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IDENTIFYING INDIVIDUAL WOOD LOCATION FROM TERRESTRIAL LASER
SCANNING (TLS) DATA AT FOREST PLOT LEVEL

Guangjie Liu '*?, Jinliang Wang '**
1College of Tourism and Geographic Sciences, Yunnan Normal University
*Key Laboratory of Resources and Environmental Remote Sensing for Universities
in Yunnan Kunming
3Center for Geospatial Information Engineering and Technology of Yunnan Province

Taking the natural forest plot of spruce and fir in the Shangri-La area of northwestern Yunnan,
China as a test area, the study explores the method of obtaining forest point cloud data by using
terrestrial laser scanning (TLS) under natural terrain and obtaining the position of individual tree
at forest plot level to provide a more efficient and accurate method for forest resource surveys.
Based on the multi-station splicing of 3D laser point cloud data, the tree identification and location
extraction of the layered point cloud data are realized by k-d tree segmentation method, connected
component labeling method and random sampling consensus algorithm. After individual tree identi-
fication, scanning range and accuracy of identifying trees are compared between the incomplete
point cloud data obtained by single-station scanning and the point cloud data acquired by mullti-
station scanning. The research shows that in the natural coniferous forest plot with flat terrain,
based on multi-site cloud data, the RANSAC algorithm can accurately identify each individual tree
trunk and its position in a circular plot with a radius of 30 meters, and the rate of accurately identi-

fis 91.45%.

Key words: RANSAC, TLS, point cloud, individual tree location, spruce and fir forests.

Introduction. Forests not only provide material resources for human survival and develop-
ment, but also play an important role in maintaining ecological processes and ecological balance,
especially in protecting fragile ecosystems, waters and freshwater resources. Individual-tree loca-
tion is a basic important data for forest resource survey and forest structure research. It is a prereq-
uisite for quantitative description and analysis of forest structure. It is of great significance for for-
est biomass estimation, forest carbon cycle and material flow, and global climate change. In recent
years, with the development of remote sensing (RS) technology, especially the light detection and
Ranging (LiDAR) technology, using remote sensing data to obtain forest location information has
obtained rich research results.

Traditional optical satellite images are limited by spatial resolution, and only large area of forest
distribution can be obtained. Images with low spatial resolution are mostly used for land use classi-
fication, forest type classification, and forest structure parameter inversion. With the development
of remote sensing technology, increasing of sub-meter optical remote sensing data provides a basis
for the use of RS data to obtain tree location and forest structure research at individual tree scale.
According to the difference of the spectral texture of the canopy of the tree, the individual tree seg-
mentation method is used to realize the tree position extraction based on the RS image data. Satel-
lite images contain a wealth of spatial information, texture information and spectral information, but
the segmentation accuracy is closely related to the spatial resolution of images. Compared with low-
resolution remote sensing images, high resolution images have very rich information on the shape,
structure and texture of the objects, enabling the observation of objects on a small spatial scale and
accurate segmentation.

In recent years, TLS have rapidly increased in forest resource survey, management, and planning
applications (Srinivasan et al., 2015; Moskal and Zheng, 2011). Among a variety of forest structural
parameters, the determination of tree position is the basis for forest structure research, and has im-
portant impacts on forest structure, forest intercropping and understory environment, and is also im-
portant for forest carbon storage and biomass estimation. At present, the location of forest single
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wood based on TLS data is mainly identified by a variety of fitting algorithms, including Hough
transform method (Thies and Spiecker, 2004; Liu et al., 2016; Li et al., 2012), circle fitting algo-
rithm (Bienert et al., 2006; Brolly and Kiraly, 2009; Shang et al., 2015) and cylinder fitting algo-
rithm (Brolly and Kiraly, 2009; Wezyk et al., 2007; Cerfiava et al., 2017). For example, Li Dan et
al. (2012) used the Hough transform method to perform circle detection on the rasterized layered
point cloud data to estimate the DBH of the birch forest plot and obtain the position information of
the single wood. Bienert et al. (2006) used the method of circle fitting to extract the DBH infor-
mation of trees more accurately. It is believed that in the place where the forest density is large, the
trunks will block each other and the accuracy of the extraction of the DBH will be reduced, result-
ing in the tree position not being automatically recognized. At present, the extraction of location
based on TLS forest is to improve the efficiency of the algorithm. The method of breast diameter
extraction based on circle detection or fitting needs to rasterize the point cloud data, which reduces
the availability and extraction accuracy of the data. Focusing on individual tree scale research, there
is a lack of multi-tree species, multi-forest age complex forest-scale environment for the study of
forest structure extraction.

The forest plots of natural spruce mature forests in the Shangri-La area of northwestern Yunnan
were used as experimental areas. Based on the pre-processing of point cloud data, such as splicing
and de-weighting, the improved morphological filtering method was used to effectively segment
ground points and non-ground points to Realize the point cloud to be highly normalized. Hierar-
chical segmentation of point clouds is implemented using octree segmentation and connected com-
ponent notation. Based on the segmentation point cloud, combined with the k-d tree and RANSAC
algorithm, the recognition of each wood position of the sample site is realized and the accuracy of
tree identification of forest sample trees obtained by single station scanning method and multi-
station scanning method is compared.

Materials and Methods
Point cloud at Forest Plots. This study used Leica P40 to acquire high-precision 3D point cloud
data. The P40 is Leica's latest generation 3D laser scanning device for fast obtaining high-density

point cloud data and panoramic images. Main performance indicators of the device are shown in
Table 1.

Table 1
Main performance indicators of Leica P40
Indicators Descriptions
Range Accuracy 1.2 mm + 10 ppm
3D position Accuracy 2 ﬁ % ?g Omm
'Wavelength 1550nm (invisible); 658 nm (visible)
Scan Rate [Up to 1000000 points per second
Field-of-View 360° (Horizontal); 290° (Vertical)

IMinimum range: 0.4 m

Range and Reflectivity [Maximum range at reflectivity:

120 m (8%), 180 m (18%), 270 m (34%)
0.4 mm RMS at 10 m

0.5 mm RMS at 50 m

Range Noise

The study used point cloud data to obtain natural forest plots from spruce and fir forests in Shan-
gri-La, Yunnan, China. The TLS technology acquires 3D point cloud data by using a single point
fixed to scan the surrounding area in a panoramic manner. Due to the mutual occlusion and terrain
fluctuations between the trees, the single station scanning method cannot obtain the point cloud in-
formation of all the trees in the forest plot (fig.1).
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Fig. 1. Point cloud data scanning by one station at the center of the plot

To obtain point cloud data as completely as possible, the study uses a multi-station measurement
around the center of the plot. We scan 5 stations in each plot including 1 station in the center of the
plot, using a more detailed scanning method, scanning for 10 min, and obtaining a panoramic photo
of the scan range. There are 4 stations on the edge of the plot, and time of scanning is 5 minutes
(fig. 2). Four types of dominant forest species (Pinus yunnanensis Franch., Pinus densata Mast.,
Picea Mill. & Abies fabri (Mast.) Craib, Quercus semecarpifolia Sm.) are investigated in Shangri-
La, northwest of Yunnan, China. To avoid the influence of different tree species morphological dif-
ferences on the accuracy of the results, the study selected the dominant forest species as the mature
forest plots of spruce and fir forest.

,‘; B A Y Scanning Station

Fig. 2. Point cloud data scanning by multiple stations
Technology roadmap. Based on the hierarchical segmentation of point clouds by octree and
connected component markers, the method of Random sample consensus (RANSAC) is used for

individual tree identification and individual tree positioning. The RANSAC algorithm was first pro-
posed by Fischler and Bolles (1981) and it is one of the basic methods for identifying geometric
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shapes from images in image processing. The algorithm iteratively estimates the parameters of the
mathematical model from a set of observed data containing outliers. Based on the random sampling
consensus algorithm, the point cloud is hierarchically segmented according to the characteristics of
the forest plot and the relevant algorithm parameters are set to improve the recognition accuracy
and extraction efficiency. The main research processes include point cloud data preprocessing,
point cloud height normalization, point cloud segmentation and identification of tree trunk. The
technical route is shown in fig. 3 detailed.
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Fig. 3. Flowchart detailing the method in this study

Point cloud preprocessing. When collecting forest point cloud data, it will be affected by many
objective factors such as acquisition equipment, collection environment and different shape of trees,
such as terrain fluctuation, laser scanner scanning range limitation and tree trunk obstruction. It is
difficult to obtain complete point cloud data of the measured object from one perspective. Current-
ly, the acquisition device needs to measure the measured object multiple times from different per-
spectives. Point cloud data registration is to splicing point cloud data collected from different per-
spectives, so that local point cloud data from different perspectives can be converted to a unified
coordinate system, and then complete point cloud data of the measured entity or scene can be ob-
tained. In the process of point cloud data scanning, the study uses Leica black and white targets to
arrange matching points to ensure that there are at least two matching points in adjacent stations.
Then, the multi-site cloud data is registered and stitched according to the target information. As
shown in the fig. 2, the spliced point cloud records the tree trunk information of the plot, which pro-
vides basic data for trunk identifying and location extracting.

The density of TLS point cloud is very high, so multi-site cloud data after splicing has a lot of
redundancy. To improve the efficiency of point cloud processing, the deduplication of point cloud
data is studied, and the time cost in the data processing process is reduced under the premise of en-



suring the accuracy of data extraction. Based on the k-d tree partitioning of point cloud data, the
point cloud deduplication is realized by judging the distance between point clouds.

The k-d tree is a tree-shaped data structure that stores data points in k-dimensional space for
quick searching. Each node of the k-d tree corresponds to a k-dimensional super-rectangular region.
Compared with the spatial grid partitioning method and the octree method, the k-d search tree im-
proves the time of spatial recursive search and is more advantageous in terms of computational effi-
ciency and robustness (Zhou, Hou et al. 2008). It uses the exhaustive method to calculate the Eu-
clidean geometric distance r from the point Pi to the neighboring points, arranged in ascending or-
der, and the first k points are the £ domain points of the data points (fig. 4).

R

c.

Fig. 4. Spatial k-d tree segmentation

Normalization of point cloud height. The change of terrain has a great influence on processing
of point cloud data. To avoid the influence of terrain on tree recognition and extraction, it is neces-
sary to normalize point cloud data to remove the influence of terrain changes on point cloud mor-
phology. The study uses improved morphological filtering methods to separate ground point clouds
from non-ground point clouds. The main idea of the algorithm is based on the mathematical mor-
phology method, using the open operation (corrosion, re-expansion) to process the point cloud, and
using the progressive filtering window to gradually separate the ground point and the ground point.
The ground point cloud is interpolated and gridded by inverse distance weighted (IDW). Finally,
the generated ground grid is used to highly normalize the point cloud to eliminate the difference in
height of the trees caused by the terrain height difference (fig. 5)

A B C

Fig. 5. Normalization of point cloud height:
A) Original point cloud data acquired using TLS; B) Filtering results with ground points in red
and non-ground points in gray; C) Points with normalized height
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Point cloud layering. When obtaining point cloud data of forest plots with higher density or
thicker shrubs under the forest, it is easier to block the trees and cover the trunks under the bushes,
resulting in the trunk point cloud obtained at a certain height is incomplete, and the loss or misiden-
tification of trees is prone to occur. Many studies have shown that the method of layering the point
cloud of the trunk can effectively improve the recognition accuracy of the tree. Different from the
existing research methods of layered rasterization of collected point clouds, to ensure the accuracy
of point cloud data and make full use of the acquired data, the research directly uses point cloud da-
ta for processing. Starting from 1.00 m, 0.10 m is the interval, 0.06 m is the standard for point cloud
stratification, and 0.97 m-1.53 m point cloud is divided into 6 layers, each layer is 0.97 m-1.03 m,
1.07m-1.13m, 1.17m-1.23 m, 1.27 m-1.33 m, 1.37 m-1.43 m, 1.47 m-1.53 m.

Octree segmentation and connected component labeling. To reduce redundancy and improve
processing efficiency and accuracy, octree segmentation and connected component labeling are
combined to segment the point clouds before trunks are identified. The method of connected com-
ponent labeling (Dillencourt et al. 1992) is usually used to detect connected areas of binary images
in the field of computer vision. It can be used for processing color images and higher dimensional
data as well. Different from the image data, point cloud data is composed of a large number of inde-
pendent, discrete points with spatial coordinates. Therefore, the method of octree segmentation is
used to obtain voxelization data of the hierarchical point cloud. Voxelization is a processing of
point cloud segmentation based on octree. First, a closed minimal cube is determined as a root node
or a zero-level node, and then the root node is subdivided into eight sub-pixels recursively. Non-
empty voxels continue to be divided until they are divided into the remaining thresholds or the min-
imum pixel size criteria are reached (Vo et al. 2015).

The raw point cloud contains many useless points (shrubs, weeds, etc.). With the increasing
depth of octree, the points are divided into relatively independent spaces. When the octree level =
10, trunks, shrubs and weeds show better separability (Liu et al. 2018). By further increasing the
depth of the octree, the original separability between the trees is maintained, but the amount of data
has increased substantially. Therefore, this study uses the octree segmentation method with octree
level = 10 to voxelize each layer of cloud data of trunks. Based on voxelization of points, we use
the method of connected component labeling to get point cloud voxels connected and complete the
segmentation of tree stem form stratified point clouds. The segmentation results shown in fig. 6.

N oY

-]

- . ¢ )
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Fig. 6. Processing of octree segmentation (left) and connected component labeling (right) (top view)

Improved RANSAC algorithm to fit the circle. The basic idea of the RANSAC algorithm is to
search for points satisfying the condition in the data point set, randomly sample a smaller subset of
data, and then fit it to find out how many other points can match the fitted conditions. Repeating the
above process until you find the expected object structure model. When applying the algorithm, we
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need to design a judgment criterion, then loop continuously to eliminate the extra-point, and fit the
obtained correct points to form a new model. Iterations to all outliers are eliminated, and the model
aggregates all in-house points in the dataset. Identifying the trunk from the forest point cloud is in-
tended to fit the discrete three-dimensional coordinates of the trunk portion to a circle, as follows:
(1) First, the point set P is projected onto the X-Y plane in the direction of Z-axis to form a 2-D

point cloud set P". Three points p;(x;, y;), p2(x2, y2), p3(x3, y3) that are non-collinear and the distance
between any two points is greater than 0.02 m are selected from the point cloud set P’ randomly.
The equation of three non-colinear points p;(x;, ¥;), p2(x2, y2), p3(x3, ¥3) can be expressed as:

x—x; yY-y1 z—Z

Xp—Xxy) Y-y Zx—EI| =0 (D

*3—X1 ¥z~ ET3z—E)

The distance conditions between the points are:
Vi — 2202 + (yy — y2)2 = 0,02
V0 —x3)2 + (v —y3)2 =0.02 ; )
Vs —x3)2 + (3 —y3)2 = 0.02 .

Then, these 3 points can form a circle C;, and the center point O, (a;, b;) and the radius 7; of the
circle can be obtained. According to our field survey results, if 7,> 0.7 or ;< 0.03 (trees with DBH
larger than 1.40 m or less than 0.06 m are not extracted), a new set of three points should be select-
ed for calculating the radius r; until 7; satisfies 0.03 < r; < 0.7.

(2) Based on the £-d tree partitioning iteratively judges the spatial distance relationship between
the remaining point cloud p,(x;, ;) in point cloud data set P’ and the constructed circle C;until all
the extra-office points are excluded, and all the intra-office points are accurately identified. The
judgment condition of inliers Py(x;,y;) 1s:

?'1—0.02<J(xj—a1)2+(1f},-—b1)2<?'1—|—0.02. (3)

Number of inliers that satisfies the condition is M. Points that do not satisfy the condition are
outliers, and the number of that is V.

The next condition need to be tested is the relative position between any point (x;,);) in point
cloud P'and the circle C; (a;,b,,7)) :

Jx,— a2+ (v, b)Y <07 *1, . (4)

¥

Equation 4 indicates that there are points inside the identified trunk, which are inconsistent with
the actual results and should be excluded from the circle that satisfies the result.

This method is repeatedly performed on the remaining point clouds until the elements in P’ are
depleted, so that the final M and N are obtained. Getting the voting result that satisfies the Formula
(5)in M.

M

E = E, (5)

M=&.
where, ¢ is the threshold value of a circle detected for sliced point cloud of trees, §1is the minimum
number of data points required to estimate model parameters. Many tests in the study show that
the accuracy of DBH extraction is high when ¢ = 0.80 and § = 200.

(3) Using this method, all layers of point clouds are extract- ed, and the trunk position and the
trunk section radius of each layer of trees are obtained. If the position of tree trunk is detected in
four or more layers, it is assumed that there is a tree at this position, and the individual tree position
is the center of the trunk closest to the ground. If a trunk can be accurately identified at a height of
1.30 m, position of the tree is diameter of the circle identified. If the trunk cannot be identified, the
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linear regression method is used to fit the trunk radius and trunk height to obtain the position.

Results and Discussion

Trunk identification at individual tree scale. The above method was used to carry out tree iden-
tification and position extraction experiments on a natural mature forest plot of a spruce in the
Shangri-La area. The result of this research method for single wood identification is shown in the
fig. 7. The RANSAC algorithm has a good recognition degree for the complete circular trunk point
cloud (fig.7-A), which can accurately identify the trunk and the center of the circle, even if there is
a certain unevenness on the surface of the tree point cloud data. For circular incomplete sparse point
cloud of trunks, as shown in fig.7-B and fig.7-C, the algorithm can also accurately identify trunks
and obtain the center position of the trunk. However, for the identification of non-circular trunks
(ellipse, irregular shape, etc., fig.7-D), the algorithm has certain limitations. Although the trunk can
be identified, the accuracy of obtaining its position is lower than that of the circular trunk.
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Fig. 7. Trunk identification results at individual tree scale

Trunk identification at plot level. The forest plot is the basic unit for conducting forest resource
survey. The composition of the trees in the plot, the spatial structure of the trees and the type of the
community can represent the overall status of the forest to a certain extent. Therefore, the accurate
identification and location of forest trees is the basis for the use of lidar technology for forest re-
source surveys. Based on the forest-like loca- - = = - A BRI R
tion cloud data, based on the hierarchical seg- & o5t ok
mentation of the point cloud, RANSAC was
used to obtain the position of each wood in the %
plot (thoracic height position, the trunk center
point at 1.3 m from the ground). The result is §
shown in the fig. 8 and fig. 9. .

It is easily affected by mutual shelter be-
tween trees when TLS is used to acquire forest
point cloud data. Among them, mutual obstruc-: = *
tion between trunks results in lower accuracy
of identifying tree. To clear the influence of %
forest occlusion on tree recognition accuracy, =
the accuracy of tree identification using single-
station scanning point cloud and multi-station
scanning point cloud data using RANSAC algorithm is studied. It can be seen from the fig.9 that in
the circular sample area (sample radius = 35 meters), the point cloud data obtained by scanning with

Fig. 8. Result of trunk identification at plot level
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Fig. 9. Result of trunk identification by single scanning station and Multiple scanning stations

a single-station ground-based lidar in the center of the sample center is incomplete due to the trunk
point cloud information. The algorithm can only accurately identify the trunk within a certain range
(within 10 meters), and there is a high recognition error rate.

It can be seen from the Table 2 that the point cloud using single-station scanning can correctly
identify 56 trees with 7 errors and an error rate of 11.11%. From the perspective of the whole plot,
96 trees were missed, and the missed detection rate was as high as 63.16%. The trees at the edge of
the plot could hardly be identified accurately. The point cloud data obtained by multi-station scan-
ning is more complete than the single-station scanning, covering the entire sample area, and there is
a certain missing tree trunk only in the area where the sample edge and the tree density are large. It
can be seen from the statistical data of the whole plot that the multi-station scanning method cor-
rectly identifies 139 trees and misidentified 6 trees, the error rate is only 4.14%, 13 trees are miss-
ing detection, and the missed detection rate is 8.55%. The tree recognition accuracy is greatly im-
proved compared to the single station scanning method.

