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Abstract: The assessment of the ecological and recreational potential of
protected natural areas in the Southern Altai is an important area of
ecological research. This article investigates the ecological condition and
recreational opportunities of protected natural areas in the Southern Altai
region. Using GIS technology, an electronic map of natural, historical,
and cultural monuments in the area was created, and the ecological
condition of protected areas and the preservation of their natural
resources were evaluated. The relevance of evaluating the ecological and
recreational potential of the Southern Altai's specially protected natural
areas is explained by the need to preserve unique ecosystems alongside
the development of tourism. The study used cartographic materials at a
scale of 1:100,000, remote sensing data, and field route results (2015-
2024). Firstly, the boundaries of strictly protected areas and point objects
(geological, hydrological, botanical monuments) were digitized in the
ArcGIS software suite, after which the entire area was divided into 80
hexagonal cells, each with a size of 5x5 km. For each cell, attribute data
was collected: the number and type of monuments, the accessibility of
infrastructure, and the degree of anthropogenic impact. The important
results of this study include the identification of natural monuments and
the areas of particular importance for their protection. The Katon-
Karagay National Nature Park, the Markakol Reserve, and the
geological monuments in the Kurshim district, specifically the Kiyn-
Kerish and Kyzyl-Kerish stones, are considered as sites requiring
ecological protection. The natural monuments and natural resources in
these areas are of particular significance for ensuring ecological stability
and preserving the recreational potential of the region.

Keywords: specially protected natural areas, GIS, operational territorial
units, state nature reserve, state national nature park, state natural
monument, recreation, tourism.

1. Introduction

The Altai transboundary mountain region is divided into 8
physical-geographical provinces of the Altai-Sayan mountain area: the
Altai and Mongolian Altai physical-geographical regions. The Altai
region includes the following provinces: Charysh-Bashelak, Bukhtyrma-
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Ubi, Markakol, Katyn-Terekty, Chulymshan, and Ukok-Shui; while the Mongolian Altai includes
the Tabyn-Bogda-Ola-Khovda and Achitnurs-Olgii physical-geographical provinces. In this study,
the Markakol region is considered as part of the Southern Altai region. Since 1997, the former
Markakol area has been integrated into the Kurshim district, which is now called the Kurshim
district.

In order to evaluate the territorial-recreational system of Southern Altai, located in the
transboundary area, modern complex assessment methods for the tourist-recreational potential
based on geographical research are becoming increasingly relevant. Among these methods, the
importance of Geographic Information Systems (GIS) is significant. GIS is a comprehensive
information system that ensures the collection, storage, processing, visualization, and dissemination
of geographic data in space (Longley et al., 2021).

The research work utilizes GIS technology to develop innovative methods for creating maps
of the territorial-recreational potential of Southern Altai, aimed at determining the ecological
condition of the area. The term "innovation” was introduced into economic sciences by American
economist and sociologist J. Schumpeter. The innovative method used in this study is based on the
methods proposed by A.M. Berlyant (Berlyant, 1988, 1997; Kraak et al., 2020), V.A. Chervyakov
(Chervyakov, 2005, 1998; Foody et al., 2006; Gartner et al., 2018; Janelle et al., 2003; Simangan et
al., 2023), and further developed by A.N. Dunec (Dunec, 2011; Zoltan et al., 2016), D.A. Dirin,
E.P. Krupochkin (Dirin et al., 2014; Geneletti et al., 2013; Garcia-Hernandez et al., 2017; Nepal et
al., 2002; UNEP-WCMC, 2023; Minghini et al., 2019; Sehra et al., 2017). This work introduces
new approaches to the creation of tourism and recreational specialization sectors and recreational
maps using GIS technology.

Since the Southern Altai is a transboundary region, the research focused on evaluating one of
the factors of the tourist and recreational potential - its unique and attractive locations, or natural
monuments (geological, hydrological, and other landmarks) preserved with their small biological
diversity (such as reserves, etc.).

The assessment of the natural-recreational systems potential in the region was carried out in
several stages by scientists from the Geography Faculty of Altai State University (Barnaul)
(Rotanova et al., 2014).

For this purpose, cartographic and textual materials obtained from published or archival
sources were used. Additionally, in the initial phase of evaluating the tourist and recreational
potential, field research conducted between 2015 and 2024 played a crucial role in data collection
and analysis. The use of monitoring in key areas of the Katon-Karagai, Kurchum, and Markakol
natural-recreational regions in Southern Altai was suggested, and data was collected for each
operational territorial unit. Thus, this information became the basis for GIS cartographic integration.

Operational Territorial Units (OTUs) refer to areas covered with a one-dimensional,
trapezoidal-shaped operational grid, convenient for conducting cartometric work and transferring
the obtained data onto map sheets.

2. Materials and methods

In the Southern Altai transboundary region, the assessment of recreational potential was based
on the map titled "Protected Natural Areas and Objects of the Altai Region”, with a scale of
1:100,000, developed by specialists from the Water and Environmental Issues Institute (Barnaul).
This map was used to evaluate tourism and recreation in the functioning and planned specially
protected natural areas (SPNAs). Later, in ArcGIS software, the map was georeferenced to its
primary geographical coordinates (edited by Rotanova et al., 2002).

