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FOREWORD 
 
On behalf of the Coordinating Council, we sincerely welcome the host country - beautiful Georgia! 
In the geographical world, Georgia is known for the fact that in the era of the Soviet Union, Tbilisi was the 
main center for the study of the mountainous territories of the USSR. Here, under the guidance of the 
famous geographer prof. Niko Beruchashvili worked a lot not only in the Caucasus mountains but also in 
Central Asia (Kopetdag, Pamir, Tien Shan), Siberia (Altai, Sayans, Verkhoyansk oaks), Far East (Kamchatka, 
Kuriles, Primorye), Europe (Carpathians, Crimea, Khibiny, Ural) and others. 
In the world of landscape science, Georgia is known for the fact that the country had a geographical station 
in Martkopi, which was organized in 1965. At this station, the foundations of landscape science as 
geophysics and landscape ethology were developed. Research at geographic stations led to the 
identification of so-called "Stexes" - daily states of geosystems. The foundations of the Georgian school of 
landscape science were laid in that station. 
As Coordinating Council, We warmly welcome the 2nd International Scientific Conference Landscape 
Dimensions of Sustainable Development: Science ς CartoGis ς Planning ς Governance, which will take 
place in Tbilisi State University, Tbilisi, Georgia on 12-16 September 2022 to commemorate the 75th 
anniversary of Nikoloz Beruchashvili (1947-2006), internationally-renowned geographer and cartographer, 
author of the theory of spatiotemporal analysis and synthesis of landscapes, founder and first chairman of 
the IGU Commission on Landscape Analysis, professor of Tbilisi State University, founder of the 
geoinformatics teaching of TSU (Tbilisi State University), organizer and developer of the first GIS for the 
Caucasus and Georgia. 

The conference is organized by TSU (Tbilisi State University) in cooperation with the Geographical Society of 
Georgia and the IGU Landscape Analysis and Landscape Planning Commission, as well as in collaboration 
with the Association for Cartographers of Georgia and the Mountain Partnership. 

The conference will offer a great opportunity to meet colleagues from different countries to share scientific 
results and current achievements in Landscape Science, Cartography, GIS, and other sciences. The 
conference is held once every 5 years. 

 

The objectives of the event are: 
The conference will be aimed at consolidating and developing innovative trends in the theory and practice 
of geography, which were initiated by Professor Beruchashvili and his followers, to increase their 
contribution to the achievement of the UN Sustainable Development Goals; 
To promote the dialogue on scientific surveys and exchange/share knowledge and experience; 
To present achievements of Georgian scientists, their integration into the international scientific sphere 
and to strengthen the cooperation in order to prioritize future research surveys and develop innovative 
directions; 
To attract young people to science, represent young researchers, popularize the studies carried out by 
them and promote their professional growth in order to involve them in future international or local 
research projects. 

The conference consists of plenary sessions, sections and a "round table", field sessionsςexcursion is 
planned to Racha region.  
The conference program includes the following thematic sections: 
SECTION 1. LANDSCAPE SCIENCE AND LANDSCAPE PLANNING 
SECTION 2. CARTOGRAPHY AND GIS 
SECTION 3. ENVIRONMENT MANAGEMENT 
Conference participation format: 
Full-time participation with a presentation (Report) 
Full-time participation without a presentation 
Remote participation 
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The conference working language is Georgian, English, Russian. 
 

At this difficult time for the whole world, 168 scientists from 15 countries registered to participate in the 
conference! More than 100 scientists will take full-time and remote participation in the conference! 

 

We express our deepest gratitude to the advisory board, international and local experts, and scholars for 
their thoughtful presentations and discussions. 

Special gratitude to Ivane Javakhishvili Tbilisi State University, Alexander Javakhishvili Geographical Society 
of Georgia, International Geographical Union (IGU) Commission Landscape Analysis and Landscape 
Planning, Association of Cartographers of Georgia, and Mountain Partnership for their willingness to 
cooperate in holding the conference. 
Special appreciation to Dr. Neli Javaspashvili, Tbilisi State University, for the tremendous editorial work on 
the conference materials. 
A particular thanks to project team members whose efforts made this event possible - Neli Jamaspashvili, 
Tengiz Gordeziani, Nikoloz N. Beruchashvili, Levan N. Beruchashvili. 

 

As the Coordinating Council, we warmly welcome the publication of the proceedings of the 2nd 
International Scientific Conference Landscape Dimensions of Sustainable Development: Science ς CartoGis 
ς Planning ς Governance. The Conference Proceedings will be published as a collection: Collection of 
Abstracts, Conference Proceedings (published under Tbilisi State University Press) and uploaded on the 
event website. 
 

 
Coordinating Council  

Jean Radvanyi  
Andreiy Kushlin  

Alexey Gunya  
Kalev Sepp  

Neli Javaspashvili  
 
 

 
 
 
 
 
 
 
 
 
 
Jean Radvanyi                   Andreiy Kushlin                   Alexey Gunya                    Kalev Sepp                     Neli Javaspashvili 
 
 
 
 
 
 

The host Institution is the Ivane Javakhishvili Tbilisi State University 
Address: I building of the Ivane Javakhishvili Tbilisi State University, 1 Chavchavadze Ave.| 0179 Tbilisi | Georgia 
Conference Website: http://icldscartogis.tsu.ge/en 
Email: iclds@tsu.ge 

http://icldscartogis.tsu.ge/en
mailto:iclds@tsu.ge
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SECTION 1. LANDSCAPE SCIENCE AND LANDSCAPE PLANNING 
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CONCEPTS AND IDEAS OF PROFESSOR N.L. BERUCHASHVILI  
IN CURRENT GEOGRAPHY 

 

Alexey Gunya1, Natalia Amburtseva2  

 

1Professor, Dr., Leading Researcher Institute of Geography Russian Academy of Sciences (RAS), Moscow, Russia; 
2 Associate Professor, PhD in Geography, Saint Petersburg State University, Secretary of the Standing Commission of 

the IPA CIS for Agricultural Policy, Natural Resources and Ecology, Saint Petersburg, Russia. 
a.n.gunya@igras.ru ;  ani@iacis.ru 

 

˴˻˹̇˩˽̇ˮˮ ˮ ˮ˨˩ˮ ˽˾˻̅˩˿˿˻˾ˢ ˹Φ˶Φ ˣ˩˾̂̉ˢ̊ˤˮ˶ˮ 
ˤ ˿˻ˤ˾˩˸˩˹˹˻˯ ˥˩˻˥˾ˢ̅ˮ  ˮ

 

ˢ͔͔͚ͫ͟͡ ˥ͯͤΎ1Σ ˹͊ͭ͊͡ΈΎ ˢͣ͋ͯͪͼ͔͍͊2
 

1˽ͪͦͺ͔ͫͫͦͪΣ ˨ͦͭͦͪ͟ ˥͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ˹͊ͯ͟Σ ˤ͔͒ͯ΅͙͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟Σ ˮ͙ͤͫͭͭͯͭ ͎͔͎ͦͪ͊ͺ͙͙Σ ˾͙͚ͦͫͫͫ͊͟Ύ 
͔͙͊͊͒ͣ͟Ύ ͤ͊ͯ͟ ό˾ˢ˹ύΣ ˸͍ͦͫ͊͟Σ ˾ ͙ͦͫͫΎΤ 2ˢͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͚ ͨͪͦͺ͔ͫͫͦͪΣ ˴͙͊ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˿ ͊ͤͭ͟-
˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΣ ˿͔͔ͪͭ͊ͪ͟Έ ˽ͦͫͭͦΎ͚ͤͤͦ ͙͙͙ͦͣͫͫ͟ ˸˽ˢ ˿˹˥ ͨͦ ͎͚͊ͪ͊ͪͤͦ ͙͙͔ͨͦͭ͟͡Σ 

͙ͨͪͪͦ͒ͤ·ͣ ͔ͪͫͯͪͫ͊ͣ ͙ Ή͎͙͙ͦͦ͟͡Σ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ˾͙ͦͫͫΎ 

 
 
 
 
 
 
 
 
 
 
 

 
Alexey Gunya      Natalia Amburtseva  

 
Abstract 
N.L. Beruchashvili developed several important conceptions of geography concerning the spatio-

temporal structure and dynamics of natural systems. He introduced a number of new terms: the state of 
the natural complex, landscape-geophysical approach, geomass, geohorizon, stecks, landscape-dynamic 
situation, etc. Most of the terms and conceptual provisions have been developed for more than 40 years. 
The earliest work, which laid the main directions of spatiotemporal analysis and synthesis (Seasonal 
dynamics of facies, 1972), turns 50 in 2022. What of the scientific heritage of N.L. Beruchashvili has been 
further developed over the past half century, and what has remained and, perhaps, is still waiting for its 
new creative content?  

Analyzing references to the works of Beruchashvili, it is easy to see that not all terms are used in 
current geography. The reason for this is the crisis at the turn of the century that geography experienced in 
Russia and the countries of the former USSR, the change in priorities in the development of geographical 

mailto:a.n.gunya@igras.ru
mailto:ani@iacis.ru
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areas in academic and university sciences, in which the influence of foreign grants played an important 
role.  

The challenges facing modern geography make demands on the theory of physical geography and 
landscape science. In this regard, an appeal to the heritage of Niko Beruchashvili can give quite concrete 
results. Thus, the carbon theme, which has swept the world geography, can very fruitfully use the 
landscape-geophysical approach of Beruchashvili to the analysis and synthesis of the components of the 
carbon balance.  

The report will touch upon examples of the successful use of the concepts and ideas of Professor 
Beruchashvili, outline the ways of their further development in various fields of physical and complex 
geography. 

Keywords: spatio-temporal structure, dynamics of natural systems, analyzing references to the 
works of Beruchashvili. 
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Abstract  
Visual environment is one of the main components of human life support. Practical experiences prove 

high dependence of a person's mental and physical health on visual environment. Many research directions 
of modern geoecology are focused on studies of various physical and chemical parameters of ecosystems 
transformations. These parameters are analyzed in terms of their impact on humans and biota. But this 
impact is not limited only by measured characteristics of ecosystems pollution load of different types.                                                                                                                                                                      
This is explained by the fact that vision provides more than 75% of the primary information for a person. 
This information may create different perception of landscapes: positive, negative, neutral. Experienced 
field researchers dealing with instrumental pollution monitoring very often choose their sampling sights 
using visual impact of environmental transformations. 

The visual environment is formed due to the emergence of information and supporting ecosystems 
services. They form a certain landscape image. Its perception creates a model based on synthesis of sensory 
sensations and information (synesthesia of a landscape). According to the famous Russian landscape 
specialist V.A. Nikolaev (2005), landscape image presents   an objective information and may be regarded 
ŀǎ ƛǘǎ άŦƛŦǘƘ ŘƛƳŜƴǎƛƻƴέΦ CΦbΦ aƛƭƪƻǾΣ ƪƴƻǿƴ ŦƻǊ Ƙƛǎ ǎǘǳŘƛŜǎ ƻŦ ƭŀƴŘǎŎŀǇŜ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎΣ 
considered that one of the main tasks of geoecology is studies of the geographical environment comfort. 
Physical and psychological comfort to a great extent depends on visual environment. Landscape 
videoecology being a new direction of geoecological research, presents many examples of urban and rural 
ƭŀƴŘǎŎŀǇŜ ƛƳŀƎŜǎΩ ǎǘǳŘƛŜǎ   ǇǊƻǾƛƴƎ ǘƘƛǎ ǎǘŀǘŜƳŜƴǘΦ ό9ǾǎŜŜǾ Ŝǘ ŀƭΦΣ мффтΣ YǊŀǎƻǾǎƪŀȅŀΣ нлмпΣнлмуΣ ŜǘŎΦ).  This 
new direction is based on the fundamentals of aesthetic landscape studies, humanitarian approaches to 
cultural landscape, psychological and medical data. 

Our field studies of urban and rural landscapes transformations enabled to present several examples 
ƻŦ ƭŀƴŘǎŎŀǇŜǎΩ ǇŜǊŎŜǇǘƛƻƴ ǊƻƭŜ ƛƴ ǎǳŎƘ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΦ ¢ƘŜ ŦƛǊǎǘ ŜȄŀƳǇƭŜ ŎƻƴŎŜǊƴǎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƴƻǊǘƘŜǊƴ 
ǘŀƛƎŀ ǇƻƭƭǳǘŀƴǘǎΩ ƭƻŀŘ ƛƴ aƻƴŎƘŜƎƻǊǎƪ ƛƳǇŀŎǘ ǊŜƎƛƻƴΦ tŜǊŎŜǇǘƛƻƴ ƻŦ ƭŀƴŘǎŎŀǇŜ ƛƳŀƎŜǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ŘƛǎǘŀƴŎŜǎ 
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ŦǊƻƳ ǘƘŜ ǇƻƭƭǳǘŀƴǘǎΩ ŜȄƘŀǳǎǘǎ ǎƻǳǊŎŜ ŜƴŀōƭŜŘ ǘƻ ŦƛƴŘ п ȊƻƴŜǎ ǿƘŜǊŜ ǘƘƛǎ ƛƳŀƎŜ ǾŀǊƛŀǘƛƻƴǎΥ ǎǘŀǊǘƛƴƎ ŦǊƻƳ κέ 
ŘŜǇǊŜǎǎŜŘέ ǘƻ άǾƛǊƎƛƴέΦ LƴǎǘǊǳƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǇǊƻǾŜŘ ǘƘŜƛǊ ŜȄƛǎǘŜƴŎŜ ŀƴŘ ǘƘŜƛǊ ƭƛƳƛǘǎ ŎƻǊǊŜƭŀǘƛƻƴ ǿŀǎ 
high. The second example concerns evaluation of aesthetic value in a city park in Kirovsk (Murmansk 
region) based on public perception of its different parts. The interview results were compared with criteria 
used in painting (number of axes, type of spatial perspective, etc.). The results demonstrated a high degree 
of correlation. The third case concerns studies of visual pollution effect in some regions of Moscow: 
perception of monotonous and aggressive visual fields based on perception of urban landscapes visual 
images The followed analysis of visual physiological and phycological parameters of the identified visual 
fields proved the perception identification results. 
ά¢ƻ ǳƴŘŜǊǎǘŀƴŘ ŀ ƭŀƴŘǎŎŀǇŜ ōȅ ŦŜŜƭƛƴƎέ ƛǎ ƴƻǘ ŀ ƳŜǘŀǇƘƻǊΣ ōǳǘ ƻƴŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘǎ ƛƴ 

geoecology. It enables to optimize further instrumental measurements, to make spatial monetary 
ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǳƴŦŀǾƻǊŀōƭŜ ƭŀƴŘǎŎŀǇŜǎΩ ŎƘŀƴƎŜǎΦ Lǘ ƘŜƭǇǎ ƳǳƴƛŎƛǇŀƭ ŀǳǘƘƻǊƛǘƛŜǎΩ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ƛƴ ǘŜǊǊƛǘƻǊƛŀƭ 
planning activities.  

Keywords: landscape image, perception, method, geoecology. 
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Abstract 
As a result of research on the meridional 

transects in northern part of the European Russia 
were obtained distributions of indicator 
parameters (the number of species of vascular 
plants in the ground cover, the number of species 
of shrubs, the share of index of power of bog 
dwarf shrubs in the total index of power of 
species of grass-shrub layer, the average height of 
and stock of tree stands) by latitude. Based on the 
analysis of these distributions, it is concluded that 
the boundaries of the taiga subzones have shifted 
40-130 km to the north due to the warming in 
recent decades. 

Keywords: northern part of the European 
Russia, taiga subzones, meridional transects, 
climate change. 
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ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͨͦ ͔͔͔ͭͨͦͦ͋ͫͨ͡;͔͙ͤͤͦͫͭ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͚͎͔ͨͦ͒ͭ͊ ό͔ͦͤ͘ ͻ͍͚ͦͤͦ-΄͙͙͍͔ͪͦͦͫͭͤͤ͟͡·ͻ 
͔͍ͫͦ͡ύΣ ͙ͦͭͤͦͫͣ͊Ύ ͟ ͔͔͚ͫͪ͒ͤ ͚͎͔ͭ͊ ҍ ͙͔͔ͣͭ ͙͙͔͋͘͟͡ ͟ Ό͗ͤͦ-͔ͭ͊͗ͤ·ͣ ͔͙ͨͦ͊͊ͭ͘͟͡ ͫͯͣͣ ͔͔ͭͣͨͪ͊ͭͯͪ 
͍·΄͔ Ҍмлϲ˿ ͙ ͔͙͔ͭͤ͡ ͔͔ͭͣͨͪ͊ͭͯͪ· ͍ͦ͒ͯ͘ͻ͊Φ ̑͗ͤ͊Ύ ;͊ͫͭΈ ͨͦ͒ͦͤ͘· ͔͍͔͚ͫͪͤͦ ͚͎͙ͭ͊ ό͙͔ͨͪͣͪͤͦ ͒ͦ 
΄͙ͪͦͭ· спΦрϲύ ͨͦ ͔ͨͦ͊͊ͭ͘͟͡Ύͣ ͔͔͔ͭͨͦͦ͋ͫͨ͡;͔͙ͤͤͦͫͭ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͔͔͚ͫͪ͒ͤ ͚͎͔ͭ͊Φ 

˨͡Ύ ͍·Ύ͔͙ͫͤͤΎ ͍͙͡Ύ͙ͤΎ ͙͔͔͙͚ͣͤͤ͘ ͙ͣ͊ͭ͊͟͡ ͔͙ͨͦͫ͒ͤ͡ͻ ͔͒ͫΎ͙͔͙͚ͭͭ͡ ͤ͊ ͨͦ͒ͦͤ͊͘͡ΈͤͯΌ 
ͫͭͪͯͭͯͪͯ͟ ͊ͤ͒͡΄͊ͺ͍ͭͦ ͍ нлмф-нлнм ͎͎Φ ͋·͙͡ ͍͔͔ͨͪͦ͒ͤ· ͔͍ͨͦ͡·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͤ͊ ͨͪͦ͋ͤ·ͻ ͨͦ͡΅͊͒ΎͻΣ 
͔͊ͦ͗ͤͤ͘͡·ͻ ͍ ͔͔͔͙͍ͪͨͪͤͭ͊ͭͤ͘·ͻ ͍͙͒͊ͻ ͊ͤ͒͡΄͊ͺ͍ͭͦ ͤ͊ ͔͙͙ͫͪ ͔͍ͭͪ͊ͤͫͭͦ͟Σ ͨͪͦͻͦ͒Ύ΅͙ͻ ͍ 
͔͙͙ͣͪ͒ͦͤ͊͡Έͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ;͔͔ͪ͘ Ό͗ͤͯΌΣ ͔ͫͪ͒ͤΌΌ ͙ ͔͍͔ͫͪͤͯΌ ͨͦ͒ͦͤ͘· ͍ͦͫͭͦ;ͤͦ-͔͍͔͚͚ͪͦͨͫͦ͟ 
͚͎͙ͭ͊Φ ˾͔͊ͣͪ͘ ͚͊͗͒ͦ͟ ͚ͨͪͦ͋ͤͦ ͨͦ͡΅͙͊͒ нлͻнл ͣΦ ˽ͪͦ͋ͤ·͔ ͨͦ͡΅͙͊͒ ͊͊͒͘͟͡·͍͙͊ͫ͡Έ ͍ 
͔͙͍͒ͪͤͪͦ͊ͤͤ·ͻ ͨ͊ͦͪͤ͟͡·ͻ ͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡Ύͻ ό͔ͣͦͪͤͤ·͔ ͙ ͔ͦͪͤͦ͘-͔͙͍͒ͤͦ͟͡·͔ ͍͙ͪ͊ͤͤ· ͤ͊ 
͍͊ͯͤͤ͡·ͻ ͙ ͔͍͋͊ͯͤͤ͘͡·ͻ ͔ͨͫ͊͟ͻΣ ͔ͫͯͨͫΎͻ ͙ ͎͙ͫͯͤ͊͟͡ͻΣ ͎͙͔ͨͦͦ͡ ͔ͣͦͪͤͤ·͔ ͎ͪΎ͒·Σ ͍͔ͪ΄͙ͤ· ͙ ͎͙͔ͨͦͦ͡ 

mailto:greg.isachenko@gmail.com
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ͫͦͤ͟͡· ͔ͫ͡Έ͎ ҍ ͎ͪΎ͒Σ ͔ͫͦ͗ͤͤ͡·ͻ ͙͙ͪͫͭ͊͟͡͡;͔͙͙ͫͣ͟ ͙ͨͦͪͦ͒͊ͣύ ͍ ͔ͫͨ͡·ͻ ͙ ͙͔͍ͨͪͫͨ͊Ό΅͙ͻ ͔ͫ͊͡ͻ 
ό͔ͨͪͦ͋͊͒͊͡Ό΅͙͔ ͨͦ ͊ͨ͊ͫͯ͘ ͔͙ͨͦͦͤ͟͡Ύ ͔͔͍͒ͪΈ͔͍ сл-ул ͙ ул-мнл ͔ͭ͡ύ ͫ ͊͋ͫͦ͡Όͭͤ·ͣ ͔͙͔ͨͪͦ͋͊͒͊ͤͣ͡ 
͔͡ ͙ ͙ ͫͦͫͤ·Τ ͒ͦ͡Ύ ͔͙͡ ͍ ͔͊ͨ͊ͫ͘ ͍ͫͦͫͭ͊͡Ύ͊͡Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ ͔͔͔ͣͤ сл҈Φ ˽ͪͦ͋ͤ·͔ ͨͦ͡΅͙͊͒ 
͍·͙͙͋ͪ͊ͫ͡Έ ͤ͊ ͯ;͊ͫͭ͊͟ͻ ͫ ͍͙͔ͦͭͫͯͭͫͭͣ ͙͍ͨͪͤ͊ͦ͘͟ Ύ͍ͤ·ͻ ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘Φ  

˨͡Ύ ͚͊͗͒ͦ͟ ͚ͨͪͦ͋ͤͦ ͨͦ͡΅͙͊͒ ͺ͙͙͍͙ͫͪͦ͊ͫ͟͡Έ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͣͦ͘-͙ ͙͔ͣͪͦͪ͟͡Έ͔ͺ͊Σ ͍ͫͦͫͭ͊͊ 
ͨͦ;͍ͦͦ͋ͪ͊ͯ͘Ό΅͙ͻκ͙ͨͦ͒ͫͭ͊͡Ό΅͙ͻ ͨͦͪͦ͒Σ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͎͙͍ͦͪͦͤͭͦ͘ ͨͦ;͍· ͙ ͍͔ͫͻ Ύ͍ͪͯͫͦ 
͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͍ͨͦͪͦ͊͟Σ ͊ ͔ͭ͊͗͟ ͔ͨͦ͊͊ͭ͘͟͡Έ ͣͦ΅͙ͤͦͫͭ ό͍͔ͫͦͣ΅͊Ό΅͙͚ ͔͙ͨͦ͊͊ͭ͘͟͡ ͙͙ͦ͋͡Ύ ͙ 
ͨͦͪ͟·͙ͭΎύ ͒͡Ύ ͎͊͗͒ͦͦ͟ ͊͘ͺ͙͙͍͎ͫͪͦ͊ͤͤͦͦ͟ ͍͙͒͊ ͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͪ͊ͫͭͤΦ  

 
˥͙ͪ͊ͤͼ· ͨͦ͒ͦͤ͘ ͚͎͙ͭ͊ ͍ 
͚͊ͨ͊͒ͤͦ͘ ;͙͊ͫͭ ˩͍͔͚͚ͪͦͨͫͦ͟ 
˾͙͙ͦͫͫ ό͙͙͔ͫͤ ͙͙͙ͤ͡ - ͨͦ 
˶͊ͤ͒΄͊ͺ͚ͭͤͦ ͔͊ͪͭ͟ ˿˿˿˾Σ 
мфууΤ ͪ͊ͫͤ͟·͔ ͙͙͙ͤ͡ - ͨͦ 
͒͊ͤͤ·ͣ ͤ͊΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ύΥ 
1 - ͔͍͔͚ͫͪͤͦ ͙ ͔͔͚ͫͪ͒ͤ ͚͎͙ͭ͊Τ н 
- ͫ ͔͔͚ͪ͒ͤ ͙ Ό͚͗ͤͦ ͚͎͙ͭ͊Φ 

 
ώмϐ ˾͔͙͍ͤͦ͘͟ ˢΦˮΦΣ 

ˮͫ͊;͔ͤͦ͟ ˥ΦˢΦ ˮ͔͔͙͔ͣͤͤ͘ 
͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
͚͊ͨ͊͒ͤͦ͘ ;͙͊ͫͭ ͚͎͙ͭ͊ 
˩͍͔͚͚ͪͦͨͫͦ͟ ˾͙͙ͦͫͫ ͍ ͦͤ͟ͼ͔ ·· 
- ͤ͊;͔͊͡ ··L ͍͍Φ κκ ˮ͍͔͙ͫͭ͘Ύ ˾˥˻Φ 
нлнмΦ ́Φ мроΦ Ѕ мΦ ˿Φ о-18 (in 
Russian) Doi: 
10.31857/S0869607121010055 

 
 

˻͙͙ͨͫ͊ͤΎ ͍͔͔ͫ͒ͤ· ͍ ͋͊ͯ͘ ͒͊ͤͤ·ͻΣ ͍ ͚ͦͭͦͪͦ͟ ͋·͙͡ ͪ͊ͫͫ;͙ͭ͊ͤ· ͔͙ͨͦ͊͊ͭ͘͟͡Σ ͍·͋ͪ͊ͤͤ·͔ ͒͡Ύ 
ͦͼ͔͙ͤ͟ ͙͔͔͙͚ͣͤͤ͘ ͨͦ͒ͦͤ͊͘͡Έ͚ͤͦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͊ͤ͒͡΄͊ͺ͍ͭͦΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͪ͊ͫͫ;͙ͭ͊ͤ ͔ͨͦ͊͊ͭ͘͟͡Έ 
͚ͫͯͣͣ͊ͪͤͦ ͣͦ΅͙ͤͦͫͭ ͍͙͍͒ͦΣ ͙͔ͨͪͤ͊͒͗͊͡΅͙ͻ ͟ ͚͊͗͒ͦ͟ ͙͘ ͍·͔͔͒ͤͤ͡·ͻ мн Ή͎ͦͦͦ͟͡-ͺ͙͙ͦͪͫͭ͡;͔͙ͫ͟ͻ 
͎ͪͯͨͨ ͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͪ͊ͫͭͤΥ ͔͋ͦͪ͊͡Έͤ·͔ ͙͎ͦͦͭͪͦ͡ͺͤ·͔ ͙ͯͫͭ͊ͪͤ͟;͙͟Τ ͔͋ͦͪ͊͡Έ͔ͤͦ ͔͔ͫͤͦ͡ 
͍ͪ͊ͤͦͭͪ͊͘Έ͔Υ  ͔ͤͣͦͪ͊͡Έ͔ͤͦ ͔͔ͫͤͦ͡ ͍ͪ͊ͤͦͭͪ͊͘Έ͔Τ ͔ͫͤ͡·͔ ͙ ͎͍ͯͦ͡·͔ ͔ͫͪͦ͟-͔ͣͦ͘ͺ͙ͭ·Τ ͦͨͯ΄͔;ͤ·͔ 
͍ͭͪ͊Ύ͙ͤͫͭ·͔ ͔ͣͦ͘ͺ͙ͭ·Τ ͎͍ͯͦ͡·͔ ͍ͭͪ͊Ύ͙ͤͫͭ·͔ ͔ͣͦ͘ͺ͙ͭ·Τ ͎͍ͯͦ͡·͔ ͙ ͦͨͯ΄͔;ͤ·͔ ͍ͭͪ͊Ύ͙ͤͫͭ·͔ 
͔͎͙͎ͣͦͪͦ͘ͺ͙ͭ·Τ ͍ͭͪ͊Ύ͙ͤͫͭ·͔ ͎͙͎ͪͦͺ͙ͭ·Τ ͋ͦͦͭͤ͡·͔ ͙͎ͦͦͭͪͦ͡ͺͤ·͔ ͙ͯͫͭ͊ͪͤ͟;͙͟Τ ͋ͦͦͭͤ͡·͔ ͙ͦͫͦ͟Τ 
͔ͫͦͪͤͦ ͍ͪ͊ͤͦͭͪ͊͘Έ͔Τ Ή͔͔ͫͨͪͤͭ͟͡·Φ ˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͙͔͔ͣͪͤͤ͘·ͻ ͍ ͔ͨͦ͡ ͙ ͪ͊ͫͫ;͙ͭ͊ͤͤ·ͻ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ 
͋͊͘ ͒͊ͤͤ·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͒͡Ύ ͎͊͗͒ͦͦ͟ ͔ͭͪ͊ͤͫͭ͊͟ ͋·͙͡ ͔ͨͦͫͭͪͦͤ· ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͨͦ ΄͙͔ͪͦͭ ͍ͦͫͤͦͤ·ͻ 
͙͙ͤ͒͊ͭͦͪͤ͟·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙͔͔͙ͣͤͤ͘Ύ ͦͤ͊͘͡Έͤ·ͻ ͔͋ͦͪ͊͡Έͤ·ͻ ͊ͤ͒͡΄͊ͺ͍ͭͦ ͍ ͍ͫΎ͙͘ ͫ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ 
͙ͣ͊ͭ͊͟͡Φ ˿ ͯ;͔ͭͦͣ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͙ͤ͊ͣ ͔͊ͦͤͦͣͪͤ͘͟·ͻ ͙͔͔͙͚ͣͤͤ͘ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͊͘ 
͔͙͔ͨͦͫ͒ͤ͡ ол ͔ͭ͡Σ ͍͙͎ͫ͒ ͎͙ͪ͊ͤͼ ͨͦ͒ͦͤ͘ ͚͎͙ͭ͊ ͙ ͦͤ͘· ͚͎͙ͭ͊ ͍ ͼ͔ͦͣ͡ ͍ ͚͊ͨ͊͒ͤͦ͘ ;͙͊ͫͭ ˩͍͔͚͚ͪͦͨͫͦ͟ 
˾͙͙ͦͫͫ ͤ͊ лΦр - мϲ ͍ ͔͍͔ͫͪͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͍͔ͦ͋ͯͫͦͤ͡͡ ͫͯ΅͔͍͔ͫͭͤͤ·ͣ ͍͔͙ͯ͡;͔͙͔ͤͣ 
͔͔͔ͭͨͦͦ͋ͫͨ͡;͔͙ͤͤͦͫͭ ͔͙͙͙ͭͪͪͭͦͪ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ό͙ͪͫΦ) 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔͍͔ͫͪ ͔͍͔͚͚ͪͦͨͫͦ͟ ;͙͊ͫͭ ˾͙͙ͦͫͫΣ ͔ͭ͊͗ͤ·͔ ͨͦ͒ͦͤ͘·Σ ͔͙͙ͣͪ͒ͦͤ͊͡Έͤ·͔ 
͔ͭͪ͊ͤͫͭ͟·Σ ͙͔͔͙͔ͣͤͤ͘ ͙ͣ͊ͭ͊͟͡Φ 
 

ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔͔ͨͪͦ͒ͤ· ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ ͎ͪ͊ͤͭ͊ ˾͙͚͎ͦͫͫͫͦͦ͟ ͺͦͤ͒͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ 
͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ όЅ мф-05-01003). ˽͔ͦ͒͒ͪ͗͊ͤͦ ˿͊ͤͭ͟-˽͔͔͎͙ͭͪ͋ͯͪͫͣ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ 
͙͍͔͙͔ͯͤͪͫͭͭͦͣ όL5 ͔ͨͪͦͭ͊͟ фтмуолсоύΦ 
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˶ˢ˹˨̊ˢ̅́˹̍˯ ˽˻˨̆˻˨ ˴ ˻˾˥ˢ˹ˮ˭ˢ̇ˮˮ ˾˩˴˾˩ˢ̇ˮ˻˹˹˻˥˻ 
˽˾ˮ˾˻˨˻˽˻˶̎˭˻ˤˢ˹ˮ̒ ˮ ˻˽˾˩˨˩˶˩˹ˮ̑ ˾˩˴˾˩ˢ̇ˮ˻˹˹̍̆ 
˹ˢ˥˾̂˭˻˴ ˹ˢ ˻˿˻ˣ˻ ˻̆˾ˢ˹̒˩˸̍̆ ˽˾ˮ˾˻˨˹̍̆ ́˩˾˾ˮ́˻˾ˮ̒̆ 

 

́͊ͭΈΎͤ͊ ˮͫ͊;͔ͤͦ͟Σ ˥͙͎͙͚ͪͦͪ ˮͫ͊;͔ͤͦ͟ 
 

1ˢͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͚ ͨͪͦͺ͔ͫͫͦͪΣ ˴ ͙͊ͤ͒͒͊ͭ ˥͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ˹͊ͯ͟Σ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ ͙͙̅͘;͔͚ͫͦ͟ ˥͔͎ͦͪ͊ͺ͙͙  
͙ ˶͊ͤ͒΄͊ͺ͎ͭͤͦͦ ˨͙͚͊ͤ͊͘Σ ˿͊ͤͭ͟-˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΣ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ˾͙ͦͫͫΎ;  

2ˢͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͚ ͨͪͦͺ͔ͫͫͦͪΣ ˴͙͊ͤ͒͒͊ͭ ˥͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ˹͊ͯ͟Σ ˿ ͊ͤͭ͟-˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ 
͙͍͔͙͔ͯͤͪͫͭͭΣ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ˾͙ͦͫͫΎ 

 
 
 
 
 
 
 
 
 

 
 

 
 
Tatiana Isachenko                                       Grigorii Isachenko 

 

Abstract 
The processes associated with the spatial organization of recreation are investigated.  There are 

major trends: an increase in the area and diversity of recreational complexes; increasing the degree of 
space transformation; strengthening the correlation of the structure of the complex with its specialization; 
increasing the versatility of recreational complexes and areas; unification of the structure of various types 
of residential-recreational complexes; reduction of the permeability of the complexes; reducing the role of 
landscape conditions in the placement of recreational complexes. To study the spatial organization of 
recreation, the author have proposed a landscape-dynamic approach, adapted to study territorial 
recreational complexes and areas. Regulation of recreational impact and control of acceptable changes in 
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natural territorial complexes due to recreation is one of the main tasks of recreational environmental 
management. The paper considers the approach to the analysis of the interaction of recreation and 
landscapes based on landscape-dynamic maps, as well as the method of mapping and monitoring 
recreational disturbance of the territory for managing recreational use of natural resources within natural 
protected areas. The experience of monitoring recreational disturbance of the test area (Shchuchye lake 
natural reserve, Kurortnyi district of Saint-Petersburg) for the period 2008 - 2019 years is analyzed. 