Table 2
Accuracy comparison of results from different scanning methods
Scanning Methods . C01:rectly Error | Error rate Undetected | Undetected
identify trees trees rate
Single scanning station 56 7 11.11% 96 63.16%
Multiple scanning stations 139 6 4.14% 13 8.55%

Conclusions

The mature forest sample plot of spruce and fir in Shangri-La area of Northwest Yunnan was
taken as the experimental area. Based on the pre-processing of point cloud data, such as splicing
and de-weighting, the improved morphological filtering method was applied to effectively seg-
ment ground points and non-ground points, and the normalization of point cloud height was re-
alized. Hierarchical segmentation of point clouds is implemented using octree segmentation and
connected component notation. Based on the segmentation point cloud, combined with the -d
tree and RANSAC algorithm, the recognition of each tree position of the sample site is realized
and the accuracy of tree identification of forest sample trees obtained by single station scanning
method and multi-station scanning method is compared.

The research results show that multi-site cloud data can accurately record the forest structure
information in the sample area compared with the single station measurement, and the forest
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structure can be accurately restored through multi-station splicing. Although the improved mor-
phological filtering method is designed for airborne point cloud design, it can be applied to the
ground-level cloud data obtained by ground-based lidar by adjusting the algorithm parameters and
can effectively separate the ground point cloud and non-ground Points. Using point cloud data com-
pared to traditional total station and other measurement techniques, it is possible to obtain infor-
mation on the position of each wood in the natural forest plots quickly and accurately and pro-
vide new technical and data support for accurate forest resource survey and forest internal struc-
ture research. The research combined with point cloud hierarchical segmentation method and
RANSAC algorithm reduces the time complexity of random acquisition point cloud algorithm,
effectively improves the efficiency of tree trunk recognition, and provides a feasible method for
each wood location identification of sample scale. Although the research uses the RANSAC al-
gorithm to extract the location of single trees, there are still some shortcomings. For example,
the Yunnan region of China is a plateau mountainous region with complex topography and nat-
ural forests distributed in mountainous areas, and the 3D laser scanning data is susceptible to
terrain fluctuations. However, the study did not assess the impact of topographical changes on
the accuracy of individual tree identification. The RANSAC algorithm can accurately identify
circular trunks, and the recognition accuracy of non-circular trunk point clouds (such as ellipse,
irregular shape, etc.) will be reduced or even impossible to accurately identify. In the subse-
quent research, we should further focus on the influence of terrain changes on the accuracy of
the algorithm and use a variety of geometric shape fitting algorithms to more accurately and ac-
curately identify the trunk.
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ASSESSING THE IMPACTS OF CLIMATE CHANGE ON MOUNTAIN FORESTS:
A BRIEF REVIEW

G. Bottaro, D. Pettenella
University of Padova

The effects of climate change on natural ecosystems are increasingly more visible. Being moun-
tain forest ecosystems the most vulnerable and therefore the most affected ecosystems, they appear
to be the most suitable for the assessment of climate change effects on ecosystem services. Accord-
ingly, the paper reviews the literature on the economic assessment of climate change impacts in Eu-
ropean mountain forests. Initially, the trends in the provision of mountain forest ecosystem services
are discussed. The literature review also takes into account the effects on forest structure and trees
physiology, being these two effects strictly associated with the capability of the ecosystem to pro-
vide services. The results of this first part of the paper have been presented into a table that dis-
plays both the trends and the quality and the quantity of the information available. Subsequently,
the main methods that can be employed to assess the economic value of the different ecosystem ser-
vices have been described. For each method some examples of implementation have been de-
scribed. In the conclusion, the main gaps still existing in scientific literature concerning the effects
of climate change on ecosystem services provided by mountain forests have been highlighted. Be-
cause of the heterogeneity of the considered ecosystems it is of fundamental importance to have a
comprehensive view of the phenomenon. Finally, some more remarks about the existing methods for
the economic valuation of ecosystem services has been done.

Key words: climate change, mountain forests, economic damages, ecosystem services, Europe.

1. Introduction

Climate Change (CC) is one of the main drivers of changes in mountain ecosystems and in their
related services provision, being more vulnerable than others to the changes in temperature and pre-
cipitation (Beniston, 2003). The upper shift of species and consequently their adaptation to changes
is limited by the long-time span of trees that cannot react quickly to the changes and the limitation
of their altitudinal range (Lindner et al., 2010). For these reasons forests located in mountain areas
are the most appropriate ecosystems for CC detection (Ding et al., 2016). The purpose of this study
was to address the growing societal demand on Ecosystem Services (ES) provided by mountain re-
gions, which support a large number of components essential for human health and well-being
(water, quality of food products, biomass, flood prevention, tourism and recreation, etc.) (Briner et
al., 2013).

According to the new version of the Common International Classification of Ecosystem Services
(CICES, V5.1, http://cices.eu/resources/, Haines-Young and Potschin, 2018) ES can be divided in
three main categories: provisioning, regulating and cultural. Provisioning services are those services
related to the goods provided by ecosystems. Regulative services are those services that have a reg-
ulative function (e.g. erosion control, water purification, climate control). Cultural ecosystem ser-
vices comprise aesthetic, spiritual, recreational and touristic value. It is important to quantify and
value the provision of ES through numerical and economic indicators in order to be able to monitor
and compare them and consequently to address them in political and economic discourses. In such a
way the value of ecosystems can be presented to stakeholders through the value comparison of ma-
terial goods and intangible services (Grét-Regamey et al., 2013). Whether provisioning services are
easier to assess and valuate, most of regulative and cultural services cannot be measured in market
terms, since the methods to quantify them and to assess their value have only recently been devel-
oped.

In the valuation of ES, using the terminology of the Cost-Benefit Analysis, a basic distinction
should always be made between the financial analysis, which assesses the incurred expenditures
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and gained revenues, and the economic analysis, which is aimed at detecting the real value of ES
for the society, taking into account the positive impacts (benefits) and the negative ones that cannot
be described by the market prices. This kind of analysis tries to include the so called Total Econom-
ic Value (TEV) of the ES that incorporates not only their market values (wood, non-wood forest
products, water, etc.), but also all their intangible benefits and costs (Thorsen et al., 2014). While
the literature connected with the financial analysis of mountain forest ES has a long tradition in
terms of the role and importance of provisioning services (with a focus on wood products), the
economy analysis of the total value of forest ES in mountain regions has been randomly carried out.
Moreover, notwithstanding the mentioned socio-economic characteristics of mountain forest ES
(diversity and multiplicity of the ES, high perceived values, relevance and non-market benefits)
there is no systemic analysis of the literature on their economic assessment. Our research’s objec-
tive was to contribute to existing knowledge through a literature review on the economic assess-
ment of CC effects on mountain forest ES with a special focus on European mountain regions.

This study has been conducted within the Belmont project “ClimTree”. The project aims at the
analysis of ecological and a socio-economic impact of CC on mountain forest in Europe.

2. European mountain forests

Mountains cover 29% of the EU territory and in this area the most diffuse land use is forest
covering 41% of the total mountain areas (EEA, 2010; Hartl et al., 2015). Global warming does not
evenly affect Europe, its impact varies depending on a bioclimatic region allocated at different ele-
vations and latitudes (Rogora et al., 2018). Furthermore, the impact of climate change on forest eco-
systems also depends on the bioclimatic zone and on the resulting forest types (EFI, 2008; Lindner
et al., 2010).

The main European bioclimatic zones are polar, boreal temperate and Mediterranean. Because
of the absence of forest in polar areas, the focus of our research has been on the other three regions.
Within the temperate region an important distinction has to been made between the oceanic and the
continental sub-areas. The bioclimatic map of the European countries is presented in Fig. 1. Be-
sides, the alpine region was considered to better represent the characteristics of the main European
mountain ranges: the Alps, the Pyrenees and the Carpathian (Lindner et al., 2010).

Boreal
. Temperate Continental
. Temperate Oceanic
. Mediterranean

g F

—

Fig. 1. European countries classification divided by bioclimatic areas (Lindner et al., 2010)
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3. The methodological approach

In order to estimate the economic impact of CC on the provision of European mountain forest
ES we have organized our research in two stages: firstly, we have tried to describe the impact of CC
on the ES, and secondly we have analysed the approach employed for their quantification and eco-
nomic assessment. In order to meet the first objective, the bibliography analysis has included also
the effect of CC on trees physiology and forest structure (Kurbanov et al., 2007), due to the fact that
changes in forest structure are strictly related to the ecosystem capability in delivering ES
(Brockerhoff et al., 2017).

We used the Scopus bibliographic database as the source of data for our research.

4. Climate change impacts on the provision of mountain forests and Ecosystem Services

The data found as a result of literature review are summarised in Table 1. The trends of the CC
impact on the provision of mountain forest ES are grouped in four categories: “increasing”,
“decreasing”, “stable” and “mixed”. Depending on the quantity and quality of evidence and correla-
tion between them, the obtained data has been classified as follows: “established but incomplete”,
“well established” and “unresolved” with a similar approach used by IPBES (2018).

Provisioning services. Changes in Net Primary Production (NPP), that influence timber provi-
sion, have different trends in diverse bioclimatic areas. In the Mediterranean region the increment
results are negatively affected principally by water scarcity (Fyllas et al., 2017; Rogora et al., 2017;
Scarascia-Mugnozza et al., 2010; Linares et al., 2009). The opposite trend has been detected in the
boreal region where temperature results tends to be the most limiting factor; in this region the cli-
mate change is thus enhancing forest productivity, even if winter frost has a negative impact on it
(Kullman, 1996). In temperate region the trend is more heterogeneous with different impacts ac-
cording to the local and environmental conditions, especially related to water and temperature
(Lindner et al., 2010; Loboda et al., 2016; Kurbanov and Post, 2002). In north-western part of the
temperate oceanic region the tree growth and increment is slightly higher as a result of temperature
increase. This factor significantly influences the tree growth in the area. While in more south-
eastern and temperate continental regions water scarcity is reducing radial growth dynamic
(Panayotov, 2016; Horak et al., 2014; Friedrichs et al., 2009). Finally, alpine areas are characterized
by a general increase in timber production (Rogora et al., 2017) with the presence of an inverse
trend where soil moisture is not enough to support a higher photosynthetic rate (Galiano et al.,
2010; Meining et al., 2004).

Regulating services. Due to carbon sequestration, forests play an important role in climate regu-
lation, being able to store CO,above the soil level. Moreover, tree canopies can modify the albedo
of the land surface. For instance, in boreal region the expansion of forests is changing the capacity
of forest ecosystems to mitigate climate changes because forest expansion decreases the albedo
(Beniston, 2003).

Regarding carbon sequestration, the impact of CC on this ES varies in different regions. In fact,
being strictly related to tree growth, stand capacity of carbon stocks follows the pattern that is simi-
lar to tree radial increment. For instance, in temperate continental region the carbon uptake is nega-
tively impacted by the higher temperature and lower precipitation because of the reduction of trees
photosynthetic rate (Horak, 2014). In alpine and Mediterranean areas CO, absorption can follow
different patterns: in some regions the carbon uptake is enhanced by the global warming due to the
longer growing season and the earlier melting of snow or else, due to the rise up of the timberline
(Rogora et al., 2017). In some other regions the negative impact is recorded due to the lower capaci-
ty of forest soils to store organic carbon mainly caused by accelerated decomposition of soil organ-
ics (Prietzel et al., 2014). In this second case Mediterranean mountain forests are generally limited
in their carbon adsorption capability because of water stress (Scarascia-Mugnozza et al., 2010) or
insect defoliation (Jacquet et al., 2012).
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Another important regulating service provided by mountain forests is pest control. Several stud-
ies assessed the expansion on insects’ range, winter survival, frequency of pest outbreaks (e.g. Bat-
tisti and Larsson, 2015; Pureswaran, 2018). Generally, pests spread depending on the altitudinal
gradient, even if latitudinal expansion seems to be prevalent (Battisti and Larsson, 2015). In the
Mediterranean region pest control in mountain forest ecosystem is harder to manage in comparison
with the other regions due to vulnerability of trees caused by water scarcity (Scarascia-Mugnozza et
al., 2010).

Concerning biodiversity, in the recent years it has increased in most of Europe. The regions that
experienced a decrease in species richness are the Mediterranean and the alpine area (Pauli et al.,
2012). Even if in some papers no indicators regarding abundance or species richness are used, the
general information about the change in species composition is present (e.g. Galiano, 2010).

CC also affects the dynamics of disturbances such as fire, insects and wind making forests more
vulnerable and affecting their capability of natural hazards regulation. In their paper Seidl et al.
(2017) analysed the correlation between CC and natural disturbances and argues there was a direct
interrelation between them.

5. Economic evaluation of climate change damages in mountain forests

We identified the effects of Climate Change that affect the capability of mountain forests on the
provisioning of ecosystem services in the different European bioclimatic areas. In order to under-
stand what economic impacts are caused by these changes it is necessary to estimate the value of
the forest ES considered. Several methods have been developed and different frameworks have
been designed in order to systematize and to classify them. Hereafter the framework developed by
Masiero et al. (2018) in their manual “Valuing forest ecosystem services: A training manual” [under
press] it has been used as reference (Fig. 2).

Market value
analysis

Demand curve
approaches

| | | 1

A. Benefit as a ‘ B. Costas a ’

proxy proxy (Revealed preferences) (Stated preferences)

C. Indirect methods ’ ‘ D. Direct methods

Replacement costs

Opportunuty Hedonic Contingent

price valuation

Production

Cost of substitute goods ]

| Y ENg

d i i Travel cost i
function Defensive expenditures thod Chmcle
metho modelling
Damage and insurance costs ] \ )

Fig. 2. Methods that can be used to evaluate Forest Ecosystem Services (Masiero et al., 2018).
Valuing forest ecosystem services: A training manual. FAO, Rome [under press])

We will briefly outline the cases found as a result of literature review with the reference to the
methodological approach framework described in Figure 2, while in Table 2 different mountain for-
est ES are cross-checked with the methods used for their economic valuation with reference to the
literature review.

The methods used for value assessment (financial and economic) of mountain forest ES can be
divided in two main categories: Market Value Analysis and Demand Curve Approaches. In the first
sub-subparagraph (5.1) the cases where methods included in the first category will be taken into
account and described, while in the second sub-subparagraph (5.2) the cases where methods based
on the demand curve will be analysed. The examples founded through a literature review have been
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integrated with the cases described in a database developed within the Gestire project (2015) with
the aim to assess the economic values of the Natura 2000 network in Lombardy region (North of

Aesthetic / heritage (landscape char-

Italy).
Table 1
Trends on the provision of forest ecosystem services affected by climate change
Forest .
Ecosystem ES category D iCsF LI Boreal Temper‘ate Temperate b Alpine
Servi sub- category Oceanic Continental | terranean
ervices
Bioenergy v )" Q v
production h. 4
Provisioning | Timber ‘ P R V ¥ P R

services | production h. b 4 h. _d
Non-wood forest —
products A '

forests carbon v v A A
stocks X -
Climate Soil carbon
regulation stocks A - '
Albedo v
Ey— VvV VvV | VvV | V| Vv
Regulating Forest fires/

Services wildfires v v
Natural hazard Erosion, ava- v
regulation lanche, landslide

Flooding v

Water quality v v v
regulation ' '
Biodiversity ‘ ‘ vA v n
Recreation Hunting
(il iR N by
enjoyment)

Cultural

Services | Tourism (skiing) v

acter, cultural landscapes)

TREND CONFIDENCE LEVEL
E well established
increasing
A established but incomplete
e | Stable established but incomplete
v established but incomplete
decreasing
well established
aA
mixed unresolved
v
NA not enough data

Source: compiled by the authors based on: Allen et al. (2010);
Beniston (2003); Courbaud et al. (2011); Cudlin et al. (2017); De
Wit et al. (2006); Dupire et al. (2017); Fernandez-Martinez and
Fleck (2016); Feurdean et al. (2016); Fleischer et al. (2017);
Forsius et al. (2013); Friedrichs et al. (2009); Galiano et al.
(2010); Hartl-Meier et al. (2014); Hordk (2014); Jolly et al.
(2005); Kozlov et al. (2013); Krupkova et al. (2018); Kullman
(1996); Lebourgeois et al. (2010); Linares and Tiscar (2011);
Meining et al.(2004); Panayotov et al. (2016); Prietzel and
Christophel (2014); Rogora et al. (2018); Saccone et al. (2009);
Sarris et al. (2014); Scarascia-Mugnozza (2010); Temmervik et
al. (2009);Vacek et al. (2017)
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5.1. Market Value Analysis

This category comprises all the methods that are based on the use of values recorded in the mar-
ket to carry out direct or indirect estimate of mountain forest ES values. Market prices can be a
good signal of the value of some ES being influenced by supply and demand functions, i.e. by the
revenue generation capacity, current costs and the preferences of consumers. Compared to the other
category of techniques (demand curve approaches) these methods are easier to apply due to the use
of already existing values directly assumed from the real market. This is also the reason why the
outcomes from the implementation of these methods are considered “hard results”, i.e. connected
with real evidence from the market, even if in many cases these results represent an underestimate
of the TEV of mountain forests ES.

a) Benefit as a proxy. Within this subcategory two main methods are present: “Opportunity
Cost” and “Production Function”.

Opportunity Cost (OC). The OC describes the cost that the land owner has to incur when he/
she decides not to change the specific land use or to change his/her economic activities in order to
maintain or enhance a particular mountain forest ES. For instance, the OC for a landowner that is
involved in the project aimed at enhancing forest biodiversity is represented by the income loss de-
rived as a result of reducing timber harvesting in order to reach the project aim. The amount of in-
come lost can be used to estimate the value of biodiversity protection in that forest. Because the OC
strictly depends on the land cover or the activity performed, its value is related to the local situation
(Barton et al., 2013). Some examples of OC application are listed below. Extensive application of
this methodology is found in decision making processes related to forest conservation, biodiversity
protection or carbon sequestration or, on the contrary, to forest exploitation (Hily et al., 2015;
Schroter et al., 2014; Seidl et al., 2007; Kniivild et al., 2002). Similarly, OC approaches have been
used to consider land use changes or the provision of different mountain forest ES (e.g. Ruijs et al.,
2017). OC has been employed to evaluate different provision of ES in forests changing from a mon-
oculture to a close-to-nature forest management system in order to understand the benefits and costs
of such process (Schou et al., 2012).

Production Function (PF). The method is based on the relationship between the selected for-
est ES and the production of a specific good associated to the market. The forest ES is viewed as
input for the provision of goods. In order to be able to use this approach it is necessary to know the
existing relation between the forest ES and the provided good. The value of the forest ES is thus
associated with the increase of income generated by the improved production system.

The method has been used for the valuation of regulating forest-related ES (see Table 2). Gren et
al. (2018) used PF in combination with another technique (Replacement Cost described below) in
order to assess the impact of pathogen spread in the capability of carbon dioxide sequestration in
forest ecosystems. A good example of the application of this method can be found in Nahuelhual et
al. (2007), where PF was selected as suitable methodology for assessing the economic value of wa-
ter provision in Valdivian forests (Chile).

b) Cost as a proxy

Replacement Cost (RC). In this approach the value of the forest ES is associated with the
avoided cost to replace the service in case of its loss. In other words, the value of the benefits asso-
ciated with a certain forest ES is derived from the cost to replace the same benefit with different
service or good. This method has been described by Forest Europe as “the most realistic method of
re-creating  non-market  benefits”  (https://foresteurope.org/overview-valuation-approaches-

methods).
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Several studies have used this methodology to assess forest ES values. Bianchi et al. (2018) have
carried out a literature review on the use of different valuation methodologies to measure the value
of protection services against rock falls, avalanches, landslides and for investment in flood protec-
tion in the Alps, in which RC proved its effectiveness (Getzner et al., 2017; Hayha et al., 2015; No-
taro and Paletto, 2012). Grilli et al. (2015) have also assessed the values of different forest ES in
Italian alpine valley using RC. Gren (2015) applied this methodology for the valuation of carbon
sequestration in Sweden and Notaro et al. (2009) — in Italy. A slightly different approach in the im-
plementation of RC can be found in the study of Clinch (2000). In this research RC was implement-
ed in combination with other methodologies (Contingent Valuation and Damage Cost), to evaluate
the Irish national forest plantations programmes and assess their negative and positive aspects. The
application of the RC has been used in relation to the assessment of water quality and provision.