In the next stage, an operational grid with parallel trapezoidal cells was overlaid on the
primary map of the Southern Altai region. The operational grids are designed to be convenient for
transferring the collected data onto map sheets.

The size and dimensions of the Operational Territorial Units (OTUs) can vary. Most often, a
rectangular (trapezoidal) operational unit with latitude and longitude coordinates was used. The size
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of the cells was determined based on the research tasks and scale. To optimize regional studies, the
cell size was designed to range from 2x2 km to 10x10 km (Dirin et al., 2014).

To assess the accuracy and reliability of the obtained data on the geometric and topological
characteristics of OTUs, numerous calculations and experiments were conducted. As a result, it was
recommended to use hexagonal operational units with a size of 5 km, as they represent the
accessibility of objects along pedestrian (excursion) routes within an average one-day span. During
the creation of OTUs, the principle of equivalency was applied (explained in geographic terms),
meaning that when determining the properties of a specific object, it was deemed optimal to define
its neighboring space (Krupochkin et al., 2012).

To optimize regional spatial analysis and improve the accuracy of data interpretation, hexago-
nal operational territorial units (HOTUs) with a size of 5x5 km were adopted. This specific resolu-
tion was chosen after comparative tests with other grid sizes (2x2 km, 10x10 km), as recommended
by Dirin et al. (2014). The 5x5 km scale strikes a balance between spatial detail and data managea-
bility, particularly suitable for analyzing landscape-level recreational features while avoiding exces-
sive data fragmentation.

The use of hexagonal cells instead of square or trapezoidal units was based on their mathe-
matical and geographical advantages. Hexagons minimize edge effects, provide uniform adjacency
(each cell has six equal neighbors), and offer a better approximation of natural phenomena, which
tend to be more isotropic in distribution. This makes hexagons particularly effective in regions with
varied topography and fragmented accessibility, such as the Southern Altai, as they better represent
pedestrian and ecological connectivity over the landscape (Birch et al., 2007).

Furthermore, the 5 km size corresponds to the average distance covered by visitors during a
one-day excursion, making it an ecologically and behaviorally relevant unit for recreational plan-
ning. This granularity allows for both local-level interpretation and regional synthesis, ensuring sen-
sitivity to environmental heterogeneity while avoiding overgeneralization.

Afterward, the boundaries of the SPNAs of Southern Altai were identified, digitized, and
point objects (natural, water, geological, botanical, and complex monuments) were placed. Separate
layers were created for all these point objects and boundaries.

Once the digitization process was completed, the number of monuments in each cell was
calculated. In this case, the number of monuments became a specific indicator that described each
cell.

To assess the recreational resources of the Southern Altai region, the obtained data were
converted into a five-point scale based on the formula (1) proposed by V.A. Chervyakov (1998):

g 30 %) 1)

Thus, the Bi index played an important role in the development of various types of
recreation. Therefore, for each selected type of activity, it was necessary to perform a scoring
“measure”. For this purpose, the Bi index was multiplied by a weight coefficient (K). In this case,
the weight coefficient was given a maximum value of 1.0 (representing the presence of various
natural monuments).

In the framework of this evaluation, the Bi index served as a pivotal analytical instrument in
quantifying the territorial differentiation of recreational suitability for distinct types of tourism and
leisure activities. For each delineated recreational typology, a weighted scoring procedure was ap-
plied, wherein the Bi index was multiplied by a corresponding weight coefficient (K), reflecting the
relative significance of contributing landscape features. Notably, a maximum coefficient value of K
= 1.0 was attributed to sites characterized by the presence of unique and diverse natural monuments.

To ensure interpretative clarity and operational applicability, the resultant Bi values were
categorized according to the following gradation of recreational potential:
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e 1.0-1.9 — Very Low Recreational Potential: landscapes exhibiting minimal attractiveness
and limited suitability for tourism development;

e 2.0-2.9 — Low Recreational Potential: areas with constrained opportunities, often requir-
ing significant infrastructural intervention to support recreational use;

o 3.0-3.9 — Moderate Recreational Potential: territories with a balanced combination of
natural and infrastructural features that permit seasonal and moderate-intensity recreational activi-
ties;

o 4.0-4.4 — High Recreational Potential: areas that are inherently suitable for diverse rec-
reational uses, requiring minimal development for tourism facilitation;

e 4.5-5.0 — Very High Recreational Potential: ecologically and aesthetically valuable land-
scapes with exceptional recreational capacity, recommended for strategic planning, conservation
prioritization, and sustainable visitor flow management.

Such a classification not only enhances the transparency of the Bi index interpretation but also
facilitates its integration into applied spatial planning contexts, including the delineation of func-
tional recreational zones, optimization of visitor carrying capacity, and identification of areas neces-
sitating protective measures within the regional ecological framework.