The decrease of recreational disturbance was revealed while the number of recreants increased: a 
decrease in the area of bare surface, accordingly, an increase in the area of secondary vegetation, a 
decrease in the number of fireplaces, felled and damaged trees, the appearance of a generation of trees 
transferred from undergrowth to forest stand. Positive dynamics is connected both with the restriction of 
car access to the coast of the lake, and with the arrangement of the territory with the special barbeque 
places, tables, benches, rubbish containers, toilets etc. An increase in the concentration of recreants in 
three plots of the coast and a reduction of impact on other plots accompanied by the processes of 
restoration of natural complexes (including the restoration of the stand) are observed. In areas of 
concentration of recreants located within sand hills, the beginning of erosion processes was recorded 
causing the formation of beaches (open sandy surfaces). Recommendations were made for making 
management decisions related to the development of recreation in the study area. It was determined that 
further attention should be focused on controlling the most attractive and vulnerable areas - complexes of 
sand hills near the lake coast and sandy plains in close proximity to car parking. Monitoring and mapping of 
recreational disturbance of the territory based on landscape-dynamic maps made possible to reveal the 
spatial differentiation of the processes, related with recreational use of landscape. 

Keywords: territorial organization of recreation, landscape-dynamic approach, recreational complex, 
recreational impact. 

 

ˢ͋ͫͭͪ͊ͭ͟ 
ˤ ͦͤ͟ͼ͔ ·· ς ͤ͊;͔͊͡ ··L ͍͍Φ ͔͔ͪͪ͊͟ͼ͙Ύ ͫͭ͊͊͡ ͍ͦͫͦͤ͊͊ͭ͘ΈͫΎ ͊͟͟ ͍͊͗ͤ·͚ ͺ͊ͭͦͪ͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

͊ͤ͒͡΄͊ͺ͍ͭͦΦ ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ ͔͔ͪͪ͊͟ͼ͙͔ͦͤͤͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎͔ͪ͊ͭ ͍͔ͫ ͔͔͋ͦ͡ ͍͊͗ͤͯΌ 
ͪͦ͡Έ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͍ͯͪͦͤΎ ͍͔͙ͦͫͦͤͤͦͫͭ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ ˾͔͔ͪ͊͟ͼ͙Ύ ͙ͨͪͻ͙ͦ͒ͭ ͤ͊ ͔ͫͣͤͯ ͔͙͔ͫͭ͋ͤͦͣͯ͡ ͙ 
͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤͦͣͯ ͍͔͙ͦͫͦͤΌ ͔͙͙͙ͭͪͪͭͦͪΦ ́͊͟ ͨͦ͡΅͊͒Έ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·ͻ ͎͙͚ͯͦ͒ ͤ͊ 
ͦͤͭͪͦ͟͡Έͤͦͣ ͙͎͔ͨͦͦͤ͡ ͍͙͙͋͘͡ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪ͊ όͨͦ͡΅͊͒Έ ͙͎ͨͦͦͤ͊͡ олл ͣ͟чύ ͙ͫͦͪ͊ͭ͊ͫ͟͡Έ ͊͘ 
͔͙͔ͨͦͫ͒ͤ͡ рл ͔ͭ͡ ͔͔͋ͦ͡ ;͔ͣ ͍ о ͪ͊͊͘Σ ͊ ͨͦ͡΅͊͒ΈΣ ͊ͤ͘Ύͭ͊Ύ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͙ͣ ͙ ͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-
͔͙͔ͫͭ͋ͤ͡·͙ͣ ͔͙ͦͣͨͫ͊ͣ͟͟͡ ͍ͦͪͦͫ͊͘͡ ͔͔͋ͦ͡ ;͔ͣ ͍ мл ͪ͊͘ ͙ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͔͎ͫͦ͒ͤΎ мн ҈ ͦͭ ͨͦ͡΅͙͊͒ 
͙͎ͨͦͦͤ͊͡Σ ;ͭͦ ͨͦ;͙ͭ ͍͔ͭͪͦ ͔͍ͨͪͦͫͻ͙ͦ͒ͭ ͨͦ͡΅͊͒ΈΣ ͊ͤ͘ΎͭͯΌ ͎ͯͦ͒ΈΎ͙ͣΦ  ˭͊ ͍͔ͪͣΎ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ нллуς
нлнл ͎͎Φ ͋·͡ ͦͼ͔͔ͤͤ ͣ͊ͫ΄ͭ͊͋ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͤ͊ ͊ͤ͒͡΄͊ͺͭ· ͍ 
ͤ͊;͔͊͡ ··L ͍Φ ˻͔͔͔ͨͪ͒ͤ͡· ͍ͦͫͤͦͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͊ͤ͒͡΄͊ͺ͚ͭͤͦ ͫͭͪͯͭͯͪ͟· ͔͙͙͙ͭͪͪͭͦͪ 
͙ ͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦ ͨ ͙ͪͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΦ 

˾͔ͦ͘͟ ͍͔͙ͯ͡;͙͊ͫ͡Έ ͨͦ͡΅͊͒ΈΣ ͙͔͊ͤͣ͊ͣ͊͘Ύ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͙ͣ ͔͙ͦͣͨͫ͊ͣ͟͟͡Σ ͙ ͙ͻ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘Φ 
˹͙͊ͣ ͍·͔͔͒ͤ͡· ͙ ͙ͦͨͫ͊ͤ·Υ мύ ͙ͭͯͪͫͭͫͦ͟-͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͔ͦͣͨͫ͟͟͡· ό͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͯ;͔͔͙ͪ͗͒ͤΎ 
͔͎ͫͦͤͤͦͦ͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫ ͔͔͍͒ͪΎ͚ͤͤͦ ͚͚͊ͫͭͪͦͦ͘͟Τ ͔ͦͣͨͫ͟͟͡· ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͒͊;Σ ͍͔ͫ͒͊͊ͣ·ͻ ͍ 
͔͊ͪͤ͒ͯΤ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͯ;͔͔͙ͪ͗͒ͤΎ ͎͎͙ͪͯͦͦ͒͟͡;͎ͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫ ͙͊ͨͭ͊͟͡Έ͚ͤͦ ͚͚͊ͫͭͪͦͦ͘͟ύΤ нύ 
͔ͦͣͨͫ͟͟͡· ͫ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ ͺͯͤ͟ͼ͙͔͚ ό͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-͔͡;͔͋ͤ·͔Τ ͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-
͍͙͔ͦ͒ͦͪͦͭ͘͡Έͤ·͔Τ ͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-͙͍ͫͨͦͪͭͤ·͔Τ ͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-͔͙͔ͫͭ͋ͤ͡·͔ ͙ ͨͪΦύΤ оύ ͔͙͔ͫͭ͋ͤͦ͡-
͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͔ͦͣͨͫ͟͟͡· ό͋·͍΄͙͔ ͔ͫ͡Έ͙͔ͫ͟ ͔͔͙ͨͦͫͤ͡ΎΣ ͔͙͍ͫͣͤ΄͙͔ ͺͯͤ͟ͼ͙Ό ͤ͊ ͔͔ͪͪ͊͟ͼ͙ͦͤͤͯΌΤ 
͒͊;ͤ·͔ ͔͙ͨͦͫ͟͡Σ ͫͦͻ͙͍ͪ͊ͤ΄͙͔ ͍͙ͫͦ ͺͯͤ͟ͼ͙͙ ͫ ͦͤ͟ͼ͊ ·L· ς ͤ͊;͊͊͡ ·· ͍͍ΦΤ ͔͙͍ͦͭͤ͟͟͡͡·͔ ͍͍ͫ͊͒ͦͦ͒ͫͭ͊Τ 
͍͔͔ͫͦͪͣͤͤ·͔ ͔ͦͭͭ͒͗ͤ͟·͔ ͒͊;ͤ·͔ ͔͙ͨͦͫ͟͡ύΤ пύ ͙ͨͪͪͦ͒ͦͦͻͪ͊ͤͤͦ-͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͔ͦͣͨͫ͟͟͡· όͦͫͦ͋ͦ 
ͦͻͪ͊ͤΎ͔ͣ·͔ ͙ͨͪͪͦ͒ͤ·͔ ͔͙͙͙ͭͪͪͭͦͪ ͫ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ ͺͯͤ͟ͼ͙͔͚Υ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͔ ͙ ͙ͨͪͪͦ͒ͤ·͔  ͙ͨ͊ͪ͟Σ 
͎͙͔ͦͪͦ͒ͫ͟ ˻˻˽́ ͙ ͒ͪΦΣ ͎͔͒ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͙ͨͦͭͦ͟  ͙ͦͤͭͪͦͪͯ͟͡ΌͭͫΎΤ ͔͙͙͙ͭͪͪͭͦͪ ͎͙͍͚ͫ͊ͣͦͦͪ͊ͤͦ͊ͤͤͦ͘ 
͔͔ͪͪ͊͟ͼ͙͙Υ ͯ;͙͊ͫͭ͟ ͙ͨͪͪͦ͒ͤ·ͻ ͊ͤ͒͡΄͊ͺ͍ͭͦΣ ͔ͨͦͫ΅͔͊ͣ·͔ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͨͦͫͭͦΎͤͤ·͙ͣ ͎͙ͪͯͨͨ͊ͣ 
ͦͭ͒·ͻ͊Ό΅͙ͻΣ ͦͭͦͪ͟·͔ ͙͍ͦ͋ͯͫͭͪ͊͊Όͭ ͔͔ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫͦ ͍͙͙ͫͦͣ ͔ͨͪ͒ͨͦ;͔͙ͭͤΎ͙ͣΤ ͔͙͙͙ͭͪͪͭͦͪ 
͙ͫͭͻ͙͚͚ͤͦ ͔͔ͪͪ͊͟ͼ͙͙Σ ͎͔͒ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͔ ͙ͨͦͭͦ͟ ͺ͙ͦͪͣͪͯΌͭͫΎ ͙ͫͭͻ͙͚ͤͦ ͙ ͔͋ͫͦͤͭͪͦ͟͡Έͤͦύ ώмϐΦ 
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˽ͪͦͼ͔ͫͫ· ͙ͣͦ͒ͺ͙͊͟ͼ͙͙ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ ͍ ··L ͍Φ ͍͔ͦ͋ͯͫͦͤ͡͡·Υ мύ 
ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͙͍͔͙͒ͪͫͺ͙͊͟ͼ͙͔͚ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͊ͤ͘Ύ͙͚ͭΤ нύ ͙͔͙͔ͯͫͤͣ͡ ͔ͦͪͪ͟͡Ύͼ͙͙ ͫͭͪͯͭͯͪ͟· 
͔ͦͣͨͫ͊͟͟͡ ͫ ͔͎ͦ ͔ͫͨͼ͙͙͊͊͘͡ͼ͙͔͚Τ оύ ͙͙͔ͨͪ͒͊ͤͣ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͣ ͔ͦͣͨͫ͊ͣ͟͟͡ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ 
ͺͯͤ͟ͼ͙͚Τ пύ ͙͔͙͔ͯͫͤͣ͡ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͔͍ͦͣͨͫͦ͟͟͡Σ ͒͡Ύ ͦͭͦͪ͟·ͻ ͔͔ͪͪ͊͟ͼ͙Ύ ͔ͤ 
Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͺͯͤ͟ͼ͙͔͚Τ рύ ͨͦͨ·͙ͭ͊ͣ͟ ͊͟͟ ͯ;͙ͭ·͍͊ͭΈΣ ͭ͊͟ ͙ ͙͎͙͍ͤͦͪͪͦ͊ͭΈ ͊ͤ͒͡΄͊ͺͭͤͯΌ 
ͫͭͪͯͭͯͪͯ͟ ͔͙͙͙ͭͪͪͭͦͪΦ 

ˤ͔͚͍͙͔ͦ͒ͫͭ͘ ͔͔ͪͪ͊͟ͼ͙͙ ͤ͊ ͔͙͙ͭͪͪͭͦͪΌ ͙ͤͦͫͭ ͨͦ͡΅͚͊͒ͤͦΣ ͙͔͚ͤͤ͡·͚ ͙ ͭͦ;͔;ͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 
́ͦ;͔;͔ͤͦ ͔ͪ͊ͣ͘΅͔͙͔ͤ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͦ͋Ά͔͍ͭͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊ͤ͒͡΄͊ͺͭͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ 
͔͙͙͙ͭͪͪͭͦͪΣ ͙͔͚͔ͤͤͦ͡ ͍͙͙͊ͫͭ͘ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͦͭ ͚ͭͪ͊ͤͫͨͦͪͭͤͦ ͔͙ͫͭΣ ͨͦ͡΅͔͊͒ͤͦ ͔͊͒͊ͭͫ͘Ύ 
͙͋ͦͫͭ͘͡ΈΌ ͋ͦ͡Έ΄͙ͻ ͎͍ͦͪͦ͒ͦ ό͙͙ͪͭ͟;͔͚ͫͦ͟ ͣ͊ͫͫ· ͔͔͍ͪͪ͊ͤͭͦ͟ύΦ ˤ ͼ͔ͦͣ͡ ͔͎ͫͦ͒ͤΎ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ 
͔͔͙ͫͭͨͤ ͔ͯͣͤΈ΄͔͊ͭͫΎ ͪͦ͡Έ ͊ͤ͒͡΄͊ͺͭͤ·ͻ ͍͙͚ͯͫͦ͡ ͍ ͔ͪ͊ͣ͘΅͔͙͙ͤ ͙ͭͯͪͫͭͫͦ͟-͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͙ 
͔͔ͪͪ͊͟ͼ͙ͦͤͤͦ-͔͙͔ͫͭ͋ͤ͡·ͻ ͔͍ͦͣͨͫͦ͟͟͡Σ ͒͡Ύ ͦͭͦͪ͟·ͻ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͍·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ 
͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͙ ͚͔ͪ͊ͤ͟ ͙ͤ͊͘͟Ύ ͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͊ͤ͒͡΄͊ͺͭ͊Φ ˻͋ͦͫͭͪΎΌͭͫΎ ͦͤ͟ͺ͙ͭ͟͡· ͍͙ͤͯͭͪ 
͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͊͘ ͫ;͔ͭ ͔͔͙ͫͭͪͣͤ͡Ύ ͊ͪ͘͟·ͭΈ ͔ͤ ͭͦ͡Έͦ͟ ͍͔͔͔ͤͯͭͪͤͤΣ ͤͦ ͙ 
͙͔͎ͨͪ͊͡Ό΅͔͔ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͍ ͔ͦͭͭ͒͗ͤ͟·ͻ ͔ͦͣͨͫ͊͟͟͡ͻΣ ͍͍ͫ͊͒ͦͦ͒ͫͭ͊ͻ ͔͔͎ͨͦͫ͒ͤͦ͡ ͔͙ͨͦͦͤ͟͡Ύ ͙ 
ͯ;͔͔͙ͪ͗͒ͤΎͻ Ή͙͚ͭͤͦ͡ ͔͔ͪͪ͊͟ͼ͙͙Φ ˤ ͼ͔ͦͣ͡ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͔͔ͪͪ͊͟ͼ͙Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͯͣͤΈ΄͔͙ͤΌ 
͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͊ͤ͒͡΄͊ͺ͍ͭͦ ͊͟͟ ͒͡Ύ ;͔͍͔ͦ͊͟͡Σ ͭ͊͟ ͙ ͒͡Ύ ͙͙͒͟ͻ ͙͍͗ͦͭͤ·ͻΦ 

˨͡Ύ ͙ͯ͘;͔͙ͤΎ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͔ͪͪ͊͟ͼ͙͙ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͊ͤ͒͡΄͊ͺͭͤͦ-
͙͙͒ͤ͊ͣ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Σ ͦͭͦͪ͟·͚ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͦͤ͟ͼ͔ͨͼ͙͙ ͙͙͙͒ͤ͊ͣ͟ ͊ͤ͒͡΄͊ͺ͍ͭͦ ώоϐΣ 
͙͍͚͊͒͊ͨͭͪͦ͊ͤͤͦ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ ͙ ͔͔͚ͣͫͭͤͦͫͭΦ ˻͍͔ͫͤͦͤͦ 
͔͙ͨͪͣͯ΅͔͍ͫͭͦ ͊ͤ͒͡΄͊ͺͭͤͦ-͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͙ͨͪ ͙ͯ͘;͔͙͙ͤ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 
͔͔ͪͪ͊͟ͼ͙͙ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͎͊ͪͭͦͪ͊͟ͺ͙;͔͎ͫͦͦ͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ό͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύύ ͒͡Ύ 
͡Ό͚͋ͦ ͔͙͙͙ͭͪͪͭͦͪ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͊ͪ͊ͫ͊͟͟ ͊ͤ͒͡΄͊ͺͭͤ·ͻ ͔͔͙͚ͣͫͭͦͨͦͦ͗ͤ͡Σ ͔ͤ 
͙͔ͣͤ͘Ύ͔͎ͣͦͦ ͙ͨͪ ͙͔͔ͤ͊͋ͦ͡ ͙͙ͭͨ;ͤ·ͻ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͻΦ ˸͔͔͙͔ͫͭͦͨͦͦ͗ͤ͡ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 
ͺ͚ͦͪͣͦ ͔ͪ͡Έ͔ͺ͊Σ ͍ͫͦͫͭ͊ͦͣ ͍͔ͪͻ͔͎ͤͦ ͫͦ͡Ύ ͨͦ;͍ͦͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͨͦͪͦ͒ ͙ ͔͙ͪ͗ͣͦͣ ͍͔͙ͯ͊͗ͤͤ͡ΎΥ 
͙͔ͤ͊ͨͪͣͪΣ ͍͙ͦͤͫͭ͡·͔ ͍͙ͪ͊ͤͤ· ͤ͊ ͔͍͋͊ͯͤͤ͘͡·ͻ ͔ͨͫ͊͟ͻ ͙͋͘·ͭͦ;ͤͦ ͍͔ͯ͊͗ͤͤͤ͡·͔Φ ˽͙ͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 
˥ˮ˿-͔ͭͻ͎͙͚ͤͦͦ͡ ͊ͪͭ͊͟ ͔͔͙͚ͣͫͭͦͨͦͦ͗ͤ͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ζ͍͋͊ͦ͘·͚ ͚ͫͦ͡η ͔͙͙ͫͪ ζ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻη 
͊ͪͭ͟Σ ͍͔ͫͦ͒͊͊ͣ͘·ͻ ͤ͊ ͔͔ ͍͔ͦͫͤͦΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͎͔͙͔ͣͤͦͦͭͤ͡ ͫͦͫͭͦΎ͙ͤΎ ͙ͨͪͪͦ͒ͤ-ͦͯ͟͡Έͭͯͪͤ·ͻ 
͔͍ͦͣͨͫͦ͟͟͡Σ ͙͔ͣΌ΅͙͔ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡Ύ͙ͣ ͔͔͋ͦ͡ ͍·ͫͦͯ͟Ό ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͯΌ 
͒ͪͦ͋ͤͦͫͭΈΣ ͎ͣͦͯͭ ͋·ͭΈ ͎͊ͪͭͦͪ͊͟ͺ͙͍ͪͦ͊ͤ· ͍ ͊͟;͔͍͔ͫͭ ͔ͦͭ͒͡Έ͎ͤͦͦ ͫͦ͡ΎΣ ͙ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒Έ ͫͭ͊ͭΈ 
ζ͍͚ͦͫͤͦͦη ͔͙͙ͫͪ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͦͼ͔ͤͦ;ͤ·ͻ ͊ͪͭ͟Φ ˸͎͔͙͔ͤͦͦͭͤ͡ ͫͦͫͭͦΎ͙ͤΎ ͔͔ͨͪ͒͊Όͭ ͙͙ͫͭͦͪͦ͟-
ͯ͟͡ΈͭͯͪͤͯΌ ͔ͫͨͼ͙ͺ͙ͯ͟ ͍͔͙ͦͫͦͤΎ ͔͙͙͙ͭͪͪͭͦͪ ό͍ ͭͦͣ ;͙͔ͫ͡ ͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦύΥ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͊͟;͔͍͔ͫͭ 
ͫͦͫͭͦΎ͙͚ͤ ͙ͦͨͫ·͍͊ΌͭͫΎ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ ͙ͨͦͫ͊͒͟ όͫ͊͒· ͙ ͙ͨ͊ͪ͟ύΣ ͚͊ͫͭͪͦ͊͘͟ ͔͙͙͙ͭͪͪͭͦͪ ͔͔͍͒ͪΎͤͤ·͙ͣ 
͙͒ͦͣ͊ͣΦ ˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͍͔͔ͪ͊ͤͦͪͣͤͤ͘·ͻ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͊ͪͭ͟Σ ͍·͔ͨͦͤͤͤ͡·ͻ ͤ͊ ͊ͤ͒͡΄͊ͺͭͤͦ-
͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͍͔ͦͫͤͦ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͙ͫͦͫͭ͊ͭΈ ͊ͪͭ͟· ͨͪͦͼ͔͍ͫͫͦΣ ͦͭͪ͊͗͊Ό΅͙ͻ ͙͙͒ͤ͊ͣͯ͟ 
͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͔ͪͪ͊͟ͼ͙͙Φ 

͍͔͙͔̂ͨͪ͊ͤ͡ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·͙ͣ ͎͙ͤ͊ͪͯ͊ͣ͘͟ ͙ ͦͤͭͪͦ͟͡Έ ͙͒ͦͨͯͫͭͣ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͙ͨͪͪͦ͒ͤ·ͻ 
͔͍ͦͣͨͫͦ͟͟͡ ͙ͨͪ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͻ ͍͔͚͍͙ͦ͒ͫͭ͘Ύͻ ς ͦ͒ͤ͊ ͙͘ ͎͍͊ͤ͡·ͻ ͊͒͊͘; ͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦ 
͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΦ ˽͙ͪ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͔͙͙ͣͭͦ͒͟ ͎͊ͪͭͦͪ͊͟ͺ͙͍͙ͪͦ͊ͤΎ ͙ ͙͙͎ͣͦͤͭͦͪͤ͊ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ 
ͤ͊ͪͯ΄͔͙ͤͤͦͫͭ ͔͙͙͙ͭͪͪͭͦͪ ͒͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͣ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͋·͡ ͍·͋ͪ͊ͤ 
͙͎ͨͦͦͤ͡ ͍ ͚͔ͪ͊ͦͤ ͦ͘Φ ̋ͯ;Έ͔ ό˴ͯͪͦͪͭͤ·͚ ͚ͪ͊ͦͤ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪ͊ύ ώнϐΦ ˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͤ͘͡ ͦͨ·ͭ 
͙͙͎ͣͦͤͭͦͪͤ͊ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ ͤ͊ͪͯ΄͔͙ͤͤͦͫͭ ͙͎ͨͦͦͤ͊͡ ͊͘ ͔͙ͨͪͦ͒ нллу-нлмф ͎͎Φ ˸͙͙͎ͦͤͭͦͪͤ 
ͦͫͯ΅͔͍ͫͭ͡Ύͫ͡Ύ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔ͣͭͦ͒͊ ͊ͤ͒͡΄͊ͺͭͤͦ-͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͎͊ͪͭͦͪ͊͟ͺ͙͍͙ͪͦ͊ͤΎΦ ˽͔ͦͫ͡ 
͙ͫͦ͒͊ͤ͘Ύ ͦͫͦ͋ͦ ͦͻͪ͊ͤΎ͔͚ͣͦ ͙͚ͨͪͪͦ͒ͤͦ ͔͙͙͙ͭͪͪͭͦͪ ͍·Ύ͍͔ͤͦ͡ ͙͔͙͔ͫͤ͗ͤ ͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ 
ͤ͊ͪͯ΄͔͙ͤͤͦͫͭ ͙ͨͪ ͍͔͙ͯ͡;͔͙͙ͤ ;͙͔͙ͫͤͤͦͫͭ͡ ͔͔͍ͪͪ͊ͤͭͦ͟Υ ͔ͯͣͤΈ΄͔͙͔ͤ ͨͦ͡΅͙͊͒ ͍·͚ͭͦͨͭ͊ͤͤͦ 
͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ ͍͔͙ͯ͡;͔͙͔ͤ ͨͦ͡΅͙͊͒ ͍͙ͭͦͪ;͚ͤͦ ͙͔ͪ͊ͫͭͭ͡Έ͙ͤͦͫͭΣ ͔ͯͣͤΈ΄͔͙͔ͤ 
͙ͦ͟͡;͔͍ͫͭ͊ ͙ͦͫͭͪ͟΅Σ ͍͔ͨͦ͊ͤͤ͡·ͻ ͙ ͍͔͔ͨͦͪ͗͒ͤͤ·ͻ ͔͔͍͒ͪΈ͔͍Σ ͨͦΎ͍͔͙͔ͤ͡ ͔͙ͨͦͦͤ͟͡Ύ ͔͔͍͒ͪΈ͔͍Σ 
͍·΄͔͒΄͙ͻ ͙͘ ͔ͨͦ͒ͫ͊͟͡ ͍ ͔͍͚͒ͪͦͫͭͦΦ ˽͙͔ͦͦ͗ͭ͡͡Έͤ͊Ύ ͙͙͒ͤ͊ͣ͊͟ ͍ͫΎ͊ͤ͊͘ ͊͟͟ ͫ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ 
͍͙͊ͭͦͣͦ͋͡Έ͎ͤͦͦ ͒ͦͫͭͯͨ͊ ͟ ͔͔͎͋ͪͯ ͔ͦͪ͊͘Σ ͭ͊͟ ͙ ͫ ͚͍ͦ͋ͯͫͭͪͦͫͭͦͣ ͔͙͙͙ͭͪͪͭͦͪ ͔ͫͨͼ͙͊͡Έͤ·͙ͣ ͔͙ͣͫͭ͊ͣ 
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͒͡Ύ ͔͋͊ͪ͋͟ΌΣ ͙ͫͭͦ͊ͣ͡Σ ͔͚͙ͫ͊ͣ͊ͣ͟͟Σ ͣͯͫͦͪͤ·͙ͣ ͔͚͔͙ͦͤͭͤͪ͊ͣ͟Σ ͔͙ͭͯ͊ͭ͊ͣ͡ ͙ ͭΦ ͒Φ ͍͔͙̂͡;͔͙͔ͤ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔͔͍ͪͪ͊ͤͭͦ͟ ͍ ͔ͭͪͻ ͯ;͙͊ͫͭ͟ ͔͔ͨͦ͋ͪ͗ΈΎ ͙ ͙͔͙͔ͫͤ͗ͤ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͎͙͔͒ͪͯ ͯ;͙͊ͫͭ͟ 
͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͨͪͦͼ͔͙ͫͫ͊ͣ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ ό͍ ͭͦͣ ;͙͔ͫ͡ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ 
͔͍͒ͪͦͫͭͦΎύΦ ˤ ͚ͪ͊ͦͤ͊ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔͔͍ͪͪ͊ͤͭͦ͟Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͍ ͔͔ͨͪ͒͊͡ͻ ͔ͨͫ;͊ͤ·ͻ ͻ͍ͦͣͦ͡Σ 
͊͘ͺ͙͙͍ͫͪͦ͊ͤͦ͟ ͤ͊;͊ͦ͡ Ή͙ͪͦͦͤͤ͘·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͦͭͦͪ͟·ͻ ͍͙ͦ͋ͪ͊ͦ͊ͫ͘͡Έ ͨ͡Ύ͙͗ όͦͭͪ͟·ͭ·͔ 
͔ͨͫ;͊ͤ·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭύΦ ˨͊ͤ· ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͒͡Ύ ͙ͨͪͤΎ͙ͭΎ ͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤ ͙͔͒ͪ͟ͼ͙͔͚ 
˻˻ ˽́Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͔͔ͪͪ͊͟ͼ͙͙Φ 

˻͔͔͔ͨͪ͒ͤͦ͡Σ ;ͭͦ ͒͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͤͣ͊ͤ ͔͔ͫ͒ͯͭ͡ ͔ͫͦͫͪ͒ͦͭͦ;͙ͭΈ ͤ͊ ͔ͦͤͭͪͦ͟͡ ͙͔͔ͤ͊͋ͦ͡ 
͙͍͔͔ͨͪ͊ͭ͟͡͡Έͤ·ͻ ͙ ͯΎ͍͙ͣ͘·ͻ ͯ;͍͊ͫͭͦ͟ - ͔͍ͦͣͨͫͦ͟͟͡ ͔ͨͫ;͊ͤ·ͻ ͻ͍ͦͣͦ͡ ͯ ͔͔ͨͦ͋ͪ͗ΈΎ ͔ͦͪ͊͘ ͙ ͔ͨͫ;͊ͤ·ͻ 
͍͙ͪ͊ͤͤ ͍ ͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͙͋ͦͫͭ͘͡ ͦͭ ͍͙͊ͭͦͣͦ͋͡Έͤ·ͻ ͫͭͦΎͤͦ͟Φ ˸͙͙͎ͦͤͭͦͪͤ ͙ ͙͍͙͔͊ͪͭͪͦ͊ͤ͟ 
͔͔ͪͪ͊͟ͼ͙͚ͦͤͤͦ ͤ͊ͪͯ΄͔͙ͤͤͦͫͭ ͔͙͙͙ͭͪͪͭͦͪ ό͍͟͡Ό;͊Ύ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͊ͪͭ͟· ͨͪͦͼ͔͍ͫͫͦύ ͤ͊ ͍͔ͦͫͤͦ 
͊ͤ͒͡΄͊ͺͭͤͦ-͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͊ͪͭ͟ ͍͙ͨͦͦ͘͡͡ ͍·Ύ͍͙ͭΈ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͯΌ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙Ό ͨͪͦͼ͔͍ͫͫͦΣ 
͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͔ͪͪ͊͟ͼ͙ͦͤͤ·ͣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͡ ͊ͤ͒΄͊ͺͭ͊Φ 

ˢ͙ͤ͊͘͡ ͊ͤ͒͡΄͊ͺ͚ͭͤͦ ͫͭͪͯͭͯͪ͟· ͔͙͙͙ͭͪͪͭͦͪ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͒ͺͺ͔͔ͪͤͼ͙͍͚ͪͦ͊ͤͤͦ ͦͼ͔͙ͤ͟ 
͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͪͪ͊͟ͼ͙͙ ͙ ͔͔ ͍ͦͣͦ͗ͤ͘·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡Φ  

 

ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͔ͨͦͦ͗ͤͤ͡·͔ ͍ ͍ͦͫͤͦͯ ͤ͊ͫͭͦΎ΅͔͚ ͫͭ͊ͭΈ͙Σ ͍·͔ͨͦͤͤ͡· ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ ͎ͪ͊ͤͭ͊ 
˾̅̅ˮ Ѕ мф-05-лллууΦ ̂;͙͔͊ͫͭ ͍ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ͔ͨͦ͒͒ͪ͗͊ͤͦ ˿͊ͤͭ͟-˽͔͔͎͙ͭͪ͋ͯͪͫͣ͟ 
͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͙͍͔͙͔ͯͤͪͫͭͭͦͣΣ L5 ͔ͨͪͦͭ͊͟ фтмуонруΦ  

 
˶͙͔ͭͪ͊ͭͯͪ͊ 
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Abstract 
Landscapes are not only really existent spatial units, they are also mental constructions that emerge 

in a specific social context. As for the Central European mountain landscapes, we often see a considerable 
discrepancy between imagination, which is mainly conveyed in tourist advertising, and demands of reality, 
which are due to modernization. Which attitudes of inhabitants, visitors, stakeholders can be found toward 
the technicized low mountain landscape? Can the rural society act without giving up cherished constructs? 
What changes is this society willing to accept? The starting point of the paper is the traditional image of low 
mountain landscapes with striking differences in landforms, widespread forest cover, livestock farming in 
the highlands, some subsistence farming, relatively simple rural settlements, deficiencies in accessibility by 
and for transport.  

Such an imagination emerged in the early 19th century during the period of Romanticism, when 
society no longer perceived mountains as threatening. Such an imagination, supplemented by paintings of 
the winter mountain landscape, became a basis of tourist advertising in the 20th century and contributed 
to the fact that many low mountain landscapes developed into focal points of tourism. The tourism 
industry aims at keeping alive such an imagination. But in reality the mountain landscape presents itself 
differently: modern technology has added elements which, on the one hand, are intended to support living 
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conditions in the mountains by adjusting them to those of densely populated lowlands, but which, on the 
other hand, are sometimes perceived as a "disturbance" of the described imagination, such as modern 
transportation ways (railroad, motorway) for spatial development, manufacturing plants in rural mountain 
settlements, and energy industry infrastructure. 

The paper deals with the question to what extent it is possible to integrate these relatively new 
elements into the landscape in a way that conflicts between different interest groups are avoided, 
mountain aesthetics are regarded and sustainable development is made possible. Under these aspects, the 
framework conditions of transport development and industrialization in the low mountains will be 
considered, using the example of plants of enterprises with world market significance. Fuirthermore, the 
discussion on power lines and wind turbines will be taken up.  

While acceptance is relatively high for facilities that serve the closer living environment such as 
industrial plants offering workplaces for the local population, traffic routes to strengthen accessibility and 
electricity plants guaranteeing self-supply, there are often concerns about those modern landscape 
elements that serve the supply of the whole society inside and outside the mountain areas and whose 
direct benefit for the inhabitants is in question. In the result we argue that, among other things, the kind of 
communication announcing construction and development plans plays an important role for acceptance. 

Keywords: Technology and Landscape, German Low Mountain Landscapes, tourism industry, new 
elements into the landscape 
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Abstract 
During the Soviet era, many apartment buildings were built in the rural areas by the collective farms. 

At a time of housing shortages in urban areas, this was almost the only way to compete for labor with 
urban areas, and was also the most economical way to build housing. 

In rural areas, between 1946 and 1990, 61% of the dwellings built were in apartment buildings, and 
as much as 68% between 1981 and 1990. 27% of villages had multi-storey houses built in them, then in 
1981-1990 rural construction underwent concentration and only 10% of villages were built in. In 2011, 31% 
of rural dwellings were in Soviet-era apartment buildings, and 8% of villages had at least 50% of the 
dwellings in apartment buildings. 

In the 1990s, Russian markets for agricultural products disappeared and productivity rose rapidly. In 
a few years, about 85% of agricultural jobs were lost and emigration from rural settlements increased. 
Today, relatively low-quality apartment buildings are a Soviet-era heritage and 16% of these apartments 
are uninhabited. This also largely depends on the geographical location, and the problem is much greater in 
peripheral areas. The problems are likely to be long-term, as departures from apartment buildings continue 
and there are a total of 5,600 apartment buildings in rural areas. 
Various options are envisaged to address this problem, depending, inter alia, on both the geographical 
location and the general socio-economic situation. An additional question is how these apartment buildings 
fit into the rural landscape. 

This article focuses on the problems and discussion mentioned above: the general situation and 
trends, the links with traditional rural landscapes and possible solutions. The article also introduces a case 
study from the Mulgi municipality in Southern Estonia. 

Keywords: Soviet era, Mulgi municipality, Southern Estonia, rurar landscapes, apartment buildings. 
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Abstract 
Lahemaa National Park (NP) is the oldest and largest national park in Estonia, established in 1971. 

Lahemaa NP is located on the north coast of Estonia and its main values is unique landscapes, high natural 
and cultural diversity. The aim of the study was to evaluate land cover changes since late XIX century. Also, 
we investigated the willingness of local communities to restore heritage landscapes inside national park. On 
the basis of the current study, the national park administration has looked over management zones of the 
national park and used results as an input for reassessing land use management actions together with local 
stakeholders.   