Cost of Substitute Goods (CSG). The rationale behind this methodology is to relate the value
of the ecosystem goods or services to the cost that would be necessary to produce a substitute, also
called surrogate fulfilling the same or similar function. Little has been found using such keywords
as “substitute good”, “surrogate” or “economic valuation”.

In the paper the method was used as a proxy to estimate the value of the natural capital providing
forest ES (Petrosillo et al., 2009). Gret-Regamey et al. (2008) applied CSG method to assess the
value of forest ES provided by European Alps. Merlo and Croitoru (2005) in their book used CSG
in assessing forest function of Mediterranean forests against landslide and floods.

Defensive Expenditures (DE). This approach associates the value of forest ES with the cost of
avoiding and/or reducing the negative environmental impact on the services or with the hypothetic
costs of implementation for actions intended for the mitigation/compensation of the consequent
damages.

DE was used to quantify the monetary value of flood protection in German riparian forest (Barth
and Doll, 2016) and Apennines mountain forest in Italy (Morri et al., 2014). In their paper Snider et
al. (2006) used the method to understand if the funds invested by the USA federal government in
forest fire prevention were effective. The value associated to the actions that had been implemented
for forest fire protection can be used as a proxi of the value of the ES under consideration.

Damage and Insurance Costs (DIC). Always related to cost as proxy this approach regards the
value of forest ES as the expenses incurred as a result of damage caused by natural hazards or the
insurance costs paid out as a result of the occurrence of the insured event.

The application of this method can be found to quantify the value of carbon sequestration in Ger-
man forests (Wiisteman et al., 2014) and Irish forests (Clinch, 2000). In Pulkrab et al. (2011) this
method was used to assess the value of pest control services of forests in Czech Republic. Finally
Gren et al. (2009) assessed the damage caused by alien invasive species that can have severe effects
on biodiversity in Swedish forests.

5.2. Demand curve approaches
These approaches are used whenever the assessment in market values is not applicable and when
relevant non-market prices are influencing the TEV of forest ES. The main idea of this set of ap-
proaches is to estimate the value of forest ES through:
 the decisions made by real consumers as revealed from their concrete expenditures (so called
“Indirect Methods™), or/and;
o the declared preferences of the real and potential consumers collecting information on their
willingness to pay for the ES (so called “Direct Methods™).
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¢) Indirect Methods
Among the indirect methods based on the revealed preferences of the end users, two main meth-
odologies are used to estimate mountain forest ES.

Hedonic Pricing (HP). This technique assumes that the land prices depend on both the inter-
nal characteristics of the good providing an ES and to external factors affecting it. A clear example
to explain the method could be made taking into consideration real estate prices. The price of this
commodity can change depending on the location of the building because of the different landscape
that surrounds it. The value of the ES close to the selected house can be approximated with the
higher price of house when compared with a similar building located in another area without the
investigated ES. Therefore, the value given to the presence of the forest ES can be calculated as the
sum that people agree to pay to live close to it. The same method can be used also to evaluate some
specific characteristic of the landscape.

For instance, Austrian Federal Forests commissioned the valuation with a HP technique of the
protective functions of forests against landslides, avalanches and rock falls (Getzner et al., 2017). In
Croatia the HP method applied to the prices of hotel rooms was used to estimate the touristic value
of Mediterranean forest (Marusi¢ et al., 2005). In Switzerland Schlépfer et al. (2015) have estimated
the value of different landscape amenities (comprising forests) analysing the variation in rental pric-
es. Sundelin et al. (2015) thought the analysis of the values of different forest features (such as frag-
mentation, density, shape, productivity) were able to detect which characteristics of forestland af-
fect the cost of land in Sweden. Outside Europe (in the USA and Canada) HP was also applied to
evaluate the impact on cultural ES (touristic and aesthetic services) in forest affected by insect in-
festation (Price et al., 2010), the cost administered to hunting recreational services (Hussain et al.,
2007) and the cost of erosion control function of forests in Ohio (Hitzhusen, 1999).

Travel Cost Method (TC). In the method the cost of travel that people pay to reach and visit a
certain habitat/ecosystem is elaborated in order to derive the willingness to pay for a specific forest
ES or a combination of ES. Generally, TC is used to estimate the value of cultural ES, specifically
the ones related to tourism and recreation. In applying TC also the opportunity cost of time is con-
sidered.

There are numerous applications of the TC in the assessment of mountain forest ES. In Germany
TC has been used to estimate the value of cultural ecosystem services (recreation) provided by Ger-
man protected areas (Mayer et al., 2018). TC was also used to estimate the potential recreational
value of Tatras National park (Jadud’'ova et al., 2017). With the same aim the method was applied
by Ezebilo (2016) in the UK, by Melichar (2014) in Czech Republic and by Jozef (2010) in Slo-
vakia. Moran et al. (2006) carried out a more detailed TC analysis assessing the cultural services of
Scottish forests considering the cost of mountain biking as a recreational activity. In two cases in
the Rocky Mountains in Colorado (United States) TC was used to assess the impact of forest fire on
the recreational ES (Loomis et al., 2001) and the effects of tree density — influenced also by insect
pests and other hazards — on recreational demand and services (Walsh et al., 1989).

d) Direct Methods

Unlike indirect methods direct methods collect the feedback from end users on their willingness
to pay for a certain forest ES. These techniques in fact use tools as questionnaires and surveys ask-
ing the opinion of individuals directly.

Contingent Valuation (CV). This approach is aimed at measuring the willingness to accept the
loss of a certain ES if no actions for its provision or enhancement are implemented or there is no
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willingness to pay by the end users for the implementation of the same action to support the provi-
sion of ES. A representative sample that directly or indirectly take advantage of the presence of
some ES have been interviewed to collect information on their readiness to accept the loss or will-
ingness to pay under different scenarios.

In order to understand the value of forest recreational services, CV has been used in an Italian
alpine valley (Grilli et al., 2014), in Slovakia mountains (Jozef and Miroslav, 2010) and in British
woodlands (Christhe et al., 2007). In the Appalachian Mountains it has been used to value the
health protection function of forest ecosystems (Holmes and Kramer, 1996). In the study by Bastian
et al. (2017) CV was one of the methodologies used to assess the value of forest ES provided by the
Eastern Ore Mountains (Germany and Czech Republic). In Italy it has been used also to evaluate
the aesthetic services of the national forest landscape (Tempesta and Marangon, 2004).

Choice Modelling (CM). In CM consumers’ willingness to pay is detected by asking them to
choose from a variety of alternatives. The alternatives are characterized by different attributes of the
ES under investigation. One of these attributes is the amount of money people would be willing to
pay for the provision of the ES (and its attributes). The survey is designed to reveal the value given
to the attributes and to their combinations. The assumption under this approach is that forest ES can
be subdivided in different attributes. Because of its features this technique is universal and can be
applied to all forest ES.

Some examples of its application can be found mainly regarding the valuation of different attrib-
utes of single ES. For instance CM has been applied in valuing recreation services and biological
impacts (e.g. bark beetle attack) (e.g. Arnberger et al., 2018; De Valck et al., 2014; Christie et al.,
2007; Horne et al., 2005) and in the assessment of biodiversity value carried out by different stake-
holders (e.g. Czajkowski et al., 2017; Hoyos et al., 2012; Czajkowski et al., 2009; Meyerhoff et al.,
2009; Horne, 2006). It has been also applied to the assessment of heritage values (particularly refer-
ring to the landscape characters, e.g. Garrod et al., 2009) and to evaluating different forest ES (e.g.
Gatto et al., 2014; Giergiczny et al., 2015).

6. Conclusion

A large variety of studies can be found in scientific literature about CC and its impacts on forest
ecosystems, but still some contribution has to be made to the analysis of how different forest ES are
affected by the global warming. In fact our results founded a lack of information regarding the im-
pacts of CC on the provision of some forest ES such as cultural ES and specific regulating services
“natural hazard regulation” (see Table 1). Because of high environmental and climatic variability of
mountain regions it would be necessary to rely on good quality and quantity of primary data in or-
der to be able to have a comprehensive understanding of the whole phenomenon under discussion.
For these reasons there is the necessity to sustain the studies on CC impacts on tree physiology and
stand structures integrating ES approach.

Changes in the provision of forest ES significantly influencing human livelihood mainly in
mountain areas where the interdependence between human and forest ecosystem is stronger and
more exposed to the changing climate conditions. Through the literature review several methods to
assess the economic value of these goods and services has been detected. The most frequently used
methods were the “Demand Curve Approaches”. This could be explained by the growing interest to
the use of these methodologies which make is possible to assess non-market value of ES. Another
explanation could be related to the fact that some methodologies, such as “Production Function” or
“Cost of Substitute Good” needed profound knowledge about the interrelation between forest func-
tions and the provision of the ES.
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The importance and the necessity to systematise the present information about the economic val-
ue of forest ES is the focus of our research interest. The gathered data could be used to fill in the
gap in knowledge base in the evaluation of specific ES in particular areas of interest. In fact, using
“Benefit Transfer” approach it is possible to analyse the existing evaluation data to estimate the val-
ue of the same ES in different contexts. Several databases are already present in the web, such as:
EUROFOREX (https://www.evri.ca/en), ENVALUE (https://www.environment.nsw.gov.au/
envalueapp/), RED Database (http://www.isis-it.net/red/start_search.asp), that one reported by El-
sasser et al. (2016) and the results of EC-financed research projects (http://ec.europa.eu/
environment/enveco/studies.htm).

The outlined methodologies can be used to gather the Total Economic Value of mountain forest
ES in order to create a baseline that could be used in future to assess how the value of ES will be
modified depending on climatic changes.

References

1. Allen, C.D. A global overview of drought and heat-induced tree mortality reveals emerging climate change risks for
forests / C.D. Allen, A.K. Macalady, H. Chenchouni, D. Bachelet, N. McDowell, M. Vennetier, N. Cobb // Forest
Ecology and Management. — 2010. — Ne 259(4). — P. 660-684.

2. Arnberger, A. Visitor Preferences for Visual Changes in Bark Beetle-Impacted Forest Recreation Settings in the
United States and Germany / A. Arnberger, M. Ebenberger, I.E. Schneider, S. Cottrell, A.C. Schlueter, E. von Ru-
schkowski, P.H. Gobster / Environmental Management. — 2018. — Ne 61(2). — P. 209-223.

3. Barth, N.C. Assessing the ecosystem service flood protection of a riparian forest by applying a cascade approach /
N.C. Barth, P. D61l // Ecosystem Services. —2016. — Ne 21. — P. 39-52.

4. Barton, D. Conservation policy instruments / D. Barton, P. Bernasconi, S. Blumentrath, R. Brouwer, F. Oosterhuis,
R. Pinto, D.E. Tobar - 2013.

5. Bastian, O. Ecosystem services of characteristic biotope types in the Ore Mountains (Germany/Czech Republic) / O.
Bastian, R. Syrbe, J. Slavik,J. Moravec, J. Louda, B. Kochan, A Beren // International Journal of Biodiversity Sci-
ence, Ecosystem Services and Management. —2017. — Ne 13(1). — P. 51-71.

6. Battisti, A. Climate Change and Insect Pest Distribution Range. Climate Change and Insect Pests / A. Battisti,
S. Larsson // CABI Climate Change Series. -2015. — Ne 7(2009). — P. 1-15.

7. Beniston, M. Climatic Change in Mountain Regions: A Review of Possible Impacts / M. Beniston // Climatic
Change. — 2003. — Ne 59. — P. 5-31.

8. Bianchi, E. The Economic Evaluation of Forest Protection Service Against Rockfall: A Review of Experiences and
Approaches / E. Bianchi, C. Accastello, D. Trappmann, S. Blanc, F. Brun // Ecological Economics. — 2018. —
Ne 154. — P. 409-418.

9. Briner, S. Trade-offs between ecosystem services in a mountain region / S. Briner, R. Huber, P. Bebi, C. Elkin, D.R.
Schmatz, A. Grét-Regamey // Ecology and Society. —2013. — Ne 18(3).

10. Brockerhoff, E.G. Forest biodiversity, ecosystem functioning and the provision of ecosystem services / E.G. Brock-
erhoff, L. Barbaro, B. Castagneyrol, D.I. Forrester, B. Gardiner, J.R. Gonzalez-Olabarria, H. Jactel // Biodiversity
and Conservation. — 2017. — Ne 26(13). — P. 3005-3035.

11. Christie, M. Valuing enhancements to forest recreation using choice experiment and contingent behaviour methods /
M. Christie, N. Hanley, S. Hynes // Journal of Forest Economics. — 2007. — Ne 13(2-3). — P. 75-102.

12. Clinch, J.P. Assessing the social efficiency of temperate-zone commercial forestry programmes: Ireland as a case
study / J.P. Clinch // Forest Policy and Economics. 2000. — Ne 1(3—4). — P. 225-241.

13. Courbaud, B. What is the future of the ecosystem services of the Alpine forest against a backdrop of climate
change? / B. Courbaud, G. Kunstler, X. Morin, T. Cordonnier // Revue de Géographie Alpine. — 2011. — Ne (98—4).
- P.0-12.

14. Cudlin, P. Drivers of treeline shift in different European mountains / P. Cudlin, M. Klop¢i¢, R. Tognetti, F. Malis,
C.L. Alados, P. Bebi, F.E. Wielgolaski // Climate Research. — 2017. — Ne 73(1-2). — P. 135-150.

15. Czajkowski, M. Spatial Heterogeneity of Willingness to Pay for Forest Management / M: Czajkowski, W.
Budzinski, D. Campbell, M. Giergiczny, N. Hanley / Environmental and Resource Economics. —2017. — Ne 68(3).
—P.705-727.

16. Czajkowski, M. Valuing changes in forest biodiversity / M. Czajkowski, M. Buszko-Briggs, N. Hanley // Ecological
Economics. — 2009. — Ne 68(12). — P. 2910-2917.

17. De Valck, J. Benefits of clearing forest plantations to restore nature? Evidence from a discrete choice experiment in
Flanders, Belgium. / J. De Valck, P. Vlaeminck, S. Broekx, 1. Liekens, J. Aertsens, W. Chen, L. Vranken // Land-
scape and Urban Planning. — 2014. — Ne 125. — P. 65-75.

18. De Wit, H.A. A carbon budget of forest biomass and soils in southeast Norway calculated using a widely applicable
method / H.A. De Wit, T. Palosuo, G. Hylen, J. Liski // Forest Ecology and Management. — 2006. — Ne 225. — P. 15-
26.

19. Ding, H. Valuing climate change impacts on European forest ecosystems / H. Ding, A. Chiabai, S. Silvestri,
P.A.L.D. Nunes // Ecosystem Services. —2016. — Ne 18. — P. 141-153.

26


https://www.evri.ca/en
https://www.environment.nsw.gov.au/envalueapp/
https://www.environment.nsw.gov.au/envalueapp/
http://www.isis-it.net/red/start_search.asp
http://ec.europa.eu/environment/enveco/studies.htm
http://ec.europa.eu/environment/enveco/studies.htm

20.

21.
. EFI. Impacts of Climate Change on Forests: Options for Adaptation // Forestry and Climate Change. — 2008. —

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.
40.
41.
42.
43.
44,

45.

46.

47.

Dupire, S. Spatio-temporal trends in fire weather in the French Alps / S. Dupire, T, Curt, S. Bigot // Science of the
Total Environment. —2017. — Ne 595. — P. 801-817.
EEA. 10 messages for 2010 // Mountain ecosystems. —2010. — Ne 11.

Ne 119.

Elsasser, P. An updated Bibliography and Database on Forest Ecosystem Service Valuation Studies in Austria, Ger-
many and Switzerland / P. Elsasser, J. Meyerhoff, P. Weller / Hamburg: Thuenen Institute. — 2016. — Thuenen
Working Paper 65.

Ezebilo, E.E. Economic value of a non-market ecosystem service: an application of the travel cost method to nature
recreation in Sweden / E.E. Ezebilo // International Journal of Biodiversity Science, Ecosystem Services and Man-
agement. —2016. — Ne 12(4). — P. 314-327.

Fernandez-Martinez, J. Photosynthetic limitation of several representative subalpine species in the Catalan Pyrenees
in summer / J. Fernandez-Martinez, 1. Fleck // Plant Biology (Stuttgart, Germany). — 2016. — Ne 18(4). — Pp.638—
648.

Feurdean, A. Tree and timberline shifts in the northern Romanian Carpathians during the Holocene and the respons-
es to environmental changes / A. Feurdean, M. Gatka, I. Tantau, A. Geanta, S.M. Hutchinson, T. Hickler // Quater-
nary Science Reviews. —2016. — Ne 134. P. 100-113.

Fleischer, P. Forest ecosystem services affected by natural disturbances, climate and land-use changes in the Tatra
Mountains / P. Fleischer, V. Pichler, P.F. Jr, L. Holko, F. Mali§, E. Gomoéryova, P. Hlava // Climate Research. —
2017.—Ne 73. - P. 57-71.

Forsius, M. Impacts and adaptation options of climate change on ecosystem services in Finland: A model based
study / M. Forsius, S. Anttila, L. Arvola, 1. Bergstrom, H. Hakola, H.I. Heikkinen, J. Vuorenmaa // Current Opinion
in Environmental Sustainability. — 2013. — Ne 5(1). — P. 26-40.

Friedrichs, D.A. Species-specific climate sensitivity of tree growth in Central-West Germany / D.A. Friedrichs, V.
Trouet, U. Biintgen, D.C. Frank, J. Esper, B. Neuwirth, J. Loffler // Trees Structure and Function. — 2009. — Ne 23
(4). — Pp.729-739.

Fyllas, N.M. Tree growth-climate relationships in a forest-plot network on Mediterranean mountains / N.M. Fyllas,
A. Christopoulou, A. Galanidis, C.Z. Michelaki, P.G. Dimitrakopoulos, P.Z. Fulé, M. Arianoutsou // Science of the
Total Environment. —2017. — Ne 598. — P. 393-403.

Galiano, L. Drought-Induced Multifactor Decline of Scots Pine in the Pyrenees and Potential Vegetation Change by
the Expansion of Co-occurring Oak Species / L. Galiano, J. Martinez-Vilalta, F. Lloret // Ecosystems. — 2010. — Ne
13(7). — P. 978-991.

Garrod, G. Assessing the value of forest landscapes: A choice experiment approach / G. Garrod, E: Ruto, P. Snow-
don // Arboricultural Journal. — 2009. — Ne 32(3). — P. 189-211.

33. Gatto, P. Risk profile of patients with hypertensive crisis and acute stroke from Bulgarian urban in-hospital pop-
ulation / P. Gatto, E. Vidale, S. Laura, D. Pettenella // Bio-Based and Applied Economics. — 2014. — Ne 3(1). —
Pp.21-43.

GESTIRE Project. Stima del valore socio-economico della rete Natura 2000 in Lombardia. Azione AS. Rapporto
finale. — 2015 - GESTIRE LIFE11/NAT/IT044.

Getzner, M. Gravitational natural hazards: Valuing the protective function of Alpine forests / M. Getzner, G.
Gutheil-Knopp-Kirchwald, E. Kreimer, H. Kirchmeir, M. Huber // Forest Policy and Economics. — 2017. — Ne 80. —
P. 150-159.

Giergiczny, M. Choice experiment assessment of public preferences for forest structural attributes / M. Giergiczny,
M. Czajkowski, T. Zylicz, P. Angelstam / Ecological Economics. — 2015. — Ne 119(30). — P. 8-23.

Gren, I.M. Estimating values of carbon sequestration and nutrient recycling in forests: An application to the Stock-
holm-Mailar region in Sweden / .M. Gren / Forests. — 2015. — Ne 6(10). — P. 3594-3613.

Gren, [.M. Forest carbon sequestration, pathogens and the costs of the EU’s 2050 climate targets / .M. Gren, A.
Aklilu, K. Elofsson // Forests. —2018. — Ne 9(9).

Gren, I.M. Costs of alien invasive species in Sweden / .M. Gren, L. Isacs, M. Carlsson // Ambio. — 2009. — Ne 38
(3). — P. 135-140.