The evaluation indicators were based on the expert evaluation conducted by A.N. Dunec,
D.A. Dirin, and E.P. Krupochkin (Dirin et al., 2014). The expert survey involved independent pro-
fessionals recognized for their expertise in the field of recreation and tourism. Following extensive
discussions, a list of 30 indicators was compiled to evaluate the region’s recreational potential.
These indicators were grouped into three main categories:

1. Natural factors — 19 indicators reflecting climate, geomorphology, hydrology, biodiversi-
ty, and landscape aesthetics;

2. Cultural and natural factors — 3 indicators related to the availability and accessibility of
cultural heritage sites integrated into natural settings;

3. Socio-economic factors — 8 indicators reflecting tourism infrastructure, transport accessi-
bility, population dynamics, and employment in the tourism sector.

Criteria for inclusion were based on relevance to recreational attractiveness, availability of
consistent data across regions, measurability, and potential impact on tourist experience. Indicators
that lacked data consistency, or whose impact on recreational value was negligible, were excluded
after expert discussion.

The data sources include national and regional statistical services, open geospatial datasets
(topography, land use, climate), field observations, and thematic maps. To ensure data quality, only
official or peer-reviewed sources were used, and the information was cross-validated by independ-
ent experts.

To assess the relative importance and interaction of indicators, we applied the Hierarchical
Analysis Method (HAM), which uses pairwise comparisons to derive weights based on expert
judgment. Each indicator was rated on a standardized scale from 1 to 9, enabling the transformation
of qualitative assessments into quantitative scores. The derived weights reflect both the direct and
indirect contribution of each factor to the overall recreational potential.

Expert evaluations were processed using the Expert Choice software, which supports con-
sistency checking and automated ranking. This process ensured the scientific reliability and repro-
ducibility of the assessment results (Dunec, 2009).

The result of applying such a method is the analysis of many discussions and the
identification of optimal methods. The hierarchical analysis method ensures precise and accurate
determination of indicator calculations. Thanks to specially prepared questionnaires, experts
identified all important indicators. The data from the questionnaire were entered into the Expert
Choice program in automatic mode.

Each indicator, measured with a score (Bi), was determined using the following formula (2):

Bil=Bi x k 2)
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In this case, k is the coefficient of measurement obtained from the results of the expert
questionnaire.

A final score was given for each cell based on the calculations performed.

The creation of the synthetic map of the region's tourist and recreational potential is based on
the methodology proposed by B.C. Tikunov (1997) (Tikunov, 1997). According to B.C. Tikunov
(1997), a synthetic map is the result of the combination of several indicators, which collectively
represent natural objects on the map. In this study, the term “several indicators” refers to the
natural-recreational potential, including natural monuments such as geological, hydrological,
archaeological, and other types of landmarks.

To synthesize various indicators, integral characteristics were calculated, meaning the
evaluation of the future of the studied region and key areas for tourism development, based on the
indicators assessed. The evaluation models for creating synthetic maps should be organized in a
hierarchical order, ensuring the territorial integrity of recreational regions. This algorithm allows for
the acquisition of unified synthetic characteristics of territorial units based on the evaluation criteria
and their assessment based on these values.

As the final phase of the study, Grid isoclines were plotted — the surface map of the natural-
recreational areas of Katon-Karagai, Kurshim, and Markakol was created. As a result of this study,
interesting and unique natural objects in the South Altai, as well as protected areas (EPA), were
identified (Figure 1).

Field research in the South Altai natural-recreational areas identified several natural
landmarks between 2015 and 2018, which enhance the region's tourism potential. Many of these
sites have not been included in public information sources.

3. Results

The total number of operational territorial units in the natural-recreational areas of the South
Altai was covered by 80 cells. Each of these cells had distinct features for identifying various
natural monuments in the region. Among them, unique natural sites in the natural-recreational areas
were highlighted (Tablel).
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Figure 1. Map of the Assessment of the Natural-Recreational Potential of Protected Natural Areas
Compiled by the author based on the studied data
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In the South Altai region, the natural-recreational areas distinguished by the number of natural
monuments (geological, hydrological, and other types of monuments), which stand out among
protected natural areas (PNA), include the Katon-Karagai Natural National Park area, the Markakol
Reserve area, and the southwestern part of the Kurshim district, where numerous natural
monuments (geological monuments, such as Kiyn-Kerish, Kyzyl-Kerish No. 1, 2) are located.

Table 1. Assessment of the Natural-Recreational Potential of the South Altai Region