To identify the land cover changes in Lahemaa NP various historical topographic maps, between 1900 
and 2009, were digitized and analysed with GIS.  The digitalized land cover database allowed to zone the 
landscapes of the National Park into two categories: natural areas (mainly old-forests and wetlands) and 
cultural landscapes affected largely by agricultural land use. Cultural landscapes in turn were classified as 
well-maintained opened areas and former grasslands covered by bushes and forest. Reforestation of 
grasslands began before the Second World War and accelerated during the Soviet Era. The total area of 
grassland decreased 70% by 2009. We are used to thinking of grasslands as open landscapes, but grazing in 
forests and woodlands was common even in the 20th century in Estonia. Therefore, changes might have 
been eǾŜƴ ōƛƎƎŜǊ ōŜŎŀǳǎŜ ǎǘǳŘƛŜŘ ƳŀǇǎ ŘƛŘƴΩǘ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ƭŀƴŘ ǳǎŜΦ   

On the basis of the land cover database it is possible to estimate the heritage value of current areas 
comparatively precisely. For example, it allows to estimate naturalness or persistence of land cover type. 

mailto:maaria.semm@emu.ee
mailto:kalev.sepp@emu.ee


II International Scientific Conference Landscape Dimension of Sustainable Development: Science, CartoGis, Planning, Governance 

II ˷˦˪˶˭˦˾˳˶ˮ˷˳ ˷˦˱˪̀˲ˮ˪˶˳ ˯˳˲˺˪˶˪˲̀ˮ˦ ˱˩˨˶˦˩ˮ ˨˦˲˫ˮ˭˦˶˪˧ˮ˷ ˰˦˲˩˾˦˺˸˹˶ˮ ˨˦˲ˬ˳˱ˮ˰˪˧˦:  

˯˫˰˪˫˦, ˯˦˶˸˳/˨ˮ˷, ˩ ˦˨˪˨˱˦˶˪˧˦, ˱˦˶˭˫˦ 

 

34 

 

Reliable land cover database is facilitating communication and decision-making process on the 
restoration of grasslands and helps to define priority areas for conservation activities. Also, the land cover 
database and zonation provide a good basis for management decisions. The management authority of the 
national park should make decisions case-by-case whether to restore previous land use or to preserve the 
habitat`s current values and function.  

The historical land cover zonation was introduced to local communities using the digital map-based 
ap¬plication (Maptionnaire). This tool allows local stakeholders to have an overview of current land use, 
land cover and nature conservation values.  It gives also opportunity to identify their interest in taking care 
of National Park areas under the need of restoration and management. Combining best local practices and 
expert knowledge will guarantee better maintenance and sustainable development of the cultural values of 
Lahemaa National Park.   

 Keywords: landscape history, land-use change, historical ecology 
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Abstract   
The concept of plakor was introduced into the science by G.N. Vysotsky at the beginning of the 20th 

century. It characterizes the drained locations where the distribution of soils and vegetation is not affected 
by groundwater, geology, solar exposure, lateral inflow of water and solid matter. Plakors describe the 
zonal landscape, as they are formed under the influence of atmospheric precipitation and zonal heat only. 
Finding plakors in the landscape mosaic and filling them with meaningful characteristics is the important 
part of any regional landscape research. Plakors occupy minor areas in the extreme environments, like high 
latitudes and high mountains. Under the influence of different factors, the plakor characteristics are 
distorted and forming a real landscape mosaic. 

Placors are rare in the north of Western Siberia. First of all this is due to low relative heights and poor 
drainage. Secondly, there are light deposits - sandy and sandy loam - predominate there. The psammogenic 
landscapes do not correspond in their characteristics to the plakors. Thirdly, the landscapes of high 
latitudes often experience a hypertrophied influence of hydromorphism and cryomorphism. 

In the mountains, especially in the high mountains, there are also few plakors. According to our 
ŎŀƭŎǳƭŀǘƛƻƴǎΣ ƛƴ ǘƘŜ wǳǎǎƛŀƴ !ƭǘŀƛΣ ǇƭŀƪƻǊǎ ƻŎŎǳǇȅ ƴƻ ƳƻǊŜ ǘƘŀƴ мр҈ ƻŦ ǘƘŜ ŀǊŜŀΦ ́ƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǇƭŀƪƻǊǎ 
there is limited by the rock formations, steep slopes, which are associated with changes in zonal 
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illumination and soil erosion, as well as winds and temperature inversions. The locations similar to plakors 
on the plains are proposed to be called plakor-like. 

The comparison of plakors at key sites in the Subarctic of Western Siberia and the highlands of the 
Russian Altai has been carried out. In Western Siberia, the plakors are characterized in three subzonesτthe 
northern taiga, the forest-tundra, and the southern tundra. In the Altai mountains plakors of mountain 
taiga, subalpine and alpine belts are characterized. 

The research was carried out in the framework of State Assignment of Institute for Water and 
Environmental Problems (project number FUFZ-2021-0007) and with the support of the government of the 
Yamalo-Nenets Autonomous Okrug. 

Keywords: plakor, landscape, West Siberian Subarctic, Russian Altai 
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Abstract 
Exploring snow accumulation is extremely important for predicting hydrological regimes, especially the 

dynamics of spring floods. However, ground-based snowpack observations may deviate significantly from 
average values even in small catchments. Areas, where values are close to the catchment mean, are located 
ǊŀƴŘƻƳƭȅ ŀƴŘ ŀǊŜ ŎƘŀƭƭŜƴƎƛƴƎ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀ ǇǊƛƻǊƛΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀǎǎŜǎǎŜŘ ŘŜǾƛŀǘƛƻƴǎ ƻŦ ƭŀƴŘǎŎŀǇŜ ǳƴƛǘǎΩ 
snowpack from the catchment mean in years with different snow conditions. The study area covered the 
lowland Mayma River basin (776.5 km2) located in northern Altai. The basic concept for identifying 
representative units was determining areas that deviate from catchment mean by a constant value (in 
standard deviation) regardless of winter snow conditions. The topographic characteristics of the landscape 
units are potential factors in the regulation of snow accumulation. Snowpack data for the 2020-2022 
seasons were used. (DOI: 10.17632/8f4ky92by9.4).  

A total of 20 landscape units at all elevation levels of the Mayma River basin (forest-steppe, subtaiga, 
black-taiga) were used in the analysis. Over two years, the analysis identified the most stable units 
(standardized snowpack deviations about 0.03ς0.1). These units include gentle slopes of light and 
transitional aspects occupied by fir, aspen-fir forests, and moderately steep slopes covered with pine-small-
leaved forests. In total, potentially representative areas occupy about 8% of the catchment area. Stable 
high or low deviations are also crucial in understanding snow accumulation processes in the catchment and 
the regulation of this process by landscape factors. Gentle slopes of light and transitional aspects covered 
by birch-aspen forests and secondary meadows consistently overestimated the SWE and snow depth 
catchment means (standardized deviations 1.4ς1.8). Depth and SWE were consistently lower within the 
steep and rocky slopes, with standardized deviations ranging from -1.7 to -2.5. However, these landscape 
units occupy just over 3% of the catchment structure. 

Keywords: Northern Altai, snow water equivalent, snow depth, snow surveys, snow density. 
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˾͍͙͔ͯͦͦ͒ͭ͟͡Έ ͙͙͙ͦͣͫͫ͟ ͔͎͙͙̅ͤͦͦ͡ ˿͍͔͍͎ͪ͒ͦͫͦͦ͟͡ ͔͔͙ͦͭ͒ͤ͡Ύ ˾˥˻Σ ͒ͦͼ͔ͤͭ ˴͊ͺ͔͒ͪ· ͎͔͎ͦͪ͊ͺ͙͙Σ ͔͙͙ͣͭͦ͒͟ 

͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͭ ͙ͯͪͣ͊͘Σ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ ˥͔͎ͦͪ͊ͺ͙͙;   
2˴͙͊ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ˴͊ͺ͔͒ͪ· ͎͔͎ͦͪ͊ͺ͙͙Σ ͔͙͙ͣͭͦ͒͟ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ 

͙ͭͯͪͣ͊͘Σ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ ˥͔͎ͦͪ͊ͺ͙͙; 3ˢ͙͔ͫͫͫͭͤͭ ˴͊ͺ͔͒ͪ· ͎͔͎ͦͪ͊ͺ͙͙Σ ͔͙͙ͣͭͦ͒͟ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ 
͙ͭͯͪͣ͊͘Σ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ ˥͔͎ͦͪ͊ͺ͙͙Τ 4 ˿͔ͭͯ͒ͤͭ; 1,2,3,4 ̂ ͪ͊͡Έ͙͚ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

ό̂˥˽̂ύΣ ˿͍͔͍ͪ͒ͦͫ͊͟͡Ύ ͦ͋͊ͫͭ͡ΈΣ ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Σ ˾͙ͦͫͫΎΤ 
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Abstract 
The paper presents the results of calculation and analysis of the dynamics of phenological events and 

bioclimatic indicators in 264 locations of the phenological network for 11 landscape provinces of the Urals. 
We applied the zoning scheme of V. I. Prokaev, in which the territory of the Northern, Middle and Southern 
Urals is represented by five landscape regions of the Novaya Zemlya-Ural plain-mountainous country. In the 
study, the authors relied on the materials of the observers of the Ural Society of Natural Science Lovers, the 
Phenological Commission of the All-Union Geographical Society, the Russian Geographical Society and the 
materials of the Chronicles of Nature of 11 reserves of the Urals. We analyzed 49132 forms that were filled 
out from 1891 to 2007 in the territories of the Perm Krai, Sverdlovsk, Chelyabinsk, Kurgan, Orenburg, 
Tyumen Regions and the Republic of Bashkortostan. 
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Phenological observations were carried out by the classical method - the primary term recorders, 
according to the classification of V.A. Batmanov. The authors carried out statistical processing of the 
materials, estimated the average long-term dates of the onset of phenomena, dispersion, standard 
deviation of the mean value, and extreme dates of registration of phenological events. In addition, we 
calculated the latitudinal, longitude and altitude gradients and, based on long-term observation series, 
based on linear trend calculations using the least squares method, we estimated the dynamics of shifts in 
spring processes. As a result of the analysis of seven spring events representing all periods of spring - the 
beginning of sap flow in birch (Betula pubescens; Betula Pendula Roth.); the beginning of the leaf expansion 
of bird cherry (Padus avium Mill.) and birch; the initial blossom of bird cherry, yellow acacia (Caragana 
arborescens Lam.), lilac (Syringa vulgaris) and rowan (Sorbus aucuparia) ς we calculated the spring 
bioclimatic indicators of vegetation development. To visualize the course of phenological processes, we 
used the cross-platform geographic information system (GIS) QGis Desktop version 3.14.16. 

The onset of the complex of spring phenomena takes place within 21 days. It starts in the south-east 
of the Urals, in the Ural-Tobolsk steppe province of the Trans-Ural peneplain, and ends in the north-west of 
the territory, in the Shchugo-Vishera taiga province of the western foothills of the Northern Urals. The 
more northerly the territory, the slower the onset of spring, so the number of days between the onset of 
spring events in the northern regions is greater than in the southern regions. The difference between the 
provinces of the steppe and forest-steppe regions, as well as between the provinces of the forest-steppe 
region and the taiga region of the Middle Urals is 4 days, and between the provinces of the taiga region of 
the Middle and Northern Urals is 7 days. 

On average, for the study area, the speed of the movement of spring events in vegetation to the 
north is almost 2 times higher than according to the observations of V.A. Batmanov, carried out in the 30s 
of the XX century. In general, the complex of spring phenomena begins earlier by 3 days on the eastern 
macroslope of the Urals compared to the western one. The maximum speed of the onset of spring is 
observed in the eastern foothills, it is 3 times more than in the mountainous belt and on the Trans-Ural 
peneplain and 5 times more than in the provinces of the western foothills. All this is due to the increased 
meridional air transport in the spring and the high speed of the heat wave along the eastern slope of the 
Urals. 

Keywords:  Index of succession, phenological indicators, seasonal dynamics, bioclimatic indicators, 
landscape province 

 

ˢ͋ͫͭͪ͊ͭ͟ 
ˤ ͔ͪ͊͋ͦͭ ͙͍͔͔ͨͪ͒ͤ· ͔ͪͯ͘͡Έͭ͊ͭ· ͪ͊ͫ;͔ͭ͊ ͙ ͙͊ͤ͊͘͡ ͙͙͙͒ͤ͊ͣ͟ ͺ͔͎͙ͤͦͦ͡;͔͙ͫ͟ͻ Ύ͍͔͙͚ͤ͡ ͙ 

͙͙͙͋ͦͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͍ нсп ͨͯͤͭ͊͟ͻ ͺ͔͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͙ͫͭ ͒͡Ύ мм ͊ͤ͒͡΄͊ͺͭͤ·ͻ ͍͙ͨͪͦͤͼ͙͚ 
̂ͪ͊͊͡Φ ˽͙͔͔ͪͣͤͤ͊ ͫͻ͔ͣ͊ ͚͙͍͙ͪ͊ͦͤͪͦ͊ͤΎ ˤΦ ˮΦ ˽͔͍ͪͦ͊͊͟Σ ͎ͫͦ͊ͫͤͦ͡ ͚ͦͭͦͪͦ͟ ͔͙͙ͭͪͪͭͦͪΎ ˿͔͍͔͎ͪͤͦͦΣ 
˿͔͔͎ͪ͒ͤͦ ͙ ͎̑͗ͤͦͦ ̂ͪ͊͊͡ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͨΎͭΈΌ ͊ͤ͒͡΄͊ͺͭͤ·͙ͣ ͦ͋͊ͫͭ͡Ύ͙ͣ ˹͍͔͔ͦͦͣ͘͡Έͫͦ͟-̂ͪ͊͡Έ͚ͫͦ͟ 
͍͙ͪ͊ͤͤͤͦ-͎͚ͦͪͤͦ ͫͭͪ͊ͤ·Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͔͔ͨͪͦ͒ͤͦ ͨͦ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͤ͊͋͡Ό͔͔͚͒͊ͭ͡ ̂˻˶˩Σ 
ͺ͔͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙͙͙ͦͣͫͫ͟ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊Σ ˾͎ͯͫͫͦͦ͟ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ 
ͦ͋΅͔͍ͫͭ͊ ͙ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ˶͔͙͔͚ͭͦͨͫ ͙ͨͪͪͦ͒· мм ͍͔͙͍͊ͨͦ͒ͤͦ͘͟ ̂ͪ͊͊͡Φ  

˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͤͦ͘͡ пфмон ͋͊ͤ͊͟͡Σ ͔͊ͨͦͤͤͤ͘͡·ͻ ͫ муфм ͨͦ нллт ͎͎Φ ͨͦ ͔͙͙ͭͪͪͭͦͪΎͣ ˽͔͎ͪͣͫͦͦ͟ 
ͪ͊͟ΎΣ ˿͍͔͍͚ͪ͒ͦͫͦ͟͡Σ ͔̉͡Ύ͙͚͋ͤͫͦ͟Σ ˴͎͚ͯͪ͊ͤͫͦ͟Σ ˻͔͎͚ͪͤ͋ͯͪͫͦ͟Σ ́Ό͔͚ͣͤͫͦ͟ ͔͚ͦ͋͊ͫͭ͡ ͙ ͔͙͙ͪͫͨͯ͋͟͡ 
ˣ͊΄ͦͪͭͦͫͭ͊ͤ͟Φ ͔͎͙̅ͤͦͦ͡;͔͙͔ͫ͟ ͤ͊͋͡Ό͔͙͒ͤΎ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͙͊ͫͫ͟͡;͔͙ͫͣ͟ ͔ͣͭͦ͒ͦͣ ς ͔͍͙ͨͪ;ͤ·͚ 
͔͎͙͍ͪͫͭͪ͊ͭͦͪͦ ͫͪͦ͊͟Σ ͨͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ˤΦˢΦ ˣ͍͊ͭͣ͊ͤͦ͊Φ ˻ͫͯ΅͔͍͔ͫͭͤ͊͡ ͙͙ͫͭ͊ͭͫͭ;͔ͫ͊͟Ύ ͦ͋ͪ͊͋ͦͭ͊͟ 
͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͦͼ͔͔ͤͤ· ͔͙͔ͫͪ͒ͤ ͎͔͙͔ͣͤͦͦͭͤ͡ ͒͊ͭ· ͔͙ͤ͊ͫͭͯͨͤ͡Ύ Ύ͍͔͙͚ͤ͡Σ ͙͔͙͒ͫͨͪͫΎΣ ͔ͫͭ͊ͤ͒͊ͪͭͤͦ 
͔͙͔ͦͭͦͤͤ͟͡ ͔͔͎ͫͪ͒ͤͦ ͤ͊͘;͔͙ͤΎ ͙ ͚͙͔ͪ͊ͤ͟ ͒͊ͭ· ͔͎͙ͪͫͭͪ͊ͼ͙͙ Ύ͍͔͙͚ͤ͡Φ ˽͙͍͔͔ͪͦ͒ͤ͘ ͪ͊ͫ;͔ͭ ΄͙͎ͪͦͭͤͦͦΣ 
͎͎͒ͦͦͭͤͦͦ͡ ͙ ͍·͎ͫͦͭͤͦͦ ͎͙͔͍ͪ͊͒ͤͭͦΦ ˽ͦ ͎͔͙ͣͤͦͦͭͤͣ͡ ͪΎ͒͊ͣ ͤ͊͋͡Ό͔͙͚͒ͤ ͤ͊ ͍͔ͦͫͤͦ ͪ͊ͫ;͔͍ͭͦ 
͙͔͚ͤͤ͡·ͻ ͔͍ͭͪͤ͒ͦ ͔ͣͭͦ͒ͦͣ ͙͔ͤ͊ͣͤΈ΄͙ͻ ͍͍͊͒ͪ͊ͭͦ͟ ͦͼ͔͔ͤͤ͊ ͙͙͒ͤ͊ͣ͊͟ ͍͙͎͍ͫ͒ͦ ͍͔͔͙ͫͤͤͻ ͨͪͦͼ͔͍ͫͫͦΦ  

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͊ͤ͊͊͘͡ ͔͙ͫͣ ͍͔͔͙ͫͤͤͻ Ύ͍͔͙͚ͤ͡Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙ͻ ͍͔ͫ ͔͙ͨͪͦ͒· ͍͔ͫͤ· ς όͤ͊;͊ͦ͡ 
͍͙͔͙ͫͦͦ͒͗ͤ͟Ύ ͯ ͔͔͋ͪ͘· όB͔ tula pub͔ scens; Betula Pendula RothΦύΤ ͤ͊;͊ͦ͡ ͔͔͔͙ͤͤ͘͡Ύ ;͔͔ͪͣͯͻ͙ όPadus 
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avium MillΦύ ͙ ͔͔͋ͪ͘·Τ ͤ͊;͊ͦ͡ ͼ͍͔͔͙ͭͤΎ ;͔͔ͪͣͯͻ͙Σ ͔͚͗ͭͦ͡ ͊͊͟ͼ͙͙ όCaragana arborescens LamΦύΣ ͙͔͙ͫͪͤ 
(Syringa vulgarisύ ͙ ͪΎ͙͋ͤ· όSorbus aucuparia) ς ͪ͊ͫͫ;͙ͭ͊ͤ· ͍͔͔͙͔ͫͤͤ ͙͙͙͋ͦͣ͊ͭ͟͡;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡ 
͍͙͙ͪ͊ͭ͘Ύ ͙͔ͪ͊ͫͭͭ͡Έ͙ͤͦͫͭΦ ˨͡Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͔͙ͨͪͦͭ͊ͤ͟Ύ ͺ͔͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙͔ͨͪͣͤΎ͊ͫ͡Έ 
ͪͦͫͫͨ͊ͭ͟͡ͺ͔ͦͪͣͤͤ͊Ύ ͎͔͙ͦͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ό˥ˮ˿ύ QGis Desktop ͍ ͔͙͙ͪͫ оΦмпΦмсΦ 

˹͔͙͔͊ͫͭͯͨͤ͡ ͔ͦͣͨͫ͊͟͟͡ ͍͔͔͙ͫͤͤͻ Ύ͍͔͙͚ͤ͡ ͨͪͦͻ͙ͦ͒ͭ ͍ ͔ͭ;͔͙͔ͤ нм ͫͯͭͦ͟Σ ͤ͊;͙ͤ͊ΎͫΈ ͤ͊ Ό͎ͦ-
͍͔ͦͫͭͦ͟ ̂ͪ͊͊͡Σ ͍ ̂ͪ͊ͦ͡-́ͦ͋ͦ͡Έ͚ͫͦ͟ ͔͚ͫͭͨͤͦ ͍͙ͨͪͦͤͼ͙͙ ˭͊ͯͪ͊͡Έ͎ͫͦͦ͟ ͔͔͔ͨͤͨͤ͊͡Σ ͙ ͊͊ͤ͘͟;͙͍͊ΎͫΈ ͤ͊ 
͔͍͔ͫͪͦ-͊͘ ͔ͨ͊͒ ͙ͯ͘;͔͚͊ͣͦ ͔͙͙͙ͭͪͪͭͦͪΣ ͍ ͎̋ͯͦͪͦ-ˤ͙΄͔͚ͪͫͦ͟ ͔͚ͭ͊͗ͤͦ ͍͙ͨͪͦͤͼ͙͙ ͊ͨ͊͒ͤ͘·ͻ ͔͎͙͚ͨͪ͒ͦͪ 
˿͔͍͔͎ͪͤͦͦ ̂ͪ͊͊͡Φ ˽͙ͪ ͍͙͔͙͙ͨͪͦ͒͗ͤ ͟ ͔͍͔ͫͪͯ ͫͦͪͦͫͭ͟Έ ͔͙ͤ͊ͫͭͯͨͤ͡Ύ ͍͔ͫͤ· ͔ͯͣͤΈ΄͔͊ͭͫΎΣ ͨͦΉͭͦͣͯ 
͙ͦ͟͡;͔͍ͫͭͦ ͔͚͒ͤ ͔ͣ͗͒ͯ ͙ͫͪͦ͊ͣ͟ ͔͙ͤ͊ͫͭͯͨͤ͡Ύ ͍͔͔͙ͫͤͤͻ Ύ͍͔͙͚ͤ͡ ͍ ͔͍͔ͫͪͤ·ͻ ͚ͪ͊ͦͤ͊ͻ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͍ 
Ό͗ͤ·ͻΦ  

˾͙͊ͤ͘ͼ͊ ͔ͣ͗͒ͯ ͍͙ͨͪͦͤͼ͙Ύ͙ͣ ͔͚ͫͭͨͤͦ ͙ ͔͔͚ͫͦͫͭͨͤͦ͡ ͔͚ͦ͋͊ͫͭ͡Σ ͔ͭ͊͗͟ ͊͟͟ ͔ͣ͗͒ͯ ͍͙ͨͪͦͤͼ͙Ύ͙ͣ 
͔͔͚ͫͦͫͭͨͤͦ͡ ͙ͦ͋͊ͫͭ͡ ͙ ͔͚ͭ͊͗ͤͦ ͙ͦ͋͊ͫͭ͡ ˿͔͔͎ͪ͒ͤͦ ̂ͪ͊͊͡ ͍ͫͦͫͭ͊͡Ύ͔ͭ п ͫͯͭͦ͟Σ ͊ ͔ͣ͗͒ͯ ͍͙ͨͪͦͤͼ͙Ύ͙ͣ 
͔͚ͭ͊͗ͤͦ ͙ͦ͋͊ͫͭ͡ ˿͔͔͎ͪ͒ͤͦ ͙ ˿͔͍͔͎ͪͤͦͦ ̂ͪ͊͊͡ - т ͫͯͭͦ͟Φ ˤ ͔͔ͫͪ͒ͤͣΣ ͒͡Ύ ͙ͯ͘;͔͚͊ͣͦ ͔͙͙͙ͭͪͪͭͦͪ 
ͫͦͪͦͫͭ͟Έ ͍͙͔͙ͨͪͦ͒͗ͤΎ ͍͔͔͙ͫͤͤͻ Ύ͍͔͙͚ͤ͡ ͯ ͙͔ͪ͊ͫͭͭ͡Έ͙ͤͦͫͭ ͤ͊ ͔͍͔ͫͪ ͨͦ;͙ͭ ͍ н ͪ͊͊͘ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͨͦ 
ͤ͊͋͡Ό͔͙͒ͤΎͣ ˤΦˢΦ ˣ͍͊ͭͣ͊ͤͦ͊Σ ͍͔͔ͨͪͦ͒ͤͤ·ͣ ͍ ол-͔ ͎͎Φ XX ͍ Φ  

ˤ ͼ͔ͦͣ͡Σ ͪ͊ͤΈ΄͔ ͤ͊ о ͫͯͭͦ͟ ͔ͦͣͨͫ͟͟͡ ͍͔͔͙ͫͤͤͻ Ύ͍͔͙͚ͤ͡ ͤ͊;͙͔ͤ͊ͭͫΎ ͤ͊ ͍ͦͫͭͦ;ͤͦͣ ͔ͣ͊ͪͦͫͦͤ͟͟͡ 
̂ͪ͊͊͡ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͊ͨ͊͒ͤ͘·ͣΦ ˸͙͊ͫͣ͊͟͡Έͤ͊Ύ ͫͦͪͦͫͭ͟Έ ͔͙ͤ͊ͫͭͯͨͤ͡Ύ ͍͔ͫͤ· ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ 
͍ͦͫͭͦ;ͤ·ͻ ͔͎ͨͪ͒ͦͪΈΎͻΣ ͦͤ͊ ͍ о ͪ͊͊͘ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͍ ͎͚ͦͪͤͦ ͔ͨͦͦͫ͡ ͙ ͤ͊ ˭͊ͯͪ͊͡Έͫͦͣ͟ ͔͔͔͔ͨͤͨͤ͡Σ ͙ ͍ р 
ͪ͊͘Σ ;͔ͣ ͍ ͍͙ͨͪͦͤͼ͙Ύͻ ͊ͨ͊͒ͤ͘·ͻ ͔͎͙͚ͨͪ͒ͦͪΦ ̏ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͙͔͙͔ͯͫͤͣ͡ ͔͙͙ͣͪ͒ͦͤ͊͡Έ͎ͤͦͦ ͔͔ͨͪͤͦͫ͊ 
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Abstract 
The study of the landscape consequences of the unprecedented in its scope of the Soviet virgin land 

megaproject of 1954-1963 is one of the priorities for modern steppe studies. The large-scale renewal of 
steppe vegetation associated with the economic reforms of the late XX century in Russia and Kazakhstan 
characterizes the megaproject as a single, unique experiment on a global scale. The spontaneous 
abandonment of depleted, unstable and economically inexpedient arable lands, which had a place at the 
turn of the millennium, gave vast opportunities to observe the realization of a high potential for the 
restoration of stable ecosystems in modern climatic conditions. The purpose of these more than 20 
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researches was to study the specific features of this process on the foci of rapid restoration of the titular 
biological species of the steppes identified in the post-virgin space of Russia and Kazakhstan: feather grass, 
marmots, little bustards, and bustards, etc., and generalize positive experience based on nature-like 
approaches of virgin farming. 

The result of the research was the deepening of ideas about the post-virgin geographical space, its 
history, the main essence and consequences of virgin companies in the grasslands of the Holarctic of the 
XIX-XX centuries. The concepts and programs of sustainable land use have been studied, an original idea of 
the Soviet virgin land project and its consequences has been developed, the factors of formation have been 
identified, and the dynamics of the low-demand land fund has been studied. The potential of steppe 
ecosystems restoration is studied; its regional features are systematized. Key areas and cores of virgin and 
secondary steppe ecosystems have been identified in the post-virgin space; ideas about the steppe land 
reclamation fund have been developed. The data on the dynamics of bioclimatic potential and soil fertility 
are summarized; technological equipment of modern steppe agriculture and the prospects of transition to 
innovative nature-saving technologies are evaluated. They have been listed; methodological approaches to 
their strategic planning have been developed. 

Based on the new knowledge about the structure and functioning of modern virgin and post-virgin 
space, it is scientifically justified to carry out agricultural arrangement on the area, which would contain a 
set of measures for territorial planning, land management, nature conservation and state agrarian 
planning. Innovative principles of agroecological and technological expertise of the existing level of 
development and adaptability of steppe land use have been developed; the need for the development of 
appropriate methodological materials has been substantiated. In the agroecological and technological 
assessment of agricultural steppe lands, the algorithm of such an examination should assume the 
determination of the boundary of the soils arability, taking into account the dynamics of bioclimatic 
potential and biopotential yield, its comparison with the criteria of non-arability and geographical 
restrictions of field cultivation, associated with the depreciation of arable lands on steppe plains by a 
decrease in the bioclimatic potential in conditions of increasing aridity of the climate. The level of moisture 
availability of the cultivated area below 0.4 units of the Selyaninov HTC or below 0.3 units of the Ivanov 
moisture index is considered as a boundary level of soil arability, which corresponds to the biopotential 
productivity of spring wheat up to 12 dt/ha. 

According to this scheme, for the agro-developed territory, it is proposed to conduct accounting and 
calculating the area of arable land and determining the biopotential yield of high-tech crops, where the 
plots of variety testing of breeding and seed farms or educational experimental farms of research institutes 
and universities of the appropriate profile may serve. As the next step, we consider the assessment of the 
ongoing provision of the formed arable plot with agricultural machinery and implements for the entire 
technological cycle, based on which their need for intensive field cultivation with access to a biopotential 
yield is determined. It is important to follow the principle of multiplicity of the cultivated area to the 
technical capabilities of one high-intensity technological link specializing in the cultivation of the most 
popular crops, such as wheat, corn or sunflower. In problematic post-virgin areas, at the initial stage of 
agroecological and technological expertise, we propose to carry out it based on the prospects for the 
cultivation of spring wheat. This approach ensures the implementation of the fundamental geographical 
principle of conformity of the economy specialization with its technical equipment and availability of 
natural resources. 

Based on the principle of multiplicity in the methodology of agroecological and technological 
expertise, it is proposed to introduce a new agro-management land unit, technara - an area on which the 
minimum complete technological link of high-intensity field production is able to sustainably implement 
high-intensity technologies. 

The expediency of agroecological and technological expertise of adaptability of steppe land use, 
agro-arrangement with the use of innovative agro-management land unit for actualization of the 
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fundamental basis of steppe land use optimization including for carbon response strategies, is 
substantiated. 

Keywords: post-virgin space, agroecological and technological expertise, adaptability of steppe land 
use, level of the development, agro-arrangement 