Gret-Regamey, A. Valuing ecosystem services for sustainable landscape planning in Alpine regions / A. Gret-
Regamey, A. Walz, P. Bebi // Mountain Research and Development. — 2008. — Ne 28(2). — P. 156-165.
Grét-Regamey, A. Facing uncertainty in ecosystem services-based resource management / A. Grét-Regamey, S.H.
Brunner, J. Altwegg, P. Bebi / Journal of Environmental Management. —2013. — Ne 127. — P. S145-S154.

Grilli, G. Stakeholders’ preferences and economic value of forest ecosystem services: An example in the Italian
alps / G. Grilli, N. Nikodinoska, A. Paletto, I. De Meo // Baltic Forestry. — 2015. — Ne 21(2). — P. 298-307.

Grilli, G. Economic valuation of forest recreation in an alpine valley / G. Grilli, A. Paletto, I. De Meo // Baltic For-
estry. 2014. — Ne 20(1). — P. 167-175.

Haines-Young. Common International Classification of Ecosystem Services (CICES) V5.1 and Guidance on the
Application of the Revised Structure / R. Haines-Young, M.B. Potschin. 2018. — Available from www.cices.eu.
Hartl-Meier, C. Uniform climate sensitivity in tree-ring stable isotopes across species and sites in a mid-latitude
temperate forest / C. Hartl-Meier, C. Zang, U. Biintgen, J. Esper, A. Rothe, A. Géttlein, K. Treydte // Tree Physiolo-
gy. 2014. — Ne 35(1). — P. 4-15.

Hayhd, T. Assessing, valuing, and mapping ecosystem services in Alpine forests / T. Héyhd, P.P. Franzese, A.
Paletto, B.D. Fath // Ecosystem Services. —2015. — Ne 14. — P. 12-23.

Hily, E. Assessing the cost-effectiveness of a biodiversity conservation policy: A bio-econometric analysis of Natu-
ra 2000 contracts in forest / E. Hily, S. Garcia, A. Stenger, G. Tu // Ecological Economics. — 2015. — Ne 119. — P.
197-208.

27


http://www.cices.eu

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hitzhusen, F. J. A resource economic perspective on erosion control for non-economists. Investing in the protection
of our environment / F.J. Hitzhusen, // Proceedings of conference 30. — Nashville, 1999. — International Erosion
Control Association.

Holmes, T.P. Contingent valuation of ecosystem health / T.P. Holmes, R.A. Kramer // Ecosystem Health. — 1996. —
Ne 2(1). — P. 58-60.

Horidk, R. Drought Impact on Forest Trees in Four Nature Protected Areas in Serbia / R. Hordk, M. Borisev, A.
Pilipovic, S. Orlovis, S. Pajevic, N. Nikolic // Sumarski List. —2014. — Ne 116(5-6). — P. 301-308.

Horne, P. Forest owners’ acceptance of incentive based policy instruments in forest biodiversity conservation: a
choice experiment based approach / P. Horne // Silva Fennica Monographs. —2006. — Ne 40.

Horne, P. Multiple-use management of forest recreation sites: A spatially explicit choice experiment / P. Horne,
P.C. Boxall, W.L. Adamowicz // Forest Ecology and Management. — 2005. — Ne 207(1-2 SPEC.). P. 189-199.
Hoyos, D. Valuing a Natura 2000 network site to inform land use options using a discrete choice experiment: An
illustration from the Basque Country / D. Hoyos, P. Mariel, U. Pascual, 1. Etxano // Journal of Forest Economics. —
2012. — Ne 18(4). — P. 329-344.

Hussain, A. Hedonic analysis of hunting lease revenue and landowner willingness to provide fee-access hunting / A.
Hussain, I.A. Munn, S.C. Grado, B.C. West, W.D. Jones, J. Jones //Forest Science. — 2007. — Ne 53(4). — P. 493—
506.

IPBES. Summary for policymakers of the regional assessment report on biodiversity and ecosystem services for
Europe and Central Asia of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Ser-
vices / M. Fischer, M. Rounsevell, A. Torre-Marin Rando, A. Mader, A. Church, M. Elbakidze, V. Elias, T. Hahn.
P.A. Harrison, J. Hauck, B. Martin-Lopez, 1. Ring, C. Sandstrom, 1. Sousa Pinto, P. Visconti, N.E. Zimmermann, M.
Christie // IPBES secretariat, Bonn, Germany - 2018.

Jacquet, J. S. Defoliation by processionary moth significantly reduces tree growth: A quantitative review / J.S.
Jacquet, C. Orazio, H. Jactel // Annals of Forest Science. — 2012. — Ne 69(8). — P. 857-866.

Jad’'ud’'ova, J. Travel cost method of evaluating cultural ecosystem services. / J. Jadudova, R. Kanianska, M. Kize-
kova, J. Makovnikova // International Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management. — 2017. — SGEM Ne 17. — P. 1043-1050.

Jolly, W.M. Divergent vegetation growth responses to the 2003 heat wave in the Swiss Alps / W.M. Jolly, M. Dob-
bertin, N.E. Zimmermann, M. Reichstein // Geophysical Research Letters. — 2005. — Ne 32(18). — P. 1-4.

Jozef, T. Possibilities of valuation of recreation in forests | MoZnosti hodnotenia rekreacnej funkcie lesov / T. Jozef,
K. Miroslav // In Rekreace a Ochrana Prirody: sbornik Prispevku. 2010. — P. 73-80.

Kniivild, M. The opportunity costs of forest conservation in a local economy / M. Kniivild, O. Saastamoinen // Silva
Fennica. 2002. — Ne 36(4). — P. 853-865.

Kozlov, M.V. Abundance and diversity of birch-feeding leafminers along latitudinal gradients in northern Europe /
M.V. Kozlov, E.J. van Nieukerken, V. Zverev, E.L. Zvereva // Ecography. —2013. — Ne 36(10). — P. 1138-1149.
Krupkova, L. Impact of water scarcity on spruce and beech forests / L. Krupkova, K. Havrankova, J. Krejza, P.
Sedlak, M. V. Marek // Journal of Forestry Research. —2018. — P. 1-11.

Kullman, L. Rise and demise of cold-climate Picea abies forest in Sweden / L. Kullman // New Phytologist. — 1996.
— Ne 134(2). — P. 243-256.

Kurbanov, E. Carbon sequestration after pine afforestation on marginal lands in the Povolgie region of Russia: A
case study of the potential for a Joint Implementation activity / E. Kurbanov, O. Vorobiev, A. Gubayev, L. Mosh-
kina, S. Leznin // Scandinavian Journal of Forest Research. —2007. — Ne 22. — P.488-499.

Kurbanov, E.A. Changes in area and carbon in forests of the Middle Zavolgie: a regional case study of Russian for-
ests/ E.A. Kurbanov, W.M. Post // Climatic change. —2002. — Ne 1-2. — Vol. 55. —P. 157-171.

Lebourgeois, F. Sensitivity of French temperate coniferous forests to climate variability and extreme events (Abies
alba, Picea abies and Pinus sylvestris) / F. Lebourgeois, C.B.K. Rathgeber, E. Ulrich // Journal of Vegetation Sci-
ence. —2010. Ne 21(2). — P. 364-376.

Linares, J.C. Interacting effects of changes in climate and forest cover on mortality and growth of the southernmost
European fir forests / J.C. Linares, J.J. Camarero, J.A. Carreira // Global Ecology and Biogeography. — 2009. — Ne
18(4). — P. 485-497.

Linares, J.C. Buffered climate change effects in a Mediterranean pine species: Range limit implications from a tree-
ring study / J.C. Linares, P.A. Tiscar // Oecologia. — 2011. — Ne 167(3). — P. 847-859.

Lindner, M. Climate change impacts, adaptive capacity, and vulnerability of European forest ecosystems / M. Lind-
ner, M. Maroschek, S. Netherer, A. Kremer, A. Barbati, J. Garcia-Gonzalo, M. Marchetti // Forest Ecology and
Management. —2010. — Ne 259(4). — P. 698-709.

Loboda, T. Land Management and the Impact of the 2010 Extreme Drought Event on the Agricultural and Ecologi-
cal Systems of European Russia/ T. Loboda. O. Krankina, I. Savin, E. Kurbanov, H. Joanne // Land-Cover and Land
-Use Changes in Eastern Europe after the Collapse of the Soviet Union in 1991. Eds. G. Gutman, R. Volker. — 2017,
Springer International Publishing. — P. 173-192.

Loomis, J. Testing for Differential Effects of Forest Fires on Hiking and Mountain Biking Demand and Benefits / J.
Loomis, A. Gonzalez-Cabéan, J. Englin // Journal of Agricultural and Resource Economics. — 2001. 26(2). — P. 508—
522.

Marusi¢, Z. The economic value of coastal forests for tourism: A comparative study of three valuation methods / Z.
Marusic¢, S. Horak, S. Navrud // Tourism. — 2005. — Ne 53(2). — P. 141-152.

Masiero, M. Valuing forest ecosystem services: A training manual / M. Masiero, D. Pettenella, M. Boscolo, S.K.
Barua, I. Animon, R. Matta / FAO, Rome [under press].

Mayer, M. Assessing and valuing the recreational ecosystem services of Germany’s national parks using travel cost
models / M. Mayer, M. Woltering // Ecosystem Services. —2018. — Ne 31. — P. 371-386.

28



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Melichar, J. The economic valuation of the change in forest quality in the Jizerske Hory mountains: A contingent
behavior model / J. Melichar // In Public Recreation and Landscape Protection - With Man Hand in Hand? 2014
Conference Proceeding. — 2014. — P. 242-248.

Meining, S. Waldzustandbericht 2004 der Forstlichen Versuchs / S. Meining, H. Schro, K. van Wilpert // For-
schungsanstalt Baden-Wurttemberg, report, Forstliche Vers. — in Forsch., Freiburg, Germany. — 2004.

Merlo, M. Valuing Mediterranean forests: towards total economic value / L. Merlo, M. Croitoru // Wallingford:
CABI Publishing. — 2005.

Meyerhoff, J. Benefits of biodiversity enhancement of nature-oriented silviculture: Evidence from two choice ex-
periments in Germany / J. Meyerhoff, U. Liebe, V. Hartje // Journal of Forest Economics. — 2009. — Ne 15(1-2). —
P. 37-58.

Moran, D. Estimating the recreational value of mountain biking sites in Scotland using count data models / D. Mo-
ran, E. Tresidder, A. McVittie // Tourism Economics. — 2006. — Ne 12(1). — P. 123-135.

Morri, E. A forest ecosystem services evaluation at the river basin scale: Supply and demand between coastal areas
and upstream lands (Italy) / E. Morri, F. Pruscini, R. Scolozzi, R. Santolini // Ecological Indicators. —2014. — Ne 37
(PART A). —P.210-219.

Nahuelhual, L. Valuing ecosystem services of Chilean temperate rainforests / L. Nahuelhual, P. Donoso, A. Lara, D.
Nuifiez, C. Oyarzin, E. Neira // Environment, Development and Sustainability. — 2007. — Ne 9(4). — P. 481-499.
Notaro, S. The economic valuation of natural hazards in mountain forests: An approach based on the replacement
cost method / S. Notaro, A. Paletto // Journal of Forest Economics. -2012. — Ne 18(4). — P. 318-328.

Notaro, S. Economic impact of forest damage in an alpine environment | Automatizalt eljarasok torzstérképek elo
{double acute}allitasara foldi lézeres letapogatas alapjan / S. Notaro, A. Paletto, R. Raffaelli / Acta Silvatica et
Lignaria Hungarica. — 2009. — Ne 5. — P. 131-143.

Panayotov, M. Climate extremes during high competition contribute to mortality in unmanaged self-thinning Nor-
way spruce stands in Bulgaria / M. Panayotov, D. Kulakowski, N. Tsvetanov, F. Krumm, I. Berbeito, P. Bebi // For-
est Ecology and Management. 2016. — Ne 369. — P. 74-88.

Pauli, H. Title : Recent Plant Diversity Changes on Europe > s Mountain Summits / H. Pauli, M. Gottfried, S. Dull-
inger, O. Abdaladze, J. Luis, B. Alonso, R. Kanka // Science. — 2012. — Ne 336. — P. 353-355.

Petrosillo, I. The effectiveness of different conservation policies on the security of natural capital / I. Petrosillo, N.
Zaccarelli, T. Semeraro, G. Zurlini // Landscape and Urban Planning. — 2009. — Ne 8§9(1-2). — P. 49-56.

Price, J.I. Insect infestation and residential property values: A hedonic analysis of the mountain pine beetle epidem-
ic / J.I. Price, D.W. McCollum, R.P. Berrens // Forest Policy and Economics. — 2010. — Ne 12(6). — P. 415-422.
Prietzel, J. Organic carbon stocks in forest soils of the German alps / J. Prietzel, D. Christophel / Geoderma. —
2014. — Ne 221-222.—P. 28-39.

Pulkrab, K. Optimum costs of forest protection accgreing to ecosite classes | Optimum nakladd na ochranu lesa po-
dle soubori lesnich typid / K. Pulkrab, R. Sloup, M. Sloup, J. Bukacek // Zpravy Lesnickeho Vyzkumu. — 2011. —
Ne 56(SUPPL. PEC). — P. 65-74.

Pureswaran, D.S. Forest Insects and Climate Change / D.S. Pureswaran, A. Roques, A. Battisti / Forest Entomolo-
gy - 2018. — P. 35-50.

Rogora, M. Assessment of climate change effects on mountain ecosystems through a cross-site analysis in the Alps
and Apennines / M. Rogora, L. Frate, M.L. Carranza, M. Freppaz, A. Stanisci, I. Bertani, G. Matteucci // Science of
the Total Environment. — 2018. — Ne 624. — P. 1429-1442.

Ruijs, A. Opportunity Cost Estimation of Ecosystem Services / A. Ruijs, M. Kortelainen, A. Wossink, C.J.E.
Schulp, R. Alkemade // Environmental and Resource Economics. — 2017. — Ne 66.

Saccone, P. The role of biotic interactions in altering tree seedling responses to an extreme climatic event / P. Sac-
cone, S. Delzon, P. Jean-Philippe, J.J. Brun, R. Michalet // Journal of Vegetation Science. — 2009. — Ne 20(3). —
P. 403-414.

Sarris, D. Increasing extremes of heat and drought associated with recent severe wildfires in southern Greece / D.
Sarris, A. Christopoulou, E. Angelonidi, N. Koutsias, P.Z. Fulé, M. Arianoutsou // Regional Environmental Change.
—2014. — Ne 14(3). — P. 1257-1268.

Scarascia-Mugnozza, G. Water balance and forest productivity in mediterranean mountain environments / G.
Scarascia-Mugnozza, G. Callegari, A. Veltri, G. Matteucci // Italian Journal of Agronomy. — 2010. — Ne 5(2). — P.
217-222.

Schlédpfer, F. Valuation of landscape amenities: A hedonic pricing analysis of housing rents in urban, suburban and
periurban Switzerland / F. Schldpfer, F. Waltert, L. Segura, F. Kienast // Landscape and Urban Planning. — 2015. —
Ne 141. — P. 24-40.

Schou, E. An economic evaluation of strategies for transforming even-aged into near-natural forestry in a conifer-
dominated forest in Denmark / E. Schou, J.B. Jacobsen, K.L. Kristensen // Forest Policy and Economics. — 2012. —
Ne 20. — P. 89-98.

Schroter, M. Ecosystem services and opportunity costs shift spatial priorities for conserving forest biodiversity / M.
Schréter, G.M. Rusch, D.N. Barton, S. Blumentrath, B. Nordén // PLoS ONE. —2014. — Ne 9(11).

Seidl, R. Assessing trade-offs between carbon sequestration and timber production within a framework of multi-
purpose forestry in Austria / R. Seidl, W. Rammer, D. Jager, W.S. Currie, M.J. Lexer // Forest Ecology and Man-
agement. —2007. — Ne 248(1-2). — P. 64-79.

100. Snider, G. The irrationality of continued fire suppression: An avoided cost analysis of fire hazard reduction treat-

ments versus no treatment / G. Snider, P.J. Daugherty, D.B. Wood // Journal of Forestry. — 2006. — Ne 104(8). —
P. 431-437.

29



101. Sundelin, T. Determinants of the market price of forest estates: a statistical analysis / T. Sundelin, J. Hogberg,
L. Lonnstedt // Scandinavian Journal of Forest Research. — 2015. — Ne 30(6). — P. 547-557.

102. Tempesta, T. The total economic value of italian forest landscape / T. Tempesta, F. Marangon // MIUR — PRIN
2003 Project. "Landscape and Environmental Actions within the Regional Rural Development Policies”. — 2004.
103. Thorsen, B.J. The Provision of Forest Ecosystem Services / B.J. Thorsen, R. Mavsar, L. Tyrvéinen, P. Irina,

S. Anne // Quantifying and valuing What Science Can Tell Us. — 2014. — Ne. 1.

104. Temmervik, H. Above ground biomass changes in the mountain birch forests and mountain heaths of Finn-
marksvidda, northern Norway, in the period 1957-2006. / H. Temmervik, B. Johansen, J.A. Riseth, S.R. Karlsen,
B. Solberg, K.A. Hogda // Forest Ecology and Management. — 2009. — Ne 257(1). — P. 244-257.

105. Vacek, Z. Effect of fungal pathogens and climatic factors on production, biodiversity and health status of ash
mountain forests/ Z. Vacek, S. Vacek, D. Bulusek, V. Podrézsky, J. Remes, J. Kral, T. Putalova // Dendrobiology. —
2017.—Ne 77.—P. 161-175.

106. Walsh, R.G. Recreational demand for trees in national forests / R.G. Walsh, F.A. Ward, J.P. Olienyk // Journal of
Environmental Management. — 1989. — Ne 28(3). — P. 255-268.

107. Wiistemann, H. Financial costs and benefits of a program of measures to implement a National Strategy on Biolog-
ical Diversity in Germany / H. Wiistemann, J. Meyerhoff, M. Riihs, A. Schéifer, V. Hartje // Land Use Policy. —
2014. — Ne 36. — P. 307-318.

VJIK 528.88

MOHMUTOPHUHI U3SMEHEHUI PACTUTEJBHOCTH HA TEPPUTOPUHU CPETHEN
CUBUPU 3A TIEPUO/ 1990-2015 rT. IIO JAHHBIM LANDSAT

E.T". llIgenos, E.U. [Tappenora, H.M. UebakoBa
WNucruryt neca um. B.H. Cykauesa ®UIL] KHI[ CO PAH

MoHnumopune uzmeHeHull pacmumenbHO20 NOKPOBA ANAEMCS 8ANCHBIM IJIeMEHMOM NpU uyue-
HUU AHMPONO2EHHLIX U NPUPOOHBIX B030€UCMBULL HA OKPYICAIOWYIO cpedy U, 8 YaCMHOCMU, NpU
oyeHKe BIUAHUSA KIUMAMUYECKUX USMEHEeHULl Ha nepemelujeHue pacmumenbHblX 30H. [ia yenmpans-
HbIX U 10dcHbIX pationos Cpeoneti Cubupu (Kpacnospckuii kpaii, pecnyonuxku Xaxaccus u Tolea)
npo6edeHa OYeHKa UMeHeHUs: NIouaoell 1eCHbIX U HeleCHbIX 3eMellb HA OCHOBe apXUBd CHUMKOS
cnymuuka Landsat 3a nepuoo ¢ 1990 no 2015 200wbi. Bvioenenue kiaccog 1ecHvlx U HeleCHbIX 3e-
Meflb 8bINONIHEHO C UCNONb308aHuem npeobpasosanus Tasseled Cap u ynpasnsemoii kiaccugpuxa-
yuu. Obwas mounocme Kiaccugurayuu cocmasuna oonee 90%, umo ceudemenbcmeyem o vlCo-
KOU MOYHOCMU PA30eleHUsl TIeCHbIX U HeleCHbIX meppumopuil. Ilnowads meppumopuu, Ha KOmMo-
poti 3a nepuood ¢ 1990 no 2015 20061 HabAOOANOCH U3MEHEHUe MUNA PACIUMENTbHO20 NOKPOBd, CO-
cmasuna bonee 8% om obwell niowaou pationa ucciedoganus. Ilnowaos yuacmkos, eoe npouszo-
WA nomeps 1ecHo20 NOKPOBA (USMEHEHUs «lec — Helecy), cocmasuia okono 26 meic. KM’ un
5.2% obweu niowaou pationa ucciedosanus. B mo e epems necosoccmanosienue (UsmeHeHus
«He niec — 1ecy) ommeuenvl Ha meppumopuu okono 15 meic. km’, umo cocmasisem oxono 3.1% om
obweu niowaou. Cmena pacmumenbHOCMU 8 HANPAGIEHUU «eC — He JleC» NPOUCX00UNd, 2NA8HbIM
obpaszom, Ha meppumopuu Pecnyonuku Toiea (na w02e obracmu uccieoosanus), a makaice 8 Ilpuan-
2apve (Ha cesepe obaacmu UCCIe008anusl) U ObLIA C8A3AHA C B8030EUCMBUEM JIECHbIX NONCAPOS.
Haubonvuwue niowaou, Ha KOMopwix pecucmpupo8aiucs NPoYeccyl 1eCO80CCHAHOBICHUS, AGILIUCH
8 OCHOBHOM CMapbIMU 8bIPYOKAMU. B mo dice pemsi 6 patloHax, He 3ampoOHYmMblLX JIeCHbLMU NOHCAPA-
MU UTU 8bIPYOKAMU, He BbIABIEHO CYUECHBEHHbIX USMEHEHU SPAHUYbL MEHCOY CeNbCKOXO3AUCTEEH-
HbLMU 3eMIAMU U TeCamu.