studied Weight Coef- M
. . ficient (Pres- | X._. —X... | Natural Monuments (Geological,
Operational Location . max . )
o . ence of Vari- Hydrological, etc.), List of
Territorial Coordinates
Units (OTU) ous Natural B Protected Areas (PAS)
Monuments)
1 2 3 4 6
Kurchum RA
OTU Ne55 85°7'56,001"E 1.0 15 Kalzhyr Gorge, Kalzhyr Planned
48°32'7,933"N 5 Protected Area (PA)
OTU Ne62 84°16'42,476"E 1.0 12 Water Monuments: Kalguty,
48°16'50,351"N 3 Confluence of Rivers Monument
OTU Ne39 83°33'11,49"E 10 Monument to Baraq Batyr, Hydro-
48°48'21,922"N 1.0 ) logical Features, Petroglyphs, etc.
OTU Ne51 83°56'58,852"E. 1.0 15 Moynak Petroglyphs, Kurchum
48°30'57,614" N 3 River, Spring of Jumakhan
Kasymjanuly, etc.
OTU Ne72 84°36'13,879"E 1.0 20 Geological Monuments: Kiyn-
48°6'18,302"N 4 Kerish, Kyzyl-Kerish Nel, Kyzyl-
Kerish Ne2
Katon-Karagay RA
OTU Nel3 85°51'16,761"E 1.0 9 Yazevy Waterfall, Yazevy Lake
49°30'7,292"N 3
OTU Ne33 85°38'27,826"E 1.0 12 Katon-Karagay Nature Museum,
49°1'8,536"N Z Katon-Karagay NP Center
OTU Nel5 86°39'38,981"E 1.0 15 Kokkol Mine, Kokkol Waterfall,
49°2523,075"N 3 Katon-Karagay Natural National
Park
OTU Ne24 86°28'5,077"E 1.0 10 Hydrological: Arasan Waterfall,
49°19'53,446"N ? Rakhman Springs, Rakhman Lake,
etc.
OTU Ne34 85°56'31,352"E 1.0 20 Berel Mounds, Ak Berel, Katon-
48°59'27,553"N 4 Karagay Natural National Park
Markakol RA
OUT Ne65 85°24'58,336"E 1.0 9 Mynshunkyr Muddy Therapeutic
48°16'56,614"N 3 Swamp, Kyzyltas Planned PA
OUT Ne64 84°53'48,329"E 1.0 20 Kyzyltas Planned PA, Kalzhyr
48°21'17,621"N 5 Petroglyphs, Kalzhyr River
OTU Neo58 86°18'35,731"E 1.0 16 Kaba Planned PA, Bugimuiyz
48°35'3,615"N Z Water Monuments
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OTU Ne74 85°2324,407"E 1.0 20 5 "Ashutas" Geological-
48°3'47,434"N T Paleobotanical Natural Monument,
Black Irtysh
OTUNe46 86°2'51,243"E 1.0 10 5 Markakol Reserve, Markakol Na-
48°53'11,208"N ? ture Museum, Austrian Road, etc.

When considering the ecological condition of the natural and recreational areas of South
Altai, it is crucial to maintain ecological balance in the region’s specially protected natural areas
and efficiently utilize its recreational potential. Each natural unit of South Altai is characterized by
its unique ecological conditions. The division of the region into 80 cells allows for research that
identifies the specific ecological characteristics of each natural site. The evaluation of ecological
conditions in these cells reveals that natural monuments are not only significant for recreational
purposes but also for their ecological importance.

The unique natural sites and monuments located in the South Altai region, including
geological, hydrological, and other natural monuments, are of great ecological value. The ecological
conditions of the Katon-Karagay Natural National Park and the Markakol Reserve ensure the
preservation of diverse ecosystems. These areas are rich in biological diversity and serve as key
centers for maintaining ecological stability. The high level of preservation of the natural wealth and
ecological value of these areas depends on the correct distribution of tourist load. To prevent
ecosystem changes in these natural monuments, it is essential to conduct ecological monitoring,
scientific research, and continuous environmental protection measures in the protected areas.

Geological monuments located in the southwest of the Kurchum district, such as the Kyiyn-
Kerish and Kyzyl-Kerish stones, are clear evidence of the region's geological history and natural
geological processes. The ecological condition of these sites contributes to the preservation of the
unique natural phenomena they represent. However, the impact of tourist flows and human
activities on such exceptional natural monuments can lead to a disruption of ecological balance. For
example, rock degradation or damage to the surrounding ecosystem could occur. Therefore, it is
necessary to implement an ecological monitoring system in these areas, which should include
measures for the protection of geological monuments and the monitoring of the ecological condition
of plant and animal life.

Currently, the ecological condition of natural-recreational areas is largely related to the
development of ecotourism. Ecotourism has both positive and negative effects: on the one hand, it
can contribute to the economic development of the region and provide financial support for nature
conservation activities; on the other hand, the overuse of natural resources can lead to the
destruction of ecological values. In this regard, it is essential to establish a sustainable management
system to preserve the ecological potential of regions during the development of ecotourism
(Chlachula et al., 2021).

To preserve the ecological condition of the protected areas in South Altai, several key
measures need to be implemented. Firstly, efforts should be made to raise ecological awareness and
provide information, helping local communities and tourists develop an ecological culture.
Secondly, it is necessary to promote scientific research and develop an ecological monitoring
system for nature conservation. Thirdly, by introducing new concepts for the development of
ecotourism, the possibility of maintaining the ecological balance of natural areas should be
enhanced (Mammadova et al., 2022).

