠʪʠʥʠ ʩʘʣʙʠʡʣʠʢ ʜʘʨʘʞʘʩʠʛʘ 

ʢ˄ʨʘ, ʢʦʩʤʠʢ ʩʫʨʘʪʣʘʨ ʚʘ ʢʫʟʘʪʠʰʣʘʨ ʦʨץʘʣʠ 

˄ʨʛʘʥʠʰ ʦʣʠʙ ʙʦʨʠʣʠʙ, ״ʫʜʫʜʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 

ʤʘʡʜʦʥʣʘʨʠʥʠ: 1 ʧʘʩʪ; 2 ˄ʨʪʘʯʘ, 3 ʶץʦʨʠ ʚʘ 4 

ʞʫʜʘ ʶץʦʨʠ ʜʘʨʘʞʘʣʘʨʛʘ ʘʞʨʘʪʠʣʛʘʥ. 

ɼʘʚʣʘʪ ʢʘʜʘʩʪʨʣʘʨʠ ʷʛʦʥʘ ʪʠʟʠʤʠʛʘ ʉʝʡʩʤʠʢ 

ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘʣʘʨʥʠʥʛ ʢʘʜʘʩʪʨ 

 ʠʩʦʙʠʥʠ ʶʨʠʪʠʰʜʘ ʌʘʥʣʘʨ ɸʢʘʜʝʤʠʷʩʠʥʠʥʛ״

ʉʝʡʩʤʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʠʥʠʥʛ ʤʫʪʘʭʘʩʩʠʩʣʘʨʠ 

ʪʦʤʦʥʠʜʘʥ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʛʝʦʵʦʣʦʛʠʢ ʪʘʜץʠ-

-ʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʊʫʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠ ʠʥʞʝץ

ʥʝʨ-ʛʝʦʣʦʛʠʢ ʰʘʨʦʠʪʣʘʨʠ ʙ˄ʡʠʯʘ ״ʫʜʫʜʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʤʘʡʜʦʥʣʘʨʠ ʠʢʢʠ ״ʠʣʜʘ, ʷʲʥʠ 

ʞʫʜʘ ʶץʦʨʠ ʚʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʟʦʥʘʣʘʨʛʘ 

ʘʞʨʘʪʠʣʛʘʥ (ʨʘʩʤ 4): 

1. ɾʫʜʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʛʝʦʵʢʦʣʦʛʠʢ ʤʘʡ-

ʜʦʥ ʩʫʚ ʦʤʙʦʨʠʥʠʥʛ ץʠʨסʦסʠ ʙ˄ʡʣʘʙ ʪʦʨʯʠ-

ʟʠץʣʠ ʤʘʡʜʦʥʥʠ ʵʛʘʣʣʘʡʜʠ. ɼʘʨʸ ʚʦʜʠʡʩʠ ˄ʟʘʥʠ 

ʭʘʨʩʘʥʛʪʦʰ-ʰʘסʘʣʣʘʨ ʙʠʣʘʥ, ʸʥ ʙʘסʠʨ ʙ˄ʡʣʘʙ 

ʤʘʡʜʘ ʰʘסʘʣ-ʰʝʙʝʥʣʠ ʸʪץʠʟʠץʣʘʨ ʙʠʣʘʥ ץʦʧ-

ʣʘʥʛʘʥ. ʂʝʡʠʥʛʠ ץʠʩʤʜʘ ʟʠʯ ʢʦʥʛʣʦʤʝʨʘʪʣʘʨ, 

ʘʨʛʝʣʠʪʣʘʨ ʚʘ ʦʭʘʢʪʦʰʣʘʨʜʘʥ ʠʙʦʨʘʪ. פʠʷʣʠʛʠ 

˄ʪʘ ʪʠʢ. ʊʦʰʣʠ ʢ˄ʯʢʠʣʘʨ ʢʫʟʘʪʠʣʘʜʠ. פʦʷ ʪʦס 

ʞʠʥʩʣʘʨʠʥʠʥʛ ʥʫʨʘʰʠ ʠʥʪʝʥʩʠʚ. ɺʘץʪʠ-ʚʘץʪʠ 

ʙʠʣʘʥ ʤʘʡʜʦʥ ʩʫʚ ʦʩʪʠʜʘ ץʦʣʘʜʠ. ɿʠʣʟʠʣʘ 

ʩʝʡʩʤʠʢ ʞʘʜʘʣʣʠʢ ʦʨʪʪʠʨʤʘʩʠ 0 ʜʘʥ +1 

ʙʘʣʣʛʘʯʘʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

 