Knroueewie cnosa: oucmanyuonnoe sonouposanue 3emnu, Landsat, npeoopazosanue Tasseled
Cap xknaccugpuxayus uzoopadicenuii, pacmumenvusiii nokpos, Cudups.

MONITORING OF VEGETATION CHANGES IN THE CENTRAL SIBERIA
BETWEEN 1990 AND 2015 USING LANDSAT DATA

E.G. Shvetsov, E.I. Parfenova, N.M. Tchebakova
V.N. Sukachev Institute of Forest FRC, KSC SB RAS
Monitoring of land cover changes is crucial for the study of anthropogenic and natural effects
on the environment and, in particular, in assessing the impact of climatic change on the potential
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shifts of vegetation zones. For central and southern regions of Central Siberia (the Krasnoyarsk
Territory, Khakassia and Tyva Republics), we assessed the changes in area of forest and non-forest
lands using the Landsat data from 1990 to 2015. The separation between classes of forest and non-
forest lands was performed using the Tasseled Cap transformation and supervised classification.
The overall classification accuracy was more than 90%, which indicates a high reliability of forest
and non-forest area validation. The area of the territory where vegetation cover changed between
1990 and 2015 was about 8% of the total area of the study area. An area of about 26 thousand km’
or 5.2% of the study area experienced loss of forest cover (changes in "forest — non forest" direc-
tion). At the same time, reforestation (changes in "non forest - forest” direction) was observed on
about 15 thousand km’, which is about 3.1% of the total study area. The change of vegetation in the
forest-non forest direction occurred mainly in the Republic of Tuva (in the south of the study area),
as well as in the Angara region (in the north of the study area) and was likely associated with the
impact of forest fires. The largest areas on which the reforestation processes were recorded were
mainly old logging sites. At the same time, in areas not affected by forest fires or logging, there has
been no significant shifts between non-forest and forest lands.

Keywords: remote sensing, Landsat, Tasseled cap transformation, image classification, land
cover, Siberia.

BBenenue. Pe3ynbTaThl HCClIeOBAaHUNM U3MEHEHHS KJIMMaTa yKa3blBaIOT Ha 3HAYUTEIbHOE
Ha0JII0MaeMoe W TPOTHO3MPYEMOE TOBBIICHHE TeMmmepaTyp Ha Teppuropuu Cubupu (MI'DUK,
2007; TPCC, 2013). B cBsi3u ¢ KIMUMATHUYECKUMHU W3MEHEHUSMH MPOTHO3UPYETCS MEPEMEIIECHHE
necHbIx 6noMOB (Soja et al., 2007). K koHIly Beka IpOrHO3UPYETCs MOJIHAS MEepecTpoiika pacTH-
TEJBHBIX 30H, CBSI3aHHAS C MEPEMEIICHNEM TaeKHBIX JIECOB B CEBEPO-BOCTOYHOM HarmpaBieHUH. B
TO e BpeMsl MpeJroaraercs, 4To Ha Oomblieil yactu tepputopun Cubupu Oyayt mpeobiaaarh
CTeMHbIE U JecocTenHble skocuctemsbl (Tchebakova et al., 2011). B wacTHOCTH, TIpOrHO3UpYeETCH,
YTO pacHIMpeHue MIOMAaaN cTenei OyneT MPOUCXOAUTh B IOKHBIX pallOHaxX IeHTpanbHoi Cubupu
(pecnyonuxu TeiBa n Xaxaccus) (Tchebakova et al., 2011).

MOHHUTOPHHT TIPOCTPAHCTBEHHOW M BPEMEHHOW TUHAMHUKH PACTUTEIHHOTO MOKPOBA SIBIISCTCS
BA)KHOM 3aJlayeil IIPHU OLIEHKE MOCIEACTBUN aHTPOIIOT€HHBIX U MPUPOJHBIX BO3AECHCTBUNA HA OKPY-
xaromryro cpeny. MHpopmanust 0 COCTOSIHUM pacTUTEIBHOTO MOKPOBA U €ro U3MEHEHUSX Heo0Xo-
JUMa JUIS pellieHus psa HaAy9HbIX MpoOsieM: To0ambHbIA UK YTaepoaa, BOAHBIN OanaHc, BIHS-
HUE W3MEHEHUH KiIMMaTa Ha pactutenbHocTh (Wang et al., 2006; Yconbues, 2007; MI'OUK, 2007;
Loboda et al., 2017).

B HacTosiee BpeMst TEXHOJIOTHH TUCTAHIIMOHHOTO 30HIMPOBAHUS IIUPOKO MCTIOIB3YIOTCS MPHU
pEIIeHnH 3a/1a4 MOHUTOPUHTA B CETTLCKOM XO3SIICTBE, YIPaBIEHUU BOAHBIMU PECYpPCAMH U JIECaMU
(baptanés u ap., 2011; Friedl et al, 2002; Hansen et al., 2013; Boucher et al., 2018). B uucmno
Han0oJiee BaXKHBIX 3a/a4 BXOJUT OOHAPYKEHHE M3MEHEHUU PACTHUTEIBHOTO TMOKPOBA, BKIIOUAs
KJIaCCU(PMKAIMIO TEPPUTOPHUH Ha JIECHBIC M HEJECHBIC YYACTKH, a TAK)KE MOHUTOPUHT TEepeMellie-
HUS TPAHUIIBI MKy dTUMU Kitaccamu. McciaenoBanust B JaHHOW 00JaCTH BEMYTCS JIJIST Pa3IMUHBIX
PETHOHOB YK€ Ha MpoTshkeHuu JnuTtenbHoro Bpemenu (Cingolani et al., 2004; Vittek et al., 2014;
Kyp6anos u 1p., 2016).

B mporiecce pemienus 3a1a4 MOHUTOPUHTA PACTHTENHLHOTO MIOKPOBA MCTIONB3YIOTCS TaHHBIE KOC-
MHYECKUX cUCTeM, uMeromux kak Huzkoe (AVHRR, MODIS), Tak u cpeHee / BBICOKOE MPOCTpaH-
ctBeHHOe pazpemienue (Landsat, Sentinel-2, Kanomyc-B) (Loveland et al., 2000; Friedl et al., 2002;
bapranés u np., 2011; Hansen et al., 2013; Kyp6auos, 2016; [1IsetioB u ap., 2016; Bopoones, Kyp-
6anoB, 2017; Belgiu, Csillik, 2018). B wactHocTH, cHuMkH Landsat, apXuB KOTOPBIX BKIIFOYAET
HaOmoneHus yxe 3a 40 5et, ATUTeNbHOe BPEeMs HCIONb3YIOTCS B Ka4eCTBE OJHOTO U3 OCHOBHBIX
HMCTOYHMKOB JaHHBIX B 33/1a4axX KapTUpoBaHHs pactutenbHOoCcTH (Kyp6anos u ap., 2014).
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[Ipu olileHKe 1 MOHUTOPHHTE U3MEHEHUHN B PACTUTEIHPHOM MOKPOBE HAXOMIST MPUMEHEHHUE pa3-
JUYHBIE METOJIbI AaHATIN3a CITYTHHUKOBBIX M300PaKCHHI: BEreTallMOHHBIC UHEKCHI, TpaHChOpMaIus
Tasseled Cap («Konmadok ¢ KUCTOUKOI»), METOJIbI YIIPABIsEMON M HEYNpaBiIsseMol Kiaccupuka-
IIMY, aHAJIM3 CTIeKTpanbHOM cMecu (Spectral Mixture Analysis), a Takke coueTaHUs ITUX METOJOB
(Gitas et al., 2012; Kyp6anoB u np., 2015).

OCHOBHOIi eJIbI0 JaHHOW PabOThl OBIJIO OIEHUTH TEKYIIME U3MEHEHHS TIJIOoMIa e Helec-
HBIX M JIECHBIX 3€MeJb IO CIYTHUKOBBIM CHUMKAM CPEIHEro MpPOCTPAHCTBEHHOTO pa3pelieHUs
(Landsat) na tepputopun Cpenneit Cubupu 3a mociaeaHiow 4erBepTh Beka (¢ 1990 mo 2015 rr.).
Jist aToro ObuT chopMynHpoBaH psf 3a1ad: 1) ONEHUTHh pa3eIMMOCTh YIaCTKOB, COOTBETCTBYIO-
IIMX KJ1accaM «Iec» U «He Jiec» 1o AaHHbM Landsat; 2) co3maTh KapThl JIE€CHBIX U HE JIECHBIX TEp-
putopuii o cocrosiuuio Ha 1990 u 2015 roasl; 3) MOCTPOUTHh UTOTOBYIO KapTy, COOTBETCTBYIOIIYIO
W3MEHEHUSIM PACTUTEIHHOTO TTOKPOBA.

Hcxonnbie 1aHHbIie U MeTOAbI. O0acTh UCCICNOBAHUS BKII0YaIa ICHTPATbHBIC U FOKHBI©
paitonbsl KpacHosipckoro kpasi, a Takke pecnyOnnku Xakaccus U ThiBa, OXBaThIBasi TEPPUTOPUIO OT
50° no 58° c.ur. m ot 88° 10 99° B.4. (puc. 1). E€ ob6mas muomans coctaBmia okojio 500 ThIC. KMZ,
BKJIIOYAsl TPU JIECOPACTUTENbHBIE 30HBI: TaeKHas, JIECOCTEIIHAs, a TAKXKE F0KHO-CHOUPCKas TopHas
3o0Ha (IIpuka3 ..., 2014). CornacHo kaptam pactutensHoro nokposa (Friedl et al., 2002; Bartalev et
al., 2003) ruromazs JECHBIX 3eMeIIb COCTABIISET OKOJIO 67%.

B5'E WE 95°E 100°E
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Puc. 1. Pacnoso:kenne odaactu uccienopanusi. Ha BcraBke noka3aHbl JieCHbIE M HeJIECHBIE 3¢MJIH COTJIACHO

Kkapte pacTuteabHoro nokposa MODIS Collection 5 global land cover (Friedl et al., 2002). YepubiMu TOUKaM#u
O0TMEYEHO PacnoJioKeHHe 3TAJT0HOB, MCIO0JIL30BAHHBIX B Mpolecce KJiaccupuKanun

B pabore HMCIONB30BANCH CITYyTHUKOBBIC JAaHHBIE CPEIHETO MPOCTPAHCTBEHHOTO Pa3pelIeHUs
(30 M), nony4yenHsle co cnyTHUKOB Landsat u Haxozsmuecss B OTKPHITOM J1ocTyrne. VcTOYHHKOM
CIYTHHKOBBIX CHUMKOB JJISi JTAHHOM pabOThl SABISUIMCH apXuBbl [eonornyeckoit cimyxOpr CIIA
(United States Geological Survey, USGS), nocTymn K KOTOPBIM OCYIIECTBIISIETCS Yepe3 UHTepdeic
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Earth Explorer (https://earthexplorer.usgs.gov/). [yst onieHKH pacrpeacsieHus JECHOW M HEeJISCHOU
pPacTUTENBHOCTH, COOTBeTCTBYIOMmEro 1990 roay, mpuMeHsUIMCh CHUMKH cO ciryTHUKOB Landsat 4 u
Landsat 5, mony4ennsie B iepuoa ¢ 1988 mo 1992 rox, obecneunBaromye mojaHoe MOKPbITHE 001a-
CTH HccienoBanus. ITorooe pacnpesesieHne pacTUTEIbHOCTH 10 coCcToAHMIO Ha 2015 rox BeIos-
HSUIOCH 110 TaHHBIM criyTHHKa Landsat 8 3a mepuoz ¢ 2013 mo 2017 roa. s ganpHeiniero aHanu3a
BBIOMpAIMCH CHUMKH, JIOJIS IUIOMIAAN 00Ja4HOTO MOKPOBA Ha KOTOPBIX cocTaBisuia He 6onee 15%.
Taxoke u3 ganpHelne 00paboTKH UCKITIOYAINCh CHUMKH, COJIEpKAIie 3HAUUTEIbHOE KOJIMYECTBO
IBIMKH, TI0 pe3yJabTaTaM BHU3yaJbHOTro aHanusa. [Ipu BeIOOpE MCXOAHBIX JAHHBIX MPENNOYTCHUE
OTJAaBAJIOCh TEM CHHMKAaM, JIaThl MMOJYYEHUSI KOTOPHIX ObLIN OJIMXKE K «OMOpHBIM» rogam: 1990 u
2015. Bcero 6110 HCTIOB30BaHO 78 CHUMKOB, ITOJIYYEHHBIX C Mast 110 CEHTSOPb.

K caumkam Landsat ypoBHs 1, 3arpyxaembiM u3 apxuBoB I eonmornueckoii cimyx0nl CIIA, yxe
MIPUMEHEHa TeoMeTpruYecKas Koppekius, u onu neperenaeHsl B mpoekunto UTM (Universal Trans-
verse Mercator) (https://landsat.usgs.gov/landsat-processing-details). Onnako ans ¢hopMUPOBaHUS
00yJaromux BHIOOPOK W NMPUMEHEHHUS K JaHHBIM aJTOPUTMOB KJAacCH(UKAKUU TOXKe HEOOXOIMMO
MIPOBE/ICHUE PATUOMETPUIECKON KOPPEKIIMH, a TAKXKe UCKIIOUEHHE YaCTeli CHUMKOB, COJEPIKAIIIX
obnaka u TeHH oT oOakoB (Song et al., 2001; Coppin et al., 2004). [TepBbIM 3Tanom sBISIACH Ka-
muopoBka mudposeix orcueros (Digital Numbers, DN), conepkammxcs B qaHHbIx Landsat ypoBHS
1, B 3HAUYEHUS CHEKTPAIbHON OTpa)kaTelbHOM CIIOCOOHOCTH M TEMIEpaTypbl Ha YPOBHE CEHCOpa
(Chander et al., 2009). [Tocne 3Toro Kk OTKaMMOPOBAHHBIM JAHHBIM OBLTH MPUMEHEHBI METOAMKH
MacKUpOBaHMS 00JaKOB U UX TCHEH, a Takke atMocdepHoit koppekunu (Bodard et al., 2011; Zhu
and Woodcock, 2012).

[TomyueHHble 3HaUCHUE CIEKTPAIbHOM OTpaxkaTelbHOM CIIOCOOHOCTH MCHOJIB30BAIUCH JIJISl BBI-
noJiHeHus1 Tpanchopmammu n3obpaxkenus no merony Tasseled Cap («Kommagok ¢ KHCTOUYKOM»)
(Kauth and Thomas, 1976). lanublii TOaX0/ MUPOKO MPUMEHSETCS B 3ajjauax OLEHKU JUHAMHUKHU
PaCTUTENBHOCTH W HAPYIICHHOCTH JIECOB, pemiaemMbix ¢ momomnbio gaHHbix J[33 (Healey et al.,
2005; Liu et al., 2014). Tpaunchopmanus Tasseled Cap paxTuuecku sBiIsieTcsl METOAOM ITPeodOpas3o-
BaHUS CIIEKTPAIGHBIX JIaHHBIX B HOBBI HA0Op KaHAJOB, CBS3aHHBIX C XapaKTEPUCTHKAMH CIICHBI.
Orta TpaHchopMalus IepBOHAYATBHO OblIa pazpaboTaHa JUIsl UCMIONB30BAHUS C TAaHHBIMH CKaHepa
Landsat/MSS, a noznHee e€ k03(uiimeHTs! ObUIM aJanTUPOBAHBI ISl IPUMEHEHHUs ¢ OoJiee Mo3/1-
Humu ceHcopamu (Crist and Cicone, 1984; Baig et al., 2014). Takum o0Opa3om, B pe3ynabTare 1is
Kakaoro cHuMKa Landsat ObLT mosTydeH TpexKaHalbHBIN pacTp, CoepKalliuil KOMIIOHEHTHI TPaHC-
dopmaruu  Tasseled  cap:  «ipkocte»  (brightness),  «3emeHocTh»  (greenness) U
«BJIAXKHOCTBY (Wetness).

s hopmupoBanust oOydaromieil BRIOOPKH, HEOOXOMUMOM IS TIPOIEAYyphl KIIaCCU(DUKAIIAH,
WCIIOTB30BaUCh KapThl TUTIOB pactutenbHocTH (Friedl et al., 2002; Bartalev et al., 2003), cHuMKH
Landsat, a Takke CITyTHHKOBBIE CHIMKH BBICOKOTO pa3pelieHus, JOCTyIHbIe yepe3 cepuc Google
Earth. B pe3ynprare ObuH BBIIENIEHBI YIaCTKH, KIACCUPUIIMPOBAHHBIC KakK JeC ¢ MpeodiaganueM
XBOWHBIX BEUHO3EJIEHBIX MOPOJI, JTUCTOMAAHBIX MOPOJ] WIIM CMeIIeHHbIH Jiec. O0yyaromue BEIOOpKU
TakXke ObUIM CO3JaHbl M JJISI HEJIECHBIX 3E€MEeNlb — CeNbCKOXO3AWCTBEHHBIX YrOAWH, cTened u T.J.
OOmwmii 00beM BeIOOpKHU cocTaBui 6onee 90 yuactkoB. Kaxkaslit u3 yuactkoB umen pasmep 6 - 10
nukceneit Landsat. Haubonpiee KoaumuecTBO 3TaJOHOB M3 o0Oyvaromieil BEIOOPKH OBLIO pacmosio-
KEHO BOJM3U TPaHUIIBl «IEC/HE JIEC» B IIEHTPATbHBIX M I0XKHBIX paiioHax KpacHosipckoro kpas u
Pecry6mmkun Xakaccus (cm. puc. 1).

{1 BeIIENIEHNS HA TEPPUTOPUU UCCIIENOBAHNS PAOHOB, TOKPBITHIX JIECHON U HE JIECHOM PAaCTH-
TENBHOCTHIO, TIPUMEHSIACh aBTOMaTHYecKasi kKiaccupukaus. B pabore MCIonb30Baics alropuTM
yopaBiasieMoil kiaaccupukanuu (KaacCUpUKAIUS 0 METOJy MAaKCHMAaJbHOTO MPaBIOTIOI00Ms
(Richards, 2013), koTOpbIii TPUMEHSIICS K CIIOSIM pacTpa, COACPIKaIIero KOMIIOHEHTHI TpaHchopma-
mun Tasseled Cap. B pesynbprare Ha OCHOBE MOJYYEHHBIX ATAJOHOB BBITIOJHEHA IMOIMUKCEIbHAS
Kiaccuukanus n300paxxeHui Ha BCIO 00J1aCTh UCCIEIOBAHNUS.
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Taxum o6pazom, ObuTH chopMUPOBAHBI 1BA KOMIIO3UTHBIX W300pakeHUs, COACPIKAIINE Pe3yIib-
TaThl KJIacCU(UKAIINH, COOTBETCTBYIOIIUE IBYM BPEMEHHBIM CpE3aM, HCIIOJIb30BAaHHBIM TPH aHAJH-
3e. B xauecTBe OCHOBHBIX CHHMKOB ISl IByX BPEMEHHBIX CPE30B NMPUMEHSUIMCh CHUMKH, C/IEIaH-
Hble cooTBeTCTBEHHO B 1990 u 2015 rogax. Ecnu Ha kakoil-nmubo palioH 00J1acTH MCCIICTIOBAHUS
CHUMKa HE HaXOJWJIOCh, €CIIM YacTh CHUMKA ObLIa 3aKphITa 00JAYHOCTHIO UJIM MMeJla HU3KOE Kaue-
CTBO, TO TAaKOM y4aCTOK 3arOJIHsUICA JaHHBIMU 32 APYTUe TObL.