In conclusion, the natural and recreational potential of South Altai is closely linked to the
region's ecological condition. Comprehensive ecological measures must be adopted to protect
natural monuments and ecosystems. Only in this way can the region's biodiversity and natural
values be preserved, ensuring the harmonious development of ecotourism and nature conservation.
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4. Discussion

As a result of research conducted on the ecological and recreational potential of South Altai's
specially protected natural areas, an integrated image of the interaction between natural, historical-
cultural, and socio-economic factors was formed, identifying opportunities for sustainable tourism
development and the preservation of unique ecosystems. Cartographic materials at a 1:100,000
scale, remote sensing satellite data, field survey results conducted between 2015-2024, and a large
geodatabase based on nature reserves were created. These materials allowed for the detailed
reconstruction of the boundaries of protected areas and the identification of all significant natural
monuments, including geological structures, hydrological features, and areas with high botanical or
historical-cultural value.

For the systematization of the area, a hexagonal grid with a cell size of 5x5 km was used,
which, taking into account the terrain features, was considered suitable for covering the area
corresponding to an average daily walking tour. Each cell represented a spatial unit that included
quantitative and qualitative indicators: the number of identified monuments, the degree of landscape
preservation, the presence of infrastructure, and the level of anthropogenic load. The obtained
information was analyzed using a hierarchical method of expert analysis, which allowed for an
objective distribution of weighted factors among thirty different indicators. The integral indices
calculated based on the five-point scale formed the basis of the map, which clearly delineates the
boundaries of areas with varying degrees of recreational attractiveness.

Based on the research results, the South Altai area was divided into 80 hexagonal cells, with
each cell assigned a five-point integral index calculated based on 30 indicators. Although the
average index ranged between 3.6 and 3.8 points, parts of the Katon-Karagai National Park and the
Markakol Reserve showed higher levels, with scores ranging from 4.4 to 4.7 points, making them
the most attractive areas in terms of recreation and ecology. The geological monuments of Kiyin-
Kerish and Kyzyl-Kerish scored between 4.2 and 4.5 points, placing them in the category of
secondary objects in the study. These results are marked as distinctive "red" areas on the map, with
an emphasis on prioritizing central monitoring and the development of ecotourism infrastructure in
these zones.

The areas of the Katon-Karagai National Park and the Markakol Reserve are clearly visible on
the map, with their integral indices surpassing those of other regions. This is due to the diversity of
their landscapes - mountainous terrains, valleys, lakes, powerful waterfalls, healing mud springs,
and an already established infrastructure capable of accommodating tourist flows. In these areas,
historical and cultural values blend harmoniously with natural ones, providing visitors with a
unique experience. Local residents' active involvement also plays a crucial role, as tourism becomes
both an additional source of income and an opportunity for preserving traditions.

Important conclusions were drawn regarding the geological monuments of Kiyin-Kerish and
Kyzyl-Kerish, which have high recreational potential and are made up of ancient crystalline rocks
in the form of labyrinths, set against the backdrop of alpine meadows. These monuments are located
far from main roads, and tourist traffic is correspondingly low. However, for tourism development,
it is necessary to establish monitoring platforms and organize tourist routes. Conducting scientific
and educational excursions with experienced guides not only promotes ecotourism but also helps
prevent damage to the ecosystem.

The scientific significance of the study is as follows: the integrated approach combining
traditional cartographic methods and the latest GIS technologies allows for a comprehensive
understanding of the conditions for year-round tourism in mountainous regions.

The practical value is as follows: the developed map can serve as a working tool for the
management bodies of reserves and national parks. It helps identify areas that require priority
monitoring, as well as regions where the expansion of tourism infrastructure can take place without
disrupting ecological balance.

However, the methodology used also has some limitations. Firstly, new routes and projects
established after 2024 were not taken into account, so the map data must be regularly updated.
Updating information through satellite monitoring and voluntary expeditions should be the next key
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direction of the study. Secondly, there is insufficient data on socio-economic indicators, such as
tourism revenue and the economic well-being of residents, as collecting reliable statistics proved to
be challenging. In the future, sociological surveys and economic calculations are recommended in
this area.

Further detailed development of infrastructure elements requires special attention. Currently,
the analysis only covers major facilities, such as museums, information centers, and road junctions.
For better tourist navigation and visitor comfort, aspects such as campsites, parking lots, sanitary
facilities, and safe crossing points over mountain rivers should be considered. Including these
parameters in the next versions of the methodology will allow for more accurate load predictions
and optimization of tourist flows.

In this regard, it is important to conduct large-scale efforts to raise ecological literacy among
residents and city guests. The environmental education program should include open lessons in
schools, interactive lectures at information centers, and the participation of volunteer naturalists.
Such activities not only foster a responsible attitude towards nature but also promote the
development of project culture, which will allow the younger generation to demonstrate their
initiative in preserving natural heritage in the future.

A promising direction is the digitalization of tourism services. Developing a mobile app that
integrates interactive maps, routes of varying complexity, GPS navigation, guides for flora and
fauna, as well as a feedback system between users and administrators, will improve service quality
and allow for the collection of additional data based on the user's preferences. Having access to
such data will enable more accurate forecasting of seasonal peaks and the need to introduce
temporary visit restrictions.