Financing: The research was carried out with the financial support of the RNF grant 20-17-00069 
"Geographical foundations of spatial development of agricultural post-virgin regions of the Urals and 
Siberia". 
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˹͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔ͤͤ·ͻ ͍ͤͦ·ͻ ͙͚ͤ͊ͤ͘ ͦ ͚͍͔ͯͫͭͪͦͫͭ ͙ ͺͯͤ͟ͼ͙͙͍͙͙ͦͤͪͦ͊ͤ ͍͔͔͎ͫͦͪͣͤͤͦͦ 
ͼ͔͙͎ͤͤͦͦ͡ ͙ ͨͦͫͭͼ͔͙͎ͤͤͦͦ͡ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͤ͊ͯ;ͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͦ ͍͔͔͙͔ͨͪͦ͒ͤ ͤ͊ ͖ͤͣ ͎͚͍͊ͪͦͦ͋ͯͫͭͪͦͫͭ͊Σ 
͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͔͎ͦ ͚ͫͦ͋ͦ ͔ͦͣͨͫ͟͟͡ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͔͙͙ͭͪͪͭͦͪ͊͡Έ͎ͤͦͦ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡ΎΣ ͔͔͚͍ͣͯͫͭͪͦͫͭ͊͘͡Σ 
ͦͻͪ͊ͤ· ͙ͨͪͪͦ͒· ͙ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͎͊ͪ͊ͪͤͦͦ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡ΎΦ ˾͊ͪ͊͋ͦͭ͊ͤ͘· ͍ͤͦ͊ͼ͙ͦͤͤ·͔ ͙ͨͪͤͼ͙ͨ· 
͎͊ͪͦΉ͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ Ή͔͙ͫͨͪͭ͘͟·   ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͍ͯͪͦͤΎ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙͍͙͊͒͊ͨͭͤͦͫͭ 
͔͎ͫͭͨͤͦͦ ͔͔ͣͨͦ͘͡͡Έ͍͙ͦ͊ͤ͘ΎΣ ͍ͦ͋ͦͫͤͦ͊ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔͙ͣͭͦ͒;͔͙ͫ͟ͻ 
͔͙͍ͣ͊ͭͪ͊ͦ͡Φ ˽͙ͪ ͎͊ͪͦΉ͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͦͼ͔͔ͤ͟ ͔͔͔ͣ͒͘͡͡Έ;͔͙ͫ͟ͻ ͔ͫͭͨͤ·ͻ ͎͙͚ͯͦ͒ 
͎͙͊ͦͪͭͣ͡ ͚ͭ͊ͦ͟ Ή͔͙ͫͨͪͭ͘͟· ͔͒ͦ͗ͤ͡ ͔͎ͨͪ͒ͨͦ͊͊ͭ͡Έ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͔ͪͯ͋͗͊ ͨ͊ͻ͙͎͙ͦͭͦͨͪͦ͒ͤͦͫͭ ͨͦ;͍ ͫ 
ͯ;͖ͭͦͣ ͙͙͙͒ͤ͊ͣ͟ ͙͙͙͋ͦͣ͊ͭ͟͡;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡ ͙ ͙͔͋ͦͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͚͙ͯͪͦ͗͊ͤͦͫͭΣ ͔͎ͦ 
͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ ͫ ͙͔͙ͪͭͪ͟Ύ͙ͣ ͔ͤͨ͊ͻ͙͎͙ͦͭͦͨͪͦ͒ͤͦͫͭ ͙ ͎͔͎ͦͪ͊ͺ͙;͔͙͙ͫͣ͟ ͎͙ͦͪ͊ͤ;͔͙ͤΎ͙ͣ ͔͍͍ͨͦͦ͒ͫͭ͊͡Σ 
͍ͫΎ͊ͤͤ͘·͙ͣ ͫ ͔ͦ͋ͫͼ͔͙͍͙͔ͤ͊ͤͣ ͨ͊ͻ͙͎ͦͭͤͦͨͪͦ͒ͤ·ͻ ͔͔ͣ͘͡Έ ͔ͫͭͨͤ·ͻ ͍ͨ͊ͦͪͦ͟͡ ͙͔͙͔ͫͤ͗ͤͣ 
͙͙͙͋ͦͣ͊ͭ͟͡;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͍ͨͦ·΄͊Ό΅͔͚ͫΎ ͊ͫͯ͘΄͙͍͙ͦͫͭ͡ ͙ͣ͊ͭ͊͟͡Φ ˤ ͊͟;͔͍͔ͫͭ 
͎͙ͨͦͪ͊ͤ;͎ͤͦͦ ͍ͯͪͦͤΎ ͨ͊ͻ͙͎͙ͦͭͦͨͪͦ͒ͤͦͫͭ ͨͦ;͍ ͙ͨͪͤΎͭ ͍͔ͯͪͦͤΈ ͍͎͔͔͊ͦͦ͋ͫͨ͡;͔͙ͤͤͦͫͭ ͦ͋ͪ͊͋͊ͭ·͍͔͚͊ͣͦ 
͔͙͙͙ͭͪͪͭͦͪ ͙ͨͪ ˥́˴ ͨͦ ˿͔͡Ύ͙͍ͤͤͦͯ ͙͔ͤ͗ лΣп ͔͙͙͒ͤͼ ͙͙͡ ͙͔ͤ͗ лΣо ͔͙͙͒ͤͼ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ͍͔͙ͯ͊͗ͤͤ͡Ύ 
ͨͦ ˮ͍͍͊ͤͦͯΣ ;ͭͦ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͙͔͋ͦͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͚͙ͯͪͦ͗͊ͤͦͫͭ Ύ͍͚ͪͦͦ ͨ΄͔͙ͤͼ· ͒ͦ мн ͼκ͎͊Φ 
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˽ͦ ͚ͭ͊ͦ͟ ͫͻ͔͔ͣ ͒͡Ύ ͎͙͍͔͚͊ͪͦͦ͋ͯͫͭͪ͊͊ͣͦ ͔͙͙͙ͭͪͪͭͦͪ ͔͔ͨͪ͒ͦ͗ͤͦ͡ ͍͔͔͙͔ͨͪͦ͒ͤ ͯ;͖ͭ͊ ͙ ͨͦ͒ͫ;͖ͭ͊ 
ͨͦ͡΅͙͊͒ ͨ͊ͻ͙͎ͦͭͦͨͪͦ͒ͤ·ͻ ͔͔ͣ͘͡Έ ͙ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙͔͋ͦͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͚͙ͯͪͦ͗͊ͤͦͫͭ 
͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͔͍͍ͨͦͫͦΣ ͍ ͊͟;͔͍͔ͫͭ ͦͭͦͪ͟·ͻ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͯ;͙͊ͫͭ͟ ͙ͫͦͪͭͦͫͨ·͙ͭ͊ͤΎ 
͔͔ͫ͟͡ͼ͙ͦͤͤͦ-͔͔͍ͫͣͤͦͦ͒;͔͙ͫ͟ͻ ͻͦ͘Ύ͚͍ͫͭ ͙͙͡ ͯ;͔͋ͤͦ-ͦͨ·ͭͤ·ͻ ͻͦ͘Ύ͚͍ͫͭ ˹ˮˮ ͙ ˤ̂˭͍ͦ 
͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͨͪͦͺ͙͡ΎΦ ˤ ͊͟;͔͍͔ͫͭ ͔ͫ͒ͯ͡Ό΅͔͎ͦ ΄͎͊͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͦͼ͔ͤ͊͟ ͔ͭͯ͟΅͔͚ 
͔͔ͦ͋ͫͨ;͔͙ͤͤͦͫͭ ͫͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͨ͊ͻ͙͎͎ͦͭͦͨͪͦ͒ͤͦͦ ͙ͤ͊͟͡ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔ͭͻ͙͚ͤͦ͟ ͙ 
͙ͦͪͯ͒Ύ͙ͣ ͤ͊ ͍͔ͫΈ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͼ͙͟͡Σ ͙ͫͻͦ͒Ύ ͙͘ ͚ͦͭͦͪͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙ͻ ͔ͨͦͭͪ͋ͤͦͫͭΈ ͒͡Ύ 
͙͔͙͍͎ͤͭͤͫͤͦͦ ͔͍͍ͨͦͦ͒ͫͭ͊͡ ͫ ͍·ͻͦ͒ͦͣ ͤ͊ ͙͔͋ͦͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͚ͯͪͦ͗͊ͤͦͫͭΈΦ ˽͙ͪͤ͊ͤͦ͘ ͍͊͗ͤ·ͣ 
ͫͦ͋͡Ό͔͙͔͒ͤ ͙ͨͪͤͼ͙ͨ͊ ͙ͪ͊ͭͤͦͫͭ͟ ͦ͋ͪ͊͋͊ͭ·͍͔͚͊ͣͦ ͨͦ͡΅͙͊͒ ͔ͭͻ͙ͤ;͔͙ͫͣ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Ύͣ ͎ͦ͒ͤͦͦ 
͍·͙͔͙͍͎ͫͦͦͤͭͤͫͤͦͦ͟ ͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͍͔ͤ͊͘Σ ͔ͫͨͼ͙͙͙͊ͪͯ͘͡Ό΅͔͎ͦͫΎ ͤ͊ ͍·ͪ͊΅͙͍͙͙͊ͤ ͙͔͔ͤ͊͋ͦ͡ 
͍͔͍ͦͫͭͪ͋ͦ͊ͤͤ·ͻ ͯ͟͡ΈͭͯͪΣ ͙ͭ͊͟ͻ ͊͟͟ ͨ΄͔͙ͤͼ͊Σ ͯͯͪͯ͊͘͟͟ ͙͙͡ ͔ͨͦ͒ͫͦͤ͡;͙ͤ͟Φ ˤ ͔ͨͪͦ͋ͣͤ͡·ͻ 
ͨͦͫͭͼ͔͙ͤͤ͡·ͻ ͚ͪ͊ͦͤ͊ͻ ͤ͊ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣ Ή͔ͭ͊ͨ ͎͊ͪͦΉ͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ Ή͔͙ͫͨͪͭ͘͟· 
͔͖ ͍͔͔͙͔ͨͪͦ͒ͤ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͙ͫͻͦ͒Ύ ͙͘ ͔͔͙͍ͨͪͫͨͭ͟ ͍͔ͦ͒͘͡·͍͙͊ͤΎ Ύ͍͚ͪͦͦ ͨ΄͔͙ͤͼ·Φ 
͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͙ͪ͊͊͘͡ͼ͙Ό ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͙ͨͪͤͼ͙ͨ͊ ͍͔͍͙ͫͦͦͭͭͫͭΎ 
͔ͫͨͼ͙͙͊͊͘͡ͼ͙͙ ͻͦ͘Ύ͚͍ͫͭ͊ ͔͎ͦ ͔ͭͻ͙ͤ;͔͚ͫͦ͟ ͦ ͫͤ͊΅͔͙ͤͤͦͫͭ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤͤͦͫͭ ͙ͨͪͪͦ͒ͤ·ͣ ͔͙ͪͫͯͪͫ͊ͣΦ 

˹͊ ͍͔ͦͫͤͦ ͙ͨͪͤͼ͙ͨ͊ ͙ͪ͊ͭͤͦͫͭ͟ ͍ ͔͙͔ͣͭͦ͒͟ ͎͊ͪͦΉ͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ Ή͔͙ͫͨͪͭ͘͟· 
͔͔ͨͪ͒ͦ͗ͤͦ͡ ͍͍͔͔͙͔͒ͤ ͍͚ͤͦͦ ͎͙͔͊ͪͦͯͫͭͪͦͭ͡Έ͚ͤͦ ͔͔ͣ͘͡Έ͚ͤͦ ͔͙͙͒ͤͼ·Σ ͔ͭͻͤ͊ͪ͊ ς ͨͦ͡΅͙͊͒Σ ͤ͊ 
͚ͦͭͦͪͦ͟ ͙͙ͣͤͣ͊͡Έ͔ͤͦ ͔ͨͦͤͦ͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͔ͤͦ͘ ͍·͙͔͙͍͎ͫͦͦͤͭͤͫͤͦͦ͟ ͔͍͍ͨͦͦ͒ͫͭ͊͡ ͫͨͦͫͦ͋ͤͦ 
͚ͯͫͭͦ;͙͍ͦ ͔͙͍ͪ͊ͦ͘͡·͍͊ͭΈ ͍·͙͔͙͍ͫͦͦͤͭͤͫͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Φ 

˻͍͋ͦͫͤͦ͊ͤ͊ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦͫͭ͘͡Έ ͎͊ͪͦΉ͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ Ή͔͙ͫͨͪͭ͘͟· ͙͍͙͊͒͊ͨͭͤͦͭ 
͔͎ͫͭͨͤͦͦ ͔͔ͣͨͦ͘͡͡Έ͍͙ͦ͊ͤ͘ΎΣ ͎͚͍͊ͪͦͦ͋ͯͫͭͪͦͫͭ͊ ͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͍ͤͦ͊ͼ͙͚ͦͤͤͦ ͎͙͔͊ͪͦͯͫͭͪͦͭ͡Έ͚ͤͦ 
͔͔ͣ͘͡Έ͚ͤͦ ͔͙͙͒ͤͼ· ͒͡Ύ ͙͊ͭͯ͊͊͘͟͡ͼ͙͙ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͍ͦͫͤͦ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͎ͫͭͨͤͦͦ 
͔͔ͣͨͦ͘͡͡Έ͍͙ͦ͊ͤ͘ΎΣ ͍ ͭΦ;Φ ͒͡Ύ ͔͎͙͚ͫͭͪ͊ͭ ͎͔͎ͯͪͦ͒ͤͦͦ͡ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͨͦͫͭͼ͔͙͔ͤͤͦ͡ ͍ͨͪͦͫͭͪ͊ͤͫͭͦΣ ͎͊ͪͦΉ͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ 
Ή͔͙ͫͨͪͭ͊͘͟Σ ͙͍͊͒͊ͨͭͤͦͫͭΈ ͔͎ͫͭͨͤͦͦ ͔͔ͣͨͦ͘͡͡Έ͍͙ͦ͊ͤ͘ΎΣ ͍͔ͯͪͦͤΈ ͍͙͙ͪ͊ͭ͘ΎΣ ͎͚͍͊ͪͦͦ͋ͯͫͭͪͦͫͭͦ 

͙͙͍͙͔̅ͤ͊ͤͫͪͦ͊ͤΥ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍·͔ͨͦͤͤͦ͡ ͙ͨͪ ͺ͙͍͚ͤ͊ͤͫͦͦ ͔͔ͨͦ͒͒ͪ͗͟ ͎ͪ͊ͤͭ͊ ˾˹̅ нл-17-
лллсф ζ˥͔͎ͦͪ͊ͺ͙;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͔ͣ͒͘͡͡Έ;͔͙ͫ͟ͻ ͨͦͫͭͼ͔͙ͤͤ͡·ͻ 
͔͎͙͍ͪͦͤͦ ̂ͪ͊͊͡ ͙ ˿͙͙͙͋ͪηΦ  
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͙͚̑ͪ ˽ ͊͒͊ͦ͟͡1Σ ˢ͔ͫ͊ͤ͒ͪ͟͡ ͙͙͖͍̉͋͡2
 

 

1PhDΣ ˿ͭ͊ͪ΄͙͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟Σ ˮ͙ͤͫͭͭͯͭ ˿͔͙ͭͨ ˮ͙ͤͫͭͭͯͭ ͔͙ͫͭͨ ̂ͪ˻ ˾ˢ˹Σ ˻͔͎ͪͤ͋ͯͪΣ ˾͙ͦͫͫΎΤ   
2ˢ͔͙͊͒ͣ͟͟ ˾ˢ˹Σ ˨ͦͭͦͪ͟ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˥͍͊ͤ͡·͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ˮ͙ͤͫͭͭͯͭ͊ ˿͔͙ͭͨ ̂ͪ͊͡Έ͎ͫͦͦ͟ 
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Abstract 
The modern water management structure of the regions is inherited from period of the development 

of virgin and fallow lands, as well as the industrialization of the Urals and Western Siberia. Currently, the 
facilities of the water management complex are significantly worn out, some of them are in an emergency 
condition or in need of major repairs. Most of the large reservoirs: Iriklinskoe reservoir, Magnitogorsk 
reservoir, Verkhneuralskoe reservoir, reservoirs in the vicinity of Chelyabinsk, Troitskoe reservoir, 
Novosibirsk reservoir. and a number of others have been in operation for over 50 years. Despite this, the 
water management infrastructure continues to take on an increasing load due to the growth of the 
population and economy of some regions (reservoirs of the Chelyabinsk and Novosibirsk regions), as well as 
due to a change in the operating conditions of the Iriklinskoye reservoir in connection with the 
implementation of interstate agreements on the transboundary Ural river with the Republic of Kazakhstan. 
At the same time, the construction of reservoirs and an extensive network of ponds on small rivers 
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significantly changed the hydrological regime of rivers and lakes in the Urals region and Western Siberia 
subregion. The main problems, in addition to the above-mentioned depreciation of the infrastructure of 
the water management complex for the agricultural post-virgin regions of the Urals and Siberia, are the lack 
of water resources in dry periods, their uneven distribution over the seasons of the year and territory, as 
well as the quality of natural waters, both due to the natural high mineralization of many natural water 
bodies, so anthropogenic pollution of water bodies with fresh water resources. Anthropogenic pollution of 
water bodies has a number of features divided into regional, interregional and transboundary. Regional 
pollution occurs in all regions, and an example of interregional pollution is the transfer of pollutants from 
the Chelyabinsk region to the Kurgan region along the right tributaries of the river. Tobol, in the Orenburg 
region along the river. Ural. There is point pollution from municipal wastewater treatment plants and 
industrial facilities. A significant contribution is also made by diffuse pollution in watersheds. 

The spread of natural increased mineralization of natural waters (ground and surface) makes them 
unsuitable for use in domestic and drinking water supply. Many water intakes use surface water reservoirs 
and transit rivers as a source. Water bodies with increased mineralization are present in all regions of the 
study, but their highest distribution density and high water salinity are observed in the Middle Irtysh and 
Kulunda provinces of the steppe zone. On some lakes, industrial extraction of therapeutic mud from the 
lake is carried out. Eibets in the Middle Irtysh province (Omsk region) and table salt in the lake. Burlinsky in 
the Kulunda province (Altai Territory). The organoleptic features of drinking water in the centralized water 
supply networks of these provinces are noted. In the steppe and forest-steppe provinces (before the virgin 
campaign of the middle of the last century) of the Urals and Western Siberia, agricultural development took 
place with the settlement of this territory. The improvement of agricultural conditions was carried out with 
the use of irrigation and the construction of artificial reservoirs. One example is the Kamyshlovy log, noted 
in early historical sources as r. Kamyshlovka, in the course of the agricultural development of the adjacent 
territory, is currently only a chain of salt lakes. Over the past century, the riverbed has often been dammed 
up with earthen dams for the construction of water mills, road embankments, highways crossing the valley, 
and catchment areas have been plowed up. 

The solution of modern problems of water use is complicated by the transboundary nature of the 
rivers of the subregion (Ural, Ilek, Or, Tobol, Ishim, Irtysh) and their influence on the spatial development of 
the subregion. For transboundary rivers, the issues of water distribution and control of the transboundary 
flow of pollutants have not been resolved. The presence of transboundary problems is typical for the 
Tobolsk and Ishim-Irtysh forest-steppe provinces. Since the main fresh water resources of these provinces 
are concentrated in the transit flow of rivers, most of them are from the Republic of Kazakhstan. 

In the aggregate of conditions, including climate change and the presence of transboundary water 
bodies, the deterioration of the infrastructure of the water management complex introduces additional 
difficulties in solving water management problems in the study regions and requires an integrated 
approach to their solution. 

Financing: The research was carried out with the financial support of the RNF grant 20-17-00069 
"Geographical foundations of spatial development of agricultural post-virgin regions of the Urals and 
Siberia". 

Keywords: water management, Western Siberia, water resources. 
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͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͙ͫͭͦ;͙ͤ͊͟ͻ ͊͟͟ ͪΦ ˴͊ͣ·΄͍ͦ͊͟͡Σ ͍ ͻ͔ͦ͒ ͎͎͊ͪ͊ͪͤͦͦ ͍͔͙ͦͫͦͤΎ ͙͔͎ͨͪ͊͡Ό΅͔͚ ͔͙͙͙ͭͪͪͭͦͪΣ ͍ 
ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͭͦ͡Έͦ͟ ͼ͔ͨͦ;ͯ͟ ͖ͫͦͤ͡·ͻ ͖ͦͪ͘Φ ˭͊ ͔͔͔ͨͦͫ͒ͤ͡ ͔͙͔ͫͭͦͭ͡ ͪͯͫͦ͡ 
͔͙ͪ͟ ;͊ͫͭͦ ͊ͨͪͯ͗͊͊ͫ͘͡Έ ͔ͣ͘͡Ύͤ·͙ͣ ͙͙ͨͦͭͤ͊ͣ͡ ͒͡Ύ ͚͙ͨͦͫͭͪͦ͟ ͍ͦ͒Ύͤ·ͻ ͔ͣ͡Έ͙ͤͼΣ ͒ͦͪͦ͗ͤ·͙ͣ 
ͤ͊ͫ·ͨΎ͙ͣΣ ͔͔͔ͨͪͫ͊͟Ό΅͙ͻ ͙͒ͦͤͯ͡ ͍͎͊ͭͦ͒ͦͪͦΣ ͊ ͍ͦ͒ͦͫ͋ͦͪ· ͍͔͎͙ͨͦ͒ͪ͊ͫ͡Έ ͪ͊ͫͨ͊΄͔͟Φ ˾͔΄͔͙͔ͤ 
͍͔͔ͫͦͪͣͤͤ·͔ ͔ͨͪͦ͋ͣ͡ ͍ͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͦͫͦ͗ͤ͡ΎΌͭͫΎ ͎͙ͭͪ͊ͤͫͪ͊ͤ;ͤͦͫͭΈΌ ͔ͪ͟ ͔͎͙ͫͯ͋ͪͦͤ͊ ό̂ͪ͊͡Σ 
ˮ͔͟͡Σ ˻ͪΈΣ ́ͦ͋ͦ͡Σ ˮ΄͙ͣΣ ˮͪͭ·΄ύ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͒͡Ύ ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͙ͫͯ͋ͪͦͤ͊Φ ˨͡Ύ 
͎͙ͭͪ͊ͤͫͪ͊ͤ;ͤ·ͻ ͔ͪ͟ ͔ͤ ͔ͪ΄͔ͤ· ͍ͦͨͪͦͫ· ͍͔͔͙ͦ͒ͦ͒ͤ͡Ύ ͙ ͦͤͭͪͦ͟͡Ύ ͎͙ͭͪ͊ͤͫͪ͊ͤ;͎ͤͦͦ ͔͔ͨͪͭͦ͊͟ 
͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭΦ ˹͙͊͡;͙͔ ͎͙ͭͪ͊ͤͫͪ͊ͤ;ͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ˽͙ͪͭͦ͋ͦ͡Έ͚ͫͦ͟ ͙ ˮ΄͙ͣͦ-
ˮͪͭ·΄͚ͫͦ͟ ͔͔ͫͦͫͭͨͤ͡·ͻ ͍͙ͨͪͦͤͼ͙͚Φ ́͊͟ ͊͟͟ ͍ͦͫͤͦͤ·͔ ͔ͨͪͫͤ·͔ ͍ͦ͒ͤ·͔ ͔ͪͫͯͪͫ· ͒͊ͤͤ·ͻ ͍͙ͨͪͦͤͼ͙͚ 
͔ͫͦͫͪ͒ͦͭͦ;͔ͤ· ͍ ͙ͭͪ͊ͤͭͤͦͣ͘ ͔ͫͭͦ͟ ͔ͪ͟Σ ͋ͦ͡Έ΄͚ͦ ;͙͊ͫͭ ͙ ͘ ˾͔͙͙ͫͨͯ͋͟͡ ˴͊͊͘ͻͫͭ͊ͤΦ 

ˤ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͍͙͚ͯͫͦ͡Σ ͍͟͡Ό;͊Ό΅͙͔ ͙͔͔͙͔ͣͤͤ͘ ͙ͣ͊ͭ͊͟͡ ͙ ͙ͤ͊͡;͙͔ ͎͙ͭͪ͊ͤͫͪ͊ͤ;ͤ·ͻ ͍ͦ͒ͤ·ͻ 
ͦ͋Ά͔͍ͭͦ͟Σ ͙ͤͦͫ͘ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͍ͦ͒ͦͻͦ͘Ύ͚͍͔͎ͫͭͤͤͦͦ ͔ͦͣͨͫ͊͟͟͡ ͍͙ͤͦͫͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͙ͫͦ͗ͤͦͫͭ͡ 
͍ ͔ͪ΄͔͙͔ͤ ͍ͦ͒ͦͻͦ͘Ύ͚͍͔ͫͭͤͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͍ ͔͎͙ͪͦͤ͊ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͍ 
͙ͻ ͔ͪ΄͔͙͙ͤΦ 

͙͙͍͙͔̅ͤ͊ͤͫͪͦ͊ͤΥ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍·͔ͨͦͤͤͦ͡ ͙ͨͪ ͺ͙͍͚ͤ͊ͤͫͦͦ ͔͔ͨͦ͒͒ͪ͗͟ ͎ͪ͊ͤͭ͊ ˾˹̅ нл-17-
лллсф ζ˥͔͎ͦͪ͊ͺ͙;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͔ͣ͒͘͡͡Έ;͔͙ͫ͟ͻ ͨͦͫͭͼ͔͙ͤͤ͡·ͻ 
͔͎͙͍ͪͦͤͦ ̂ͪ͊͊͡ ͙ ˿͙͙͙͋ͪηΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͍ ͔ͦ͒ͤͦ ͻͦ͘Ύ͚͍ͫͭͦΣ ˭͊ͨ͊͒ͤ͊Ύ ˿͙͙͋ͪΈΣ ͍ͦ͒ͤ·͔ ͔ͪͫͯͪͫ·Φ 
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Abstract 
The set of mechanisms inherent in landscape systems, which purposefully form and control their 

stability in spontaneous and anthropogenically loaded states, is revealed. It is shown that such stability is a 
multifunctional phenomenon in which internal and external system factors are harmoniously combined. 

Among the known definitions of the concept of "sustainability" of landscape systems often say that it 
depends on the ability to counteract certain anthropogenic loads. At the same time, this is a secondary 
phenomenon, and the primary one is the formation of the stability of territorial systems, which is realized 
under the influence of appropriate mechanisms. Such mechanisms are the invariant essence of the system. 
They are represented in territorial systems by a set of unidirectional processes of maintaining the self-
development of the system in the position of a set of states of stable quasi-equilibrium and controlling 
harmonious principle, which gives the system the opportunity to achieve the programmed goal. exchange 
with the environment. However, the environment itself (tangent landscape systems) is the factor that 
performs control functions for the formation of a set of phenomena that represent the stability of systems. 

Among such mechanisms, one of the main ones is the mechanism of heterochrony of interacting 
natural territorial systems, which belongs to intersystem space-time stability and reliability, because only in 
this case interacting systems are able to be at different evolutionary stages of development. The processes 
of heterogeneity significantly complicate adequate control actions both for integral systems and their 
components because the presence of components, structures or even individual integral systems at 
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different evolutionary stages within one integral territorial entity requires a differentiated approach to 
their control functions. This phenomenon can be interpreted as the heterotony of the harmonic 
component, which can be defined as the differentiation of control and corrective functions of territorial 
systems caused by the presence of controlled entities at different evolutionary stages. 

In the state of perturbation, landscape systems use an intensification mechanism to maintain 
stability, which genetically aligns the directed process to return a certain natural territorial system to its 
original state and acts as a response to system perturbation. He implements this with the help of 
information support in particular. The support is that information signals and codes that are characteristic 
of the system in the state in which it was before the disturbance continue to come from the environment. 
The territorial system is forced to adapt to such information, because it has control functions. As a result, 
regenerative processes are accelerated. Closely related to the intensification is the mechanism of the 
presence of functional stabilizing points of gravity for the changing parameters of the system, which does 
not allow these parameters to irreversibly chaotically "scatter". That is, this mechanism stabilizes the 
invariant geophysical field of the system, causing the parameters to fluctuate around certain points of 
gravity of their functional variability. 

One of the final mechanisms of control over the stability of landscape systems is a set of 
harmonization and stabilization mechanisms in the form of a set of directed connections and processes that 
determine the emergence of the system and its developing environment, changes that can bring the 
system and its environment to quasiharmonic. Such mechanisms clearly use a feedback effect, which 
mainly uses high-quality information phenomena and energies.  

So, the formation and subsequent control over the stability of landscape systems is a complex 
phenomenon that uses a set of interconnected mechanisms and is generally aimed at internal and external 
stability of systems. 

Keywords: landscape systems, stability, heterochrony, functional intensification, harmonic stability. 
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Abstract 
The relief is dominated by low-lying plains with absolute heights from 5 to 200 m, composed of 

Pleistocene marine rocks and loess-like loams. Climatic conditions are characterized by continentality and 
aridity. The low amount of precipitation (300-350 mm) determined the "fragility" of the connections 
between the components of nature and the "vulnerability" of semi-desert landscapes. The soils here are 
sandy, chestnut and light chestnut with an abundance of salt marshes and salt marshes. They are not fertile 
enough, so for a long time the main resource used in human economic activity was the sagebrush-grass 
steppes adjacent to the floodplain of the Terek River. Since the end of the 19th century, pastures of arid 
landscapes have been actively used year-round, which naturally led to their degradation and the 
manifestation of deflationary and Aeolian processes here. The anthropogenic factor actively intervened in 
the natural course of the evolution of these landscapes, which led to a significant transformation of natural 
components and the geosystem as a whole. A new type of landscapes has formed, where the 
anthropogenic factor of evolution plays a significant role. 

The Naursky natural and anthropogenic landscape occupies the western part of the Piterskiy sand 
massif on the territory of the Naursky and Shelkosky districts. The natural functions of the landscape have 
been preserved over a considerable are, they are weakened by forms of farming (watering and irrigation) 
and overgrazing of livestock. The coefficient of anthropogenic disturbance is 0.9. 

The component subsystem is represented by a set of all natural components that are modified by 
man to varying degrees. The soil-plant component was particularly affected. Most of the landscape consists 
of upper quaternary alluvial-marine sediments (sands, sandy loam). Modern alluvial deposit (pebbles, 
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sandy, sandy loam) are common in the Dark Valley. The landscape relief is dominated by alluvial-marine 
late Pleistocene flat lowlands with fluctuations in relative heights of no more than 80 m. The maximum 
heights in the north-west of the landscape are up to 100 m. In the northeast, alluvial-marine Holocene 
lowlands are widespread. In the south, the landscape is bounded by the floodplain of the Terek River. 

The zone type of vegetation is cereal communities in combination with soleros. This is a typical 
vegetation of semi-deserts. In the east of the landscape, a significant area is occupied by vegetation of 
bumpy sands. In the lower reaches of the Dark, meadow-marsh and salt marsh vegetation of the floodplain 
and flood plains was widespread. The soul cover is dominated by light chestnut soils of sandy loam sand 
light loamy mechanical composition. In the northern and northeastern regions of the landscape, salt 
marshes and salt marshes occupy from 10 to 40% of the area. Significant areas fall on the alluvial soils of 
the Terek River valley. 

The morphological subsystem has goodpasture and soil resources. 
The biocenotic subsystem is represented by natural TCS that occupy more than 60% of the area and 

are used as driving pastures: 
1) oligodominant bio eco systems of cereal-wormwood communities; 
2) oligodominant ecosystems of sagebrush communities, soleros. 
Geotopes with a quasi - natural environment include: 
1) monocultural bio eco systems of irrigated lands (vineyards, fodder, melons, etc.); 
2) monocultural bio eco systems of rainfed lands with a predominance of winter wheat; 
3) rare forest belts in the northern areas of the landscape. 

The functioning of modern landscapes still retains a natural character, but anthropogenic processes 
have made significant changes in their structure, especially component ones (water cycle, geochemical 
processes, growth of anthropophytes in vegetation, etc.). 

Dynamics occurs in a semi-desert type in a continental climate (hot, dry summers and moderately 
cold, low-snow winters). The optimal ratio of heat and moisture is observed only from mid-April to mid-
June. 

The evolution of landscapes is associated with their transition to the stage of natural-cultural 
(northern) and cultural-natural (southern parts). 

With the introduction of large masses of water into natural circulation by the Tersko-Kuma Canal, 
large areas of semi-deserts were plowed. Low soil fertility has determined the involvement of a large 
number of chemical elements, including toxic ones, in natural cycles. Currently, the semi-desert landscapes 
have begun to show the processes of their degradation (soil salinization, waterlogging, wind erosion, 
desertification, etc.). 

Keywords: arid landscape, Terek river, bio eco systems, Tersko-Kuma canal, semi-desert landscapes. 
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Abstract 
Diagnostics of the modern geoecological state of the landscape complex of the Chechen Republic 

from landscape-ecological positions exposed to long-term anthropogenic impact has been carried out. The 
current state of the landscape complexes of the Chechen Republic and their degradation under the 
influence of natural and anthropogenic factors caused the need for landscape and ecological diagnostics to 
identify geoecological problems of the region. Industrial emissions in huge volumes and serious problems 
associated with climate aridization at the turn of the century cause a number of serious, and often global, 
environmental problems: reduced soil fertility and water pollution with oil and petroleum products, 
aridization of the territory, its degradation, violation of the threshold of stability of geosystems and loss of 
their ability to resume their original functionality. 

An important factor in the past was the haphazard grazing of cattle, which destroyed all undergrowth 
on the border of forests and mountain meadows. Thick, as a rule, reduces the area of forests, increasing 
the area of meadows, thereby reducing the upper boundary of the forest by more than 150 m. vertically. 
The area of the destroyed forest area over the past 10 years has amounted to 50 thousand hectares. 
Forests growing along watersheds are the most important climate-forming factor. A significant role in this is 
played by the negative impact of cattle grazing on them. It was justified to completely prohibit all economic 
activity, especially cattle grazing, on the upper border of the forest, where forest landscapes are especially 
vulnerable. 

Keywords: diagnostics, landscapes, impacts, agricultural lands, land resources, vegetation, forests, 
forest fund, relics, endemics. 
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ˤ̍̒ˤ˶˩˹ˮ˩ ˻˿˻ˣ˩˹˹˻˿́˩˯ ̅̂˹˴̇ˮ˻˹ˮ˾˻ˤˢ˹ˮ̒ ˿́˩˽˹̍̆ ˴˻˸˽˶˩˴˿˻ˤ 
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Abstract 
The steppe functioning strongly depends on the climate factor, in particular, the amount of moisture 

has a limiting effect on the level of green phytomass in a semiarid climate. But the relief of territory and 
landscape pattern are involved in the moisture redistribution over the terrain surface forming peculiar local 
conditions. These conditions can provide functioning different from the background within specific 
landscapes. Previous our research has already demonstrated the existing links between the spatial pattern 
and landscape functioning in the study area. The purpose of this work was finding peculiarities of 
interannual and interseasonal vegetation dynamics using modern remote methods. 

Tarkhankut peninsula is located in the steppe zone of a temperate climate at the western extremity 
of the Crimean Peninsula. The soil cover predominantly represented by stony shallow carbonate soils on 
Neogene limestones. Feather grass and lithophyte steppes with forb are located on Tarkhankut. Plowing is 
carried out in places where fertile chernozems are formed. The territory of natiƻƴŀƭ ǇŀǊƪ ά¢ŀǊƪƘŀƴƪǳǘǎƪȅέ ƛǎ 
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the most important for our study. In the national park the sites of steppes in their natural form are 
protected which had never been plowed up previously. 

We used high resolution satellite images and our own field data to verify remote results. Landsat 5 
and Landsat 8 space images were selected for the time period from 1998 to 2019 for the middle of the 
growing season (June-July). Cloudless scenes were additionally selected for the beginning (April-May) and 
the end (August-September) of the growing season for Landsat 8 images. NDVI values were calculated for 
each image and also, seven relief organization factors of the Tarkhankut Peninsula were derived from SRTM 
DEM. Applying of spatial statistic tools (Hot Spot Analysis Gettis-Ord Gi* and Geographically Weighted 
Regression - GWR) made a possible to realize our challenge in this research. In GWR NDVI values were 
dependent variables and seven relief factors were independent variables. 

Hot Spot Analysis allowed to detect permanent focuses of increased phytomass within the washes 
network. The close level of groundwater in the bottoms of the washes is the reason for the formation of a 
stable spot of high phytomass relative to the background. The identified focuses have a pulsating effect on 
the surrounding flat areas of the steppes, depending on the aridity of the year and the specific season. In 
addition, this area of influence increases towards local watersheds during the growing season. The GWR 
results improve the reliability of the primary achievements as evidenced by the random distribution of 
residuals (Moran's Index = 0.11). The analysis of the residuals revealed their interseasonal dynamics, the 
amplitude of the values increases in the middle of the growing season compared with the beginning and 
end. Positive and negative residuals for the middle of summer have a more random distribution of their 
frequency over the peninsula territory than in spring and early autumn. Large residuals may reflect a 
division of local and regional factors and may also be caused by unaccounted for factors in the regression 
model. 
¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ wǳǎǎƛŀƴ CƻǳƴŘŀǘƛƻƴ ŦƻǊ .ŀǎƛŎ wŜǎŜŀǊŎƘ όwC.wΣ ǇǊƻƧŜŎǘ Ѕ нл-05-00464). 

Keywords: spatial pattern, landscape functioning, geographically weighted regression, NDVI, steppe. 
 