J1714 BBISIBIICHUS] U3MEHEHUH B PACTUTEIHHOM MTOKPOBE C MOMOIIbIO FeOMH(GOPMAIIMOHBIX CUCTEM
ObLy1a paccuMTaHa pa3HOCThb JIBYX n3o0paxkeHuil. ChopMupoBaHbl OCHOBHBIE KJIACChI PE3YIbTHPYIO-
IIeH KapThl: «IEC» U «HE JIEC» — JUIA CIIy4aeB, KOTJa U3MEHEHUH 3aUKCHPOBAHO HE OBLIO, a TaKXKe
JIBa KJlacca, COOTBETCTBYIOIIMX IOSIBJIICHUIO JIECA U €TI0 IIOTEPE.

Pe3ysbTaThl Hcc/ie0BaHUS M UX o0cy:kaeHne. OIeHKa MOTy4eHHOI o0ydaromieil Bl OOpKu
B IIPOCTPAHCTBE KOMIOHEHTOB TpaHchopmanuu Tasseled Cap mokasaina, 4To B IEJIOM ITAJIOHBI, CO-
OTBETCTBYIOIIHME JIECHBIM U HEJIECHBIM THIIAM PAaCTHTEIBHOCTH, JIEMOHCTPUPYIOT XOPOIIYIO pa3Jie-
auMocTh (puc. 2). B mpocTpaHCTBE «APKOCTh-3€ICHOCTDY JIECHAs PACTUTEILHOCTD XapaKTepU3yeTCs
0oJiee BHICOKMMH 3HAUYEHHUSMU KOMIIOHEHTa «3eleHOCTh» (pHcC. 2a), 0cCOOEHHO B Cilydae JEeCOB C
npeobiiajaHieM JIMCTBEHHBIX mopoa. Jleca ¢ mpeoOnanaHneM XBOMHBIX BEUHO3EIEHBIX MOPOJ Xa-
pakTepu3yroTcs 0ojiee HU3KMMH 3HAYEHUSIMU KOMIIOHEHTa «SIPKOCTHY», UTO CBSI3aHO C 3aTCHEHHEM
umu mouBsl (Crist and Cicone, 1984); UM COOTBETCTBYeT JieBas HIKHSISI 00JIaCTh Ha JUarpamme
JIECHOM pacTUTENFHOCTH. TaKKe JIeCHbIC 3eMIIM XapaKTepU30BATMCH 3aMETHO 00JIee BEICOKUMH 3Ha-
YEHUSIMU KOMITOHEHTA «BJIAKHOCTB» (pHUC. 20) M0 CPaBHEHHIO C HEJICCHBIMH.

[Io pesynpraTam Kiaccudukanuu 03
a ;
OBbLIM MOJY4YEHbl KapThl JIECHBIX U HE- ) + HeriecHas s
o 0,25 1- pacTuTensHocT o, R A —
JIECHBIX TEPPUTOPUH NIl IBYX BPEMEH- S,
02 +-  onechas  ----ee--ogaE---oo-- A
HBIX CPE€30B, a TaKXX€ pa3HOCTHAas Kap- gaeg::femom Beo @ 3
* *
Ta, 0TOOpa)karollas y4yacTKH, IJe MpH- 2 048 oo g @bo’;gﬁi;;;;tf”ra ””””””””
CYTCTBOBAJIO JIECOBOCCTAHOBJICHUE WJIH, 2 o R
o ¢« v
HAo0OpOT, UCUE3HOBEHUE JIECHOH pac- 3 0.05 f-rrmmememememees g R T
LR LN ‘4 .
TuTensHOCTH (puc. 3a). OleHKa TOUHO- . RIS 5 PR
I T ke 3 SR
CTH C(OPMHUPOBAHHBIX KapT OLEHHBA- WAt e T
Jach MO 3TAJOHHBIM JIaHHBIM, MTOJTY4€H- 005
HBIM I10 CITYTHHUKOBBIM CHUMKAaM BBICO- 0.1 ‘ ‘ ‘ ‘ ‘
0 0,1 0,2 0,3 04 05 0,6

KOT'0 TIPOCTPAHCTBEHHOTO Pa3pelICHUS.
Jlnst 3TOro ObUT AOMONHUTENBHO cdop-
MHPOBaH MaCCUB 3TAJIOHOB, COCTOSAIIUN 0.1
3 45 y4dacTKOB. Y4acTKH, HCHOJIb30-
BaHHBIC IS OLICHKH TOYHOCTH KJIACCH-
dukanuu, pacmoiarainch, TJIABHBIM
00pa3zoM, B IIEHTPE TEPPUTOPHH HCCIIE-
JIOBaHMS, BKJIIOYas KakK JIECHBIE, TaK U
HeJIeCHbIe 3eMId. J[0CTOBEPHOCTH BBI-
JIeTICHUsI KJIACCOB <«JIeC/He JIeC» COCTa-
BHIIa 0K0JI0 90%.

CornacHo NOJyYeHHBIM pe3yJibTa-
TaM, o0II1ast TUIOIIAh MTOKPHITHIX JIECOM 0 0,1 02 03 04 05 0,6
3eMenib 1o cocTostHUIo Ha 1990 rox co- ApkocTb
CTaBuIa OKOMO 312 ThIC. KM”, WITH OKO- Puc. 2. OneHKa pa3aeJJHMOCTH Y4aCTKOB, COCTAB/ISIONMINX 00Y-

70 62% TEeppUTOPUU UCCIIEIOBAHMS. 4YaloUIyI0 BLIOOPKY, B IpocTpaHcTBe KomnonenTos Tasseled Cap:

OCHOBHbIE MACCHBBI JICCOB HAXOJSTCS a) KOMIOHEHTBI «IPKOCTH» U «3€J1€HOCTbY; §) KOMIOHEHTbI
«APKOCTH» H «BJIAKHOCTH)»

=)
~

BnaxHocTb
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IJIaBHBIM 00pa3oM B CEBEPHBIX W BOCTOYHBIX pailoHax oOxacTu uccienoBaHus (puc. 3a). 3emun
CEJIbCKOXO3SIMCTBEHHOT'O0 HA3HAUYECHMS PACIIONIOKEHBI B OCHOBHOM B I[EHTPAJIBHBIX U HOXKHBIX paiio-
Hax KpacHosipckoro xpasi.

CyMMapHas IJI0Iap TEPPUTOPHUH, Ha KOTOPOH HAOJI01a]10Ch U3MEHEHNE THUIIA PACTUTEIBLHOTO
MMOKpOBa, cocraBmiia Oojee 8% OT oOmiel miomanu paiiona uccienoBanus. [Lmomanp y4acTkos,
r7e NPOUCXOAWIN U3MEHEHUS B HAPABJICHUH «IEC — HE JIEC», cocTaBmia 25.7 ThIC. KMZ, i 5.2%
oOmieit momaau. B To ke BpeMs U3MEHEHHS 0 THITY «HE JIeC — JIEC» OTMEUEHBbI Ha TEPPUTOPUH
okoJio 15.3 THIC. KMZ, YTO COCTAaBJIAET 0KO0JI0 3.1% 0T 00LIEl MI0IIaIu.
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Puc 3. Kitacebl pacTuTe/IbHOI0 NOKPOBAa U MX U3MeHeHus B TedeHue 1990-2015 rr.: (a) nosryuyeHHble
10 KOCMOCHUMKAM M «ropsiuie TOYKH» H3MEHEeHHs «Jiec - He J1ec», CMO/ieJIMpOBaHHbIe (0) Mo Ha0a01aeMbIM
KJIMMaTH4eCKUM AaHHBIM 32 1990-2010 rr. u (B) mo 5 Haubosee «cyxum» moaeasasm CMIPS (cm. Teker) uameHe-
HHUS KJIMMAaTa no kecTkoMy cueHapuio RCP 8.5 k 2080 r. O6o3HaueHus KjiaccoB Ha cHUMKe: 1 — mepexop «Jec —
He Jiec», 2 — JieCHbIe 3eMJIH, 3 — HeJleCHbIe 3eMJIU, 4 — epexo/] «He JieC — Jiec», S — HaceJleHHble MYHKThI, 6 — BOA-
Hble 00beKkThl. Ha MoenbHbIX KapTax: 1 — nmepexon «He Jiec-jecy», 2 — «Jjiec — He Jiec», 3 — 0e3 H3MeHeHui,
4 — onycTHIHNBaHHE

CMeHa pacTUTENbHOCTH B HAIIPAaBJICHUHU «JI€C—HE JIEC» MPOUCXOAUIa TTIaBHBIM 00pa3oM Ha Tep-
putopun Pecniyonuku ThiBa (Ha tore o0nacTu uccienoBaHus), a Takxke B [Ipuanrapbe (Ha ceBepe
obnactu uccnenoBanus). CpaBHeHHE ONyYEHHOW KapThl U3MEHEHUSI TUTIOB PACTUTEIILHOCTH C Kap-
TOM JIECHBIX TOXKApOB MOKAa3aj0, YTO HAHOOJBIINE TUIONIAIH, Ha KOTOPBHIX MPOU30IIIa THOENb Jie-
coB, cBsi3aHa ¢ noxkapamu 2002 rona B PecriyOnuke ToiBa u ¢ moxapamu 2011, 2012 rr. B paiione
[Tpuanrapps. OqHAKO, KaK IMOKA3BIBAIOT PE3yJIbTATHl MOJICITHPOBAHUS H3MCHCHHH PACTUTEIHLHOCTH
«J1ec — He JIec» MO HaOII0IaeMbIM KIMMATHYeCKUM JaHHBIM 3a 1990-2010 rT., «TOpsSvre TOUKN»
repexo/ia JISCHONW pacTUTEILHOCTH B HellecHYIO (puc. 30), COBMaIaIIMe ¢ OTMEUCHHBIMU Ha KOC-
MocHHMKaxX B TeiBe u I[lpuaHrapbe, TOBOPST O TOM, UTO JIECOPACTUTEIBHBIC YCIOBHS JIJIT BOCCTA-
HOBJICHHUE Jieca Ha rapsx M BeIpyOax OyayT HEONarompusITHHIMU Ha STUX IUIOMIAMIAX U Jieca MOTYT
OBITh YTpaueHBI MIPH MOTETUICHUN KJIUMATa.

[IporHo36I U3MEHEHUN PACTUTENHLHOCTHU <JIEC - HE JIeC» K KOHILY CTOJIETUS OBLIH IMOJIy4EHBI CO-
MpsDKEHUEM aBTOPCKOM OmokimMaTtudeckoil monenu cubupckoit pacturensHoctu (Tchebakova et
al., 2009, 2011) ¢ mpoekuusiMu U3MEHEHHUH KauMara u3 5 Hanbonee Teribix (6-9°C moreruienus) u
«CyxXux» Mojeneit oomel nupkyisiiuu atmocdeps u okeana CMIPS (CanESM2, CCSM4(NCAR),
CSIRO-Mk3.6.0, HadGEM2-AO, NorESM1-M) no »xectkoMy crieHapuio u3menenus kaumara RCP
8.5 (puc. 3B). Pe3ynbraThl MomenTupoOBaHUs MOATBEPKIAIOT, YTO OYJIET MPOUCXOAUTH OCTCTTHCHUE
(32.5%) u naxe omycteiHuBaHUE (B TyBUHCKOI KOTiOBHHE ~ 1%) Ha TeppUTOpUU HCCIEAOBAaHUH,
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OKOJIO TIOJIOBHHBI IIJIOLIA/IN OCTaHeTcsa 0e3 U3MEHEHH, U TOIbKO Ha 9% BO3MOKHO o0seceHue, Ko-
TOpOE, CKOpPee BCEro, CTAaHEeT MPOUCXOIUTh B BBICOTOKOPBAX, IJe OyayT co3qaBaThCsl OIaronpusr-
HBIE YCIOBUS MPU MOTEIJICHUH KJIMMaTa U OOWIIUU OCaJKOB.

[TomMuMo moxkapoB, emie OJHON 3HAaUMMON MPUYMHON MOTEPH JIECOB B CEBEPHBIX pailoHax oOJa-
CTH UCCleIoBaHus ObLTH BRIpYOKH. Hanbonbime obnactu, rae Habmo1anach CMEHa PacTUTEIbHO-
CTH B HaIlPaBJICHUU «HEIIEC — JIEC), PACIIONIATAIUCH TIIaBHBIM 00pa30M B IIEHTPAIBHBIX H CEBEPHBIX
palioHax mpu AOCTATOYHOM yBJIAKHEHUU. [[aHHBIC yYaCTKH SBJISUTUCH B OCHOBHOM CTapBIMU BBIPYO-
KaMH, Ha KOTOPBIX MPOUCXOIUT MPOIIECC JIECOBO30OHOBIEHUS. B TO e BpeMs B pailoHax, HE 3aTpo-
HYTBIX JIECHBIMH I0’KapaMH WU BBIPYOKaMu, He HaOJI0JaI0Ch 3HAUUTEIbHBIX MIEPEeMEIEHUI rpa-
HUIBI MEX1Y CENTbCKOXO3SIIICTBEHHBIMU CTETIHBIMU 3EMIISIMH U JIECAMHU.

3akiaioyenune. C uCIOIb30BaHUEM apXUBHBIX CIYTHUKOBBIX JaHHbIX Landsat BeimonHeHa
OIICHKA U3MEHEHUI pacTUTEIbHOTO NOoKpoBa 3a nepuoA ¢ 1990 no 2015 r. Ha repputopun Cpenneit
Cubupu. AHanu3 MoKasaj, YTO U3MEHEHUS THIa PACTUTEILHOTO TOKPOBa UMENH MecTO Ha 8% Tep-
putopuu obiactu uccienoanus. [Ipu s3Tom Ha 5% TEPPUTOPHUH PETUCTPUPOBATIACH CMEHA PACTH-
TEJILHOCTH B HAIIPaBIICHUU «JI1eC — HE Jiec», a 32 3% B HANpaBICHUH «HE Jiec — jiecy. Takum obpa-
30M, UTOTOBO€ W3MEHEHHE THUIOB PACTUTEIHLHOCTH MOXHO OXapaKTEPH30BaTh KAaK COKpAICHHE
TLIOMAH JISCHBIX 3eMeNb IpuMepHo Ha 10 Thic. kM°. OCHOBHBIMH MPUYHHAMH, IPUBOIUBIIAMU K
TaKUM W3MEHEHHUSM, SIBJISUIMCH BBIPYOKH M MOXapbl. DTO MOJATBEPKIAET TOT (PakT, UTO IMOXKAPHI
CIOCOOCTBYIOT MEPEXO0/1y JIECHBIX 3eMellb B HEJIECHBIE, B YACTHOCTH, CTEeIb. Pe3ynbTaTel MOACIUPO-
BaHUs PaCTUTEIHHOTO MOKPOBa pu u3MeHeHnH kiumarta K 2080 r. ¢ UCoIb30BaHUEM KIUMaTHue-
ckux Mozeneit Bepcun ARS moka3bIBalOT, YTO HA TPETU TEPPUTOPUU OyIeT MPOUCXOIUTH OCTEIHE-
HUE, OKOJIO TMOJOBUHBI TUIOIIAIU OCTaHETCsl 0€3 U3MEHEHHUI, a B BBICOKOTOPbSIX BO3MOXHO MPOJIBU-
JKEHUE BEpXHEHN TpaHuIlbl Jieca B TYHPY.

Paboma evinonnena npu gpunancoeoii noodepiicke Poccuiickozco @onoa ¢pynoamenmanvrplx
uccneoosanuii (npoexm Ne 16-05-00496).
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YK 528.88

AHAJIN3 CHHEKTPAJIbHO-OTPAKATEJIBHBIX CBOHMCTB HAPYHIEHHBIX
JIECHBIX 9KOCUCTEM JIECOCTEITHOU 30HbI HA OCHOBE PASHOBPEMEHHBIX
CIIYTHUKOBBIX JAHHbIX

3.A. Tepexun
benropockuit rocyapcTBEHHBIA HAIMOHATIBLHBIN MCCIIEI0BATEIbCKUNA YHUBEPCUTET

Ananus énuanUA HAPYUWEHHOCMU JIeCHbIX MACCUBO8 HA UX CNEKMPANbHbIUL OMKIUK AGNAEMCA 00-
HOU U3 aKMyaibHuIX 3a0ay MOHUMOPUH2A JIeCONOKPLIMbIX 3eMeNb. B cmamve npedcmasnenvl pe-
3YIbMamyvl OYeHKU CHeKMpanrbHO-OMpAaAXCAMeENbHbIX CGOUCME IECHbIX IKOCUCMEM, XAPaKmepu3syio-
WUXCA PA3TUYHOU HAPYUEHHOCMbIO 8epXHUX Apycos. Hccredosanue npogedeno Ha npumepe aucm-
BEHHBIX J1eCO8 1ecOCmenHou 301bl (meppumopus beneopoockoi obracmu). Yemanosneno, umo xo-
agpPpuyuenmor cnekmpanvrou apkocmu 6 oaudicreti (0,845-0,885 mxm) u cpeoneii ungpaxpacoii
(1,56-1,66 mxm) obracmsax cnekmpa cmamucmu4ecky 00CMOBEPHO PA3IUUHbL O/ PASHLIX KAme2o-
PUll HAPYUWEHHOCMU JIeCHbIX MACCUusos. Pezynbmamel nomyyenst Ha ocHoge anaiusa 0anuvix ¢ 605
JIECHbIX apeanos ¢ UCNONb308AHUEM paHee CO30aHHOU KApmbl HAPYUWEHHOCIU JeCHbIX IKOCUCTNEM U
cnymuuxosvix dannvix Landsat 8 OLI. Kosghguyuenmor cnexmpanvroti spkocmu 8 060ux cnek-
MPANLHBIX OUANAZOHAX YMEHbULAIOMCA NO MepPe CHUMCEHUS. HAPYWEeHHOCMU 1ecHblX dKocucmem. Ha
OCHOBe ananuza paznospemenuvix chumrxos Landsat 7 ETM~+ 2001 2o0a u Landsat 8 OLI 2018 2o-
0a, npoweowux paouoMempuiecKyro KaiubposKy, YCmaHos1eHo, Ymo Kodphuyuenmol cnekmpaib-
HOUL APKOCMU 1€CO8 8 CpeOHell UHPPAKPACHOU 001aACmU, HAPYUWEHHBIX 8 IMOM Nepuood, Cmamucmu-
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YyecKu 3HAYUMO OMIAUYAIOMCA OM KOIPDUYUEHMOo8 ompadxicenus 1ecos, 8 KOMmopbiX He 6blsA61eHO
Hapyuienull éepxHux spycos. CpeOHee 3HaueHue UHPDPAKPACHBIX KOIDDuyuenmos ompasdceHus
HApYUEHHbIX TeCHbIX apeaios & 7 pas evluie, YemM HeHapyulenHvlx necos. Hapywennvle necHuvle sxo-
cucmemvl XapaKxmepuzylomcs 6oee 8bICOKUMU BETUYUHAMU CMAHOAPMHBIX OMKIOHEHUU Ol CHeK-
mpanbHo-ompaxcamenvhbix noxazameneil. Ha ocnoge snauenuii pasnocmu ko3gguyuenmos cnex-
mpanvholl aprocmu 8 ouanaszoue 1,56-1,66 Mxm nonyuenvl IKCHEPUMEHMATIbHBLE PE3VIbIMambl Kap-
mozpaghuposans 1eCHbIX IKOCUCEM, HAPYULEHHOCHb KOMOPbIX 8bipocia 6 nepuod 2001-2018 ze.