Furthermore, the study highlights the importance of interregional and international
cooperation. As the Southern Altai is a border area with Russia and Mongolia, it is rich in natural
sites extending beyond national borders. Harmonizing protection standards and coordinating tourist
routes can help create a transboundary eco-zone that attracts large flows of tourists while
contributing to the preservation of a unified ecosystem. A pilot project to combine efforts is already
being discussed in the scientific community, and the proposed results could serve as a basis for
developing joint programs.

The conducted research can be said to form a reliable analytical basis for the strategic
management of the protected natural areas of Southern Altai in the context of ecological tourism.
The methods used have proven their effectiveness and versatility, showing that the integration of
modern geospatial technologies, expert knowledge, and field observations enables a more
comprehensive understanding of the complex system of relationships between humans and nature in
the environment. The next step is continuous data updates, expanding the range of indicators, and
deepening socio-economic analysis, which will not only preserve unique ecosystems but also ensure
sustainable tourism growth that benefits all stakeholders.

To maintain the relevance and practical value of the results of the assessment of the
recreational potential of the region in the long term, it is necessary to ensure continuous updating of
the data. The effectiveness of the Bi index and the corresponding assessment categories largely
depends on the level of updating of spatial and socio-ecological data. In this regard, it is
recommended to form a structured data management system that combines remote sensing
technologies, seasonal field studies, and mechanisms for data exchange with local environmental
and tourism institutions. Such an approach will allow for continuous improvement of the
assessment model in response to changes in recreational conditions (land use, infrastructure, visitor
flow).

In addition, it is necessary to consider the socio-economic consequences of tourism in the
South Altai region in a broader sense. Although the development of recreational infrastructure
contributes to the growth of jobs, the development of local entrepreneurship, and an increase in
regional income, some of its negative effects are also observed. In particular, social tensions may
arise among the local population due to the unequal distribution of income, instability of seasonal
employment and an increase in the flow of tourists. Given these contradictions, it is important to
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develop balanced development strategies that support economic diversification and preserve the
integrity of local culture and society.

Specific policy recommendations should also be developed to reduce the negative impacts of
tourism on environmentally sensitive recreational areas in the region. These include functional
zoning, visitor restrictions, environmental education, and promotion of sustainable use of nature. In
addition, it is necessary to introduce flexible management plans, developed with the participation of
local communities, accompanied by continuous scientific monitoring. Such an integrated approach
will allow for the sustainable development of tourism while preserving natural and cultural heritage.

5. Conclusion

In conclusion, the results of the integrated maps created through digital assessment with GIS
demonstrate a promising future for the development of the tourism and recreation sector in the
studied area. Both active (water tourism, rafting, fishing, etc.) and passive (recreation by the water)
types of tourism can be developed in the region.

The practical significance of the study lies in the fact that, based on this methodology, the first
electronic map of the natural monuments of the studied area was created, and an attempt was made
to comprehensively assess the region’s cultural and historical potential.

The results of the assessment of the ecological and recreational potential of the protected
natural areas of Southern Altai clearly demonstrate the importance of preserving the region’s
natural wealth. This study identifies the need to ensure the future protection of the natural
monuments and the ecological status of the 80 grid cells of the region. Using GIS technology, the
structure of these areas was clarified. The features and ecological conditions of the natural sites in
each grid cell were carefully studied, which in turn allows for the creation of effective strategies for
the protection of natural and recreational resources (Chernykh et al., 2021).

In this study, several methodological approaches were applied to assess the natural and
recreational potential of the Southern Altai region. Initially, the results of field research conducted
between 2015 and 2018 were used, based on specialized cartographic and textual materials. Then,
data was collected and analyzed for each operational territorial unit (OTU) using GIS technology.
During this process, operational grids were applied, and digital maps of geographical coordinates
and natural sites were created. For the assessment, various ecological and recreational indicators
were defined based on expert opinions and converted into a five-point scale. The accuracy and
reliability of the methods were verified through several experimental calculations, resulting in an
effective evaluation of the region’s recreational potential, considering various natural monuments
(Kulikova et al., 2023).

The natural monuments in the Southern Altai region, including geological, hydrological, and
other natural landmarks, are of significant ecological importance. These monuments, particularly
located in protected areas such as the Katon-Karagai National Park and the Markakol Reserve,
serve as key centers for biodiversity conservation. These natural monuments ensure the preservation
of ecological stability, the protection of natural resources, and the effective use of their recreational
potential. These areas are not only ecologically significant but also attract great interest for
ecotourism and scientific research. Therefore, it is crucial to strengthen monitoring and protective
measures for their ecological status (Vancura, 2016).

Overall, a comprehensive approach is necessary to preserve the ecological status of the
natural and recreational areas of Southern Altai. This approach will ensure a balance between the
development of ecotourism and the protection of natural resources. Measures such as ecological
monitoring, scientific research, ensuring the sustainable development of ecotourism, and fostering
the ecological culture of local communities will contribute to maintaining the ecological stability of
the region. Additionally, considering the positive and negative impacts of ecotourism, targeted
management systems and regulatory acts are required to maintain ecological safety.