ˢ͋ͫͭͪ͊ͭ͟ 
̅ͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͔ͫͭͨͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ ͙ͫ͡Έͤͦ ͍͙͙͊ͫͭ͘ ͦͭ ͙͙ͣ͊ͭ͟͡;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟Σ ͍ 

;͙͊ͫͭͤͦͫͭ ͙ͦ͟͡;͔͍ͫͭͦ ͍͎͙͊͡ ͦ͊͘͟·͍͔͊ͭ ͙͙͙ͣͭͪͯ͡Ό΅͔͔ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͍͔ͯͪͦͤΈ ͔͔͚ͤͦ͘͡ ͺ͙ͭͦͣ͊ͫͫ· ͍ 
͍͙ͯͫͦ͡Ύͻ ͎͗͊ͪͦͦ͟ ͫͯͻ͎ͦͦ ͙ͣ͊ͭ͊͟͡Φ ͔́ͣ ͍͔͔͔ͪͣͤͣΣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͊ͤ͒͡΄͊ͺͭ͊ ͙ ͔ͪ͡Έ͔ͺ 
͔͙͙͙ͭͪͪͭͦͪ ͯ;͍͊ͫͭͯΌͭ ͍ ͔͔͔͔͔͙͙ͨͪͪ͊ͫͨͪ͒ͤ͡ ͍͎͙͊͡ ͨͦ ͔͚ͣͤͦ͘ ͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͎͋͊ͦ͒͊ͪ͡Ύ ;͔ͣͯ ͎ͣͦͯͭ 
ͺ͙͍ͦͪͣͪͦ͊ͭΈͫΎ ͔ͫͨͼ͙ͺ͙;ͤ·͔ ͦ͊͟͡͡Έͤ·͔ ͍͙ͯͫͦ͡ΎΣ ͦͭͦͪ͟·͔ ͋ͯ͒ͯͭ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͙ͦͭ͡;͊Ό΅͔͔ͫΎ ͦͭ 
ͺͦͤ͊ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͍͙ͤͯͭͪ ͔ͦͤͪͭͤ͟͟·ͻ ͊ͤ͒͡΄͊ͺͭͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡Φ ˽͔ͪ͒·͒ͯ΅͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 
͍͍͊ͭͦͪͦ ͔ͯ͗ ͔͙͍͙ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊͡ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͚ͫͭͪͯͭͯͪͦ͟ 
͊ͤ͒͡΄͊ͺͭ͊ ͙ ͔͎ͦ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤͣ ͤ͊ ͙͔͔͚ͫͫ͒ͯͣͦ͡ ͔͙͙͙ͭͪͪͭͦͪΦ ͔̇͡ΈΌ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· Ύ͍͡Ύͦͫ͡Έ 
ͨͦͯ͡;͔͙͔ͤ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͔͎͍͚ͣ͗ͦ͒ͦͦ ͙ ͍͙͔͚ͤͯͭͪͫͦͤͤͦ͘ ͙͙͙͒ͤ͊ͣ͟ ͺ͙ͭͦͨͪͦ͒ͯ͟ͼ͙͎ͦͤͤͦͦ 
ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͫ ͨͦͣͦ΅ΈΌ ͊ͭͯ͊͟͡Έͤ·ͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͒ͫͭ͊ͤͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦΦ 

́͊ͪͻ͙͚͊ͤͯͭͫ͟͟ ͍ͨͦͯͦͫͭͪͦ͡ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͍ ͔͚ͫͭͨͤͦ ͔ͦͤ͘ ͔͔͎ͯͣͪͤͤͦͦ ͙ͣ͊ͭ͊͟͡ ͤ͊ ͚ͫ͊ͣͦ 
͚͊ͨ͊͒ͤͦ͘ ͔ͦͦͤ͟;͙ͤͦͫͭ ͍ͨͦͯͦͫͭͪͦ͊͡ ˴ͪ·ͣΦ ˤ ͔͎ͦ ͔͔ͨͪ͒͊͡ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ· ͍ͪ͊ͤͦͭͪ͊ͤͦ͘-͙ͭͨ;͍͊ͦͦ͟-
͍ͦ͟·͡Έͤ·͔ ͔͙ͫͭͨΦ ˽ͦ;͍͔ͤͤ·͚ ͍ͨͦͪͦ͟ ͍ͨͦͯͦͫͭͪͦ͊͡ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͣ͊ͦͣͦ͡΅ͤ·͙ͣ ͔͙͊ͣͤͫͭ͟·͙ͣ 
͔͍͒ͪͤͦ·͙ͣ ͊ͪ͋ͦͤ͊ͭͤ͟·͙ͣ ͨͦ;͍͙͊ͣ ͤ͊ ͙͍͔ͫͭͤ͘Ύ͊͟ͻ ͔͎͔͍͎ͤͦͤͦͦͦ ͍ͦͪ͊ͫͭ͊͘ ͙͘-͊͘ ;͔͎ͦ ͍ ͙͔ͪ͊ͫͭͭ͡Έͤͦͣ 
͍͔ͨͦͪͦ͟ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͍ͣͤͦ͗ͫͭͦ ͔ͨͭͪͦͺ͙ͭͤ·ͻ ͍͙͍͒ͦΦ ˤ ͔ͣͫͭ͊ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ;͔͔͍ͪͤͦͣͦ͘ 
͙͍͔͔ͨͪͦ͒ͤ͊͘ ͪ͊ͫͨ͊΄͊͟Φ ˹͙͊͋ͦ͡Έ΄ͯΌ ͼ͔ͤͤͦͫͭΈ ͤ͊ ͍͔ͨͦͯͦͫͭͪͦ͡ ͙͔͔ͣͭ ͔͙͙ͭͪͪͭͦͪΎ ͙͎ͨͪͪͦ͒ͤͦͦ ͨ͊ͪ͊͟ 
ζ́͊ͪͻ͙͚͊ͤͯͭͫ͟͟ηΣ ͍ ͔͔ͨͪ͒͊͡ͻ ͎ͦͭͦͪͦͦ͟ ͦͻͪ͊ͤΎΌͭͫΎ ͯ;͙͊ͫͭ͟ ͔͔͚ͫͭͨ ͍ ͔͔͍͔ͫͭͫͭͤͤͦͣ ͍͙͔͒Σ ͦͭͦͪ͟·͔ ͒ͦ 
Ή͎ͭͦͦ ͔ͤ ͍͔͎͙ͨͦ͒ͪ͊ͫ͡Έ ͪ͊ͫͨ͊΄͔͟Φ 

ˤ ͔ͪ͊͋ͦͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͙ͦͫͣ͟;͔͙͔ͫ͟ ͙͙ͫͤͣ͟ ͍·͎ͫͦͦͦ͟ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͙ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͔͍ͨͦ͡·͔ 
͒͊ͤͤ·͔ ͒͡Ύ ͍͔͙ͪͺ͙͊͟ͼ͙͙ ͙͒ͫͭ͊ͤͼ͙ͦͤͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ ˿͙͙ͤͣ͟ ͫͦ ͙͍ͫͨͯͭͤͦ͟ Landsat р ͙ Landsat 8 
͋·͙͡ ͨͦ͒ͦ͋ͪ͊ͤ· ͊͘ ͍͔͔͚ͪͣͤͤͦ ͔ͨͪͦͣ͗ͯͭͦ͟ ͫ мффу ͨͦ нлмф ͎͎Φ ͒͡Ύ ͔͔͙ͫͪ͒ͤ· ͍͔͎͔ͭ͊ͼ͙͎ͦͤͤͦͦ ͔͙ͨͪͦ͒͊ 
ό͙ΌͤΈ-͙Ό͡ΈύΣ ͒͡Ύ ͙͍ͫͤͣͦ͟ Landsat у ͋·͙͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͦͭͦ͋ͪ͊ͤ· ͔͋ͦ͋͊͘͡;ͤ·͔ ͫͼ͔ͤ· ͒͡Ύ ͤ͊;͊͊͡ 
ό͔͊ͨͪ͡Έ-͚ͣ͊ύ ͙ ͦͤ͟ͼ͊ ό͍͎͊ͯͫͭ-͔ͫͤͭΎ͋ͪΈύ ͍͔͎͔ͭ͊ͼ͙͎ͦͤͤͦͦ ͔͙ͨͪͦ͒͊Φ ˨͡Ύ ͎͊͗͒ͦͦ͟ ͙ͫͤͣ͊͟ ͋·͙͡ 
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ͪ͊ͫͫ;͙ͭ͊ͤ· ͤ͊͘;͔͙ͤΎ ͍͔͎͔ͭ͊ͼ͙͎ͦͤͤͦͦ ͙͔ͤ͒ͫ͊͟ NDVIΣ ͊ ͫ ͼ͙ͺ͍͚ͪͦͦ ͔͙ͣͦ͒͡ ͔ͪ͡Έ͔ͺ͊ SRTM ͋·͙͡ 
͍·͍͔͔͒ͤ· ͔ͫͣΈ ͺ͍͊ͭͦͪͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͪ͡Έ͔ͺ͊ ͍ͨͦͯͦͫͭͪͦ͊͡ ́͊ͪͻ͊ͤͯͭ͟Φ ˨͡Ύ ͨͦͯ͡;͔͙ͤΎ 
͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͙͔ͨͪͣͤΎͦͫ͡Έ ͍͒͊ ͙͔ͤͫͭͪͯͣͤͭ͊ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙͙͙ͫͭ͊ͭͫͭ͟Υ ͙͊ͤ͊͘͡ ζ͎ͦͪΎ;͙ͻ 
ͭͦ;͔͟η όGettis-Ord Gi*, Hot Spot Analysisύ ͙ ͔ͣͭͦ͒ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ ͍͍͔͘΄͔͚ͤͤͦ ͔͎͔͙͙ͪͪͫͫΣ ͎͔͒ ͤ͊͘;͔͙ͤΎ 
NDVI ͍ ·͙ͫͭͯͨ͊͡ ͍ ͙ͪͦ͡ ͍͙͙͚͊ͫͣͦ͘ ͔͔͔͚ͨͪͣͤͤͦΣ ͊ ͺ͊ͭͦͪ͟· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͪ͡Έ͔ͺ͊ ͍ ͙ͪͦ͡ ͔͍͙͙ͤ͊ͫͣ͘·ͻΦ 

˿ ͨͦͣͦ΅ΈΌ ͙͊ͤ͊͊͘͡ ζ͎ͦͪΎ;͙ͻ ͭͦ;͔͟η ͋·͙͡ ͔ͦ͋ͤ͊ͪͯ͗ͤ· ͨͦͫͭͦΎͤͤ·͔ ͦ;͎͙͊ ͍ͨͦ·΄͔͚ͤͤͦ 
ͺ͙ͭͦͣ͊ͫͫ· ͍ ͔͔ͨͪ͒͊͡ͻ ͔͍ͦͣͨͫͦ͟͟͡ ͋͊ͦ͡;͚ͤͦ ͔͙ͫͭΣ ͦͭͦͪ͟·͔ ͍·͍͊ͤ͘· ͙͙͋ͣ͘͟͡ ͔͎͙͔͊͊ͤͣ͘͡ ͎͍ͪͯͤͭͦ·ͻ 
͍ͦ͒Φ ˤ·Ύ͍͔ͤͤ͡·͔ ͦ;͎͙͊ ͦ͊͘͟·͍͊Όͭ ͨͯ͡Έ͙ͫͪͯΌ΅͔͔ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͦͪͯ͗͊͟Ό΅͙͔ ͨ͊ͭͦͦ͋ͪ͊ͤ͘͡·͔ 
ͯ;͙͊ͫͭ͟ ͔͔͚ͫͭͨ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͊ͫͯ͘΄͙͍͙ͦͫͭ͡ ͎ͦ͒͊ ͙ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͫͦͤ͊͘Φ ˻͔ͭͣ;͔ͤͦΣ ;ͭͦ Ήͭ͊ ͦͤ͊͘ 
͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͍ ͫͭͦͪͦͤͯ ͦ͊͟͡͡Έͤ·ͻ ͍͔͍ͦ͒ͦͪ͊͒ͦ͘͡ ͍ ͔ͭ;͔͙͔ͤ ͍͔͎͔ͭ͊ͼ͙͎ͦͤͤͦͦ ͔͙ͨͪͦ͒͊Φ 
˸͔͙ͦ͒͡Σ ͨͦͯ͡;͔ͤͤ·͔ ͨͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͍͍͔͘΄͔͚ͤͤͦ ͔͎͔͙͙ͪͪͫͫΣ ͍͔͙ͯ͡;͙͍͊Όͭ ͍͔͒ͦͫͭͦͪͤͦͫͭΈ 
͔ͪͯ͘͡Έ͍ͭ͊ͭͦΣ ;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͫͯ͡;͚͊ͤ·ͣ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͍ͦͫͭ͊ͭͦ͟ όResidualύ όˮ͔ͤ͒ͫ͟ ˸ͦͪ͊ͤ͊ Ґ 
лΦммύΦ ˢ͙ͤ͊͘͡ ͤ͊͘;͔͙͚ͤ ͍ͦͫͭ͊ͭͦ͟ ͍·Ύ͍͙͡ ͙ͻ ͔͔ͣ͗ͫͦͤͤͯ͘Ό ͙͙͒ͤ͊ͣͯ͟Υ ͍ ͔͔͙͔ͫͪ͒ͤ ͍͔͎͔ͭ͊ͼ͙͎ͦͤͤͦͦ 
͔͙ͨͪͦ͒͊ ͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͙͊ͣͨͭͯ͒͊͡ ͤ͊͘;͔͙͚ͤΣ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͤ͊;͊ͦͣ͡ ͙ ͦͤ͟ͼͦͣΦ ˽͙ͦͣͣͦ Ή͎ͭͦͦΣ 
͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͔ ͙ͦͫͭ͊ͭ͟ ͊͘ ͔͙ͨͪͦ͒ ͔͔͙ͫͪ͒ͤ· ͔ͭ͊͡ ͙͔ͣΌͭ ͔͔͋ͦ͡ ͫͯ͡;͚͔͊ͤͦ 
͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͙ͻ ͍ͨͦͭͦͪΎ͔͙ͣͦͫͭ ͨͦ ͔͙͙͙ͭͪͪͭͦͪ ͍ͨͦͯͦͫͭͪͦ͊͡Σ ͔͔͙ͤ͗͡ ͍͔͚ͫͤͦ ͙ ͍ ͤ͊;͔͊͡ ͔͙ͦͫͤΦ 
ˣͦ͡Έ΄͙͔ ͤ͊͘;͔͙ͤΎ ͍ͦͫͭ͊ͭͦ͟ ͎ͣͦͯͭ ͦͭͪ͊͗͊ͭΈ ͔͔͙͔ͦͭ͒ͤ͡ ͦ͊͟͡͡Έͤ·ͻ ͺ͍͊ͭͦͪͦ͟ ͦͭ ͔͎͙ͪͦͤ͊͡Έͤ·ͻΣ ͊ ͔ͭ͊͗͟ 
ͯ͊͘͟·͍͊ͭΈ ͤ͊ ͔ͤͯ;͔ͭͤͤ·͔ ͺ͊ͭͦͪ͟· ͍ ͔͎͔͙͚ͪͪͫͫͦͤͤͦ ͔͙ͣͦ͒͡Φ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍·͔ͨͦͤͤͦ͡ ͙ͨͪ ͺ͙͍͚ͤ͊ͤͫͦͦ ͔͔ͨͦ͒͒ͪ͗͟ ˾͙͚͎ͦͫͫͫͦͦ͟ ͺͦͤ͒͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ 
͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ό͔ͨͪͦͭ͟ Ѕ нл-05-00464). 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟Σ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͊ͤ͒͡΄͊ͺͭ͊Σ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ 
͍͍͔͘΄͔ͤͤ͊Ύ ͔͎͔͙ͪͪͫͫΎΣ NDVIΣ ͔͙ͫͭͨΦ 
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Abstract 
Climate changes in the Central Caucasus are the most 
important factor that currently determines the state of 
insect, bird and mammal communities. Significant 
destabilization is one of the features of the modern 
functioning of natural systems and the individual animal 
species existing in them.  
It should be noted that anthropogenic factors also influence 
the transformation of fauna and animal populations along 
with climatic fluctuations. These processes most often 
mutually reinforce each other, which can lead to 
degradation or even extinction of a particular species over a 
large area. This study analyzes the changes in the climatic 
indicators of the Central Caucasus over the past decades, as 
well as the associated vector of transformation of fauna and 
animal population. The reasons for the synchronous 
expansion and reduction of the boundaries of the range of 
the range of some species are noted. 
Keywords: Central Pre-Caucasus, climatic changes,  

Evgeny Korobkin                                              transformation of fauna, animal population. 
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Abstract  
Urbanized territories belong to complicated social-ecological systems with many specific features of 

the currently accepted spectrum of ecosystem services provided by their green infrastructure. 
Nevertheless, priority ecosystem functions of green infrastructure in urbanized territories have many 
differences both functional and social. They are explained by combinations of different factors which were 
analyzed.  Our studies of green infrastructure ecosystem services in 5 model cities (Murmansk, Kirovsk, 
Smolensk, Moscow, Sevastopol) situated in different landscape zones of Russia: tundra, northern taiga, 
mixed and broadleaved forests, and steppe) were based on expert assessment of the visual results of 
ecosystem functions performance, supported by some instrumental measurements (microclimatic and 
noise protection effects) and followed by a general geographical and socioeconomic analysis of the model 
cities.  Assessment of ecosystem services work performance included microclimatic regulation, noise and 
erosion protection efficiency, pollution regulation effect, biodiversity support, etc. General geographical 
analysis included the following major factors which may contribute to differences in prioritization of 
ecosystem services spatial dimensions and location of green infrastructure elements within city areas: 
climatic and geomorphological peculiarities. Socioeconomic studies were based on local statistical and 
thematic information and included economic well-being comparison, social (historical, aesthetic, social 
cohesion, sacral) local characteristics based on both published data and field studies. 

The research highlighted the specific role of the mentioned above factors of prioritization of local 
ecosystem services. The main conclusions are the following: 
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¶ Information/cultural ecosystem services (historical, social cohesion) vs others may be regarded as 
priority for small green infrastructure elements (pocket parks). 

¶ Aesthetic information/cultural ecosystem services importance increased in northern cities for 
which monochromatic environment for a long cold period is typical: 

¶ Microclimate regulating ecosystem services in northern model cities provided mainly wind control 
vs temperatures control in more southern areas; 

¶ Erosion regulating ecosystem services were most important at urbanized territories with large 
height differences (Murmansk, Sevastopol); 

¶ Pollution control regulating services performance in northern cities were of minor importance 
compared with that of more southern territories because of short vegetation period. 

We detailed priority ecosystem services for model cities and linked them to geographical latitudes. 

Our field data completed by published data analysis enabled to highlight those among them, which 
ŘŜƳƻƴǎǘǊŀǘŜŘ ŎƻƴǎƛŘŜǊŀōƭŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŜŎƻǎȅǎǘŜƳǎΩ ŦǳƴŎǘƛƻƴ ǇŜǊŦƻǊƳŀƴŎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ƎŜƻƎǊŀǇƘƛŎŀƭ 
latitude: urban heat mitigation; strong winds control; biodiversity support; CO2 sequestration; pollution 
control chromatic (information ecosystem service supporting comfort visual environment). We used their 
ranking (5 conditional points) based on qualitative and quantitative scoring. The results were visualized in a 
diagram (fig.1). Prioritization results may be used in municipal activities planning for green infrastructure 
maintainance.   
 

 

  Fig.1. Ranking of detailed  ecosystem services in model cities:  1-wind control; 2- temperatures mitigation;  
3-biodiversity support; 4- CO2 sequestration; 5-pollution control; 6-chromatic. 
 

Keywords: ecosystem services, urban green infrastructure, geographical differences, prioritization.  
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Abstract 
Many factors influence the transformation of settlements into cities. The urban development of 

cities depends on the environmental, historical, social and economic aspects. In the case of historic cities, 
these aspects form a complex of the urban network. Rome, Tbilisi and Baku are ancient cities. The present 
article discusses in detail all the factors (geographical, political, social, etc.) that influenced the formation of 
the urban fabric of these historic cities. The research is based on the analysis of historical maps and 
scientific publications. The study period is divided into the following stages: The ancient period, Middle 
Ages, New period, Soviet period and Modern period. In the case of all three cities, many similarities can be 
seen in the ancient period and the Middle Ages. Enviromental factors (proximity to water, relief defence 
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function, etc.) were crucial for the city during these periods. Aspects of the use of geopolitical location 
(proximity to international trade routes) are revealed later. In the following periods, the leading factors 
affecting urbanization differ, and we finally come to the main distinguishing mark. Tbilisi and Baku, unlike 
Rome, experienced the Soviet period. At this stage, these cities are going through a completely different 
urban development path. In this case, it is interesting to compare Tbilisi and Baku. As for the modern 
period, research has shown that the urban challenges that Tbilisi and Baku face today have been familiar to 
Rome since the 1970s and 1980s. This is why sharing their experiences is essential when planning for the 
future. 

Keywords: historic cities, urban fabric, incient city, soviet period, urban drivers. 
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Abstract 
The purpose of the report is to present the possibilities of complex studies of prehistoric cultural 

objects based on the analysis of their spatial characteristics, reflecting various forms of the astronomical 
calendar.  

The unity of geographical space and time allows us to speak of a geographical space-time continuum. 
Due to this unity, the time coordinate of geographical objects has great potential in transmitting 
information. This potential is of particular importance in the reconstruction of events remote from the 
present. It is known that archaeological monuments act as archives and additional sources of information 
about natural processes and events of the non-literate period (Stone and Bronze Ages). Geoarchaeological 
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research makes it possible to clarify the natural and climatic conditions, the age of relief elements, the 
speed of tectonic movements, the processes of denudation and sedimentation, and to reveal traces of 
natural events of a catastrophic nature. Navigation objects contain even more information - they store 
information not only about local conditions, but also about the planetary characteristics of the Earth: the 
position and tilt of the axis, the speed of axial rotation, gravity, the lighting mode at the time of creation 
and use.  

These data make it possible to specify the age of objects, modern models of the development of the 
Earth's nature (for example, through the assessment of gravity, one can clarify the rates of denudation and 
accumulation) and human biosocial evolution (astronomical navigation tools and technologies develop 
abstract thinking and the effectiveness of all types of activities, are the basis of the worldview and an 
example rational organization of natural and cultural systems). 

The tasks of identifying the instrumental functions of prehistoric objects are partly solved by the 
methods of astroarchaeology, however, these methods work locally - on individual objects. Systematic 
generalizations of these data are possible only on the basis of the sciences of the geographical cycle. The 
most suitable for such a function is the geography of culture, which carries out interdisciplinary synthesis 
and integration of data on the scale of the entire geocultural space, and is aimed at obtaining a model of an 
integral system "nature-culture" with a characteristic of its horizontal and vertical structure. Geographic 
research methods and methods for verifying the results do not violate the archaeological sites and 
enclosing landscapes, because are based on observation, measurement, mapping of objects, analysis of 
these data from the standpoint of various sciences, including paleoastronomy and mathematical 
geography. 

Studies of changes in the structure of ancient objects for navigation purposes make it possible to 
identify differences in the lighting regime, determine the direction and speed of changes in the course of 
long-term rhythms of nature (the 1850-year Shnitnikov-Maksimov humidification rhythm, the 26,000-year 
equinox precession cycle, the 41,000-year Milankovich cycle, etc.). The results of such work make it 
possible to take into account long-term changes in nature, as well as the regional specificity of their 
manifestation in the management of nature management and planning the economic development of 
territories. 

For a more complete realization of such opportunities, it is proposed to create a database (DB) that 
reflects the functional relationships of the elements of the natural and cultural complex with each other, 
with the surrounding geographic and outer space. The algorithm for creating such a database includes:  

1) the study of an object by standard methods (measurement, description, comparison, metrological 
analysis - correlation with ancient systems of measures);  

2) characteristics of the enclosing landscape (taking into account the evolution of the natural and 
climatic conditions in the Holocene, the analysis of the dominant systems in the fracturing of rocks and the 
directions of lineaments - linear tectonic structures that are expressed in the landscape);  

3) astronomical and paleoastronomical calculations of calendar azimuths of sunrises/sets of the Sun 
and Moon, the height of the gnomon of sundial calendars and the position of the midday shadow by 
season (for the geographical coordinates of the object, taking into account differences in the physical and 
astronomical horizons);  

4) establishing correlations of the spatial characteristics of the object under study, the enclosing 
landscape and astronomical indicators recorded at a given point;  

5) comparison of the instrumental capabilities of the object with local and regional life support tasks 
in different historical eras (including analysis of the location of the object in the system of transport 
communications);  

6) definition of violations of the structure associated with natural disasters;  
7) indication and reconstruction of natural transformations. 
A large amount of information about the geolocation and structure of cultural heritage objects is 

provided by remote sensing of the Earth and GIS reconstruction methods. 
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Prehistoric monuments can be involved in the development of recreational economy. Due to their 
monumentality and attractiveness for tourists, they can be objects of display. 

The navigational properties of ancient objects are an additional incentive for active tourist activity, 
since it implies the possibility of field observations and reconstructions. 

Keywords: prehistoric heritage, navigation, geographical methods. 
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мύ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͦ͋Ά͔ͭ͊͟ ͫͭ͊ͤ͒͊ͪͭͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ ό͙͔͔͙͔ͣͪͤ͘Σ ͙͙͔ͦͨͫ͊ͤΣ ͍͔͙͔ͫͪ͊ͤͤΣ 
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нύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͍͔ͣ΅͊Ό΅͔͎ͦ ͊ͤ͒͡΄͊ͺͭ͊ όͫ ͯ;͔ͭͦͣ Ή͍ͦ͡Όͼ͙͙ ͙ͨͪͪͦ͒ͤͦ-͙͙ͣ͊ͭ͟͡;͔͚ͫͦ͟ 
͍͙ͦ͋ͫͭ͊ͤͦ͟ ͍ ͎ͦͦ͡ͼ͔͔ͤΣ ͙͊ͤ͊͊͘͡ ͙͙͒ͦͣͤͪͯΌ΅͙ͻ ͙͔ͫͫͭͣ ͍ ͔ͭͪ΅͙͍͙ͤͦ͊ͭͦͫͭ ͨͦͪͦ͒ ͙ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύͻ 
͙͔͔͍ͤ͊ͣͤͭͦ͡ς ͡ ͙͔͚ͤͤ·ͻ ͔͙ͭͭͦͤ͟;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟Σ ͙͔ͣΌ΅͙ͻ ͍·͔͙͔ͪ͊͗ͤ ͍ ͊ͤ͒͡΄͊ͺ͔ͭύΤ  

оύ ͙͊ͫͭͪͦͤͦͣ;͔͙͔ͫ͟ ͙ ͔͙ͨ͊ͦ͊ͫͭͪͦͤͦͣ͡;͔͙͔ͫ͟ ͪ͊ͫ;͔ͭ· ͔͊ͤ͒͊ͪͤ͟͡·ͻ ͙͍͊ͣͯͭͦ͘ 
͍ͦͫͻ͍ͦ͒ͦκ͊͘ͻ͍ͦ͒ͦ ˿ͦͤ͡ͼ͊ ͙ ˶ͯͤ·Σ ͍·ͫͦͭ· ͎ͤͦͣͦͤ͊ ͔ͫͦͤ͡;ͤ·ͻ ;͍͊ͫͦ-͔͔͚͊ͤ͒͊ͪ͟͡ ͙ ͔͙ͨͦͦ͗ͤ͡Ύ 
͔͚ͨͦͯ͒ͤͤͦ͡ ͔͙ͭͤ ͨͦ ͔ͫͦͤ͊ͣ͘ ό͒͡Ύ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ ͦ͋Ά͔ͭ͊͟Σ ͫ ͯ;͔ͭͦͣ ͙ͪ͊͘͡;͙͚ 
ͺ͙͙͘;͔͎ͫͦͦ͟ ͙ ͙͊ͫͭͪͦͤͦͣ;͔͎ͫͦͦ͟ ͎͙ͦͪͦͤͭ͊͘ύΤ  

пύ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͔ͦͪͪ͟͡Ύͼ͙͚ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͔͔͎ͫͫ͒ͯͣͦͦ͡ ͦ͋Ά͔ͭ͊͟Σ 
͍͔ͣ΅͊Ό΅͔͎ͦ ͊ͤ͒͡΄͊ͺͭ͊ ͙ ͙͊ͫͭͪͦͤͦͣ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Σ ͔͎͙͙͔ͪͫͭͪͪͯͣ·ͻ ͍ ͚͒͊ͤͤͦ ͭͦ;͔͟Τ  

рύ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͦ͋Ά͔ͭ͊͟ ͫ ͦ͊͟͡͡Έͤ·͙ͣ ͙ ͔͎͙ͪͦͤ͊͡Έͤ·͙ͣ 
͊͒͊͘;͙͊ͣ ͙͔͔͔͗ͤͦ͋ͫͨ͘;͔͙ͤΎ ͍ ͪ͊ͤ͘·͔ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ Ήͨͦͻ͙ ό͍ ͭΦ;ΦΣ ͙͊ͤ͊͘͡ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͦ͋Ά͔ͭ͊͟ ͍ 
͙͔͔ͫͫͭͣ ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ύΤ  

сύ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͤ͊ͪͯ΄͔͙͚ͤ ͫͭͪͯͭͯͪ͟·Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͙ͨͪͪͦ͒ͤ·͙ͣ ͊ͭ͊ͫͭͪͦ͟ͺ͙͊ͣΤ  
тύ ͙͙ͤ͒͊͟ͼ͙Ύ ͙ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͙ͨͪͪͦ͒ͤ·ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚Φ 

ˣͦ͡Έ΄͚ͦ ͦ͋Ά͔ͣ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ ͎͔͙ͦͨͦ͘ͼ͙͙ ͙ ͔ͫͭͪͯͭͯͪ͟ ͦ͋Ά͔͍ͭͦ͟ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔͙ͤ͊ͫ͒͡Ύ ͒͊Όͭ 
͙͒ͫͭ͊ͤͼ͙͔ͦͤͤͦ ͙͍͙͔ͦͤ͒ͪͦ͊ͤ͘ ˭͔͙ͣ͡ ό˨˨˭˭ύ ͙ ͔ͣͭͦ͒· ˥ˮ˿-͔ͪͦͤͫͭͪͯ͟͟ͼ͙͚Φ 

˨͙͙ͦͫͭͦͪ;͔͙͔ͫ͟ ͨ͊ͣΎ͙͙ͭͤ͟ ͎ͣͦͯͭ ͋·ͭΈ ͍͍͔ͦ͡;͔ͤ· ͍ ͍͙͙͔ͪ͊ͭ͘ ͔͔ͪͪ͊͟ͼ͙͎ͦͤͤͦͦ ͻͦ͘Ύ͚͍ͫͭ͊Φ 
ˣ͎͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͔ͣͦͤͯͣͤͭ͊͡Έ͙ͤͦͫͭ ͙ ͙͍͔͔ͨͪ͊ͭ͟͡͡Έ͙ͤͦͫͭ ͒͡Ύ ͙͍ͭͯͪͫͭͦ ͙ͦͤ ͎ͣͦͯͭ ͋·ͭΈ ͦ͋Ά͔͙ͭ͊ͣ͟ 
ͨͦ͊͊͘͟Φ 

˹͍͙͎͊͊ͼ͙ͦͤͤ·͔ ͍͚͍ͫͦͫͭ͊ ͔͍͙͒ͪͤͻ ͦ͋Ά͔͍ͭͦ͟ Ύ͍͡ΎΌͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͣ ͙ͫͭͣͯͦͣ͡ ͟ ͙͍͚͊ͭͤͦ͟ 
͙͚ͭͯͪͫͭͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͨͦͫͦ͟͡Έͯ͟ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͍ͨͦ͡·ͻ ͤ͊͋͡Ό͔͙͚͒ͤ ͙ 
͔ͪͦͤͫͭͪͯ͟͟ͼ͙͚Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͙͙͒ͦͫͭͦͪ;͔͔ͫͦ͟ ͔͙͔ͤ͊ͫ͒͡Σ ͍͙͎ͤ͊͊ͼ͙ΎΣ ͎͔͎ͦͪ͊ͺ͙;͔͙͔ͫ͟ ͔ͣͭͦ͒·Φ 
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Abstract 
Yerevan is the economic, scientific-cultural center of Armenia, a regional transport-transit hub. 

Yerevan is one of the oldest cities in the world, the 12th capital of Armenia. 1924 Al. According to 
Tamanyan's master plan for the reconstruction and development of Yerevan, Yerevan was a city-park with 
a population of 150,000, built of 3-4-storey buildings divided into separate zones: administrative, cultural, 
student, industrial, etc. 

The administrative territory of present-day Yerevan is only 22,328 hectares. 

   For the purpose of effective local self-government, territorial administration, the city of Yerevan is divided 
into 12 administrative districts, the population is 1077.6 thousand, that is more than 35% of the population 
of the republic. 

Currently, there is a construction boom in Yerevan, which is often accompanied by violations of 
urban planning norms. The increase in the density of construction in the center of Yerevan due to the 
reduction of green areas leads to a change in the microclimate of the city. An important component of the 
city's ecosystem is the green areas, which are the guarantee of the city's "health"; their preservation is one 
of Yerevan's priority tasks. 

The urgency of the work is that the geo-ecological condition of the environment of the city of 
Yerevan is being studied, on which the anthropogenic impact is obvious. 

The main goal of the work is to identify the geo-ecological problems of the city of Yerevan, to 
discover the reasons for the reduction of the green areas of Yerevan, to find solutions, to use the need for 
teaching geo-ecological knowledge. 
In order to achieve the chosen goal, the following tasks have been set: 
Å Analyze the state of the environment in the city of Yerevan 

mailto:dayan.sima@mail.ru
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II International Scientific Conference Landscape Dimension of Sustainable Development: Science, CartoGis, Planning, Governance 

II ˷˦˪˶˭˦˾˳˶ˮ˷˳ ˷˦˱˪̀˲ˮ˪˶˳ ˯˳˲˺˪˶˪˲̀ˮ˦ ˱˩˨˶˦˩ˮ ˨˦˲˫ˮ˭˦˶˪˧ˮ˷ ˰˦˲˩˾˦˺˸˹˶ˮ ˨˦˲ˬ˳˱ˮ˰˪˧˦:  

˯˫˰˪˫˦, ˯˦˶˸˳/˨ˮ˷, ˩ ˦˨˪˨˱˦˶˪˧˦, ˱˦˶˭˫˦ 

 

66 

 

Å Identify environmental problems by increasing the area and reducing green areas, suggest possible 
solutions for preserving the green areas of Yerevan. 

Prediction: After many studies and analyzes, we propose three possible levels of further development of 
the situation in Yerevan. 

1. Pessimistic (worst) level, when the intensive, condensing construction of Yerevan continues, 
combined with the destruction of green belts and historical monuments. Traffic flows lead to 
permanent traffic jams. There are permanent pesticides in the city, high pollution of surface waters 
and soils, the microclimate is deteriorating. Seismic risks, aridization and desertification risks are 
increasing. The number of diseases of the population has increased. As a result, Yerevan finds 
himself in an ecological and social collapse. 

2.  "Stopped" / moderate / level, when the "natural" point construction of the city is stopped the loss 
of green areas. Urban development is carried out within the framework of the Master Plan  
zoning projects. The system of environmental remediation measures is implemented to a limited 
extent. The inhabitants of the city are insufficiently involved in the discussion and solution of 
ecological problems. As a result, the ecological situation in Yerevan is not favorable, but not 
catastrophic, the city center continues to be on the brink of a special situation in the ecological 
disaster zone. 

3. Optimistic (best) level, when the city is actively involved in international processes, as well as in the 
Pan-European process of sustainable landscape planning. As a result, Yerevan stops from being an 
"ecological hotspot", it becomes an ecologically prosperous city with a more favorable 
microclimate. 

In the process of continuous global urbanization, the challenges of sustainable development are 
becoming more and more important for large cities. Many Yerevan residents consider a clean, well-
maintained urban environment a prerequisite for quality of life. The "Ecological Skeleton" of Yerevan area 
should be the self-renewing landscape. 

Keywords: administrative territory, Yerevan, geo-ecological problems, self-renewing landscape. 
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Abstract 
In the process of continuous global urbanization, the challenges of sustainable development are 

becoming more and more important for large cities. Many of Yerevan residents consider a clean, well-
maintained urban environment a prerequisite for quality of life. The "Ecological Skeleton" of the Yerevan 
area should be the self-renewing landscape and Hrazdan gorge can serve as a component of the full 
implementation of this function. 

Since  1998  intensively, mainly "point" construction of the city center began, and the outline of the 
General Plan was confirmed, taking into account the new political and economic conditions of the 
transition period. As a result, there was an increase in the density of construction, a reduction of green 
areas in the city center with corresponding ecological consequences. 
The construction works in Hrazdan gorge within the city of Yerevan, which create steep slopes, landslides, 
are subjects to floods and landslides, because of which all the environmental problems in the gorge area 
conditioned by incorrect landscape planning.  

Analyzing the urban development, landscape and ecological situation of the area, the relevant 
legislative acts in force in Armenia, we have prepared a Landscape Management Plan of Hrazdan gorge, 
considering the area as a large public area, which can significantly unload the small center of Yerevan, 
becoming attractive not only for locals but also for tourists. 

Landscape-urban reconstruction project of the section of Hrazdan gorge, from Kyiv Bridge to Victory 
Bridge. The aim of the project is to restore the original significance of the gorge, to include it in the green 
system of the city, so that the only natural zone of Yerevan will be returned to the inhabitants. A new five-
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zone zoning scheme is proposed, taking into account the availability of historical monuments. In each of 
them it is planned to dismantle the existing structures in the area. 
Å The first zone, which is the entrance junction and adjacent to the Victory Bridge, is proposed to be 

improved to install an amphitheater, taking into account the presence of monuments. 
Å The second zone is given a sports function, as it is adjacent to the territory of Hrazdan stadium. 

There may be stadiums or training platforms. 
Å The third zone includes the children's railway, and here it is suggested to preserve the existing 

significance. 
Å The fourth zone is designed for leisure and walking, where open playgrounds can be placed. 
Å The fifth zone is dedicated to extreme lowlands, which are very suitable for sharp terrain falls. 