Knrouegvie cnoga: necrvie sxocucmemsl, 1ecocmens, HApYyuleHHoCmb, OUCH AHYUOHHOE 30H-
ouposaHue, cnymnukogule dannvle, Landsat

ANALYSIS OF THE SPECTRAL AND REFLECTIVE PROPERTIES
OF DISTURBED FOREST ECOSYSTEMS IN FOREST-STEPPE ZONE
USING MULTITEMPORAL REMOTE SENSING DATA

E.A. Terekhin
Belgorod State National Research University

The impact assessment of forest stands disturbance on their spectral response is in the fore-
ground of forest cover monitoring. The paper presents the results of spectral-reflective properties
assessment for forest ecosystems with different disturbance of upper canopy layers. The research
was conducted on the example of deciduous forests of the forest-steppe zone (the territory of the
Belgorod region). It has been determined that the coefficient of spectral brightness in the near
(0.845 — 0.885 um) and middle-infrared (1.56-1.66 um) spectral area are statistically varied for
different categories of forest disturbance. The results have been obtained on the basis of data anal-
ysis from 605 forest areas using the previously created map of forest ecosystems disturbance and
Landsat 8 OLI remote sensing data. The reflectance in both spectral ranges reduces with disturb-
ance decreasing of forest ecosystems. It was found that the coefficients of spectral brightness of for-
ests in the middle infrared area, disturbed during this period, are statistically significantly different
from the reflectance of the forests in which no disturbances of the upper layers have been detected.
This conclusion has been drawn based on the analysis of Landsat 7 ETM + 2001 and Landsat 8
OLI 2018 multi-temporal images, which underwent radiometric calibration. The average value of
the infrared coefficients of reflectance of disturbed forest areas is 7 times higher than that of undis-
turbed forests. Disturbed forest ecosystems are characterized by higher standard deviations of re-
flectance. Using values of the difference in spectral brightness coefficients in the range 1.56 -1.66
um, the experimental results of forest ecosystem mapping were obtained, the disturbance of which
increased in the period 2001-2018.

Key words: forest ecosystems, forest-steppe, disturbance, remote sensing, satellite data, Landsat

BBenenue. HapymeHHOCTh JT€CHBIX DKOCUCTEM, OOYCIOBJICHHAS BIUSHHUEM CILIONIHBIX JIe-
COCEUYHBIX PYOOK, MOXKApOB WJIM WHBIX (PAKTOPOB, BHICTYIIAET OJHHM W3 KIFOUEBBIX MapaMETpPOB,
XapaKTePU3YIOIINX COCTOSHUE JIECOB. B CBSA3M ¢ 3THM aKTyalbHOW CTAaHOBHTCS MPOOJIeMa ee u3yde-
HUS ¥ KapTorpaupoBaHusi, B TOM YHUCIE C MCIOIH30BAHHEM CIEKTPAIBHON CIIyTHHUKOBOW MHGOP-
Maru. MHOTo30HaIbHBIE JaHHBIE TUCTAHIIMOHHOTO 30HAUPOBAHUS MOTYT OBITH 3P PEKTUBHO TpHU-
MEHEHBI JJIs TPOCTPAHCTBEHHOTO aHaJN3a JIECOMOKPHITHIX 3eMenb (Baumann et al., 2014; benosa,
Epmos, 2015; Kyp6anos, 2016; Schmidt et al., 2015). Onu Bce mmpe NpuMEHSIOTCS U 7S OLICHKU
XapaKTePUCTHK, OMUCHIBAIOIINX COCTOSHHE JIECHBIX MAacCHUBOB, BKIo4as Bo3pacT (Kuusinen et al.,
2014), comxnayrocts (Lukes et al., 2013), monro mormoméHaHOM GOTOCUHTETUYECKA aKTUBHON pajIu-
aruu (Hovi et al., 2017), ocoOeHHOCTH BOCCTAaHOBJICHHS TTOCIIE BO3/ICHCTBHSI HApyIAOMUX GakTo-
poB (Loboda et al., 2012; XXupusn u np., 2016; BopobseB, Kypbanos, 2017).

JlecHble HKOCHCTEMBI JIECOCTETHON 30HbI MPETEPIIETN CYIIECTBEHHbIE IPOCTPAHCTBEHHBIE U3MeE-
HEHUs BciencTBre ocBoeHus tepputopuu (Yennes, 2008). OmeHka cCOBpeMEHHBIX H3MEHEHUM, TTPO-
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UCXOJSIIMX B JIECaX PErMOHA, BO MHOI'OM CBSi3aHA C BBISBJICHHEM TEHICHIIMI U3MEHEHUS UX Hapy-
HIEHHOCTH Kak (akTopa, BIUSAIOIIEr0 Ha WX Ouodusznyeckue nmapaMmerpbl. HapyleHHOCTh JIeCHBIX
HKOCHCTEM SIBIISIETCS OJJHUM M3 MapaMeTpoB, OOBbEKTHBHAS MPOCTPAHCTBEHHO-BpEMEHHAs OLEHKa
KOTOPBIX mpobiemMaTnyHa 0e3 MPUBICYCHUS PAa3HOBPEMEHHBIX JAaHHBIX JUCTAHIIMOHHOTO 30HIUPO-
Banus (Achard et al., 2006; Borrelli et al., 2014; BopoOseB u ap., 2016)

Panee (Tepexun, 2017) Ha OCHOBE COBMECTHOI'O aHAJIN3a PA3HOBPEMEHHBIX CIIyTHUKOBBIX JaH-
HBIX ¥ MaTEpUajOB IOJIEBbIX HAOIIOJCHUI JIECHBIE YKOCHUCTEMBI fora Jiecocternu CpemaHepyccKoi
BO3BBIIICHHOCTH T10 CTETIEHU HAPYIICHHOCTH BEPXHET0 Apyca MPEJIOKEHO MOAPA3IesITh CIeayIO-
1IMe KaTeropuu: HeHapylleHHbIe (MPAaKTUYECKH HE BCTpeuaroTcs), ciaboHapyllleHHbIe, CpeAHEeHA-
pYLICHHbIE, CUJIbHOHAPYILIEHHbIE, Pa3pyIICHHbIE U KYIbTYpHbIE. T.€. HAPYIIEHHOCTh KOHKPETHOIO
JIECHOT'O MaccuBa, 00YCIIOBJICHHAS BIMSIHUEM CIUIONIHBIX JIECOCEYHBIX PYOOK, MOXKAPOB MM yChIXa-
HUH IPEBOCTOS, MOXKET OBITh OMKCaHa Yepe3 COOTHOIICHHUE MEPEUNCIICHHBIX KaTeropuil.

B 10 e Bpemst 0cTaroTCss OTKPBHITHIMH BOIIPOCHI OTIHYUN CIIEKTPAIbHBIX MPU3HAKOB Pa3HBIX Ka-
TErOopuil HAPYIICHHOCTH JIECOB, a TakKKe MpobjemMa X aBTOMATU3UPOBAHHOTO KapTorpadupoBaHUS
Y TIPOCTPAaHCTBEHHO-BPEMEHHOTO aHAJIH3a.

B necax pernoHa MOMUHHUPYIOT JINCTBEHHBIC JICCHBIC MAcCHBBI (1y0, siCCHb). B 3HAYUTEIBHO
MEHBIIICH CTENIEHU MPEICTABIICHBI XBOWHBIE JIeca.

Leapb uccaeqoBaHus 3aKI0YaNach B aHAIHN3€ CIIEKTPaIbHO-0TPAKATEIbHBIX XapaKTEPUCTUK
Pa3HOHAPYIIEHHBIX JIECHBIX YKOCHCTEM, TUIIMYHBIX IS FOTa JIECOCTEIIHOM 30HbI (Ha MpUMEpe Tep-
putopun benropozackoit o6mactu), olleHKe BO3MOXKHOCTEH aBTOMAaTHU3UPOBAHHOTO KapTorpadupo-
BaHUS W3MEHEHUU B HAPYIICHHOCTH BEPXHHUX SPYCOB JIECHBIX MAaCCHUBOB, THUIIMYHBIX JJISi PETHOHA,
10 CIIyTHUKOBBIM J1aHHbIM B niepuoa 2001-2018 rr.

Marepuajbl, 00beKT U MeTOAbI HCCJIe0BaHusl. B OCHOBY MccieoBaHus ObIJI MTOJIOKEH KO-
JUYECTBEHHBIN aHAIN3 CIIEKTPaIbHO-OTPAKATECIHHBIX XaPAKTEPUCTUK JICCHBIX YKOCHUCTEM Pa3HOM
CTCTICHH HAPYIIICHHOCTH.

Ha mepBoM 3Tamne ObUTa BBITOJIHEHA OIICHKA 3HAYMMOCTH PA3IMINil KOIPPHUIIUCHTOB CIIEKTPAITh-
HOU SIPKOCTH JIJISl pa3HBIX THUIIOB Hapy-
[IEHHOCTH JIECHBIX MAacCHUBOB: CHIBHO-
HApYIICHHBIX, CPEIHCHAPYIICHHBIX H
cnaboHapymieHHbIx. Mx monpoGHoe
OMMCaHWE TPEJICTAaBICHO B COOTBET-
crByromeit cratee (Tepexun, 2017).
[To mpu4drHE TOTO, YTO HEHAPYIICHHBIC
U pa3pymIeHHbIC YIKOCHCTEMbI JIMCTBCH-
HBIX JIECOB B PETMOHE IpEACTaBIEHBI
OYeHb HEMHOTOYHUCIIEHHO, B HAaCTOS-
IIeM HCCIIE0BAHUN UX HE aHAJIU3HPO-
BaJIH.

Jlns 00BEeKTUBHOTO aHanmm3a Kodd-
(GUIIUEHTOB  CIEKTPAIbHON  SPKOCTH —

(reflectance) JMECHBIX PKOCHCTEM HaAMH

6 6 Puc. 1. ®parMeHT KapThl HAPYIIEHHbIX JECHBIX IKOCHCTEM
bita - chopmMupoBaHa  BbIOOpKA M3 Bearopoackoii 00,1acTH, CO31aHHON HA 0CHOBE PAa3HOBPEMEHHBIX

Y4aCTKOB JIECHBIX MAacCHUBOB, PacloJiO- cuuMKOB 1986-2015 rr. Jlecublie 3xocucreMsl: 1 — c1abonapymien-

JKCHHBIX Ha TeppuTopHH KopouaHcko- Hble, 2 — cpelHeHApYIIeHHbIe Jieca, 3 — CHJIbLHOHAPYIICHHBIE.

Cunre3 kanajon landsat OLI: 7-6-4
ro u lllebeknHCKOr0 aAMUHUCTPATUB-
HBIX pailoHoB benropojackoit obmactu. s dhopmupoBanusi BHIOOPKH ObLIa MCIOJIB30BaHA paHEE
MOJIy4YEHHAasl KapTa HApyILIEHHOCTH BEPXHUX SIPYCOB JIECHBIX IKOCHCTEM PETrMOHa, CO3JaHHasi Ha Oc-
HOBE PAa3HOBPEMEHHBIX CIYTHUKOBBIX JAaHHBIX M XapaKTEPU3YIOIIasi HAPYLUIEHHOCTh JIECOB IO CO-
crostauto Ha 2015 rox (Tepexun, 2017). @parMeHT KapThl MOKa3aH HA pUCYHKE 1.

Landsat OLI 13.06.2015 ®dparmMeHT KapTbl
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OCHOBHBIMU KPUTEPUSIMH TTPU (HOPMHUPOBAHUH BBIOOPKH OBLIN CIICAYIOIINE: MUHIUMAIIbHAS I1J10-
a/1b JIECHOTO apeayia — 2-2,5 ra, IOpOAHbINA COCTAaB — JIMCTBEHHBIN.

MuHumalnbHasi aHaJIM3UpyeMas IJI0IA b JECHOTO apeana 2-2,5 ra o0ycinoBieHa OrpaHUYCHHS-
MH TPOCTPAHCTBEHHOT'O Pa3pEIICHUs] HUCIOJIb3YEMbIX CIYTHUKOBBIX JaHHBIX Landsat (McTOYHHMK
naHHbIX: https://earthexplorer.usgs.gov/), cocrapistomniero 30 M/mukcens. AHaau3upyemasi BHIOOpKa

BKITFOYaI1a 605 ecHBIX apeasioB obmiel miomanasto 41466,7 ra (tadn. 1).

Tabmuma 1
CrarucruyecKue XapaKTePUCTHKU BHIGOPKH JIECHBIX MACCHBOB, HCIIOJIL30BAHHOI /IUISI aHAIN32
CIEKTPAIbHO-0TPAKATEIbHBIX MPU3HAKOB HAPYIIEHHBIX JECHBIX YKOCHCTEM

Tun apymennocTn Konnq:;:;(: ;;ecm)lx Hnomamr,acpeuﬂﬂﬂ, Ilnomanns rcglIMMapﬂaﬂ,
CunbHOHapYIICHHBIE 113 7,9 892,2
CpenneHapyuieHHbIE 206 34,1 7023,5
CraboHapyIiieHHbIC 286 117,3 33551,0
Bcero 605 68,5 41466,7

CdopmupoBanHas BbIOOpKA HArJISIHO OTPAXKACT Psii OCHOBHBIX OCOOEHHOCTEH JIECOB peruoHa.
CusbpHOHApYUIEHHbIE YYaCTKU JIECHBIX MAacCHBOB (BJIMSHUE HapyHIalomux (akTopoB, HApUMEp
pyOOK, MposBIsUIOCH 3a nocieHue 20 JieT) B peruoHe XapakTepu3yroTcss HeOOIbIION MIIOLIAIbI0 U
00yCJIOBJICHBI PEUMYIIECTBEHHO MMPOBEJACHNUEM CIUIOIIHBIX pyOOK HEOONIBIIOro pa3mepa, T.K. Mpo-
MBILUIEHHBIX JIECO3arOTOBOK B pervuoHe He Bezercd. [Ipu 3ToMm cruiomHble pyOKH BBICTYHArOT OC-
HOBHBIM ()aKTOpOM HApyIIEHHOCTH BEpXHHUX spycoB. CpeaHeHapylIeHHBIE Jieca MpPEICTaBICHBI
CTapbIMU CIUIOIIHBIMU BBIpyOKamu, BozpacTtom Oomnee 25-30 mer. Jlo Hawama 1990-x cruiomiHsie
pyOKu B 00yiacTu 1o pa3Mepy ObUINM 3HAYUTEIHHO OOJIbIIIe, UeM ceivac, 4TO HATJIAIHO OTPa3UJIOCh
B CpeJHE! IJIOIIAau CpeAHEHAPYIIEHHBIX JIECHBIX dKOCHCTEM. Apealbl cl1a0OHAPYIIEHHBIX JIECOB
(mocnenHue CIIJIOUIHbIE PYOKH NMPOBOAMIMCH Oonee 50 jeT Ha3aa) XapakTepu3yrTCsl HauOobIIeH
KaK CyMMapHOH, T.K. U CPEIHEH IIIOIIABIO.

Bce necHble MaccuBBI ObLTH MPECTABIEHB B BUJE BEKTOPHBIX KOHTYPOB, UYTO MO3BOJIMIIO yUH-
THIBaTh UX IUIOIIAHBIE XapaKTEPUCTUKHU U PACCUNTBIBATD JUIsl HUX CIIEKTPaIbHbIC IPU3HAKH.

Jlig Ka)Koro aHaIM3UpyeMoro apeajia HapymeHHOCTH (13 605 eanHuil) ObuT BbIUKCIEH HaOOp
CHEKTpaJIbHBIX MMOKa3aTesnel B BUuAe K03 PUIMEHTOB oTpakeHusl B OmmxHel nHdpakpacHoi (0,845
— 0,885 MKM) U IBYX CpenHUX WH(OPAKPACHBIX CIEKTpalbHBIX oOmactsx (1,56-1,66 mxm u 2,1-2,3
MKM). J{7st ux pacdera ObLT UCTIONB30BaH kKocMuueckuit chuMmok Landsat-8 OLI (path 177, row 25),
nosryueHHbl 13 urona 2015 roga, T.€. Ha roz1, XapakTepU3yIOLINI HApYIIEHHOCTh BEPXHUX SIPYCOB
JecHBIX 3KocucTeM. /Iy cHUMKa ObLIa BBINOJIHEHA paJuoMeTpudeckas KaauOpoBKa, B pe3yibTare
KOTOPO# OH ObUI MepecunTad B Oe3pa3MepHble KOI(PPUIMEHTHI CIIEKTPAILHON SPKOCTH, PUHUMA-
forue 3HayeHus ot 0 o 1. Takum o6pazom, cpopMupoBanu BEIOOPKY, TO3BOIMBIIYIO CTATUCTHYE-
CK{ IIPOAHAIM3UPOBATh CTENEHb PA3INYMsl CIIEKTPAIBHBIX XapaKTEPUCTUK IJI Pa3HbIX KaTEropuil
HapYIIEHHOCTH BEPXHETO sipyca JIMCTBEHHBIX JIECHBIX SKOocHcTeM. CTaTUCTUYECKHM aHajIu3 BKIIO-
YaJl OLEHKY 3HAUMMOCTH PA3JIMYUil 30HAIbHBIX KOA(G(GULIMEHTOB OTPaKEHUs JJIs Pa3InYHbIX KaTe-
TOpHUIl HAPYIIEHHOCTH.

Ha BTOpOM 3Tame uccienoBanusi ObUIO BBHINOJIHEHO CpaBHEHHE KOA(P(UIMEHTOB CIIEKTPaIbHON
SPKOCTH JIECHBIX MAacCHBOB, HapylieHHbIX B nepuoa 2001-2018 romos, ¢ kodpduueHTaMu criek-
TPaJIbHOM SIPKOCTH JIECOB, BEPXHHUE SPYCHl KOTOPBIX HE MPETEPIEIN U3MEHEHUS 32 COOTBETCTBYIO-
U IEpHOJ] BPEMEHHU.

Jlnst 5TOM 1eny Ha OCHOBE pa3HOBpeMeHHbIX CHUMKOB Landsat ETM+ u Landsat OLI BeimosnHe-
HO BBISBJICHHE M KapTorpadupoBaHue JECHBIX apeajoB, HapylleHHbIX B nepuo 2001-2018 ronos.
OnHo 0bUTO TIPOBENIEHO HA MPUMEpE TPYIIIBI U3 JIECHBIX MAacCUBOB o01el miomaapio 10112 ra, pac-
MOJIOXKEHHBIX Ha Tepputopun Kopouanckoro u Illlebekunckoro paitonoB benroposackoi o6mactu.
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Cuumoxk Landsat 7 ETM+ 6bu1 ostyden 17 wurons 2001 roma. Caumoxk Landsat 8 OLI caenan 21
utons 2018 rona.

Taxum o6pa3om, ObuIa ChOPMHUPOBAHA BRIOOPKA, BKIIIOUAIOIIAS BE KATETOPHHU JIECOB: HAPYIICH-
Hble B iepuoa 2001-2018 rr. m HeHapYIIIEHHBIE 3a ATOT K€ Mepro. B o0mel ci1okHOCTH 0TOOpaHo
129 apeaoB J1IeCHBIX MaCCUBOB, BEPXHHE APYChl KOTOPHIX OBUIM CYLIECTBEHHO HApYyLIEHBI B IIEPUO]
2001-2018 rr., m 503 necHbIX apeasna 6€3 HapyIICHUH.