 
ʈʘʩʤ 4. ʊʫʧʘʣʘʥʛ ʩʫʚ ʦʤʙʦʨʠ ʤʘʡʜʦʥʣʘʨʥʠ 

ʛʝʦʵʢʦʣʦʛʠʢ ʭʦʣʘʪʠʥʠ ʙʘʭʦʣʘʰ ʩʭʝʤʘʪʠʢ ʭʘʨʠʪʘʩʠ 

 

2. ʖץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʤʘʡʜʦʥ ʩʫʚ ʦʤʙʦʨʥʠʥʛ 

ʶץʦʨʠ ץʠʩʤʠʜʘ ʯʝʢʣʘʥʛʘʥ ʤʘʡʜʦʥʥʠ ʵʛʘʣʣʘʡʜʠ. 

ʄʘʡʜʦʥ ʢʘʤʜʘʥ-ʢʘʤ ʭʦʣʣʘʨʜʘ ʩʫʚ ʦʩʪʠʜʘ ץʦʣʘ-

ʜʠ ʚʘ ʭʘʚʬʣʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʅʫʨʘʰ ʞʘʨʘʸʥʠ 

ʠʥʪʝʥʩʠʚ ʜʘʨʘʞʘʜʘ, ʪʦʰ ʢ˄ʯʢʠʣʘʨ, ʪʦס ʞʠʥʩʣʘ-

ʨʠʥʠʥʛ ʢʘʪʪʘ ץʠʩʤʠ ʜʘʨʟʣʘʥʛʘʥ ʢ˄ʨʠʥʠʰʜʘ 

ʙ˄ʣʘʜʠ. ɹʫ ʤʘʡʜʦʥ ״ʦʣʘʪʠ ʞʫʜʘ ˄ʟʛʘʨʫʚʯʘʥ ʩʫʚ 

ʦʤʙʦʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʚʘץʪʠʛʘ ʙʦסʣʠץ. 

ʊʘʜץʠץ ץʠʣʠʥʘʸʪʛʘʥ ʩʫʚ ʦʤʙʦʨ ״ʫʜʫʜʠʜʘ 

ʘʞʨʘʪʠʣʛʘʥ ʤʘʡʜʦʥʣʘʨ ״ʦʣʘʪʠ ʩʫʚ ʦʤʙʦʨʥʠʥʛ 

ʠʰʣʘʪʠʰ ʨʝʞʠʤʠ ʚʘ ʪʝʭʥʦʛʝʥ ʦʤʠʣʣʘʨʛʘ 

ʙʦסʣʠץ. 