We propose to close the roads for cars, so that the whole area is provided for pedestrians and 
cyclists, keeping only the access of ambulance and security vehicles. In order to make the recreation area 
accessible to other parts of the city, it is proposed to build a ropeway, which will create development 
prospects throughout the city. 

Keywords: Hrazdan gorge, incorrect landscape planning, landscape-urban reconstruction, new five-
zone zoning. 
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Abstract 
Today, Mediterranean countries are popular among tourists. Albania has become a relatively new 

tourism destination in Europe. It has a difficult history of tourism development due to isolation from the 
outside world for a long period of time. Military, political, and economic problems in the country hindered 
the development of the tourism industry.  

This research is devoted to peculiarities of development of the tourism sector in Albania at the 
present stage. Main stages and factors of tourism development are identified. It is shown that the country 
has a favorable geographical location, rich natural, climatic, recreational, cultural and historical resources, 
and a distinctive rural atmosphere. This contributes to development of various types of tourism, such as: 
educational, historical, archaeological, ethnic, medical, beach, sports, festival, etc. However, the 
recreational, historical and cultural potential is still not being used enough. 

The impact of tourism on the country's economy, including GDP and employment, is analyzed. State 
of the tourist infrastructure is characterized, level of development of which hinders the development of 
tourism. It is shown that the country as a whole has positive trends in tourist flows dynamics and 
expansion of their geography. But COVID-19 pandemic has negatively affected the values of these 
indicators. European countries are the leaders in inbound and outbound flows of tourists in Albania. The 
problems and prospects of tourism development in Albania are revealed. For effective functioning of the 
tourism industry, it is necessary to develop a strategy for the industry development. 

Keywords: tourism, international tourism, factors of tourism development, problems and prospects 
of tourism development in Albania. 
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ˢ˹ˢ˶ˮ˭ ˶ˢ˹˨̊ˢ̅́˹˻˯ ˿́˾̂˴́̂˾̍ ˤ̍˿˻˴˻˥˻˾ˮ˯ ˹ ˢ ˻˿˹˻ˤ˩ 
˸˻˾̅˻˸˩́˾ˮ̉˩˿˴ˮ̆ ̆ˢ˾ˢ˴́˩˾ˮ˿́ˮ˴ ˾˩˶̎˩̅ˢ 

 

˩͔ͤ͊͡ ˿ ͔͎͔͔͍ͪͤ͊ ˭ ͔͔͙ͨͯͤ͊͟͡1, ˿ ͍͔ͭ͊ͤ͊͡ ˢ͔͔͍ͤ͒ͪͤ͊ ˥ ͍͙͙͊ͪͤ͊͟͡2
 

 

1˴͊ ͙ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˨ͦ ͼ͔ͤͭ, ˴ ͊ͺ͔͒ͪ͊ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͔͔͙ͭͦͣͣͯͤ͊͟͟͡ͼ͙͚ ό̏ˣ́ύ, 
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Abstract 
Highland regions are key to run-off formation of the largest rivers and undrained basins water supply 

as well so far have been unexplored due to difficulties of access, sparse population and inadequate 
transportation. 

The most relevant factor for the specificity of the landscape structure in arid climatic conditions is 
humidification, or rather redistribution of scarcity of precipitation by surface roughness, widespread of low 
permeability surface, additional moisture inflows as a result of permafrost of active layer defrosting, etc. A 
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study is aimed at reveals the peculiarities of morphology of the highland arid landscapes based on the 
analysis of relief quantitative characteristics. 

Landscape structure is understood to mean the spatial distribution geosystems of the local level 
which are defined by landscape sites and dominant plant communities and soil. Geosystems landscape sites 
were identified by the landforms, slope, type, composition, thickness of surface sediments as well as 
migration regimes. The time dimension has not been possible to cover in depth here. 

Mongun Taiga mountain massif located in the western part of the Tuva republic (Russia) has been 
used as a model. This choice stems from the ability to verify the results of morphometric analysis due to 
ample material of long-term field observations. 

The analysis of arid highlands landscape structure on a combination of several morphometric 
parameters and remote sensing data has been conducted. 

There has been shown that the morphological split into architecture it is essential to classify varieties 
as homogeneous parameters areas describes landscape sites with high precision. It has been determined 
ǘƘŀǘ ŀǾŜǊŀƎŜ ŀƭǘƛǘǳŘƛƴŀƭ ŜƴǘǊƻǇȅ ƻŦ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ Ǉƭŀƴǘ ŎƻƳƳǳƴƛǘƛŜǎΩ ƎǊƻǳǇǎ ƛƴ ƭŀƴŘǎŎŀǇŜ ǎƛǘŜǎ ƛǎ 
significantly reduced using morphometric characteristics of the entire vertical profile. 

Combining field trials, cartographic and remote methods makes it possible to assert proposed set of 
morphometric characteristics is able to output plant cover horizontal structure. It can be used for 
automatic interpretation of inaccessible areas of Inner Asia as well as in forecast evaluation (predictive 
analysis) of landscape structure transformation as a result of spontaneous or human-induced changes. 

Keywords: landscape structure, Mongun-Taiga mountain range, morphometric parameters of the 
relief. 
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ͣͦͪͺ͔͙ͦͣͭͪ;͔͙ͫͣ͟ ͔ͨ͊ͪ͊ͣͭͪ͊ͣ ͔ͪ͡Έ͔ͺ͊Σ ͒ͦͫͭ͊ͭͦ;ͤͦ ͫ ͍·͚ͫͦͦ͟ ͭͦ;ͤͦͫͭΈΌ ͙ͦͨͫ·͍͔͊ͭ 
͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡ΎΦ ͍͔̂ͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͔ͫͪ͒ͤΎΎ ͨͦ нл0-͔͍ͣͭͪͦ·ͣ ͍·ͫͦͭͤ·ͣ ͙͔͍ͤͭͪ͊͊ͣ͡ Ή͙ͤͭͪͦͨΎ 
͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͎ͪͯͨͨ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͫͦͦ͋΅͔͍ͫͭ ͨͦ ͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡Ύͣ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͫͤ͗͊ͭͫΎ ͙ͨͪ 
͍·͔͔͙͙͒ͤ͡ ͔͔͙͚ͣͫͭͦͨͦͦ͗ͤ͡ ͤ͊ ͍͔ͦͫͤͦ ͙ͦͣ͋ͤ͊͟ͼ͙͚ ͣͦͪͺ͔͙ͦͣͭͪ;͔͙ͫ͟ͻ ͍͔͙͡;͙ͤ ͒͡Ύ ͍͔͎ͫͦ 
͍·͎ͫͦͭͤͦͦ ͨͪͦͺ͙͡Ύ ͍͔ͤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͣ͊ͪͦͫͦͤ͊͟͟͡Φ  ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͍ͫΎ͙͘ ͫ ͔ͭͣΣ ;ͭͦ ͒͡Ύ 
͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͎ͪͯͨͨ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͫͦͦ͋΅͔͍ͫͭ ό͔ͪͦͣ͟ ͎͙͍ͪͯͨͨͪͦͦ͟ ͔ͨͭͪͦͺ͙͍ͭͦ ͙ ͚͔ͨͦͣͤͤ·ͻ ͔͍ͫͦ͡ύ 
Ύ͍͚ͤͦ ͍ͫΎ͙͘ ͫ ͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡Ύ͙ͣ ͤ͊ ͍͔ͦͫͤͦ ͭͦ͡Έͦ͟ ͍·ͫͦͭͤͦ-Ή͙ͫͨͦ͘͟ͼ͙͎ͦͤͤͦͦ ͙͊ͤ͊͊͘͡ ͍·Ύ͍͙ͭΈ ͔ͤ 
͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͍ͦͣͦ͗ͤ͘·ͣΦ 

˹͙͊͋ͦ ͔͔͡ ͔͔͊ͣͭͤͦ͘ ͔ͯͣͤΈ΄͔͙͔ͤ ͤ͊͘;͔͙͚ͤ Ή͙͙ͤͭͪͦͨ ͔ͦͭͣ;͔ͤͦ ͍ ͔͔ͨͪ͒͊͡ͻ Ή͚ͦͭͦͤͤͦ͟ ͨͦͦͫ͡· ͍ 
͙͔͒͊ͨ͊ͦͤ͘ ͍·ͫͦͭ ннлл-нулл ͔͍ͣͭͪͦΥ ͭ͊͟Σ ͤ͊ ͔͍͔ͫͪͤͦͣ ͔ͣ͊ͪͦͫͦͤ͟͟͡ ͤ͊ ͍·͔ͫͦͭ нолл ͣ ɲ ˹ͤͦͪͣ 
͙͎͔͒ͦͫͭ͊ͭ лΣоΦ 

˿͍͔ͦͣ΅͔͙͔ͤ ͔͍ͨͦ͡·ͻΣ ͎͊ͪͭͦͪ͊͟ͺ͙;͔͙ͫ͟ͻ ͙ ͙͒ͫͭ͊ͤͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͨͦͦ͘͡Ύ͔ͭ 
͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͔͔ͨͪ͒ͦ͗ͤͤ͡·͚ ͤ͊͋ͦͪ ͣͦͪͺ͔͙ͦͣͭͪ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͪ͡Έ͔ͺ͊ ͔ͦͪͪͭͤͦ͟͟ 
͙ͦͨͫ·͍͔͊ͭ ͎͙ͦͪͦͤͭ͊͘͡ΈͤͯΌ ͫͭͪͯͭͯͪͯ͟ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͍ͨͦͪͦ͊͟ ͙͍͔͎ͪ͊ͫͫͣ͊ͭͪ͊ͣͦͦ ͙͍ͣ͊ͫͫ͊Σ ͙ ͔ͣͦ͗ͭ 
͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘ ͙ͨͪ ͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͤͤͦͣ͘ ͔͒΄͙ͺ͙͍͙͙ͪͪͦ͊ͤ ͭͪͯ͒ͤͦ͒ͦͫͭͯͨͤ·ͻ ͚͍ͪ͊ͦͤͦ ˤ͔͔͚ͤͯͭͪͤͤ 
ˢ͙͙͘Σ ͊ ͔ͭ͊͗͟ ͙ͨͪ ͎͚ͨͪͦͤͦͤͦ͘ ͦͼ͔͔ͤ͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚ ͊ͤ͒͡΄͊ͺ͚ͭͤͦ ͫͭͪͯͭͯͪ͟· ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 
ͫͨͦͤͭ͊ͤͤ·ͻΣ ͙͋ͦ͡ ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͊ͤ͒͡΄͊ͺͭͤ͊Ύ ͫͭͪͯͭͯͪ͊͟Σ ͎ͦͪͤ·͚ ͙͍ͣ͊ͫͫ ˸͎ͦͤͯͤ-͚͎́͊͊Σ ͣͦͪͺ͔͙ͦͣͭͪ;͔͙͔ͫ͟ 
͔ͨ͊ͪ͊ͣͭͪ· ͪ ͔͡Έ͔ͺ͊. 
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1˴͊ ͙ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͫͭ͊ͪ΄͙͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ͎͔ͦͣͦͪͺ͎͙͙ͦͦ͡Σ ̅˥ˣ̂˹ ζˮ͙ͤͫͭͭͯͭ 
͎͔͎ͦͪ͊ͺ͙͙ ˾ˢ˹ηΣ ˸ ͍ͦͫ͊͟Σ ˾͙ͦͫͫΎΤ 2 ˴͊ ͙ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ̅͊ͯ͟͡Έ͔ͭͭ ˥͔͎ͦͪ͊ͺ͙͙ ͙ ˥͔ͦΉ͎͙͙ͦͦ͟͡Σ 
̅˥ˣ˻̂ ˤ˻ ζˤ͔͙͚ͦͪͦͤ͗ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭηΣ ʕ ͔ͦͪͦͤ͗Σ ˾͙ͦͫͫΎΤ 3˥͍͊ͤ͡·͚ ͔ͫͨͼ͙͙͊ͫͭ͡Σ ̅˥ˣ̂ 
ζ˾͔͙ͦͫͫͤ͡ͺ͎ͦͪη (͍͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎΣ ͔ͫͨͼ͙͙͙͊ͪͯ͘͡Ό΅͊ΎͫΎ ͤ͊ ͔ͦͣͨͫͤͦͣ͟͟͡ ͔ͪ΄͔͙͙ͤ ͔ͫͦͯ͡;͔ͭͤ·ͻ 

͙ ͔͙͔ͫͦͯͫͭͪͦͭ͡͡Έͤ·ͻ ͊͒͊͘; ͍  ͙͔͔ͤͭͪͫ͊ͻ ͎͍ͦͫͯ͒͊ͪͫͭ͊ύΣ ˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎ 
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Abstract 
The study assumes that the processes associated with the accumulation and movement of clastic 

material - landslide-scree and debris flows, have a cyclical nature and are subject to the complex effect of 
several time-varying factors - air temperature, precipitation, frost weathering and seismicity, among which 
earthquakes are one of leading. The novelty is their joint consideration. The cycle of development of 
extreme exogenous processes (hereinafter - EEP), during which some cause others, can last for a number 
of years. Cycle scheme: after large mudflows in the mountain landscape as a result of landslide-scree, 
channel processes, avalanches, clastic material begins to accumulate. Upon reaching the critical mass, even 
with a weak influence of any of the factors, the next descent occurs. 
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The study area is part of the seismically active southern part of European Russia. Seismic events of 
great strength always lead in the mountains to the beginning of exogenous processes or their 
intensification. In the proposed work, we give priority attention, first of all, to weak and medium-sized 
earthquakes, which occur much more often, with a delay in the effect, and which act in conjunction with 
other factors that increase the activity of debris flows, avalanches, screes, rapid landslides and rockfalls. 
Analyzing descriptions of sensations from earthquakes of various strengths and evaluating the movement 
of clastic material as a result of their action, we decided that the minimum value that should be taken into 
account in our work is 3 points. 

Since 2009, in order to study the specifics of exogenous processes in the Central Caucasus, we have 
been conducting research on a territory representative of the entire region - in the basin of the upper 
reaches of the Cherek Balkarsky river, above the village of Upper Balkaria, and the basins of its sources - 
Karasu and Dykhsu. In these places, the cycle is from 3 to 6 years. The prerequisite for the completion of 
the previous EEP cycle in the summer of 2017 was the joint activity of several factors, and, to a large 
extent, not immediately, but in advance. 

The study area is affected by earthquakes, the epicenters of which are located in various places, 
sometimes located at a great distance from it. The calculation was carried out according to the formula: 
 

, 
 

where J is the intensity of the earthquake, in points; M is the magnitude; R is the distance from the epicenter in km; h is the 

depth of the epicenter, km; 2.2, 1.6, 3.1 are regional constants. 

 
Graphs of factors that change over time, for the convenience of analysis, are placed under each 

other on the same time scale. In addition to earthquakes, they display air temperature, precipitation and 
frost weathering, reflected in the number of air temperature transitions through the freezing point - zero 
degrees Celsius. 

As a result of the study, it was revealed that in addition to the preparatory role, in the EEP cycle, 
weak earthquakes perform the function of a "trigger" for large debris flows. So, in July 2012 and July 2017, 
when similar debris flows completed the next cycles of extreme exogenous processes in the study area, 
weak 3-magnitude earthquakes served as a "trigger" in both cases and, in the second case, to a much lesser 
extent, - a slight increase in air temperature, which increased the melting of glaciers in the highlands. 

Keywords: formation factors, earthquakes, cycle, extreme exogenous processes, mountain 
landscape, clastic material, Central Caucasus. 
 

 

ˢ͋ͫͭͪ͊ͭ͟ 
ˤ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͔͎͔ͨͪ͒ͨͦ͊͊ͭͫ͡ΎΣ ;ͭͦ ͨͪͦͼ͔ͫͫ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͔ͤ͊ͦͨͤͣ͟͡ ͙ ͔͔͔ͨͪͣ΅͔͙͔ͤͣ 

ͦ͋ͦͣͦ͡;͎ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ς ͍ͦ͋͊͡Έͤͦ-ͦͫ·ͨͤ·͔ ͙ ͔͙ͫ͡Σ ͙͔ͣΌͭ ͼ͙͙͟͡;ͤͦͫͭΈ ͙ ͍͔͔ͨͦ͒ͪ͗ͤ· 
͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͔͚͍͙ͦ͒ͫͭ͘Ό ͔ͤͫͦ͟͡Έ͙͟ͻ ͺ͍͊ͭͦͪͦ͟Σ ͙͔ͣͤ͘ΎΌ΅͙ͻͫΎ ͍ͦ ͍͔͔͙ͪͣͤ - ͭ ͔͔ͣͨͪ͊ͭͯͪ· ͍ ͦ͒ͯ͘ͻ͊Σ 
͍ͦͫ͊͒ͦ͟Σ ͎ͣͦͪͦͤͦͦ͘ ͍·͍͔͙͍͙ͭͪ͊ͤΎ ͙ ͔͚͙ͫͫͣ;͙ͤͦͫͭΣ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎ Ύ͍͡ΎΌͭͫΎ ͙ͦ͒ͤͣ ͙͘ 
͍͔͒ͯ΅͙ͻΦ ˹͍͙͚ͦͤͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔ͫͦͣͫͭͤͦ ͙ͻ ͔͙͔ͪ͊ͫͫͣͦͭͪͤΦ ͙̇͟͡ ͍͙͙ͪ͊ͭ͘Ύ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ Ή͎͔ͦͤͤ͘͟·ͻ 
ͨͪͦͼ͔͍ͫͫͦ ό͔͔͒͊͡ - ̏̏˽ύΣ ͍ ͻ͔ͦ͒ ͎ͦͭͦͪͦͦ͟ ͙ͦ͒ͤ ͍͙͍ͦ͋ͯͫ͊͊͡͡Όͭ ͎͙͔͒ͪͯΣ ͔ͫͨͦͫͦ͋ͤ ͙͒ͭ͡ΈͫΎ ͍ ͔ͭ;͔͙͔ͤ 
ͪΎ͒͊ ͔ͭ͡Φ ˿ͻ͔ͣ͊ ͼ͙͊͟͡Υ ͔ͨͦͫ͡ ͫͻͦ͒͊ ͪͯͨͤ͟·ͻ ͔͔͚ͫ͡ ͍ ͎ͦͪͤͦͣ ͊ͤ͒͡΄͊ͺ͔ͭ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍ͦ͋͊͡Έͤͦ-
ͦͫ·ͨͤ·ͻΣ ͍ͪͯͫͦ͡·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͫͻ͍ͦ͒ͦ ͍͙͊ͤ͡ ͤ͊;͙͔ͤ͊ͭ ͙͍ͤ͊͊ͨ͊ͭ͟͡ΈͫΎ ͦ͋ͦͣͦ͡;ͤ·͚ ͔͙ͣ͊ͭͪ͊͡Φ ˽ͦ 
͙͔͙͙͒ͦͫͭ͗ͤ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͣ͊ͫͫ·Σ ͔͒͊͗ ͙ͨͪ ͫ͊͋ͦͣ͡ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͡Ό͎͋ͦͦ ͙͘ ͺ͍͊ͭͦͪͦ͟Σ ͫͯ͡;͔͊ͭͫΎ 
͔ͫ͒ͯ͡Ό΅͙͚ ͫͻͦ͒Φ  

͔͙͙́ͪͪͭͦͪΎ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͻ͙ͦ͒ͭ ͍ ͔͚͙ͫͫͣ;͔͙ͫ͟ ͙͍͊ͭͤͯ͟Ό Ό͗ͤͯΌ ;͊ͫͭΈ ˩͍͔͚͚ͪͦͨͫͦ͟ ˾͙͙ͦͫͫΦ 
˿͔͚͙ͫͣ;͔͙͔ͫ͟ ͫͦ͋·͙ͭΎ ͋ͦ͡Έ΄͚ͦ ͙ͫ͡· ͍͔͎ͫ͒͊ ͍͔͒ͯͭ ͍ ͎ͦͪ͊ͻ ͟ ͤ͊;͊ͯ͡ Ή͎͔ͦͤͤ͘͟·ͻ ͨͪͦͼ͔͍ͫͫͦ ͙͙͡ ͙ͻ 
͙͔͙ͯͫͤ͡ΌΦ ˤ ͔͎͔͚ͨͪ͒͊͊ͣͦ͡ ͔ͪ͊͋ͦͭ ͣ· ͔ͯ͒͡Ύ͔ͣ ͔͍ͨͪͦͦ;͔͔͔ͪ͒ͤͦ ͍͙͙͔ͤͣ͊ͤΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦΣ ͫ͊͋͡·ͣ ͙ 
͔͔͚ͫͪ͒ͤ ͙ͫ͡· ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎͣΣ ͦͭͦͪ͟·͔ ͫͯ͡;͊ΌͭͫΎ ͎ͦͪ͊͒ͦ͘ ;͊΅͔Σ ͫ ͦͭͫͪͦ;͚ͦ͟ Ήͺͺ͔ͭ͊͟ ͙ ͦͭͦͪ͟·͔ 
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͔͚͍͒ͫͭͯΌͭ ͍͔ͫͦͣͫͭͤͦ ͫ ͎͙͙͒ͪͯͣ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͍ͨͦ·΄͊Ό΅͙͙ͣ ͙͍͊ͭͤͦͫͭ͟Έ ͔͔͚ͫ͡Σ ͍͙͊ͤ͡Σ ͦͫ·͔͚ͨΣ 
·͋ͫͭͪ·ͻ ͔͚ͦͨͦͤ͘͡Σ ͍͍ͦ͋͊ͦ͡ ͙ ͔͍͊ͣͤͨ͊͒ͦ͟Φ ˢ͙͙ͤ͊ͪͯ͘͡Ύ ͙͙ͦͨͫ͊ͤΎ ͦ΅ͯ΅͔͙͚ͤ ͦͭ ͔͔ͣͭͪ͘͡Ύ͔͙͚ͫͤ 
͙ͪ͊͘͡;͚ͤͦ ͙ͫ͡· ͙ ͦͼ͔͙͍ͤ ͔͔͔ͨͪͣ΅͔͙͔ͤ ͦ͋ͦͣͦ͡;͎ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙ͻ ͔͚͍͙͒ͫͭΎΣ ͣ· 
͔ͪ΄͙͙͡Σ ;ͭͦ ͙͙ͣͤͣ͊͡Έͤ·ͣ ͤ͊͘;͔͙͔ͤͣΣ ͔ͦͭͦͪͦ͟ ͔͔ͫ͒ͯͭ͡ ͯ;͙ͭ·͍͊ͭΈ ͍ ͤ͊΄͔͚ ͔ͪ͊͋ͦͭΣ Ύ͍͡Ύ͔ͭͫΎ о ͋͊͊͡͡Φ 

˿ нллф ͎Φ ͫ ͼ͔͡ΈΌ ͙ͯ͘;͔͙ͤΎ ͔ͫͨͼ͙ͺ͙͙͟ Ή͎͔ͦͤͤ͘͟·ͻ ͨͪͦͼ͔͍ͫͫͦ ͔̇ͤͭͪ͊͡Έ͎ͤͦͦ ˴͍͊͊͊͘͟ ͙ͤ͊ͣ 
͍͙͙ͨͪͦͦ͒ͫ͡Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͤ͊ ͔͔͔͙͍͚ͪͨͪͤͭ͊ͭͤͦ͘ ͒͡Ύ ͍͔͎ͫͦ ͔͎͙ͪͦͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ς ͍ ͔͚͔͋͊ͫͫͤ 
͍͔ͪͻ͍ͦΈ͔͍ ͪΦ ͔͔̉ͪ͊͟ ˣ͎͊͊ͪͫͦͦ͟͟͡Σ ͍·΄͔ ͔ͫ͊͡ ˤ͔ͪͻͤΎΎ ˣ͙͊͊ͪ͟͡ΎΣ ͙ ͔͚͋͊ͫͫͤ͊ͻ ͔͎ͦ ͙͍ͫͭͦͦ͟ ς ˴͊ͪ͊ͫͯ ͙ 
˨·ͻͫͯΦ ˤ Ή͙ͭͻ ͔ͣͫͭ͊ͻ ͼ͙͟͡ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͭ о ͒ͦ с ͔ͭ͡Φ ˽͔ͪ͒ͨͦͫ·͚ͦ͟͡ ͍͔͊ͪ͘΄͔͙ͤΎ ͔ͨͪ͒·͒ͯ΅͔͎ͦ ͼ͙͊͟͡ 
̏̏˽ ͔ͭͦͣ͡ нлмт ͎Φ ͙ͨͦͫͯ͗͊͡͡ ͍͔ͫͦͣͫͭͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͔ͤͫͦ͟͡Έ͙͟ͻ ͺ͍͊ͭͦͪͦ͟Σ ͙ͨͪ;͖ͣΣ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ 
͔͔͙ͫͭͨͤΣ ͔ͤ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤ͊ΎΣ ͊ ͎͍͔͔͊͋͊ͦͪͣͤͤ͊͘͡ΎΦ 

˹͊ ͔͙͙͙ͭͪͪͭͦͪ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͫ͊͘͟·͍͊ΌͭͫΎ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎΣ Ή͙ͨͼ͔ͤͭͪ· ͦͭͦͪ͟·ͻ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ 
͙ͪ͊͘͡;ͤ·ͻ ͔ͣͫͭ͊ͻΣ ͚ͨͦͪͦ ͤ͊ͻͦ͒Ύ΅͙ͻͫΎ ͤ͊ ͋ͦ͡Έ΄ͦͣ ͔͙͙ͯ͒͊ͤ͡ ͦͭ ͔͖ͤΦ ˾͊ͫ;͖ͭ ͍͙ͨͪͦͦ͒ͫ͡Ύ ͨͦ ͺ͔ͦͪͣͯ͡Υ  

 

 

ʛʜʝ J ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚ ʙʘʣʣʘʭ; M ï ʤʘʛʥʠʪʫʜʘ; R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʧʠʮʝʥʪʨʘ ʚ ʢʤ; h ï ʛʣʫʙʠʥʘ 

ʵʧʠʮʝʥʪʨʘ, ʢʤ; 2.2, 1.6, 3.1 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ. 

 

˥ͪ͊ͺ͙͙͟ ͺ͍͊ͭͦͪͦ͟Σ ͦͭͦͪ͟·͔ ͔ͣͤΎΌͭͫΎ ͍ͦ ͍͔͔͙ͪͣͤΣ ͒͡Ύ ͍ͯ͒ͦ͋ͫͭ͊ ͙͊ͤ͊͊͘͡ ͔ͨͦͣ΅͔ͤ· ͎͒ͪͯ ͨͦ͒ 
͎͒ͪͯͦͣ ͍ ͦ͒ͤͦͣ ͍͔͔ͪͣͤͤͦͣ ͣ͊ͫ΄͔ͭ͊͋Φ ˽͙ͦͣͣͦ ͔͔ͣͭͪ͘͡Ύ͔͙͚ͫͤΣ ͙ͦͤ ͦͭͦ͋ͪ͊͗͊Όͭ ͔͔ͭͣͨͪ͊ͭͯͪͯ 
͍ͦ͒ͯ͘ͻ͊Σ ͙ͦͫ͊͒͟ ͙ ͔ͣͦͪͦͤͦ͘ ͍·͍͔͙͍͙͔ͭͪ͊ͤΣ ͖͔ͦͭͪ͊͗ͤͤͦ ͍ ͙ͦ͟͡;͔͍͔ͫͭ ͔͔ͨͪͻ͍ͦ͒ͦ ͔͔ͭͣͨͪ͊ͭͯͪ· 
͍ͦ͒ͯ͘ͻ͊ ;͔͔ͪ͘ ͭͦ;ͯ͟ ͔͙͊ͣͪ͊ͤ͘͘Ύ ς ͤ ͦ͡Έ ͎͍ͪ͊͒ͯͫͦ ͨͦ ͔̇͡Έ͙ͫΌΦ 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍·Ύ͍͔ͤͦ͡Σ ;ͭͦ ͙ͨͦͣͣͦ ͎͍͙͔ͨͦ͒ͦͭͦͭ͡Έ͚ͤͦ ͙ͪͦ͡Σ ͍ ͼ͙͔͟͡ ̏̏˽ ͫ͊͋͡·͔ 
͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎ ͍·ͨͦͤ͡ΎΌͭ ͺͯͤ͟ͼ͙Ό ζ͍͎ͫͨͯͫͦͦͦ͟ ͔ͣͻ͙͊ͤͣ͊͘η ͒͡Ύ ͪͯͨͤ͟·ͻ ͔͔͚ͫ͡Φ ́͊͟Σ ͍ ͙Ό͔͡ нлмн ͎Φ 
͙ ͙Ό͔͡ нлмт ͎ΦΣ ͎ͦ͒͊͟ ͫͻͦ͒· ͨͦ͒ͦ͋ͤ·ͻ ͔͔͚ͫ͡ ͍͔͊ͪ͘΄͙͙͡ ͤ͊ ͙͔͔͚ͫͫ͒ͯͣͦ͡ ͔͙͙͙ͭͪͪͭͦͪ ͦ;͔͔ͪ͒ͤ·͔ 
ͼ͙͟͡· Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ Ή͎͔ͦͤͤ͘͟·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ζ͍ͫͨͯͫͦ͟·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘η ͍ ͙ͦ͋ͦͻ ͫͯ͡;͊Ύͻ ͙͙ͨͦͫͯ͗͡͡ 
ͫ͊͋͡·͔ о-ͻ ͋͊͡͡Έͤ·͔ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎ ͙Σ ͍ͦ ͍ͭͦͪͦͣ ͫͯ͡;͔͊ ͍ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͣͤΈ΄͔͚ ͔͔͙ͫͭͨͤΣ ς 
͔ͤ͋ͦ͡Έ΄͔ͦ ͔͍ͨͪ·΄͔͙͔ͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͍ͦ͒ͯ͘ͻ͊Σ ͙͙͍ͯͫ͡΄͔͔ ͭ͊Ύ͙͔ͤ ͔͙͍͒ͤͦ͟͡ ͍ ͍·͎ͫͦͦͦͪ͟Έ͔Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͺ͊ͭͦͪ͟· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΣ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎΣ ͼ͙͟͡Σ Ή͔ͫͭͪͣ͊͟͡Έͤ·͔ Ή͎͔ͦͤͤ͘͟·͔ 
ͨͪͦͼ͔ͫͫ·Σ ͎ͦͪͤ·͚ ͊ͤ͒͡΄͊ͺͭΣ ͦ͋ͦͣͦ͡;ͤ·͚ ͔͙ͣ͊ͭͪ͊͡Σ ͔̇ͤͭͪ͊͡Έͤ·͚ ˴͍͊͊͘͟Φ 
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ˮ͎͙͋ͪ͊ͣ ˢͻ͔͍͙ͣ͒ͦ; ˴ ͔͙͍ͪͣͦ1Σ ˶Ό͍͋ͦΈ ̊ Φ ˸ ͊ͻ͍ͣͯ͒ͦ͊2Σ ˴͔͙ͫͤΎ ʕ Φ ˸ Ύ;͙ͤ͊3 
 

1 ˽ͪͦͺ͔ͫͫͦͪΣ ˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟, ʕ ͙ͼ͔-͔͙͔ͨͪ͒ͤͭ͘ ˢ͔͙͙͊͒ͣ͟ ˹͊ͯ͟ ͔̉;͔͚ͤͫͦ͟ ˾͔͙͙ͫͨͯ͋͟͡ (ˢ˹ 
̉)˾Σ ͍͔͊͒ͯ͘Ό΅͙͚ ˻͔ͭ͒ͦͣ͡ ͤ͊ͯ͟ ͦ ˭͔͔ͣ͡ ˴͔͎ͦͣͨͫͤͦͦ͟͡ ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͙͙ͤͫͭͭͯͭ͊ ͙ͣΦ ̆Φˮ. 

ˮ͎͙͍͋ͪ͊ͣͦ͊ ˾ˢ˹ ό͎Φ ˥ͪͦͤ͘·͚ύΣ ˥͍͊ͤ͡·͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ˮ͙ͤͫͭͭͯͭ͊ ͺ͙͙͙͘͟ ˭͔͙ͣ͡ ͙ͣΦ ˻Φ̑Φ ͙̊ͣ͒ͭ͊ ˾ˢ˹; 
2˨ͦͭͦͪ͟ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͤ ͊ͯ͟Σ ˨͙͔ͪͭͦͪ͟ ˮ͙ͤͫͭͭͯͭ͊ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ˥́̂ ͙ͣΦ ˸Φ˸͙͙ͦͤ͡͡΅͙͍ͦ͊͟Τ 1,2˥ͪͦͤ͘·͚Σ ͔̉;͔ͤͫ͊͟Ύ 
˾͔͙ͫͨͯ͋͊͟͡Σ ˾͙ͦͫͫΎ; 3˨ͦͭͦͪ͟ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˭͍͔͊͒ͯΌ΅͙͚ ͔ͦͭ͒ͦͣ͡ ˽͙ͪͪͦ͒ͤ·ͻ ͙ ͔́ͻ͎͔ͤͦͤͤ·ͻ ˥͔͙͔ͦͫͫͭͣΣ 
˿͔͚ͭͨͤͦ ͙͙ͤͫͭͭͯͭ ̂ͪ͊͡Έ͎ͫͦͦ͟ ˻͔͔͙ͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ˢ͔͙͙͊͒ͣ͟ ˹͊ͯ͟Σ ˻͔͎ͪͤ͋ͯͪΣ ˾͙ͦͫͫΎ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
          

 Ibragim Kerimov                       Lyubov Makhmudova               Kseniya Myachina 

 
Abstract 
The article deals with the issues of creation and functioning of the carbon polygon of the Chechen 

Republic on the basis of GGNTU. acad. M.D. Millionshchikov. This polygon includes 6 reference sites, 
including a carbon farm. The purpose and main tasks of the carbon range are listed. The landscape features 
of the reference areas are described. Modern equipment has been installed at the landfill, including an 
ecological and climatic station, a weather station, a gas analyzer and other equipment. 