In conclusion, the ecological and recreational potential of Southern Altai’s protected natural
areas is extremely high. To preserve the ecological value and importance of the region’s natural
monuments and ecosystems, sustainable management, scientific research, and the development of
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ecotourism should be approached in a comprehensive manner. These measures will help preserve
Southern Altai’s natural wealth and prevent disruptions to the region’s ecological balance. Only in
this way can the ecological sustainability of the region be ensured.
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OHTYCTIK AJTalbIH epeKile KOpPFayFa AaJIbIHFaH TAa0UFrd ayMaKTapblIHBIH
Ta0UFHU-PeKPeannsJIbIK dJIeyeTiH OaraJiay

Ha3sryas Kencukoaesa, Hypryuas PamasanoBa, Aliryas Erun6aeBa, Hazepke AmManrenasl

Anpgarna. OHTYCTIK ANTaliIbIH epeKile KOpFayFa aJlblHFaH TaOUFU ayMaKTapbIHbIH KOJOTHSUIBIK-
peKpealMsuIbIK  QNieyeTiH Oaranay »SKOJOTHMSUIBIK 3€pTTeysiep YIIIH MaHbI3Abl OarbIT OOJIbIN
tabbutanpl. byn makamaga OHTycTik Autail ayMarbIHIAFbl KOpFaJaThlH TAaOMFU ayJaHIap.IbIH
SKOJIOTHSUIBIK KaFJaibl MEH peKpealusIblK MYMKIHAIKTepl 3epTreiredH. ['AXK TexHOoIorusachHbIH
KOMETiMeH ailMaKkTa Ke3JeceTiH TaOWfH, TapuXH XOHE MOJCHM ECKEePTKIIITEPiH 3JIEKTPOHIbI
KapTachl KYPacTHIPBUIBIN, KOPFAJATBIH ayMaKTap[blH OSKOJOTHSUIBIK JKarJaiibl MeH TaOuFu
pecypcTapblHbIH cakTadyblHa Oara Oepinmi. OHTYCTIK ANTaiJIbIH epekile KOoprajlaTblH TaOuUFu
ayMaKTapbIHBIH SKOJIOTHSUIBIK JKOHE PEKPEAIMsIIBIK OJieyeTiH OaraliayAblH ©3€KTUIIr TYpU3M/Il
JaMBITYMEH Katap Oipereil skoxxyienepsi cakray KakeTTuliriMeH Tycinaipineni. 3eprreyae 1:100
000 macmTaOTarsl KapTOrpaUsUIIBIK MaTepUaAap, )KEPCEPIKTIK KAIIBIKTBIKTaH 30HATAY AEpeKTepl,
JanaiblK MapupyTTapAslH HoTkenepi (2015-2024 xok.) xonmaneuiasl. bipinmigen, ArcGIS
OarmapramManblk KEUICHIHJIE  KaTaH KOpFaJaThlH aiMaKTap MeH HYKTENiK HBICAHIapIblH
ekapauapbl (TeOoJOTUSIIBIK, THIPOJIOTUSIIBIK, OOTaHUKAIBIK ECKEPTKIITEp) HU(PIaHIBIPBLIIBL,
coflaH KeiiH Oykin aymak 5x5 kM enmemi 80 anTblOyphIITH YAMBIKTapFa 0emiHl. OpOip YAIIBIK
yuriH arpubyrrap OoilblHIIA JAepeKTep SKMHAJABL: eCKEePTKIITEepJiH CcaHbl MEH Typi,
MH(PaKYPBUIBIMHBIH KOJDKETIM/UIIT, aHTPOIOTeHIIK acep eTy aAapexkeci. byt 3epTTeyniH MaHbI3 bl
HOTH)KECl peTiHze, TaOUFH E€CKepTKIIITEP/l aHBIKTAY >KOHE OJlap/lbl KOpFay MakcaThIHJa epeKIle
MoHi 6ap aynangap kepcetinai. Katon-Kaparaii Taburu yinTThIK casgOarbl, MapKakes KOPBIFbI kKoHE
Kypmrim aynanbiHAaFbI TEONOTHSIIBIK €CKepTKimTep, aran aiTkaHga KubiH-Kepim sxone Kpi3pii-
Kepimr Tacrap, OKONOTHSUIBIK TYPFBIJAH KOpFayJbl KaXXeT eTeTiH HbICaHAap peTiHzae
KapacTeIpbUIaabel. bysr aynanmapiarsl TaOUFH €CKEePTKIIITEp MEH TaOWUFU pecypcTap SKOJOTHSUIIBIK
TYPaKTBUIBIKTBl KaMTaMachl3 €Ty JKOHE aliMaKThIH PEKpealMsUIbIK OJI€YeTIH cakTay YIIiH epeKIie
MaHbI3Fa ue.
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Tyiiin ce3aep: epekine KoprajaThlH TaOuru aymak, ['AJXK, omepamusiablKk ayMakThIK OipiikTep,
MEMJICKETTIK TaOMFU KOPBIK, MEMJIEKETTIK YJITTHIK TaOWFH THapK, MEMJICKETTIK TaOWfu Kaymail,
pekpeanusi, Typu3M.