ɹʫʥʜʘ ʪʘʙʠʠʡ ʚʘ ʪʝʭʥʦʛʘʥ ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣ-

ʛʘʥ ʟʦʥʘʣʘʨʜʘʛʠ ʪʝʭʥʦʛʝʥ ʞʘʨʘʸʥʣʘʨ ʥʠʩʙʘʪʘʥ 

 ʦʨʠץʫʯʨʘʡʜʠ. ʄʘʩʘʣʘʥ, ʶ ץʫʡʠ ˄ʟʘʥʜʘ ʢ˄ʧʨʦץ

ʛʠʜʨʘʚʣʠʢ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʪ˄סʦʥʥʠʥʛ ʦʩʪʢʠ 

 ʠʩʤʠʜʘʥ ʬʠʣʴʪʨʘʮʠʷ ʥʘʪʠʞʘʩʠʜʘ ʤʘʲʣʫʤץ

ʤʠץʜʦʨʜʘ ʦʩʦʥ ʵʨʠʡʜʠʛʘʥ ʪʫʟʣʘʨʥʠ ʚʘ ʛʠʣʣ 

ʬʨʘʢʮʠʷʣʘʨʠʥʠ ˄ʟʠ ʙʠʣʘʥ ʦʣʠʙ ˄ʪʘʜʠ. ɹʘʨ-

 ʦʥס˄ʩʘʜʠʜʘ ʪץʘʨʦʨʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰ ʤʘץ

ʘʪʨʦʬʠʜʘʛʠ ʜʨʝʥʘʞʣʘʨʥʠʥʛ ʠʰʣʘʰ ʪʠʟʠʤʠʥʠ 

ʷʰʭʠʣʘʰ ʚʘ ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʙ ʙʦʨʠʰ ʣʦʟʠʤ. 

ʖץʦʨʠʜʘʛʠʣʘʨʜʘʥ ʢʝʣʠʙ ʯʠץʠʙ, ʪʘʜץʠץ ץʠ-

ʣʠʥʛʘʥ ʩʫʚ ʦʤʙʦʨʣʘʨ ʞʦʡʣʘʰʛʘʥ ״ʫʜʫʜʣʘʨʜʘ 

ʛʝʦʵʢʦʣʦʛʠʢ ʤʦʥʠʪʦʨʠʥʛ ʠʰʣʘʨʠʥʠ ʟʘʤʦʥʘʚʠʡ 

ʪʝʭʥʠʢʘ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ץ˄ʣʣʘʛʘʥ ״ʦʣʜʘ 

ʫʟʣʫʢʩʠʟ ʦʣʠʙ ʙʦʨʠʰʥʠ ʪʘʰʢʠʣʣʘʰʪʠʨʠʰʥʠ 

ʤʫ״ʠʤ ʜʝʙ ״ʠʩʦʙʣʘʡʤʠʟ. ʄʘʟʢʫʨ ״ʫʜʫʜʣʘʨʜʘʛʠ 

ʪʘʙʠʠʡ ʚʘ ʪʝʭʥʦʛʝʥ ʭʘʚʬ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʟʦʥʘ-

ʣʘʨʜʘ ʤʘʭʩʫʩ ʩʝʥʩʦʨʣʠ ʜʘʪʯʠʢʣʘʨ ˄ʨʥʘʪʠʣʠʙ, 

ʤʘʩʦʬʘʜʘʥ ʪʫʨʠʙ ʤʠʣʣʠʡ ʛʝʦʛʨʘʬʠʢ ʘʭʙʦʨʦʪ 

ʪʠʟʠʤʠ ʤʘʲʣʫʤʦʪʣʘʨʠ ʚʘ ʛʝʦʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦ-

ʛʠʷʣʘʨʠ ʦʨץʘʣʠ ʢʫʟʘʪʠʙ ʙʦʨʠʰ ʠʤʢʦʥʠʥʠ 

ʷʨʘʪʘʜʠ. 
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ɸʜʘʙʠʸʪʣʘʨ: 

1. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘ-

ʩʠʥʠʥʛ 1998 ʡʠʣ 7 ʷʥʚʘʨʜʘʛʠ 11-ʩʦʥʣʠ ץʘʨʦʨʠ. 

2.ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠ

ʥʠʥʛ 2005 ʡʠʣ 30 ʠʶʥʜʘʛʠ 152-ʩʦʥʣʠ ץʘʨʦʨʠ, 6-

ʠʣʦʚʘ. 

3. ʄʘʢʩʠʤʦʚʠʯ ʅ.ɻ, ʇʴʷʥʢʦʚ ʉ.ɺ. ʄʘʣʳʝ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ: ʵʢʦʣʦʛʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʤʦʥʦʛʨʘʬʠʷ. 

ʇʝʨʤ. ʛʦʩ. ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ.-ʇʝʨʤʴ, 2012. ï 256 ʩ. 

4. ɻʫʧʪʘ ʍ., ʈʘʩʪʦʛʠ ɹ. ʇʣʦʪʠʥʳ ʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ. ʄ., ʄʠʨ, 1979ʛ. 251ʩ. 