Keywords: climate change, carbon polygon, greenhouse gases, landscapes, weather station, gas 
analyzer. 
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ˢ͋ͫͭͪ͊ͭ͟ 
ˮͯ͘;͔͙͔ͤ ͎ͦ͋͊͡͡Έͤ·ͻ ͙ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ 

͊ͭͯ͊͟͡Έͤ·ͻ ͊͒͊͘;Σ ͫͭͦΎ΅͙ͻ ͔͔ͨͪ͒ ͤ͊ͯ;ͤ·ͣ ͫͦͦ͋΅͔͍ͫͭͦͣ ώм-пϐΦ ˻͙͒ͤͣ ͙͘ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͍ͫͨͦͫͦ͋ͦ 
͙ͯ͘;͔͙ͤΎ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͎͍͊ͦ͘ Ύ͍͡ΎΌͭͫΎ ͍͊ͪ͋ͦͤͦ͟·͔ ͙͎ͨͦͦͤ͡·Σ ͦͭͦͪ͟·͔ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ 
͚ͫͦ͋ͦ ͔͙͙͙ͭͪͪͭͦͪ ͫ ͙ͯͤ͊͟͡Έ͚ͤͦ Ή͙͔͚ͦͫͫͭͣͦ͟Σ ͫͦ͒͊ͤͤ͘·͔ ͒͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔ͣͪ ͦͤͭͪͦ͟͡Ύ 
͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͍͊ͭͤ͟·ͻ ͎͍͊ͦ͘Φ  

ˤ ͫͭ͊ͭΈ͔ ͔ͪ͊ͫͫͣͦͭͪͤ· ͍ͦͨͪͦͫ· ͙ͫͦ͒͊ͤ͘Ύ ͙ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͍͎͊ͪ͋ͦͤͦͦͦ͟ ͙͎ͨͦͦͤ͊͡ 
͔̉;͔͚ͤͫͦ͟ ˾͔͙͙ͫͨͯ͋͟͡ ͤ͊ ͔͋͊͘ ˥˥˹́̂ ͙ͣΦ ͊͊͒͟Φ ˸Φ˨Φ ˸͙͙ͦͤ͡͡΅͙͍ͦ͊͟Φ ˨͊ͤͤ·͚ ͙͎ͨͦͦͤ͡ ͍͟͡Ό;͔͊ͭ с 
Ήͭ͊ͦͤͤ͡·ͻ ͯ;͍͊ͫͭͦ͟Σ ͍͟͡Ό;͊Ύ ͍͊ͪ͋ͦͤͦͯ͟Ό ͺ͔ͪͣͯΦ ˽͔͔ͪ;͙͔ͫͤ͡· ͼ͔͡Έ ͙ ͍ͦͫͤͦͤ·͔ ͊͒͊͘;͙ ͍͎͊ͪ͋ͦͤͦͦͦ͟ 
͙͎ͨͦͦͤ͊͡Φ ˻͙ͨͫ͊ͤ· ͊ͤ͒͡΄͊ͺͭͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ Ήͭ͊ͦͤͤ͡·ͻ ͯ;͍͊ͫͭͦ͟Φ ˹͊ ͙͎͔ͨͦͦͤ͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡ 
͍͔͔͔ͫͦͪͣͤͤͦ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤΣ ͍͟͡Ό;͊Ό΅͔͔ Ή͎ͦͦͦ͟͡-͙͙ͣ͊ͭ͟͡;͔ͫͯ͟Ό ͫͭ͊ͤͼ͙ΌΣ ͔͔ͣͭͦͫͭ͊ͤͼ͙ΌΣ 
͎͙͊ͦ͊ͤ͊͊ͭͦͪ͘͘͡ ͙ ͒ͪΦ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤΦ   

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͙͙ͣ͊ͭ͟͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘ΎΣ ͍͊ͪ͋ͦͤͦ͟·͚ ͙͎ͨͦͦͤ͡Σ ͙͍ͨ͊ͪͤͦ͟·͔ ͎͊͘·Σ 
͊ͤ͒͡΄͊ͺͭ·Σ ͔͔ͣͭͦͫͭ͊ͤͼ͙ΎΣ ͎͙͊ͦ͊ͤ͊͊ͭͦͪ͘͘͡. 
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Abstract 
In the history of geographical researches of the Caucasus, including the North Caucasus, there are 

several periods of researches. Modern studies have become a continuation of scientific research in the 
Caucasus, laid down at one time by academic ("physical") expeditions of the second half of the 18th 
century. 

This work is devoted to the activities of the famous landscape geographer of the 20th century N.L. 
Beruchashvili ς the founder of the original scientific school of dynamic landscape science, which originated 
in world sciences. In the twentieth century in geographical research (in the study of landscapes, PTK), in 
connection with bringing to criminal responsibility, detection of insufficiency to obtain meaningful results. 
And they (traditional approaches) do not solve many issues. He noted that the prevailing in the second half 
of the 20th century. the situation in geographical science is the insufficient use of only exceptions 
(including territorial ones) in the study of natural-territorial complexes (Bereuchashvili, 1986). 

Even at the beginning of his scientific activity, N. Beruchashvili's important polygon landscape 
research was the Martkop Physical-Geographic Station (MFGS). Here, a program of year-round daily power 
was implemented for the operation and dynamics of the natural-territorial complexes. These studies are 
not required for that time. On the basis of the studies carried out, models of the structures of mountain 
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NTCs were created, based on measuring the flows of energy transformation, moisture circulation and the 
biogeocycle (Four dimensions of the landscape, 2006). Research on the MFGS revealed to the scientific 
selection and frequency set a description of the intra-annual state of elementary natural-territorial 
complexes, including "nodal" daily bases corresponding to the seasonal situation, weather conditions and 
the dynamic trend in the development of natural-territorial complexes ς stexes. 

At the stationary level of consumption, daily researches of geosystem states from 1971 to 1992. One 
of the results of the researches was the landscape map of the Caucasus (M 1:1000 000, 1979). The creation 
of the map is based on a 4-level classification of landscapes (class, type, subtype, genus). This map is still 
considered one of the most detailed and systematized landscape models of the Caucasus (R. 
Gachechiladze, D. Nikolaishvili, N. Bolashvili, N. Jamaspashvili, 2017). 

GIS and expert systems have become the most important tools for modeling processes in 
landscapes. N. Beruchashvili was one of the first to apply advanced technologies for data processing and 
GIS development. In addition, at the end of the twentieth century published work related to the use of PC 
in geography (Beruchashvili, 1992). 

The well-known work of N. Beruchashvili (Four Dimensions of Landscape, 1986) has not lost its 
scientific value and is a reference book for many observations dealing with the problems of temporal 
analysis and synthesis of natural-territorial complexes. The range of issues that are discussed in this book 
(understanding the state of the NTC, the theoretical foundations of the special-temporal analysis and 
synthesis of the NTC, the temporal structure of the facies and the synthesis of stexes in time and the 
specific-temporal synthesis of geomasses, geohorizons, stexes, elementary NTC, etc.) identifying problems 
coverage of research studies that have been highlighted by scientists. 

N. Beruchashvili experience of visiting foreign geographers. And this does not prevent him from 
using the best advanced ideas for the development of geographical research in Georgia. N. Beruchashvili 
actively cooperated with foreign colleagues. This collaboration resulted in a book co-authored by Gabriel 
Rougerie (Géosystèmes et Paysages: Bilan et Méthodes, Armand Colin 1991). 

At present, in the studies carried out in the North Caucasus, related to the carbon polygons, it is 
possible to use the ideas of N. Beruchashvili to conduct regular studies in relation to the study of climate 
changes. 

Keywords: N. Beruchashvili, Caucasus, landscapes researches, methods, stationary 
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˶ˢ˹˨̊ˢ̅́˹˻-˥˩˻̅ˮ˭ˮ̉˩˿˴ˮ˯ ˽˻˨̆˻˨ ˹Φ ˶Φ ˣ˩˾̂̉ˢ̊ˤˮ˶ˮ  
ˤ ˮ˭̂̉˩˹ˮˮ ˨ˮ˹ˢ˸ˮ˴ˮ ̂˥˶˩˾˻˨ˢ ˤ ˥˻˾˹̍̆ ˶ˢ˹˨̊ˢ̅́ˢ̆  

ό˹ˢ ˽˾ˮ˸˩˾˩ ̉˩̉˩˹˿˴˻˯ ˾˩˿˽̂ˣ˶ˮ˴ˮύ 
 

̂ͣ ͊ͪ ́ Φ ˥͚͔͍͊ͪ͊͋ͦ͟1, s ͔͔͚ͫ͟͡ ˹Φ ˥ ͯͤΎ2, ˮ ͎͙͋ͪ͊ͣ ˢ. ˴ ͔͙͍ͪͣͦ3 
1˨ͦͭͦͪ͟ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˨͙ ͔ͪͭͦͪ͟ ˮ͙ͤͫͭͭͯͭ͊ ˽ͪ ͙ͪͦ͒ͤ·ͻ ˾͔ ͍ͫͯͪͫͦ ˢ͔͙͙͊͒ͣ͟ ͤ͊ͯ͟ ͔̉;͔͚ͤͫͦ͟ ˾͔͙͙ͫͨͯ͋͟͡; 
ˢͫͫͦͼΦ ˽ ͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ̏͟ ͎͙͙ͦͦ͡ ͙ ˽ͪ ͙ͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔̉;͔͎ͤͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ 
˥ͪͦͤ͘·͚Σ ˾͙ͦͫͫΎΤ 2˨ͦͭͦͪ͟ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˽ͪ ͦͺ͔ͫͫͦͪΣ ͤ͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡Έ ͔ͦͭ͒͊͡ ͙̅ ͙͘;͔͚ͫͦ͟ 
˥͔ ͎ͦͪ͊ͺ͙͙ ͙ ˽ͪ ͔ͦ͋ͣ͡ ˽ͪ ͙ͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˮ͙ͤͫͭͭͯͭ͊ ˥͔ ͎ͦͪ͊ͺ͙͙ ˾ˢ˹Σ ˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎΤ 3˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˽ͪ ͦͺ͔ͫͫͦͪΣ ˥͔͙͚ͪͦͤͤͫ͘͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͤͺͭΎ͚ͤͦ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ 
͔͙͊͊͒ͣ͊͟͟ ˸Φ˨Φ ˸͙͙ͦͤ͡͡΅͙͍ͦ͊͟ηΣ ˤ͙ ͼ͔-˽ͪ ͔͙͔͒ͤͭ͘ ˢ͔͙͙͊͒ͣ͟ ͤ͊ͯ͟ ͔̉;͔͚ͤͫͦ͟ ˾͔͙͙ͫͨͯ͋͟͡Σ ˥ͪͦͤ͘·͚Σ ˾͙ͦͫͫΎ. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Umar Gairabekov      Alexey Gunya         Ibragim Kerimov 

 

Abstract 
The study of carbon dynamics in mountain landscapes is an important task in the context of current 

problems of climate change. The problems of this area can be conditionally divided into two groups of 
problems that have not yet been fully resolved: 1) how to ensure the representativeness of measurements 
of the carbon balance in mountains with a large fragmentation of natural conditions - large amplitudes of 
heights, variability of heat and moisture fluxes, dissection of the relief, a variety of succession states 
vegetation, etc.? 2) what elementary operational units should be taken as the basis for further data 
synthesis? In the mountains, the representativeness of point data for measuring carbon balance is 
complicated due to the influence of the following three main groups of factors: 
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1) gravitational energy of slopes, leading to a constant redistribution of matter and energy; 
2) high intensity of hydrothermal gradients in height, exposure, in mountain valleys of various sizes and 
strikes, which makes it difficult to obtain averaged data for spatial areas of various dimensions and 
orientations; 
3) A complex mosaic of soil and vegetation cover, due to differences in the conditions of vegetation growth 
and soil formation, as well as due to the uneven age of natural components (Gennadiev, 1980; Gairabekov, 
2012, 2016, 2020). 

In answering the question of what spatiotemporal operational units should be taken as the basis for 
further data synthesis, it should be noted that approaches to studying processes, mainly soil-geochemical 
and biological, prevail in the work on carbon measurement. The elementary operational units, which are 
taken as the basis for further data synthesis, are the components of the biogeocycle. 

The landscape-geographical approach, where the emphasis is not on processes, but on structures in 
their spatial and temporal resolution, is given little space. Meanwhile, the widespread use of remote data, 
which primarily reflects the structural features of natural geosystems, increasingly leads to the need to use 
a landscape-structural approach. The study of the relationship between process and structure is an 
important area to which N. L. Beruchashvili devoted his research. One of the approaches, which is based on 
the study of not individual processes, but the landscape as a whole, is the landscape-geophysical approach 
developed by N. L. Beruchashvili (Beruchashvili, 1972, 1983, 1986, 1989). The universal basis for the 
analysis and synthesis of natural components is the so-called geomasses, which simultaneously carry both a 
structural characteristic (vertical and lateral structure of natural complexes) and reflect a specific process. 
The term geomass itself was introduced instead of the more cumbersome name "elementary structural and 
functional part of the natural complex." At the same time, the prefix "geo" indicates that the essence of 
geomass is not reduced to weight, but reflects a certain state of structure and functioning (structure-
process) through the measured parameters. Geomasses have properties that can be measured: size, color, 
weight, spectral reflectivity, etc. The classification of geomasses is based on the characteristics of their 
state of aggregation and the main structural and functional features associated with this composition. The 
following classes of geomass are distinguished: aeromass, phytomass, zoomass, mortmass, pedomass, 
lithomass, hydromass. In fact, all geomass classes contain carbon in different proportions and states. Types 
of geomasses are distinguished within classes based on differences in the functional purpose of geomasses. 
Classes and types of geomasses in the description of a particular natural territorial complex have their own 
short designations: A - aeromass, P - phytomass, Z - zoomass, M - mortmass, S - pedomass, L - lithomass, H - 
hydromass. 

Each of the geomasses has its own parameters. Thus, for air masses, temperature is important: 
cryothermal (frost), nanothermal, microthermal, etc. are distinguished. For hydro masses, the amount and 
state of water in the natural complex. The degree of decomposition is important for mortmass. A set of 
geomasses creates specific combinations in space and time. The layered combination of geomasses in the 
vertical profile of the natural complex (the layer facing the main external source of energy ς the Sun) 
creates geohorizons. They are responsible for the spectral reflectivity, form the indicators underlying the 
measurement of vegetation indices. On the images of the visible range, we primarily distinguish 
geohorizons (Gunya, 1990). Knowing the relationship in the chain "image-geohorizon-geomass-process", 
one can recognize various processes in landscapes, including those responsible for the carbon balance. We 
used this technique in the mountainous part of the Chechen Republic when describing the natural 
complexes included in the carbonic polygon. 

Key words: landscape structure, carbon balance, geomass, natural complexes, carbonic polygon. 
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ˢ͋ͫͭͪ͊ͭ͟ 
ˮͯ͘;͔͙͔ͤ ͙͙͙͒ͤ͊ͣ͟ ͎͔ͯͪͦ͒͊͡ ͍ ͎ͦͪͤ·ͻ ͊ͤ͒͡΄͊ͺͭ͊ͻ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ͊͒͊͘;͔͚ ͍ ͔͔ͦͤͭͫͭ͟͟ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͙͔͔͙ͣͤͤ͘Ύ ͙ͣ͊ͭ͊͟͡Φ ˽͔͙ͪͦ͋ͣ͊ͭͯ͟͡ Ή͎ͭͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍ͯͫͦͤͦ͡ ͣͦ͗ͤͦ 
͔ͪ͊͒͘ ͙ͭ͡Έ ͤ͊ ͍͔͒ ͎ͪͯͨͨ· ͨͦ͊͟ ͔΅͔ ͒ͦ ͦͤ͟ͼ͊ ͔ͤ ͔ͪ΄͔ͤͤ·ͻ ͊͒͊͘;Υ мύ ͊͟͟ ͔͔ͦ͋ͫͨ;͙ͭΈ 
͔͔͔͙͍ͪͨͪͤͭ͊ͭͤͦͫͭ͘Έ ͙͔͔͙͚ͣͪͤ͘ ͋͊͊ͤͫ͊͡ ͎͔ͯͪͦ͒͊͡ ͍ ͎ͦͪ͊ͻΣ ͙͔ͣΌ΅͙ͻ ͋ͦ͡Έ΄ͯΌ ͔ͪ͊͒ͪͦ͋ͤͤͦͫͭ͘͡Έ 
͙ͨͪͪͦ͒ͤ·ͻ ͍͙͚ͯͫͦ͡ ς ͋ͦ͡Έ΄͙͔ ͙͊ͣͨͭͯ͒͡· ͍·ͫͦͭΣ ͙͔ͣͤ͘;͙͍ͦͫͭΈ ͍ͨͦͭͦͦ͟ ͔ͭͨ͊͡ ͙ ͍͎͙͊͡Σ 
ͪ͊ͫ;͔͖ͤͤͤͦͫͭ͡Έ ͔ͪ͡Έ͔ͺ͊Σ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͫͯ͟ͼ͔͙ͫͫͦͤͤ·ͻ ͫͦͫͭͦΎ͙͚ͤ ͙͔ͪ͊ͫͭͭ͡Έ͙ͤͦͫͭ ͙ ͒ͪΦΚ нύ ͙͔͊͟͟ 
Ή͔͔ͣͤͭ͊ͪͤ͡·͔ ͔ͦͨͪ͊ͼ͙ͦͤͤ·͔ ͔͙͙͒ͤͼ· ͔͔ͫ͒ͯͭ͡ ͍͘ΎͭΈ ͊͘ ͍ͦͫͤͦͯ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͙͔ͫͤͭ͊͘ ͒͊ͤͤ·ͻΚ 
ˤ ͎ͦͪ͊ͻ ͔͔͔͙͍ͪͨͪͤͭ͊ͭͤͦͫͭ͘Έ ͭͦ;͔;ͤ·ͻ ͒͊ͤͤ·ͻ ͨͦ ͙͔͔͙ͣͪͤ͘Ό ͋͊͊ͤͫ͊͡ ͎͔ͯͪͦ͒͊͡ ͯͫͦ͗ͤ͡Ύ͔ͭͫΎ ͍ ͍ͫΎ͙͘ ͫ 
͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͔ͫ͒ͯ͡Ό΅͙ͻ ͔ͭͪͻ ͍ͦͫͤͦͤ·ͻ ͎ͪͯͨͨ ͺ͍͊ͭͦͪͦ͟Υ  
мύ ͎͍͙ͪ͊ͭ͊ͼ͙ͦͤͤ͊Ύ Ή͔͎͙ͤͪΎ ͍ͫͦͤͦ͟͡Σ ͙͍ͨͪͦ͒Ύ΅͊Ύ ͟ ͨͦͫͭͦΎͤͤͦͣͯ ͔͔͔͔͔͙ͨͪͪ͊ͫͨͪ͒ͤ͡Ό ͍͔΅͔͍ͫͭ͊ ͙ 
Ή͔͎͙͙ͤͪΤ 
нύ ͍·ͫͦ͊͟Ύ ͤ͊ͨͪΎ͔͗ͤͤͦͫͭΈ ͎͙͔͙͒ͪͦͭͪͣ;͔͙ͫ͟ͻ ͎͙͔͍ͪ͊͒ͤͭͦ ͨͦ ͍·͔ͫͦͭΣ Ή͙ͫͨͦ͘͟ͼ͙ΎͣΣ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͨͦ 
͍͔͙͡;͙͔ͤ ͙ ͙͙ͨͪͦͫͭͪ͊ͤΌ ͎ͦͪͤ·ͻ ͙͒ͦͤ͊͡ͻΣ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͨͦͯ͡;͔͙͔ͤ ͔͔ͯͫͪ͒ͤͤͤ·ͻ ͒͊ͤͤ·ͻ ͒͡Ύ 
͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͻ ͔͍͊ͪ͊ͦ͡ ͙ͪ͊͘͡;ͤ·ͻ ͔͔͚ͪ͊ͣͪͤͦͫͭ͘ ͙ ͙͔ͦͪͤͭ͊ͼ͙͚Τ 
оύ ˿ͦ͗ͤ͊͡Ύ ͙ͣͦ͊͊͘͟ ͨͦ;͍͔ͤͤͦ-͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͍ͨͦͪͦ͊͟Σ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ ͙ͪ͊͘͡;͙Ύ͙ͣ ͍ ͍͙ͯͫͦ͡Ύͻ 
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Abstract 
The structure and some features of the functioning of sub-Mediterranean landscapes within the 

North-Western Caucasus have been revealed on the basis of field landscape profiling and mapping, analysis 
of remote sensing data, phytomass determination. These landscapes with high biodiversity and rare 
species of flora and fauna are formed on the Black Sea coast of Russia in the most north-eastern area of 
Mediterranean ecosystems.  

¢ƘŜ ά¦ǘǊƛǎƘέ bŀǘǳǊŜ wŜǎŜǊǾŜΣ ǘƘŜ ƻƴƭȅ ƻƴŜ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜǎŜ ƭŀƴŘǎŎŀǇŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΣ ǿŀǎ ŎƘƻǎŜƴ ŀǎ 
the main object of study. It was established in 2010 and is a model area for exploring sub-Mediterranean 
landscapes, including their restoration after prolonged anthropogenic use in certain geosystems. Special 
attention was paid to vegetation and its relationship to external factors and other landscape components 
to identify possible responses to climate change.  

To monitoring the dynamics and functioning of landscapes and their components, detailed 
description of transects in model basins were also carried out. The large-scale landscape maps and profiles 
were compiled; the main factors and basic regularities of the spatial organization of vegetation and 
landscapes were revealed.  

The predominance of slope geosystems of maximum diversity, altitudinal zonation, the asymmetry 
and inversion of nature complexes are typical for the landscape structure of the region. The south slopes 
facing the sea are characterized by most complex structure due to ability of geosystems of seism 
gravitational landforms of different age with high biodiversity including Mediterranean species such as 
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juniper (Juniperus excelsa, J. foetidissima, J. oxycedrus), pistachio (Pistacia mutica), oak (Quercus 
pubescens), etc., which is also reflected in the functioning of the landscapes.  

Some features of the primary vegetation succession stages after logging, recreational use and fires, 
including a major fire in 2020 were identified. Much attention has been also focused on the land-sea 
contact zone with geosystems of different types of coasts. The study of aboveground phytomass stocks, 
carried out in accordance with the methodology used in the expeditionary works, revealed that the stock 
of the stand in sub-Mediterranean landscapes in juniper and pistachio-juniper woodland varies from 5.3 
t/ha to 49.8 t/ha and up to 72 t/ha in hemixerophytic oak forests. Stocks vary greatly depending on 
closeness, bonitet, and species composition of the forest. Dry herbaceous phytomass stocks vary from 0.3 
to 20 cwt/ha, reaching the highest values in pistachio-juniper and juniper woodlands with developed 
herbage.  

These forests were also generally characterized by low stocks of ash elements in the herbaceous 
phytomass (1.1-3.3 cwt/ha) with reduced ash content of the dominant grasses. Recommendations on 
vegetation and landscape monitoring in the Reserve and planning of the neighboring territories are 
suggested to strengthen its role in the sustainable development of the region. 

Keywords: sub-Mediterranean landscapes, the Black Sea coast, structure, functioning, nature 
ǊŜǎŜǊǾŜ ά¦ǘǊƛǎƘέ 
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Abstract 

      It was elaborated a method of agro-ecosystem ranking for feijoa culture and forest ecosystem in one 
of regions of Western Georgia - Adjara subtropical humidified zone. On the basis of mineralogical and 
morphometric analysis (biometric parameters, beginning and end of growth, beginning of fruit ripening and 
mass ripening, frost resistance etc.) of feijoa culture (Feigoa selliowiana) and by multiple-factor approach 
ǿŜ ƘŀǾŜ ŜǾŀƭǳŀǘŜŘ ŎǳƭǘǳǊŜΩǎ Ǌŀǘƛƻƴŀƭ ŘƛǎǇƻǎƛǘƛƻƴ ŀƴŘ ƻǇǘƛƳŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ of land. 

The main accent was made on geomorphological (relief, inclination, exposition) and agro-climatic 
(sum of active temperatures, hydrothermal coefficient, temperature conditions, physical and chemical 
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features of soil) factors. As a result of implemented zoning a landscape zone with agricultural resources 
potential and hypsometrical levels optimal for development of feijoa culture was revealed. 

During the research we also revealed corresponding agro-ecosystem zone, compatible with feijoa 
zone, evaluation of quality of forest land and determination of ecosystem and its indicating character. For 
determination of compatibility of feijoa plants and distribution of forest ecosystem we have created a map 
of large-scale ecosystems and geo-information system. 

By Cartometric and geographic-informational analysis it became possible to find information about 
types of forest ecosystems, areas occupied by them and their share in researched zone. 

Keywords: agricultural resource potential, Etalon-model, , Landscape,  Multifactorial analysis, 
geographical zoning. 
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Abstract 
Exclusive geographic location of Georgia, broadly contrasting natural conditions and high quotient of 

landscape placement in this country make possible abundance and divergence of unique natural 
monuments.  

A natural monument is a geomorphological and hydrological makeup, separate specimens of plants 
and/or fossilized objects of live organizms, as well as a territory where rare, unique, limited in space 
ecosystems having high esthetic chracteristics are distributed. A natural monument may be a cave, a gorge, 
a mouth of a river, a waterfall, a lake, a grove of the forest, a sanctuary of rare plants and animals and even 
one tree (for example, 1800-year old conifer tree in Batsari preserve). Each monument has scientific, 
historical, ecological and educational and esthetic value and it needs special protection. 

However, in our view, stemming from their importance and one-off nature, the objects depicted 
here are of equal value. Besides, the nature of Georgia, in spite of the diligent work of scholars for many 
years, still hides many natural beauty spots remaining still beyond scientist eye.  

Search for them, their study, making access roads and inclusion in tourist routes will raise tourist 
potential of the nation and will make Georgia attractive for local and foreign visitors. 

Keywords: monuments, Krubera, limestone, Akhibokhi 
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Abstract 
On the basis of the Landscape Convention of the Council of Europe, the landscape became one of the 

most important key research object into geographic scientific research. According to this Convention, 
"Landscape" is an area perceived by people whose nature is the result of impact and interaction of natural 
and / or social factors (Council of Europe, 2000). 
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Currently, with the understanding of "Landscape", the concept of   "cultural landscape" has also 
obtained the unusual popularity that has been introduced in the scientific application by A. Humboldt, O. 
Schlutter, K. Zauer and B. Semionov-Tian-Chanski in XX century. The UNESCO World Heritage 1992 
Convention examines the concept of "cultural landscape" as "the common creature of nature and human ". 
The new approach to today's "landscape" and "cultural landscape" is dramatically different from traditional 
approaches of these concepts. Therefore, many things in landscape science and research   are to be 
reevaluated, a new vision is to be developed. What is the difference between "cultural-landscape" and 
"natural-landscape" unit according to the new approach? We believe that the legend of landscape ς 
cultural map should reflect the landscape organization as a process, the outcome of assimilation and 
conceptualizing of the territory by that or this culture(s) including both as modern and hereditary features. 
By doing so it coincides with differentiation of natural units of the territory but not by its copying. 

The report discusses some issues of spatial identification, establishing of hierarchy, separation and 
mapping of cultural natural-territorial complexes on the example of the foothill landscapes of the 
Saguramo-Yalon ridge (Martkopi physical-geographical station). Also, a comparative analysis of the new 
map compiled by us with the map of natural-territorial complexes compiled on the basis of the old, 
traditionally based natural-geographical station area of Martkopi has been done. 

Keywords: Landscape, cultural landscape, natural landscape 
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͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ Ή͙ͭͣ ͨͦͤΎ͙ͭΎͣΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͎͔ͣͤͦͦ ͔ͤͯ͗͒͊ͭͫΎ ͍ ͔͔ͨͪͦͼ͔͔ͤ͟ ͍ 
͊ͤ͒͡΄͊ͺ͍͔͔͙͙ͭͦ͒ͤ ͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎͻΣ ͍·͔ͪ͊͋ͦͭ͟ ͍͎ͤͦͦͦ ͍͙͔͙͒ͤΎΦ 

ˤ͙͔ͦͤ͊ͭ͘͟ ͍ͦͨͪͦͫΣ ͍ ͍ͤͦͦͣ ͨͦ͒ͻ͔ͦ͒ ;͔ͣ ͔͋ͯ͒ͭ ͙ͦͭ͡;͊ͭΈͫΎ ͔͙͙͒ͤͼ͊ ζͯ͟͡Έͭͯͪͤͦ-͊ͤ͒͡΄͊ͺͭͤ͊Ύη ͙ 
ζ͙ͨͪͪͦ͒ͤͦ-͊ͤ͒͡΄͊ͺͭͤ͊ΎηΚ ˸· ͫ;͙͔ͭ͊ͣΣ ;ͭͦ ͔͎͔ͤ͒͊͡ ͯ͟͡Έͭͯͪͤͦ-͊ͤ͒͡΄͊ͺ͚ͭͤͦ ͊ͪͭ͟· ͒ͦ͗ͤ͊͡ 
ͦͭͪ͊͗͊ͭΈ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͊ͤ͒͡΄͊ͺ͍ͭͦ ͊͟͟ ͨͪͦͼ͔ͫͫΣ ͔ͪͯ͘͡Έͭ͊ͭ ͍͔͙ͦͫͦͤΎ ͙ ͦͫͣ·͔͙ͫͤ͡Ύ ͔͙͙͙ͭͪͪͭͦͪ ͚ͭͦ 
͙͙͡ ͙͚ͤͦ ͯ͟͡Έ͚ͭͯͪͦ όͯ͟͡Έ͙ͭͯͪ͊ͣύ ͫ ͙͍͔ͨͪ͡;͔͙͔ͤͣ ͊͟͟ ͍͔͔ͫͦͪͣͤͤ·ͻΣ ͭ͊͟ ͙ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ 
͙͍ͨͪͤ͊ͦ͘͟Φ ˿ Ή͙ͭͣ ͦͤ ͤ͊͊͒͟͡·͍͔͊ͭͫΎ ͤ͊ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙Ό ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͔͙͙͒ͤͼ ͔͙͙͙ͭͪͪͭͦͪΣ ͤͦ ͔ͤ 
͔ͨͯͭͣ ͔͔ ͙͍͙͙ͦͨͪͦ͊ͤ͟Ύ. 

ˤ ͔͒ͦ͊͒͟͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͤͦͭͦͪ͟·͔ ͍ͦͨͪͦͫ· ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙Σ 
͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͙͔ͪ͊ͪͻ͙͙Σ ͍·͔͔͙͒ͤ͡Ύ ͙ ͎͊ͪͭͦͪ͊͟ͺ͙͍͙ͪͦ͊ͤΎ ͯ͟͡Έͭͯͪͤ·ͻ ͙ͨͪͪͦ͒ͤͦ-͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻ 
͔͍ͦͣͨͫͦ͟͟͡ ͤ͊ ͙͔͔ͨͪͣͪ ͔͎ͨͪ͒ͦͪͤ·ͻ ͊ͤ͒͡΄͊ͺ͍ͭͦ ˿͎͊ͯͪ͊ͣͦ-͎̒ͦͤͫͦͦ͟͡ ͻ͔ͪ͋ͭ͊ ό˸͙͚͊ͪͭͦͨͫ͟͟ ͺ͙͙ͦ͘͟-
͎͔͎ͦͪ͊ͺ͙;͔͙͚ͫ͟ ͙͎ͨͦͦͤ͡ύΦ ͔́͊͗͟ ͍͔͔ͨͪͦ͒ͤ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͍͔͚ͫͦͫͭ͊ͤͤͦ͡ ͙ͤ͊ͣ ͍͚ͤͦͦ ͊ͪͭ͟· ͫͦ 
͚ͫͭ͊ͪͦΣ ͚͊ͪͭͦ͟ ͔͔͚ͦͪͫͭͤͦͫͭ͟ ͙ͨͪͪͦ͒ͤͦ-͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ ˸͎͊ͪͭͦͨͫͦͦ͟͟ ͫͭ͊ͼ͙ͦͤ͊ͪ͊ 
͍͔͚ͫͦͫͭ͊ͤͤͦ͡Σ ͤ͊ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͍͔ͦͫͤͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ˶ ͊ͤ͒΄͊ͺͭΣ ͯ͟͡Έͭͯͪͤ·͚ ͊ͤ͒͡΄͊ͺͭΣ ͙ͨͪͪͦ͒ͤ·͚ ͊ͤ͒͡΄͊ͺͭ. 
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GEOGRAPHICAL ORIGINALITIES OF POPULOUSNESS OF VILLAGE 
SETTLEMENTS IN ADJARIA 
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Professor, Dr. Geography, Department of Geography, Faculty of Natural Sciences and Health Care,  

Batumi Shota Rustaveli State University (BSU), Batumi, Georgia 
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    Merab Putkaradze 

 
Abstract 
On the background of world`s urban lifestyle the decreasing tendencies of village population is 

clearly outlined, which is characterized with regional originalities and related to some particular social-
economic issues. The existed trend constitutes one of the challenges and quite urgent matter in Georgia, 
especially in Adjaria.  

Recent changes in village displacement of the region influences over its demographical development 
and population`s territorial organization. The main aim of the study is to find out the main topics of 
populousness of village settlements in Adjaria; establish quantitative and qualitative properties of 
populousness of village settlements; evaluate geographical originalities of changes performed in village 
displacement and its further development tendencies.  

mailto:merab.putkaradze@bsu.edu.ge
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As a result of the study, there was determined that in 1989-2014 years, the amount of village 
population, village settlements and the number of heavily populated villages were decreased. The number 
of smallest, very small and small villages was increased and the number of big, very big and the biggest 
villages was decreased.  

The relative share of population and heavily populated villages decreases together with elevation`s 
increase. During the recent years, as a result of bring into force the administrative-territorial changes and 
ǘƘŜ άƳƻǳƴǘŀƛƴ ƭŀǿέΣ ǘƘŜ ǎƭƻǿ ƛƴŎǊŜŀǎƛƴƎ ǘŜƴŘŜƴŎƛŜǎ ƻŦ ǾƛƭƭŀƎŜ ǇƻǇǳƭŀǘƛƻƴ ǿŜǊŜ ƻōǎŜǊǾŜŘΣ ǿƘƛŎƘ ƛƴ ǘƘŜ 
future allows the possibility to project the stability in development of populousness of village settlements. 

Keywords: Adjaria, population, displacement, village, populousness. 
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Abstract 
Studies conducted in the Adjara region to assess the features of modern soil-forming processes and 

soil geography show that the factors affecting soil formation are characterized by certain specifics and have 
a significant impact on the geographic distribution of soils. In particular, the relief formations of Adjara, 
despite the fact that they are largely located perpendicular to the circulation of moist air masses, do not 
create a sharply restrictive zone and do not cause their condensation in the form of precipitation (snow, 
rain). Most of the moist air masses invading Adjara begin to transform mainly on Mount Mtirala and the 
Adjara-Gurian and Shavsheti mountains near Batumi, and part of them goes into the inner mountainous 
Adjara. The soils of the region as a whole are characterized by a vertical type of distribution. At the same 
time, ash (Humic Cambisols) and yellow-ash (Stagnic Luvisols) soils, common in the regions of Khulo, 
Shuakhevi, Keda, Khelvachauri and Kobuleti, in some cases form series (catenas) according to the nature of 

mailto:merab.mgeladze@bsu.edu.ge
mailto:antaz.kikava@bsu.edu.ge
mailto:chichileishvili.khatuna@bsu.edu.ge
mailto:hidrometi@yahoo.com


II International Scientific Conference Landscape Dimension of Sustainable Development: Science, CartoGis, Planning, Governance 

II ˷˦˪˶˭˦˾˳˶ˮ˷˳ ˷˦˱˪̀˲ˮ˪˶˳ ˯˳˲˺˪˶˪˲̀ˮ˦ ˱˩˨˶˦˩ˮ ˨˦˲˫ˮ˭˦˶˪˧ˮ˷ ˰˦˲˩˾˦˺˸˹˶ˮ ˨˦˲ˬ˳˱ˮ˰˪˧˦:  

˯˫˰˪˫˦, ˯˦˶˸˳/˨ˮ˷, ˩ ˦˨˪˨˱˦˶˪˧˦, ˱˦˶˭˫˦ 

 

96 

 

their distribution. Red soils are formed by intrazonal distribution in the territories of Khulo, Shuakhevi and 
Keda. They are somewhat similar to both red soils (Ferralic Nitisols) and mountain forest ash (Humic 
Cambisols). Most of the soils in Adjara are subject to excessive agricultural impact, and at the same time, 
without carrying out any soil protection work, plowing-sowing is carried out, especially on large slopes 
(200-300 m), what enhances the erosion-denudation processes of these soils. 