OuneHka NMpPUPOIHO-PEKPEANUOHHOI0 MOTEHIHAJNA 0000 OXpaHsAeMbIX NPHUPOJ-
HbIX Teppurtopuii FOxHoro Anras

Hasryas KencukbaeBa, Hypryar Pama3zanoBa, Aiiryas ErunoaeBa, Hazepke AMaHre/ bl

AHHoTanus. OLEHKa KOJIOTHYECKOTO U PEKPEALMOHHOI0 MOTEHLHala 0CO00 OXpaHsIEeMbIX MpH-
ponHbIx Tepputopuil KOxxHOrO Asntas sBisieTCs BaKHBIM HaIlPaBJIEHUEM DKOJIOTMUYECKUX HCCIENO-
BaHUN. B 1aHHOH cTaThe MCCIEAYETCS IKOJIOTHUECKOE COCTOSIHUE U PEKPEALIMOHHBIE BO3MOXKHOCTH
OXpaHseMbIX MPUPOAHBIX Tepputopuii FOxknoro Anras. C nomompio ['MIC-texHonorun Obuta co-
CTaBJICHA DJIEKTPOHHAs KapTa IMPUPOJHBIX, UICTOPUYECKUX U KYJIbTYPHBIX ITaMATHUKOB, BCTpPEUaro-
IIUXCS B PErHOHE, J1aHa OLIEHKA 3KOJIOTMYECKOT0 COCTOSHUS OXPaHSEMbIX TEPPUTOPUN U COXPAH-
HOCTH NPUPOJHBIX PECYPCOB. AKTYaIbHOCTh OLEHKU 3KOJIOIMYECKOIO M PEKpEallnOHHOIO IOTEH-
uaia 0co00 OXpaHsSEMBIX MPHUPOIHBIX TeppuTopuii FOxHOTO AnTasi 0OBACHSAETCS HEOOXOAUMO-
CTbIO COXPAHEHUS YHUKAIBHBIX 3KOCHCTEM Hapsy C pa3BUTHEM TypusMa. B uccienoBanuu npen-
CTaBJIeHBI KapTorpaduueckue marepuainsl B Mmacmrade 1: 100 000, qaHHBIE CITyTHUKOBOTO JAMCTaH-
[IMOHHOTO 30HJAMPOBAHMS, Pe3yNbTaThl MOJEBbIX MapuipytoB (2015-2024 rr.). [Ins nauvama B
ArcGIS Opn onM(poBaHBI TPAHUIBI CTPOTO OXPAHSEMBIX 30H U TOYEUHBIX O0BEKTOB (T€0JIOTHYE-
CKHE, THUJPOJIOTUYECKHE, OOTaHMYECKUE TaMSITHUKHU), @ 3aTeM BCs TEppUTOpHsl ObUla pas/ieneHa Ha
80 mecTHyroJbHBIX siYeeK pazMepoM S5x5 kM. [l kaxmol saeliku ObLIM cOOpaHbI JaHHBIC 1O aT-
puOyTaM: KOJIMYECTBY U TUIY MAMSATHUKOB, JOCTYITHOCTH MH(PPACTPYKTYPHI, CTETIEHN aHTPOIIOTeH-
HOro Bo3jelcTBUA. Kak BaXHBIM pe3ynbTaT JAaHHOIO HUCCIIEJOBAHMSI OBbLIM BBIJCIIEHBI PailoOHBI,
UMeroIre 0co00e 3HaueHHUe, C LEeNbI0 BBISBICHHUS MaMATHUKOB MPUPOAbI U MX 3amuThl. KaToH-
Kaparaiickuil npupoHblii HAaMOHAJIBHBIN MAapK, MapKaKkOJIbCKUNA 3allOBEJHUK M I'€OJOTHYECKHE
namsaTHukn Kypuymckoro paiiona, B yactHoctd, KniiH-Kepum n Kei3pu1-Kepum paccmarpubarorest
KaK 00BEKTbI, TPEOYIOIINE 3KOJOTHYeCcKor 3auThl. [IprpoaHble MaMATHUKN U IPUPOJIHBIE pecyp-
Chl B JIaHHBIX palloHaX UMEIT 0c000€ 3HaYEeHUE TSl 00eCTIeYeHUs HIKOJIOTHUECKOW YCTOMUMBOCTH U
COXPAaHEHHUs PEKPEAMOHHOTO MTOTEHIINAajIa PEruoHa.

KuroueBrble ciioBa: oxpansemas npupoanas teppuropusi, 'C, onepanrionHsle TeppUTOpUaIbHbIe

€AVHULBI, TOCYIapCTBEHHBIN IIPUPOAHBIN 3aIIOBEJHUK, TOCYIapCTBEHHBI HALUOHAJIBHBINA IIPUPOJI-
HBIN IIapK, TOCYIapCTBEHHBIN TPUPOJHBIN 3aKa3HUK, PEKpealns, TYpU3M.
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