5. ʍʫʜʘʡʙʝʨʛʝʥʦʚ ɸ.ʄ., ʅʫʨʤʫʭʘʤʝʜʦʚ ʂ.ʐ., 

ʊʫʡʯʠʝʚʘ ʄ.ɸ., ɼʞʫʨʘʝʚ ʅ.ʄ., ɪʜʛʦʨʦʚ ʐ.ʀ. 
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ʊʘʰʢʝʥʪ 2014ʛ. 315ʩ. 

6. ɼʞʫʨʘʝʚ ʅ.ʄ. ʆ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ɺʝʩʪʥʠʢ ˉ03/03/2012ʛ, 

ʉ.41-45. 
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ïʊʘʰʢʝʥʪ: ʊʘʰɿʅʀʀʕʇ, 1996.- 54 ʩ. 

8. ʐʅʂ 2.06.11-04. çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩ-

ʢʠʭ ʨʘʡʦʥʘʭ. ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷè 
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9. ʀʤʘʤʢʫʣʦʚ ʋ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ 
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(
1
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ɸʅ ʈʊ,  

2
ʊʘʜʞʠʢʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ; niyazovjafar@mail.ru ) 

 

ɸʥʥʦʪʘʮʠʷ: ʇʷʥʜʞ - ʨʝʢʘ ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʣʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɸʤʫʜʘʨʴʠ. ʌʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʤʥʦʛʠʭ 

ʧʨʠʪʦʢʦʚ, ʢ ʦʩʥʦʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʨʝʢʠ ɻʫʥʜ, ʐʦʭʜʘʨʘ, ɹʘʨʪʘʥʛ ʠ ʄʫʨʛʘʙ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʡʦʥ ʅʠʞʥʝʛʦ ʇʷʥʜʞʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʨ. ʇʷʥʜʞ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʯʠʥʘʤʠ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʝ 

ʥʘʚʦʜʥʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʧʘʚʦʜʢʘ ʠ ʥʘʚʦʜʥʝʥʠʷ 

ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʱʝʨʙʘ, ʥʘʥʦʩʠʤʦʛʦ ʜʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʦʚ ʩʚʷʟʘʥ ʩ 

ʪʦʧʦʛʨʘʬʠʝʡ ʠ ʛʝʦʣʦʛʠʝʡ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ʉʫʱʝʩʪʚʫʶʪ ʨʷʜ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʚʦʜʥʝʥʠʷʙ ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʜʨʫʛʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʠʩʯʝʟʘʶʪ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ (ʤʝʘʥʜʨʠʨʦʚʘʥʠʝ) ʚ ʧʣʘʥʝ ʨʫʩʣʘ ʨʝʢʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘʥʦʩʦʚ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ɼɿɿ ʘʥʘʣʠʟʘ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʥʠʤʢʦʚ 

Landsat 2-8. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʩʣʝʜʩʪʚʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʥʘʚʦʜʥʝʥʠʝ 2005 ʛ, 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʘ, ʙʘʩʩʝʡʥ, ʩʪʦʢ, ʥʘʥʦʩ, ʥʘʚʦʜʥʝʥʠʷ, Landsat. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʠʟʫʯʝʥʠʷ 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʈʝʢʘ ʇʷʥʜʞ ʦʙʱʘʷ 

ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 

82,534 ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ɸʬʛʘ-

ʥʠʩʪʘʥ, ʪʝʯʝʪ ʩ ʚʦʩʪʦʢʘ, ʦʪ ʛʨʘʥʠʮ ɸʬʛʘʥʠʩʪʘʥʘ 

ʠ ʂʠʪʘʷ ʥʘ ʟʘʧʘʜ, ʬʦʨʤʠʨʫʷʩʴ ʟʘ ʩʯʝʪ ʤʥʦʛʠʭ 

ʧʨʠʪʦʢʦʚ, ʢ ʦʩʥʦʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʨʝʢʠ ɻʫʥʜ, 

ʐʦʭʜʘʨʘ, ɹʘʨʪʘʥʛ ʠ ʄʫʨʛʘʙ (ʪʘʙʣ. 1). ʆʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʟʝʨ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʦʟʝʨ 

ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʦʟʝʨʦ ʉʘʨʝʟ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʩʝʨʝʜʠʥʝ ʨʝʢʠ ʄʫʨʛʘʙ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʜʣʠʥʥʳʤ ʧʨʠʪʦʢʦʤ ʨʝʢʠ ʇʷʥʜʞ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʧʨʠʦʢʦʚ ʙʝʨʫʪ ʥʘʯʘʣʦ ʥʘ ʣʝʜʥʠʢʝ ʌʝʜʯʝʥʢʦ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʩʘʤʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʠ ʇʘʤʠʨʘ. ʆʩʥʦʚʥʳʝ ʧʨʠʪʦʢʠ 

ʧʦʢʘʟʘʥʳ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʡʦʥ 

ʅʠʞʥʝʛʦ ʇʷʥʜʞʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʨ. ʇʷʥʜʞ (ʨʠʩ. 1). ʆʪʣʠ-

ʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʟʜʝʩʴ ʨʘʟʚʠʪʘ ʦʨʦʩʠʪʝʣʴʥʘʷ ʤʝʣʠʦ-

ʨʘʮʠʷ. ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ 

ʚʦʜʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʚʦʜʦʟʘ-

ʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʣʦʚʥʦʛʦ 

ʙʝʩʧʣʦʪʠʥʥʦʛʦ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʏʫʙʝʢʩʢʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʠʟ ʨ. ʇʷʥʜʞ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʲʝʤ ʜʦʥʥʳʭ ʥʘʥʦʩʦʚ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʘʥʘʣ 

ʜʦʩʪʠʛʘʝʪ ʜʦ 97.3% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʥʘʥʦʩʦʚ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦʪʦʢʦʤ. ʅʝʦʮʝʥʠʤʘ ʨʦʣʴ ʨ. 

ʇʷʥʜʞ, ʩʪʦʢ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ 

ʩʥʝʛʘ ʠ ʣʝʜʥʠʢʦʚ ʚʳʩʦʢʦʛʦʨʴʷ ʇʘʤʠʨʘ, ʚ 

ʨʘʟʚʠʪʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʡʦʥʘ 

ʍʘʤʘʜʦʥʠ. ʅʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʩ ʩʦʞʘʣʝʥʠʝʤ 

ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʬʘʢʪ ʫʱʝʨʙʘ 

ʥʘʥʦʩʠʤʦʛʦ ʜʘʥʥʦʡ ʨʝʢʦʡ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ 

ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʨʘʡʦʥʘ. ʂ ʧʨʠʤʝʨʫ, 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʥʘʚʦʜʥʝʥʠʝ 2005 ʛ. ʚʳʟʚʘʣʦ 

ʨʘʟʨʫʰʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ ʙʝʨʝʛʦʟʘʱʠʪ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʜʘʤʙ) ʠ ʚʳʥʫʜʠʣʦ ʵʚʘʢʫʠ-

ʨʦʚʘʪʴ 11 509 ʯʝʣʦʚʝʢ ʚ ʙʝʟʦʧʘʩʥʳʝ ʤʝʩʪʘ [3]. 
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ʊʘʙʣʠʮʘ - 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʅʘʟʚʘʥʠʝ ʨʝʢ 
ɼʣʠʥʘ 

ʨʝʢʠ (ʢʤ) 

ɺʦʜʦʩʙʦʨʥʘʷ 

ʧʣʦʱʘʜʴ (ʢʤ
2
) 

ʈʝʢʘ ʇʷʥʜʞ 801.7 82,534 

ʈʝʢʘ ɻʫʥʜ 267.5 13,464 

ʈʝʢʘ ʐʦʭʜʘʨʘ 117.0 4,228 

ʈʝʢʘ ɹʘʨʪʘʥʛ 226.3 29,938 

ʈʝʢʘ ʄʫʨʛʘʙ (ʦʟ. ʉʘʨʝʟ) 303.7 20,122 

ʈʝʢʘ ʗʟʛʫʣʦʤ 74.4 2,435 

ʈʝʢʘ ɺʘʥʯ 90.3 2,050 

 

ɻʝʦʣʦʛʠʷ. ʊʝʨʨʠʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝ-

ʥʘ ʚ ʢʦʥʮʝ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʇʘʤʠʨʘ ʠ ʦʙʨʘʟʫʝʪ 

ʘʣʣʶʚʠʘʣʴʥʳʡ ʢʦʥʫʩ ʚʳʥʦʩʘ ʨʝʢʠ, ʧʦʢʨʳʪʦʛʦ 

ʩʚʦʙʦʜʥʳʤʠ ʧʝʩʦʯʥʦ-ʛʨʘʚʠʡʥʳʤʠ ʩʣʦʷʤʠ. 