Keywords: Adzharia, soils, air masses, regularity. 
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Abstract 
In recent years there has been a great demand for proteins of animal origin, in which the 

bioresources of the seas and oceans have made a great contribution. Hydrobionts in biological resources, 
including mollusks, are characterized by high content of protein substances. However, the proteins of 
mollusks, unlike the proteins of other animals, are easily assimilated by the body. 

In this regard, Rapana thomasiana Grosse (Mollusca, Gastropoda), a member of the class of 
Gastropods, which entered the Black Sea from the Sea of Japan, is interesting for the Georgian Black Sea 
coast. Since Rapana has gained great economic importance in the Black Sea, it is necessary to study some of 

mailto:nino.kiknadze@bsu.edu.ge
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its bioecological issues. This will allow us to better appreciate the nutritional value of this mollusk, giving us 
the possibility of exptraction and practical use of Rapana. 

From bio-ecological issues, using the appropriate methods, we have studied the chemical 
composition of mollusks - proteins, fats, water and ash content - according to the size classes during the 
year and seasons. In each size class, the survey was repeated three times; Biometry- seasonal dynamics of 
the relationship between the mean values of the shell, total, raw and dry body weight; Feed ratio; K-40 and 
Cs-137 content of radionuclides, as well as multifactorial and bacteriological analysis of water. 

According to our research, the average chemical composition of Rapana thomasiana Grosse of the 
Black Sea during the year was as follows: water content - 70, 01%, fats - 1, 41%, proteins - 20, 15%, minerals 
- 1, 81%. It has been found that the chemical composition of Rapana is not constant in our region. It varies 
according to the seasons of the year, which is related not only to the biological condition of the mollusk, 
but also to ecological factors such as the season of the year, water temperature, food base and other 
factors. The obtained results of the research show that Rapana meat has a high nutritional value, which 
indicates the prospect of using this mollusk for food and industrial purposes. 

As a result of the study of the various components of the mollusk - the relation of the average values 
of the raw and dry weights of the total body of the shell to the length carries a seasonal character in classes 
of different sizes. 

A study of the Rapana feed coefficient prevalent in the study area showed that it varies in different 
size classes according to the seasons. 

The study of mollusk radioactivity in different size classes showed that II size mollusks of 3.2 ± 1.0 Bq/kg 
were distinguished from the Rapanas taken in Kobuleti region with the ability to accumulate radionuclide 
Cs-137, size I Rapanas 244 ± 32 Bq/kg were distinguished with K-40 accumulation activity. 

Judging by the results obtained at two different sampling points, the activity of radionuclide 137Cs 
was high in the samples taken in Kobuleti district (2.9 ± 1.0 Bq/kg), and 40K - in Rapanas caught in the 
vicinity of Batumi Cape (210 ± 14 Bq / kg). 7 locations were taken for multi-element analysis: the 
confluences of Kintrishi and Korolistskali with the sea; Kvariati, Gonio, Chakvi and Pichvnari beaches; The 
coast adjacent to Batumi port. Based on the study, it was observed that the concentrations of Al, As, B, Ba 
do not exceed the maximum allowable concentration.  

Below the detection limit are the elements: Be, Sb, Ti, Tl, V, Li, Se, Hg, Cd, Mn, Mo, Fe. The lead 
content in seawater exceeded the maximum allowable concentration at the confluence of Kintrishi River 
with the Sea -0.0540 mg / l (Kobuleti location). The content of Phosphorus and Zinc exceeded the maximum 
allowable coefficient in almost all locations except Kvariati, Gonio and Pichvnari beaches. The content of Cu 
was higher than the maximum allowable concentration in the coastal zone near the port of Batumi (0.39 
mg / l) and at the confluence of Kintrishi River with the Sea (0.048 mg / l).  

The high permissible concentrations of Pb, Cu, Zn at the confluence of Kintrishi River with the Sea 
may be due to the proximity of the building materials and concrete plant ς ά[ŜƎƛέΣ ŀǎ ǿŜƭƭ ŀǎ ά¢ƻȅƻǘŀ 
/ŜƴǘŜǊέ ǘƻ ǘƘŜ YƛƴǘǊƛǎƘƛ .ǊƛŘƎŜΦ Lǘ ƛǎ ƴƻǘŜǿƻǊǘƘȅ ǘƘŀǘ ƘŜŀǾȅ ƳŜǘŀƭǎΣ ǿƘŜƴ ŦƻǳƴŘ ƛƴ ǊŜǎŜǊǾƻƛǊǎ όƛƴŎƭǳŘƛƴƎ 
seawater), are immediately involved in metabolism and undergo transformations.  

Their inorganic compounds bind to the buffer system of seawater and are converted to weakly 
soluble hydroxides, carbonates, sulfides, phosphates. In addition, they form metal-organic complexes. 
Under the influence of living organisms, Hg and As undergo methylation, making them much more 
dangerous. Hg, Zn, Pb, Cd, As, when found in food in the human body, cause serious poisoning, as their 
coefficient of material accumulation varies from hundreds to several thousand. 

Keywords: Black Sea Rapana, chemical composition, biometrics, radionuclides, elemental analysis of 
water. 
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Abstract 
In order to determine the current ecological situation, the introduction and assessment of 

biodiversity of natural landscapes in the vicinity of Shuakhevi HPP, as well as soil analysis, is relevant in the 
light of the construction and operation of cascading hydropower plants in the Adjaristskali gorge. The aim 
of the study was to conduct a background study of the main habitats of the areas around Shuakhevi HPP, 
multi-elemental analysis of the soil at selected locations and assessment of its fertility level. 3 locations 
were selected for the study; Shuakhevi Borough, Shuakhevi catchment area and Shuakhevi HPP adjacent 
areas. 

On the slopes surrounding the study area natural habitats of high and medium conservation value 
are developed, which perform the most important ecological functions: species-rich mixed deciduous 
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forests (Castanea sativa, Alnus barbata, Carpinus caucasica, Fagus orientalis, etc.), oak forests (Quercus 
dschorochensis, Q. hartviiana), mixed forests (Picea orientalis, Abies nordmaniana, Fagus orientalis, 
Carpinus caucasica, Castanea sativa, Alnus barbata, etc.), degraded spruce forest (Picea orientalis), forests 
with coniferous deciduous species (Quercus dshorochensis, Fagus orientalus, Ulmus glabra, Carpinus 
caucasica), Riverside forest areas (Alnus barbata). This area, along with floristic and cenotypic diversity, is 
distinguished by the abundance of relict and endemic species (Ficus colchica, Hedera colchica, Staphylea 
colchica, Buxus colchica, Quercus dschorochensis, Amaracus rotundifolium, Linaria adzharica, Cyclamen 
adzharicum, Astragalus sommieri, Osmanthus decorus, Galanthus woronowii, Cirsium imereticum, etc.), 
species included in the red lists of Georgia and Adjara (Castanea sativa, Buxus colchica, Juglans regia, 
Quercus hartwissiana, Ulmus glabra, Staphylea colchica, Osmanthus decorus, Astragalus sommieri, Arbutus 
andrachne, Ostrya carpinifolia, etc.). The study showed that the HPP infrastructure facilities and their 
operation pose a risk of activating the processes of fragmentation, degradation, ecological imbalance of 
natural habitats and expulsion of rare and endangered species from ecosystems. 

In the 0ς40 cm layer of soils taken at selected locations, the pH in the water extract range is 6.7ς8.7 
(transition from neutral to weak alkali). Soil alkalinization was observed at the location of the Shuakhevi 
HPP catchment area. Humus content is low (0.246-1.6%) in soils taken from Shuakhevi and Shuakhevi HPP 
catchments. Soil extraction near Shuakhevi was carried out under forest cover, so the humus content here 
is average - 4.2%. Consequently, the soils are poor in total nitrogen in Shuakhevi and Shuakhevi HPP 
catchment locations (0.12ς0.34%), and near Shuakhevi HPP - average (0.405%). Multi-elemental analysis of 
soils revealed that the macronutrients are dominant - Al, Fe and Si. The content of K, Mg, Ca, P of 
macronutrients necessary for the plant is average or below average. Toxic elements are below the 
detection limit: Cd, Cr, Hg, Li, Sb, Se, Ti, Tl, V, Pb. Manganese content in all soil samples exceeds the 
maximum allowable coefficient, the concentration of toxic elements - As and Ba - is higher than the 
maximum allowable coefficient at the locations of Shuakhevi HPP and its catchment area, and Mo 
concentration is higher than the maximum allowable coefficient near Shuakhevi Municipality. 

Thus, a background study of Shuakhevi HPP natural habitats and an assessment of soil fertility levels 
revealed that all habitat types at the study sites are natural and have high and medium conservation 
values. They are located in the area of construction and operation of hydropower plants and thus they face 
a real threat, namely: deforestation, flooding, development of erosion and landslide processes, reduced soil 
fertility, which ultimately leads to the disruption of ecological stability of natural landscapes. 

Keywords: Adjaristskali gorge, habitats, soil, macro- and microelements. 
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Abstract 
The purpose of this article is to identify the problems, challenges in green construction and suggest 

measures to eliminate them. Based on the state of landscaping, administration, availability of properly 
qualified planting specialists in different big cities of the country and the analysis of their qualifications, the 
main problems have been identified, and the ways to solve them have been set. The article mentions that 
landscaping of populated areas has always been a means of aesthetics of the environment, a determinant 
of health, comfort and relaxation of the population. However, it is accompanied by a number of problems 
that are individual to each city and require study. However, there are general ones that are discussed in the 
article. 

The first problem in the field of green construction is the lack of "greenery and ecological services" in 
some large cities. The planting service is tied to the cleaning service in the main case, which is totally 
unacceptable. As becoming a green construction specialist-designer requires a lot of trainings, practical 
skills and relevant experience. Hence the second problem - highly qualified specialists with extensive 
practical experience in the field of planting are rare. It employs mostly non-specialists who are well-suited 
to this business, while those who graduate from the orchard-park farming course mainly return to the 
social sphere on their own or with a changed specialty. The third problem is the lack of properly arranged 
and qualified staff of ornamental woody nurseries. It is noted that imported planting material is very 
expensive and is not adapted to local soil-climatic conditions. While locally grown plants are relatively 
inexpensive, they thrive and boost the local economy as well. 
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The problem is also that in most cases the landscaping projects are done by specialists, and are 
implemented by another group that won the tender, who in most cases, have no idea to take into account 
the author's intent, which is why the planting site does not look proper. The problem is the further proper 
operation of the facilities, which is again due to the low qualification of the service staff and the lack of 
special landscaping services in this regard. The key of solving the challenges in green construction are in 
solutions of the abovementioned problems. 

Keywords: green construction, qualified planting specialists, ornamental woody nurseries, special 
landscaping services. 
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Abstract 
On the territory of Georgia, the strongest transformation 

of landscapes takes place in the vicinity of Tbilisi. In the last 
quarter of the 20th century, there was an intensive growth of 
the city - all large territories were allocated for urban 
development. The outskirts of Tbilisi became the territory of 
intensive dacha construction. At the same time, the type of 
traditional farming was changing. All this led to the strongest 
transformation of landscapes in the vicinity of Tbilisi. However, 
there are still small areas of relatively slightly altered 
landscapes in which traditional forms of farming, a kind of 
cultural heritage, have been preserved. 
This was realized in the second half of the 1980s and therefore 
a decision was made to establish the Bevrety semi-stationary 
(the letter of the rector of Tbilisi University N. Amaglobeli 
dated 05/16/1988 and the Resolution of the Council of 
Ministers of Georgia No. 10 dated January 9, 1989).   

                    Neli Jamaspashvili 
 

The Central part of Small Caucasus and its surrounding of territory are rather well investigated in the 
landscape -geophysical attitude(relation). During forwarding, semistasion and stationary researches we 
have described not less 300 experimental sites incorporated practically in all Genus and Species of a 
landscape were described, are given the data on in the class PLAIN AND FOOTHILL-HILLY LANDSCAPE - 5 
types of landscapes, 8 genera, 18 species and 86 sections of the landscape. In the class MOUNTAIN 
LANDSCAPE - 11 types of landscapes, 21 types of landscape, 55 species and 234 sections of the landscape. 
In total, 16 types, 29 genera, 73 species, 289 sections of the landscape, the total area of the study area is 
5427.980 km2. The preservation of a biodiversity, landscape variety became a urgent problem of a society. 
Our work is connected to a global problem of creation of a network of protected territories and concrete 
offers for territory of Georgia. The decision of this problem we see in development of geographical 
estimated criteria of a choice of one of categories of protected territories, namely « of a protected 

mailto:neli.jamaspashvili@tsu.ge


II International Scientific Conference Landscape Dimension of Sustainable Development: Science, CartoGis, Planning, Governance 

II ˷˦˪˶˭˦˾˳˶ˮ˷˳ ˷˦˱˪̀˲ˮ˪˶˳ ˯˳˲˺˪˶˪˲̀ˮ˦ ˱˩˨˶˦˩ˮ ˨˦˲˫ˮ˭˦˶˪˧ˮ˷ ˰˦˲˩˾˦˺˸˹˶ˮ ˨˦˲ˬ˳˱ˮ˰˪˧˦:  

˯˫˰˪˫˦, ˯˦˶˸˳/˨ˮ˷, ˩ ˦˨˪˨˱˦˶˪˧˦, ˱˦˶˭˫˦ 

 

107 

 

landscape » on the basis of the landscape approach. The chosen ranges correspond to northern slopes of 
the central part of Small Caucasus and beside laying to territories and alongside with the allocated 
territories, as potentially possible(probable) protected landscapes, can work as an ecological corridor, 
which will allow to connect mountain-wood landscapes of East and Western Georgia. 

As a result of the research, the landscapes of the northestern environs of Tbilisi (within the 
topographic map tablet K-38-78-c) were studied to identify the territory the most valuable areas, that have 
undergone anthropogenic transformation to the least degree, and which should have received the status of 
the protected landscape, develop a strategy for the use of the protected landscape based on detailed (on a 
scale of 1:25000) landscape planning. 

Keywords: transformation of landscapes, outskirts of Tbilisi, Bevreti semi-stationary, protected 
landscape, landscape planning. 
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SECTION 2. CARTOGRAPHY AND GIS 
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Abstract 
Before his death, Professor Nikolay Beruchashvili played a major role in the elaboration of the first 

Geopolitical Atlas of the Caucasus, first published in French, then in Georgian language. One aspect of this 
paper will be to explain the organizational methods he used to implement this project. The second aspect 
will be to question the availability and reliability of statistics in our days. 

The first remark, which is positive, is that a large amount of datas is now available directly on 
Internet. The Committees of the three South Caucasus states publish a lot of regional data, even in English - 
with the exception of Azerbaijan. On the other hand, apart from the two annual volumes published for all 
the subjects of the Russian Federation, the data for the districts of the North Caucasus are only available 
locally, which complicates access. 

However, this fairly wide access reveals many surprises. It remains difficult to verify and compare the 
calculation methods for each indicator. The reliability of Soviet demographic data was relatively 
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homogeneous outside of the Stalinist period when many data were manipulated for political reasons. 
When a data bothered, like infant mortality under Brezhnev, it disappeared from the directories for several 
years. But the quality of civil registration is considered to have been good overall. This is no longer 
necessarily the case in the Caucasus, particularly in regions affected by conflicts. We are also witnessing the 
effects of political choices which induce significant drifts for certain data. Several regions of the Caucasus 
(secessionist regions, Chechnya) seek to prove through manipulated data that the situation has 
άƴƻǊƳŀƭƛȊŜŘέ ƻƴ ǘƘŜƛǊ ǘŜǊǊƛǘƻǊȅΦ 

Armenia has long resisted to admit the erosion of its total population (not falling below the symbolic 
threshold of three million inhabitants) against the advice of most experts. The situation is even more 
complex in Azerbaijan. Anxious to affirm the legitimacy of their guardianship over the Nagorno Karabakh 
region (officially dissolved by Baku) and the occupied territories, the Azerbaijani authorities have decided to 
continue to provide statistical data for districts that they no longer control since the ceasefire of 1994. 

The reliability of economic data involves other issues. Overall, the four States have rather moved 
closer to the national accounting methods in use in the world. But the published data is not more reliable 
for another main reason: the scale of the parallel economies which occupy a large place in all the Caucasus. 

Despite all these imperfections, there is hardly any alternative solution and all users rely on these 
imperfect statistics. It is clear however that one must remain cautious for any detailed analysis which 
certainly involves field checks and detailed caveats. 

Keywords: Beruchashvili; Atlas, Caucasus; Statistics; Regional policy 
 
 
   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geopolitical Atlas of the Caucasus (french and georgian version) 
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Abstract 
The speaker will describe two main United Nations (U.N.) activities, the Agenda 2030, mainly 17th 

Sustainable development goals and global indicators; and also Sendai Framework devoted to disaster risk 
reduction will be characterized, not only by its targets, but also by global indicators. Both to bermanently 
ƘŜŀǊ άƘƻǿ ƻǳǊ ǇƭŀƴŜǘ ƛǎ ōǊŜŀŦƛƴƎΧΦέΦ ¢ƘŜ ǎǇŜŎƛŦƛŎ ŀǇǇǊƻŀŎƘ ƻŦ h9/5 ǿƛƭƭ ōŜ ŘŜǎŎǊƛōŜŘ ŀƴŘ ŜȄǇƭŀƛƴŜŘΦ 

Fundamental information will be done about data supportive activities of both above mentioned 
streams, especially U.N. Global Geospatial Information Management (GGIM) and Digital Belt and Road 
initiative developed mainly in Asia. Some others successfully initiatives, like GEO and GEOSS, and Digital 
Earth will be mentioned. 

The speaker will also give some overviews of contemporary situation in geographic and cartographic 
potentials in above mentioned efforts and ideas of next steps to strengthen the role of both sciences in 
improvement of U.N. efforts. 

Keywords: Agenda 2030, Sendai Framework, U.N. Global Geospatial Information Management 
(GGIM), Digital Earth. 
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Alexander Panin            Vitaly Belozerov 

 

Abctract 

The Northern Caucasus is one of the most peculiar regions of Russia from the social and demographic 
standpoint. Here in a comparatively small area there are developed, stable peripherally and stably lagging 
regions / municipalities. Understanding the essence of these issues is impossible without system analysis 
based on the use of diverse spatial data and geoinformation technology. 

¢ƘŜ ǇŀǇŜǊ ǳǎŜǎ ǘƘŜ άƻǇŜƴέ ƎŜƻƛƴŦƻǊƳŀǘƛƻƴ ǇƭŀǘŦƻǊƳ vDL{Φ Lǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ƻŦ ǳǇŘŀǘƛƴƎ 
data from diversified sources, spatial analysis, the production of final cartographic works. 

Diversified sources of information are used in the paper: official Rosstat and regional statistical 
departments data, actual materials from household registers of municipalities, data from social networks, 
as well as a number of other statistical sources. 

The key idea of creating a geodatabase is to collect, systematize and process information at the 
municipal and settlement levels, which undoubtedly gives an opportunity to expand the research potential 
of the sociodemographic and investment landscape of the North Caucasus. This approach is primarily due 

mailto:Alex_panin@mail.ru
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to the extremely low quality of official statistics. For example, the difference between de facto residing and 
de jure registered in some parts of the North Caucasus can range from 15 to 35%. The reason is the per 
capita financing of municipalities. Often, the authorities are directly interested in the fact that official 
sources of information do not record the true extent of the decline in the population [Belozerov et al., 
2010; Belozerov et al., 2014; Kolosov et al., 2016; Shchitova, Chikhichin, 2014]. 

Another group of reasons is the change in accounting systems used by Rosstat itself. Thus, in 2001, 
the registration of ethnic aspects of the natural movement of the population (the form AO3 τ born and 
died by nationality) ceased to exist. In 2007, Rosstat abolished statistics describing the ethnic composition 
of migrants (the form P12 MN1 τ arrived migrants by ethnicity, the form P12 MN1 τ departed migrants 
by ethnicity). It is important to note that the arrival / departure coupons of migrants and the records of 
births and deaths still contain a graph of ethnicity and are filled in many municipalities, but Rosstat does 
not process this data. 

Thus, modern research of demographic and migration processes requires a cautious approach to the 
choice of sources of information. This fact has particular importance for an objective analysis of the 
situation in multi-ethnic areas, where the nature of socio-demographic development directly affects the 
formation of conflict potential. 

Keywords: North Caucasus, ethno- demographic gradients, άƻǇŜƴέ ƎŜƻƛƴŦƻǊƳŀǘƛƻƴ ǇƭŀǘŦƻǊƳ vDL{, 
nature of socio-demographic development. 
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 Abstrakt 

Solving the problems of soil and landscape mapping is still an important and urgent task of soil 
science and landscape science. These problems primarily include the lack of multiscale maps, as well as, the 
inconsistency and low information content of traditional (legacy) and digital maps. The main reasons for 
this situation are the priority of practical goals over scientific ones, misunderstanding of the relationship 
between mapping and classification, ignoring or misusing the systems approach and contemporary 
classification theories, as well as focusing on the use of new technical achievements and underestimating 
the theoretical justification. 

An innovative method for solving problems of soil and landscape mapping is proposed. On the basis 
ƻŦ ǘƘŜ ǎȅǎǘŜƳǎ ŀǇǇǊƻŀŎƘΣ 5ƻƪǳŎƘŀŜǾΩǎ ŘŜŦƛƴƛǘion of soils and the achievements of landscape science, the 
authors develop the system concept of natural soils and landscapes, including the definition of natural soils 
as systems and, at the same time, as derived elements of systems of a higher hierarchical level - natural 
landscapes. Being derived landscape elements, natural soils are formed as a result of the interaction of the 
interdependent basic landscape elements - rocks, air, natural waters, living and dead organisms. On the 
basis of this concept and contemporary theories of classification, the Hierarchical Soil-Landscape 
Classification System (SLCS) is being developed, on the basis of which, in turn, legends of multiscale soil and 
landscape maps (MSLMs) are created. 

In the process of classification, the successive division of natural landscapes into classes is 
accompanied by a simultaneous successive division of soils, which are derived elements of these 
landscapes. The selection and ranking of differentiating criteria are carried out in accordance with the 
developed objective rules. At each of the first three levels of classification, a differentiating criterion is one 
of the essential properties of natural landscapes as integral formations (namely, the type of vertical 
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structure of landscapes, stability/instability of vertical structure of landscapes, and the presence/absence of 
associated soils), and at each subsequent level - one of the essential properties of one of the basic 
landscape elements, which determines the essential properties of soils. 

MSLMs are a system of interconnected and consistent highly informative maps of all scale ranges, 
having a single classification basis, reflecting the relationship between soils, landscapes and the basic 
landscape elements, integrating spatial data on soils and landscapes and aimed at solving both scientific 
and practical problems of soil and landscape mapping. These are maps not only of soil and landscape 
classes, but also maps of essential properties of landscapes as integral formations, soils and basic landscape 
elements. Among them, for example, are maps of types of megarelief, zonal types of vegetation (in 
response to macroclimate), granulometric texture of loose rocks, the chemical composition of groundwater 
and salinization of rocks. 

For each scale range, based on an expert analysis of all available spatial data on soils and landscapes, 
an integral polygon data layer is created in the GIS environment, from which the MSLMs are generated. In 
this case, raster images of paper maps are not vectorized, but only scanned. For each of these layers, a 
geographic basis and a base coordinate system are selected. When moving from small-scale layers to large-
scale layers, the level of detail of the thematic content of the maps generated from them changes abruptly. 

The SLCS is being created within the framework of a multi-user bilingual (Russian-English) hierarchical 
information system (https://slcs-2021.ru/), within which information on sustainable management, 
protection and assessment of soils and landscapes can be added to each of classes, as well as various 
drawings, photos, videos, tables, texts, etc. 

Keywords: natural soils, landscapes, soil-landscape classification, spatial data, hierarchical 
information system. 
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!ōǎǘǊŀͫt 
The study of spatio-temporal dynamics of the landscape cover is impossible without the use of 

cartographic materials. The development of a large-scale digital map of forests at the regional level based 
on GIS technologies is necessary to assess the quality of the environment and preserve valuable natural 
objects, taking into account habitat conditions and land use types. 

This study demonstrates the results of modeling the coenotic diversity of forests on the example of 
the Moscow region. The use of quantitative methods for analyzing field and remote information made it 
possible to reflect the current state and, to a certain extent, the reasons for the heterogeneity of the forest 
cover with the best detail to date.  

To assess the spatial structure of communities, remote data (Sentinel-2, PALSAR radar images), 
digital elevation models (DEM SRTM) in combination with field survey data were used. To compensate for 
the scarce and uneven distribution of field data, the training sample alignment approach was used with the 
ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ ƻǇǘƛƳŀƭ ƳƻŘŜƭƛƴƎ ŀƭƎƻǊƛǘƘƳ όάǊŀƴŘƻƳ ŦƻǊŜǎǘέύΦ  

Cartographic models of the modern coenotic diversity of the forest cover of the Moscow region for 
thematic units in the formation rank (11 classes) and a group of associations (31 classes), accompanied by a 
detailed legend, have been developed. Statistical methods and digital format of cartographic materials 
determine the adaptability of the approach and the necessary updating of materials.  
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The proposed mapping methodology can serve as the basis for monitoring the biodiversity of forests 
in the Moscow region and urban forests in Moscow. The addition of field survey data will certainly increase 
the overall proportion of correctly identified community types and the overall accuracy of the cartographic 
model. At the same time, it should be considered that any model will always be conditional, reflecting to a 
different extent the fundamental properties of the vegetation cover - its continuity and discreteness. 

Keywords: Gis, ƭŀƴŘǎŎŀǇŜΣ ƳŀǇǇƛƴƎ ƳŜǘƘƻŘƻƭƻƎȅΣ άǊŀƴŘƻƳ ŦƻǊŜǎǘέΣ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅΦ 
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Abstract 
High-latitude vegetation located above 60 degrees North, mostly boreal forest and tundra, is a 

crucial regulator of global environmental processes. It influences climate fluctuations, carbon 
sequestration, heat and radiation balance, hydrological cycle, etc. At the same time, established human 
activities in these regions have a significant impact on the state of local vegetation and its dynamics. 
Furthermore, severe climatic conditions make northern vegetation highly sensitive to both natural and 
human disturbances because self-restoration in these specific bio-geographical conditions is slow and 
limited. In this context, the dynamics of boreal vegetation and the forest-tundra interface constitute the 
most representative index of climatic changes in high-latitude areas. 

High-latitude forests and tundra are remote, vast and hard-to-reach. This makes remote sensing a 
powerful and effective method for studying land cover and vegetation at landscape and regional scales. 
Here we apply the remote sensing approach to assess indicators of ecosystem conditions and related bio-
production processes by looking at the dynamics of individual vegetation species, plant groups and their 
structural and functional community organisations. While remote sensing has been an established 
technique for studying hard-to-reach areas, there is a lack of uniformity in studying human impact on high-
latitude vegetation, a shortage of its mapping over large territories and a lack of understanding of 
relationships between human activities and environmental response. 
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Over the past 30 years of researching the ecosystems of the north by applying remote sensing and 
field studies, we have collected vast interdisciplinary experience and developed a systematic approach to 
monitoring northern vegetation and land cover changes under human impact. Our area of expertise covers 
around 400,000 square km and stretches across northern Fennoscandia, above the Arctic circle, both north 
and south of the treeline. It reaches from Finnmark in Norway, through Norrbotten in Sweden, Lapland in 
Finland, up to the Murmansk region in Russia. This area is known as a relatively densely populated and 
highly developed industrial region at high-latitudes. In terms of significant human impact on vegetation it is 
characterised by copper-nickel air pollution, reindeer grazing, forest logging, fires and infrastructure 
development. 

We have been processing numerous Landsat images from open and accessible archives and an 
extensive collection of field data computing large-scale land cover maps between 1980 and today for the 
purpose of monitoring impact of human activity at select hotspots in northern Fennoscandia. Strong 
correlations between the scales of impact corresponding changes in vegetation were clearly detected for 
all impact types and monitored over the years. 

Keywords: Remote sensing, high latitude, vegetation, land cover, monitoring, human impact, 
Fennoscandia 
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Abstract 
This paper describes a method for the automated construction of recreational routes using ultra-high 

resolution remote sensing data and GIS analysis methods that can take into account differences in the 
importance of territory suitability criteria. 

The described method was tested at the territory of the Belogradchik rocks, located in northwestern 
Bulgaria. The studied area is currently on the waiting list for obtaining the status of a UNESCO geopark [1]. 
One of the functions of the geopark is the development of educational and ecological tourism, therefore, 
the development of routes network that will cover the maximum number of significant geological objects 
(geotopes) and aesthetically attractive landscapes is relevant. 

Initial data: Orthophotomap and digital terrain models of the Belogradchik Rocks, based on UAV 
aerial imagery (resolution less than 1 m.); landscape map; open geoportals (OpenStreetMap, Wikimappia) 
data on about the existing road network and anthropogenic objects; catalog of geotopes; scheme of 
existing recreational routes. 
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The route between the city of Belogradchik and the geotope "Lepenitsa Cave" was created 
automatically to test method. Created route is an alternative to the existing recreational route "World of 
Rocks". Research algorithm included 4 steps: Evaluation of suitability criteria; scaling of criteria; building a 
map of cost distance; building the route with a minimum cost of movement. 

The described method made it possible to build a route that distance is 3.9 km, which is 1.5 times less 
than the existing route "World of Rocks". The average aesthetic integral score of the route is 32.8, which is 
9% higher than the average aesthetic score of the World of Rocks. There are 15% more geotopes near the 
developed route than in the visibility area of the "World of Rocks" route. 

Keywords: reacreational routes planning; ultra high resolution data; Belogradchik Rocks. 
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2˨ͦͼ͔ͤͭΣ ˴͙͊ͤ͒͒͊ͭ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˴͊ͺ͔͒ͪ͊ ͙͙̅͘;͔͚ͫͦ͟ ˥͔͎ͦͪ͊ͺ͙͙ ˸͙ͪ͊ ͙ ˥͔ͦΉ͎͙͙ͦͦ͟͡Σ ˥͔͎ͦͪ͊ͺ͙;͔͙͚ͫ͟ 

ͺ͊ͯ͟͡Έ͔ͭͭΣ ˸͍͙͚ͦͫͦͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊ ό˸˥̂ύΣ ˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎ 
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Abstract 
This report, based on the calculation of the backward air mass trajectories, interannual changes in 

the atmospheric circulation of the Yenisey region of Siberia for the winter (December-February) and 
summer (June-August) periods are examined. Three settlements were considered key points (Kellog 
settlement, 62.49° N, 86.28° E; Bor settlement, 61.59° N, 90.03° E, both located in the Turukhansk region; 
and the village of Sulomai, 61.61° N, 91.18° E of the Evenki district of Krasnoyarsk Krai), conventionally 
forming a sublatitudinal transect for 300 km. With regard to these settlements, it is important to note that 
these are places of compact residence of Kets, an indigenous small ethnic group of the Central Siberian 
taiga, and this research was carried out in the context of assessing the impact of atmospheric circulation 
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transformation processes on the environmental (including life-supporting) resources of the Siberian taiga. 
The calculation of the backward air mass trajectories, which revealed the trends in their transformation, 
makes it possible to dynamically determine the role of the most important sources of environmental hazard 
involved in the entry of pollutants (heavy metals, etc.) into the "feeding" natural landscape. The biological 
products of the conditionally indigenous landscapes of the Siberian taiga serve as a source of food for 
indigenous ethnic groups. This circumstance requires an assessment of the impact of the largest polluting 
industries in connection with ongoing climate changes and transformations of mesoscale circulation 
processes. The calculations performed precede ecological and geochemical studies of depositing media and 
allow for a more reasonable interpretation of their laboratory findings on sections of sphagnum mosses, 
bottom sediments, and other natural archives. This makes it possible to position the performed calculations 
as the most important component of geoecological modeling. 

Changes in atmospheric circulation are revealed through the calculation of the backward trajectories 
of air masses. The data for the calculations was taken from the open-access database of Air Resources 
Laboratory NOAA. The backward trajectories were calculated using the HYSPLIT model according to 
Reanalysis data with a height of 50 m at the starting point. For each settlement, the trajectories were 
calculated daily for the winter (December-February) and summer periods (June-August). At the same time, 
5-day trajectories were calculated for the winter period (the backward air mass movement was calculated 
with an interval of 1 hour, a total of 120 hours for each trajectory), as well as 3-day trajectories (72 hours) 
for the summer period. This is explained by the lesser connection of winter air masses with the underlying 
surface due to the presence of a stable snow cover and, consequently, a more distant transfer of 
atmospheric mass in one state. Thus, 10800 points were obtained for the winter period, and 6552 points 
for the summer period. Such an array of data made it possible to identify the main trends in changes in 
atmospheric circulation. For each period, the main directions of movement of air masses were mapped. 

Keywords: atmospheric circulation, air mass movement trajectories, climate change, Siberian taiga, 
Yenisey river basin. 
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ͼ͙ͪͯ͟͡Ύͼ͙ͦͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΦ ˽͙͍͔͔ͪͦ͒ͤͤ͘·͔ ͪ͊ͫ;͔ͭ· ͔͍ͨͪ͒͊ͪΎΌͭ Ή͎ͦͦͦ͟͡-͎͔ͦͻ͙͙ͣ;͔͙͔ͫ͟ 
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͙ͨͪ ͊͋ͦͪ͊ͭͦͪͤͦͣ͡ ͙ͯ͘;͔͙͙ͤ ͔͍ͪ͊ͪͦ͘͘ ͫͺ͎͍͊ͤͦ·ͻ ͣͻ͍ͦΣ ͒ͦͤͤ·ͻ ͔͙͚ͦͭͦ͗ͤ͡ ͙ ͒ͪΦ ͙ͨͪͪͦ͒ͤ·ͻ ͊ͪͻ͙͍͍ͦΦ 
̏ͭͦ ͔͔͒͊ͭ͡ ͍ͦͣͦ͗ͤ͘·ͣ ͙ͨͦ͘ͼ͙͙͍ͦͤͪͦ͊ͭΈ ͍·͔ͨͦͤͤͤ͡·͔ ͪ͊ͫ;͔ͭ· ͊͟͟ ͍͔͚͊͗ͤ΄ͯΌ ͍ͫͦͫͭ͊͡ΎΌ΅ͯΌ 
͎͔ͦΉ͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ 
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Abstract 
The use of geographic information systems (GIS) in order to identify factors for improving the 

professional skills of future teachers-geographers at the Department of Geography and teaching methods 
of ASPU, pedagogical experiments were carried out. The purpose of the experiments was to test the 
methodology for using GIS as a pedagogical technological component in teaching the discipline 
"Geography", improving the professional skills of students. 

The first stage of the experiments was the development of a methodology for the technological 
component and its experimental verification. The methodology was based on the traditional ways of 
organizing university education: lectures, laboratory or practical classes, seminars. The topics were covered 
in a series of seminars. With their help, students get acquainted with the structure and practical 
significance of GIS, which is the basis for sufficient assimilation of the theoretical material presented in the 
lectures following the seminars. Practical work carried out in parallel with the study of theoretical material, 
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