ɹʘʩʩʝʡʥ ʨʝʢʠ ʧʦʢʨʳʪ ʧʦʡʤʝʥʥʳʤʠ ʦʪʣʦʞʝ-

ʥʠʷʤʠ. ʊʝʨʨʠʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʨʠʥʘʜʣʝʞʠʪ 

ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʟʦʥʝ, ʘ ʙʘʩʩʝʡʥ 

ʨʝʢʠ ʇʷʥʜʞ ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʇʘʤʠʨʩʢʦʤ 

ʚʳʩʦʢʦʛʦʨʴʝ. ɺ ʪʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʦʥʥʦʡ 

ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʪʣʦʞʝʥʠʷ ʪʨʝʪʠʯʥʦʡ ʠ 

ʯʝʪʚʝʨʪʠʯʥʦʡ ʵʨʳ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʧʝʨʠʦʜʘ ʠ 

ʠʤʝʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʘʟʣʦʤʘ, ʇʝʪʨ ʇʝʨʚʳʡ ʠ 

ɼʘʨʚʘʟ-ʂʘʨʘʢʫʣʴ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʦʥʘ ʩʬʦʨ-

ʤʠʨʦʚʘʥʘ ʚ ʭʦʣʤʠʩʪʦʡ ʪʦʧʦʛʨʘʬʠʠ ʩ ʥʝʢʦʥ-

ʩʦʣʠʜʠʨʦʚʘʥʥʳʤ ʢʦʥʛʣʦʤʝʨʘʪʦʤ (ʨʳʭʣʳʝ 

ʨʘʟʥʦʨʦʜʥʳʝ ʧʦʨʦʜʳ), ʯʘʩʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʶʨʩʢʦʛʦ ʧʝʨʠʦʜʘ ʠ ʚʳʚʝʪʨʝʥʥʳʭ 

ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʡ ʵʨʳ. ʅʘ ʵʪʠʭ ʧʦʨʦʜʘʭ ʥʘ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʝʢʠ ʇʷʥʜʞ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʣʝʩʩʦʚʳʝ ʧʦʨʦʜʳ. ʇʘʤʠʨʩʢʦʝ ʚʳʩʦʢʦʛʦʨʴʝ 

ʧʦʢʨʳʪʦ ʧʦʨʦʜʘʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʧʝʨʠʦʜ ʩ 

ʧʘʣʝʦʟʦʡʩʢʦʡ ʵʨʳ ʜʦ ʧʘʣʝʦʛʝʥʘ (ʨʠʩ. 2). 

ʄʝʭʘʥʠʟʤ ʥʘʚʦʜʥʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʚ ʘʣʣʶʚʠʘʣʴʥʦʤ 

ʢʦʥʫʩʝ ʚʳʥʦʩʘ ʨʝʢʠ ʨʘʡʦʥʘ ʍʘʤʘʜʦʥʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʥʝʦʛʝʥʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ 

ʨʳʭʣʳʭ ʧʦʨʦʜ ʚ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʟʦʥʝ ʠ ʢʨʫʪʳʭ 

ʣʦʱʠʥ ʚʜʦʣʴ ʪʝʯʝʥʠʷ ʨʝʢʠ. ʅʘ ʥʝʢʦʪʦʨʳʭ 

ʧʨʠʪʦʢʘʭ ʠʤʝʶʪʩʷ ʦʟʝʨʘ, ʛʜʝ ʩʦʙʠʨʘʶʪʩʷ 

ʜʦʥʥʳʝ ʥʘʥʦʩʳ, ʢʘʢ ʦʪʣʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʪʘʢʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʦʪʣʦʞʝʥʠʝ ʥʘʥʦʩʦʚ ʜʦʣʞʥʦ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʦʩʘʜʢʦʚ. 

ɹʘʩʩʝʡʥ ʨʝʢʠ ʇʷʥʜʞ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠ-

ʮʠʨʦʚʘʥʘ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʟʦʥʳ; ʟʦʥʘ ʚʝʨʭʥʝʛʦ 

ʪʝʯʝʥʠʷ, ʟʦʥʘ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʠ ʟʦʥʘ ʥʠʞʥʝʛʦ 

ʪʝʯʝʥʠʷ. ɿʦʥʘ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʫʯʘʩʪʢʝ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʥʘ ʣʠʥʠʠ, ʩʦʝʜʠʥ-

ʷʶʱʘʷ ʦʟʝʨʦ ʂʘʨʘʢʫʣʴ ʯʝʨʝʟ ʦʟʝʨʦ ʉʘʨʝʟ, ʩ 

ʦʟʝʨʦʤ ʗʭʰʠʢʫʣʴ. ɻʦʨʳ, ʚʳʩʦʪʦʡ ʚʳʰʝ 5000 

ʤʝʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʚ 

ʙʘʩʩʝʡʥʘʭ ʨʝʢ, ʘ ʚʳʩʦʪʘ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʜʦʣʠʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3500 ʤʝʪʨʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1500 ʤʝʪʨʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʣʦʩʢʦʤ ʩʦʩ-

ʪʦʷʥʠʠ ʚ ʧʣʘʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥʦʡ ʩʨʝʜʥʝʛʦ 

ʪʝʯʝʥʠʷ. ɼʘʥʥʘʷ ʟʦʥʘ ʥʝ ʦʙʣʘʜʘʝʪ ʣʝʜʥʠʢʘʤʠ. 

ʐʠʨʠʥʘ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʠʣʠ ʜʦʣʠʥ ʩʦʩʪʘʚʣʷʝʪ 4-

10 ʢʤ ʧʨʠ ʙʦʣʴʰʝʡ ʜʣʠʥʝ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʵʪʦʡ ʟʦʥʳ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʠʣʠ ʜʦʣʠʥʘʭ 

ʠʤʝʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʨʝʢ ʠ ʧʦʡʤʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʠʤʝʶʪʩʷ ʦʙʰʠʨʥʳʝ ʤʦʨʝʥʳ . 

 

 
ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʨ. ʇʷʥʜʞ 

 

 
ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʘ 

 

ʉʢʣʦʥʳ ʛʦʨ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʨʝʢ ʠʤʝʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʟʘʩʫʰʣʠʚʳʝ ʩʚʦʡʩʪʚʘ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʣʦʪʥʳʭ ʤʦʨʝʥ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʙʳʣʠ ʨʘʟʚʠʪʳ 

ʣʝʜʥʠʢʠ. ʉʣʝʜʳ ʤʦʨʝʥʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘ 

ʚʳʩʦʪʝ 3800 ʤʝʪʨʦʚ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ 

ʟʦʥʳ ʩʢʫʜʥʘʷ, ʪʘʢ ʯʪʦ ʯʝʨʝʜʦʚʘʥʠʝ ʟʘʤʦʨʘʞʠ-

ʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʠ ʩʫʭʦʩʪʠ-ʚʣʘʞʥʦʩʪʠ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʚʳʚʝʪʨʠʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʦʨʦʜ, 

ʜʘʞʝ ʢʨʝʧʢʠʭ ʧʦʨʦʜ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʦʚ 

ʟʜʝʩʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʅʘʡʜʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʤʝʩʪʘʭ ʚʜʦʣʴ ʠʟʚʠʣʠʩʪʦʡ ʨʝʢʠ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʜʝʩʴ ʩʦʙʠʨʘʶʪʩʷ ʥʘʥʦʩʳ. ɺ 

ʙʘʩʩʝʡʥʘʭ ʠ ʧʦʡʤʘʭ ʨʝʢ ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʨʨʘʩʳ 