O0a cHUMKa IPOILLIN PaAMOMETPUUECKYIO KaTUOPOBKY, B pe3yJIbTaTe KOTOPOH MX MepecunuTain
B Oe3pa3MepHble KO3 PUIHUEHTH! CIEKTpaibHOM sApKocTH. [l aHanu3a HaMu ObUIM MCIIOJIb30BaHbI
KO3 (QUIIMEHTHI CIIEKTPAIBHON SPKOCTU CpeaHero nHdpakpacHoro auanazoHa. OH ObUT BEIOpaH B
CBSI3U C TEM, UTO SBIISETCA OAHUM U3 HanOoJee YyBCTBUTEIBHBIX IMANIA30HOB K U3MEHEHHSIM, IIPO-
UCXOJSIIUM B JIECAX, CBA3AHHBIX C HAPYIIEHUSIMH UX BEpXHEro sipyca. OH COOTBETCTBYET 5-My Ka-
Hany cencopa ETM+ (1,55-1,75 mxm) u 6-my kanany cencopa OLI (1,56-1,66 mxm). Kanansl cen-
COpOB I10 0XBATy JUIMH BOJIH HEMHOI'O OTJIMYAIOTCS MEXIY COOOM, UTO HAJ0 YUYUTHIBATh PU CPaB-
HEHHMHU CHEKTPaJIbHbIX XapaKTEePUCTHUK, pACCUMTAHHBIX HA UX OCHOBE. B TO e Bpems, Kak moKa3aiu
uccnenoBanus (Li et al., 2014), cnekTpanbHble OKa3aTeIM, pacCuuTaHHble o0 ceHcopam ETM+ u
OLI, xapakTepu3yloTcsi OUY€Hb TECHOW KOppelsslueil, B CBSI3U C YeM JIaHHbIe ¢ HUX MOYKHO COIO-
CTaBJIATH Ha KonuuecTBeHHOM ypoBHe (KypOanos u nip., 2015).

Jls aHanu3a BpeMEHHbIX U3MEHEHHUH B CIIEKTPaIbHOM OTKJIMKE HaMH ObUI BBIYHUCIIEH PacTp pas-
HOCTH WH(paKpacHbIX K03()(PUIIMEHTOB crieKTpaidbHON sipkocTu mo cHuMKam 2001 u 2018 rr.,
MPEBAPUTENILHO MPOMICIIINX dTal paguoMeTpuyeckor KanuOpoBku. Ilocie 3Toro 3naveHus pas-
HOCTU KO3((ULHUEHTOB CIEKTPAIbHON SPKOCTU METOJOM 30HAIbHOW CTATUCTUKH OBLIM paccuyuTa-
HBI JJ151 KQXKJIOTO aHAJIM3UPYEMOTO JIeCHOTO apeana. Takum o6pazom, chopMupoBaHa BEIOOpKA, 03-
BOJIUBIIAS KOJWYECTBEHHO CPAaBHUTh M MPOAHATIM3UPOBATh CTENEHb pPazauuus Ko3()UIUEHTOB
CIIEKTPAJIbHOM SPKOCTH JiecoB 0e3 HapylleHui BepxHUX sipycoB B nepuona 2001-2018 rr. u necos, B
KOTOPBIX 3a 3TOT MEPHUOJI BpEMEHHU ObLIa BhISIBIEHA HAPYIIEHHOCTb, 0OYCIOBICHHAS B NIEPBYIO OYe-
pellb BIMSHUEM CIUIOIIHBIX JIECOCEYHBIX pYOOK. CTaTHCTHUYecKas OIeHKa KOA(PQHUIMEHTOB CIEK-
TpaJIbHON SIPKOCTH ObLIA BBITOJIHEHA C UCIOJIb30BaHUEM t-KpuTepHst CTbIOJICHTA.

Ha 3akmounTenbHOM 3Tamne OCyIIEeCTBIIEHA dKCIIEpUMEHTalIbHAs OLIEHKa BO3MOXKHOCTH KapTo-
rpadupoBaHMsl IECHBIX apeasioB, HAPYILIEHHOCTh KOTOPBIX BbIpocia B epuox 2001-2018 rr.

PesyabTaTsl ucciaenoBanusa. OneHka 3Ha4yeHUH K03()PUIIMEHTOB CHEKTPaJbHON SPKOCTH
JUIS pa3IYHbIX KaTErOopuil HAPYIIEHHOCTU JIECOB METOJOM JIMCIEPCHOHHOTO aHajlu3a MO3BOJIMIIA
YCTaHOBUTbH 3HAYMMOE BJIMSHHUE HAPYIIEHHOCTH JINCTBEHHBIX JIECOB HA 3HAUYEHUS UX CHEKTPaJIbHO-
OTpa)KaTeJIbHBIX XapaKTePUCTHK. 3HaueHus F-xpurtepus i BceX KOA(HUIMEHTOB CIIEKTPATbHON
SAPKOCTU U3 BCEX TPEX aHAIM3HUPYEMBIX JIMANa30HOB OKA3aJUCh 3HAYUTEIBHO BbIIIE KPUTHUECKUX
3Ha4eHui Ha ypoBHe 3HauuMocTH 0,05 npu uucne creneHei cBo6osl 604. IIpu KpuTHUECKOH Be-
muuuHe F-xkputepus 3,84 ero pacuernas senmumHa coctaBuia: 132,7 — mis KCA (koaddunmenta
CHEeKTpalbHOU sipkocTH) B Auamazone 0,845-0,885 mxm; 131,0 — mis KCS B nuanazone 1,56-1,66
MiMm; 27,8 — nisg KCSA B quanazone 2,1-2,3 MKM.

VYcraHoBieHO, YTO KO3 PUIMEHTH OTpakeHus: B OmmkHel mH(ppakpacHON obmnactu (5 xaHan
cerncopa OLI) u cpenneii uadpaxpacHoi (6-i kanan ceacopa OLI) 3HaunMO pa3nudaroTCs I BCEX
aHAJIM3UPYEMbIX KaTeropuil HApyIIEHHOCTH JIECOB (110 KPUTEPUIO HAMMEHbIIEH 3HAYMMOM pa3HO-
ctu u kputeputo [lledde). s cpenneit nadpaxpacHoit obmactu (7-it kanan ceHcopa OLI) 3nayn-
MBIX pa3Inyuil Mexy c1a0o- ¥ cpelHeHapyIIeHHBIMU JIECAMH HE YCTaHOBJICHO.

Paznuuns k03¢ HUIMEeHTOB OTpakeHUs I Pa3HbIX KaTeropuil HapyIIEHHOCTH HArJsiIHO OTpa-
’KEHbI Ha Tpaduke (puc. 2).

OMHOBPEMEHHO YCTAHOBJICHO, YTO 3HaueHHs KOI()(UIIMEHTOB CIEKTPAIIbHONW SPKOCTH BO BCEX
aHAJM3UPYEMbIX 30HaX CHEKTpa CHIDKAIOTCS 10 MEepe YMEHBIIECHHUSI HAPYHUIEHHOCTH BEPXHHX SPY-
COB JIECHBIX dKocucTeM. Ha mpumepe k03¢ HUIIMEHTOB OTpaXeHUs B CpeHEer HHPPAKPACHOM CIIeK-
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Puc. 2. I'pauk 3HaveHuii cpeanero ungpaxpacuoro guanaszona (1,56-1,66 mxm) s pa3auuHbIX KaTeropuii
HAPYIIEHHOCTH JIECHBIX IKOCHCTEM

TpanbHO# oOmactu (6-i kanan cencopa OLI) Buano (Tabia. 2), 4TO CHMKEHUE MPOSBISAETCS KaK B
CpeIHUX, TaK U B MAKCUMAJIbHBIX U MUHUMAJIBHBIX BETMYUHAX KOA(P(DUIIUEHTOB CIEKTPATBHOM SIp-

KOCTH.

Tabnmmna 2
XapakrepucTuku K03¢QPpuuneHTOB cIeKTPaIbHON IpKOCcTH B Auana3one 1,56-1,66 mxm
AJS Pa3JIMYHbIX THIOB HAPYIIEHHOCTH JIeCHBIX 3KOCHCTEM

Tun HapynieHHOCTH Cpennee Munumym Makcumym CT. OTKI.
CuibHOHAPYIIEHHEIE 0,176 0,156 0,222 0,011
CpenHeHapyIeHHbIE 0,164 0,143 0,216 0,013
CrnaboHapyIeHHbIe 0,155 0,103 0,197 0,011

Takum 00pa3oM, BBISIBIECHBI CTATUCTUYECKUE 3HAYMMBIE Pa3IUyMsl KOAPHHUIMEHTOB CHEKTpalb-
HOM sipkocTu B nuana3onax 0,845-0,885 mxm u 1,56-1,66 MKM 111 pa3HbIX KaTeropuil HapyIIEHHO-
CTH JIECHBIX YKOCUCTEM. DTO TOBOPHUT O TOM, YTO (haKTOP HAPYIIEHHOCTH JIECOB JOCTOBEPHO BIIUSET
Ha 3HAYEHMs 30HAJBHBIX CIEKTPAJbHO-OTPaKaTENbHBIX XapaKTEpUCTUK. B CBs3UM ¢ 3TUM uMeno
CMBICJT KOJTMYECTBEHHO MPOAHAIN3UPOBATh 3HAYEHUS OTPAKATEIbHBIX XapaKTEPUCTHK JJIS JIECHBIX
9KOCHUCTEM, HapyLIEHHOCTh KOTOPBIX BO3pOCIa B aHAJIM3UPYEMBIH MepuoJl BpEMEHH, T.€. JIECOB, KO-
TOpBIE 110 MPEUI0KEHHOHN KiaccuUKaIi OTHOCATCS K KATErOPUH CUJIbHOHAPYIICHHBIX.

Pesynpratel cpaBHeHusa BenuunHbl n3meHeHuss KCA B nmamasone 1,56-1,66 MxM 115 jecos,
HapymeHHbIX B nepuox 2001-2018 rr. 1 He HapyLIEHHBIX 3a 3TO BpeMms, 10 t-kpuTeputo CThIOJEHTa
IOKa3aJly, YTO €ro pacueTHas BeanuuHa (58,6) HAMHOTO BBIIIE KPUTUYECKOTO 3HAYEHUS, COCTABIIS-
foriero 1,967 nist cOOTBETCTBYIONIETO yKcia creneHei cBo0obl (631). CooTBETCTBYOIUE PE3YIlb-
TaThl YKa3bIBAIOT HA 3HAUYMMOCTh paznuuuii cpeanux 3HaueHuit KCS cpemnero nndpaxpacHoro
Jyana3oHa JUisl HeHapyIIEHHBIX JIECOB U HapyIIEHHbIX JiecoB B nepuog 2001-2018 rr.

Heo6x0oauMo OTMETHUTB, YTO OJHOBPEMEHHO BBISBIECHbI 3HAUUTEJIbHBIE OTJIMYMSA B BEJIWYHMHE
CTaHJAPTHBIX OTKJIOHEHUH IS OTHX KaTeropuii iecoB (Tadi. 3).
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Tabnuma 3
XapaKTepHCTUKH BeJIMYNHBI H3MEeHEeHHA KO3 (PUIHEHTOB CIIeKTPAJIbHOI ipKocTH B quana3one 1,56-1,66
MKM /151 JIecOB, HapyleHHbIX B nepuox 2001-2018 rr., u JiecoB 0e3 HApylIeHN BEPXHHUX SIPYCOB

Tun JiecHbIX apeajioB Cpennee Yucnao gecupix | CT. oTKJI0OHe- | MHHUMYM Maxkcumym
apeaJioB HHE
bes cnemoB HapylmieHHOCTH B
2001-2018 rr. 0,007 503 0,005 -0,010 0,040
Hapymenmsie 5 nepuon 2001- 1 49 129 0,013 0,018 0,076
2018 rr. ’ i i ’

Takum oOpa3om, pe3yabTaThl CTATUCTUYECKOTO aHATN3a YKa3bIBaIOT HA BO3MOXHOCTh aBTOMATHU-
3UPOBAHHOIO BBISBJICHUS HApYyLIEHUN B BEPXHHX SIPYCax JIMCTBEHHBIX JIECHBIX YKOCHUCTEM IIyTEM
OLICHKH BEIMYMHBI U3MEHEHUI nX KO3(PUIIMEHTOB OTPaKEHUS 32 aHAIU3UPYEMbIH MepHO]] Bpeme-
HU. Ha 9T0 yka3piBaeT BBICOKAsl CTEIEHb OTIMYUS BEIMYMHBI M3MeHeHUs uHppakpacHbix KCH
HapYIIEHHBIX JIECOB U aHAJOTUYHBIX 3HAUYCHUM JIECOB, HE MPETEPIEBIINX HAPYIICHHI.

HcxomuapiMu MaTepragaMy B 3TOM CIIy4ae BBICTYIACT PacTp Pa3sHOCTH 3HAYCHUU KOIPPHUIHCH-
TOB CIEKTPAIBHOM SPKOCTH MEKy KOHEYHOW M HadalbHOM aHanu3upyemou garou. Ha ocHoBe pe-
3yJIbTATOB CTATHCTUYECKOTO aHAJIM3a COOTBETCTBYIOIIMNA pacTp MOXKHO KJIACTEpU30BaTh MM OMHA-
pU30BaTh TaKUM 00pa3oM, 4TOObI OH ObUI pa3/elieH Ha Juana3oHbl 3HAYEHHUH, COOTBETCTBYIOUINX
pasHbBIX KjaccaMm HapylieHHOCTH. [lepBblif quama3oH — BETUYMHBI MU3MEHEHHH KO3 (UIHNEHTOB
CHEKTPAJILHOM SPKOCTH, COOTBETCTBYIOIINE JIECHBIM IKOCHCTEMaM, BEpXHHE SIPYChl KOTOPBIX OBLIN
HapYIICHBI 32 aHATM3UPYEMBIN MepHO]] BpeMeHU. BTopoil Auamna3on — BeIMYUHbBI K3MEHEHUH K03(-
(UIUEHTOB CIEKTPATbHON SPKOCTHU, COOTBETCTBYIOIINE apeasiaM JIECOB, BEPXHUE APYChI KOTOPBIX
He nojBeprajiuch HapyumeHusM. C Apyroil CTOpoHsl, TaKOe pasjiesieHue OyeT OCI0XKHITHCS BbICO-
KAM pa3MaxoM BapbUPOBAHUS 3HAUCHUH KOA(PDUIIMEHTA OTPAKEHUS I HAPYIICHHBIX W HEHAPY-
IIEHHBIX JIECOB, U (POPMUPOBAHUE KOJUUYECTBEHHBIX KPUTEPHUEB, MO3BOJSIONIUX OTHECTH KOHKPET-
HBIN JIECHOM apeas K ONpeIeNieHHON KaTeropyuH JIECOB, TOTPEOYET JAOMOTHUTEIBHBIX UCCIICI0BAHUMA
UX CHEKTPaJIbHBIX IPU3HAKOB.

Knactepuzanusi 3HaueHud moiyueHHOro pactpa BenuuynH u3MeHeHuil KCS wunbpakpacHoro
muanasona B 2001-2018
IT. IIO3BOJINJA, TEM HE Landsat ETM+ 16.07.2001 Landsat OLI 21.06.2018 Apeanbl HapyLeHHOCTH
MEHEE€, BBISIBUTH TaKUM
croco0oM apeainbl Hapy-
IIEHHBIX JIECOB HA JKCIIe-
PUMEHTAJBHBIX JIECHBIX
y4acTKax, XOTs U ¢ Ompe-
JEJIEHHOW  IOTPEeNIHO-
cThIO (pHC. 3).

Opnako moapoOHOE
peleHre 3TOW  3aJadu
o0ycnaBIuBaeT HE00XO0-
JTUMOCTh ~ TPUMEHEHUs
METOJIOB MHOTOMEPHOTO
aHaJM3a, 4YTO, B CBOIO
ouepenb, Tpedyer OT-
JeJIbHOTO MCCIe0BaHuUS.

BeiBoabl. Ha ocHose

aHammsa cBbime 600 ape- Puc. 3. IIpuMep BhISIBJICHHS apeasioB JIeCOB, HAPYNICHHBIX B MEPHOJ
aJI0OB JIMCTBEHHBIX JI€C- 2001-2018 rr., Ha OCHOBE BeJIMYUHBI H3MeHeHNUs K0I(PPUIMEHTOB CIEKTPAJIb-

HBIX MAaCCHBOB, PACIIONO- HOM sipkocTHU B 1uana3one 1,56-1,66 mxm
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YKEHHBIX B K0KHOH JiecocTenu (Tepputopus benropoackoit o01acTu), ycTaHOBIEHB! CTATUCTUUECKU
3HAYMMBbIC PA3IUYMs B 3HAUEHUSIX 30HAIBHBIX KOAPPHUIIMEHTOB OTPAXKECHUS JUISI Pa3HbIX KaTeropui
HapYIIEHHOCTH JIECHBIX 3KOcHCTeM. VccienoBaHbl CIEKTpaIbHO-0TpaXKaTelbHbIE XapaKTEPUCTUKU
CIIEYIOIINUX KAaTerOpUi JIECHBIX 3KOCHCTEM IO CTEIIEHU HapyIIEHUNH BEPXHUX SPYCOB: claboHapy-
HICHHbIE, CPEeIHEHAPYIICHHbIE, CUIIbHOHApYIIeHHbIe. KoadduimeHTs! criekTpaabHOU SIPKOCTH U3Y-
YeHbl Ha OCHOBE CHUMKOB Landsat OLI, nmpomenmux paanoMeTpUIECKyI0 KaaTuOpOBKY. BhIsBICHBI
CTaTHUCTUYECKU 3HAYMMbIC PA3JIMYUs B BEJIMUYMHE M3MEHEHUS MH(PpaKpacHbIX KO3()PUIMEHTOB OT-
pakeHus IS JecoB, HapymeHHbIX B nepron 2001-2018 rr., u jecoB 6€3 NMpU3HAKOB HAPYIICHUMA
BEPXHUX SIPYCOB 32 aHAJIOIMYHBII IEpUOJI BpEMEHH.

Hccneoosanue svtnonneno 3a cuem zpanma Poccuiickozo nayunozo ¢ponoa (npoexm Ne 18-77
-00049)
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YK 33.338.2
COBPEMEHHBIE TPEH/IbI PA3BUTHS «3EJEHON» SJdKOHOMHWKHA B POCCUN

H.A. Xyroposa
Poccuiickas akageMust HApOJHOTO XO35HCTBA U rocyAapcTBEeHHON ciyx0bl nipu [Ipesunenre PO

Cmamus noceiaueHa OYyeHKe npocpecca nocnmpoerHust 3enenou sxkoHomuxu Poccuu. OmmequO,

4Umo cepve3Hvle USMEHeHUs KIUMAma U 803POCUIULL YPOBEHb AHMPONO2EHHOU HA2PY3KU HA IKOCU-
cmemy cmuMyaupyem 20cyoapcmed, ousHec u ooujecmso K mpancgopmayuy nOCmMpoeHusi IKOHO-
Mudeckux mooenetl 3e1eHou IKoHoMukuU. [lenvio nacmoswel pabomvl cmano 6vlsieHue 0CHOBHLIX
MPEeHO08 pA3BUMUsL «3eNeHol» dKOHOMUKu 6 Poccuu u ux nepcnexmugvi. Cmamvs cooepircum
OYEHKY OCHOBHbIX 3€IeHbIX UHOUKAMOPO8 POCMA POCCULICKOU IKOHOMUKU, KOMOPAs NPOBOOUMCS HA
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OCHOBe aHAIU3a Ps0a NOKA3AmeNell. IHEPLOEeMKOCIU, VeIepo00eMKOCIU, OUHAMUKU NOMpeOieHUs
yUCmMou 800bl, OUHAMUKU 0OPA30B8AHUSL MBEPOLIX KOMMYHANbHLIX OMX0008 U m.N. Buisenen omuem-
JIUBBLIL MPEHO NOBGbLULCHUSL IPHEeKMUSHOCMU UCNOIL308AHUS NPUPOOHBIX pecypcos. Peanusyromces
KOMNJIEKCHblEe NPOCPAMMbL IKOJIOSUHECKOU MOOEPHU3AYUU, 8 Pe3yabmame KOmopvix Oy0ym noayue-
Hbl I9KOHOMUYECKUE, COYUALbHbLE U IKOLOSUHECKUE 8bl200bl, CNOCOOCMBYIOUUE YCIMOUYUBOM)Y DA3-
BUMUIO POCCULICKOU 9KOHOMUKU. B pe3yiomame npoeedenHoeo anamusa 6vlsa6leHo, YMmo 6 Yeiom
POCCULICKAsL MOOEb 3€/IeHOU IKOHOMUKU OpMUpyemcst no mpaouyuoHHbIM HANPAGLEHUIM C Yye-
MOM HAYUOHALIbHOU CReYUPUKU, 20e OCHOBHbLE POSU OVOYm uepams NHOCMOSIHHO COBEPUICHCIEYIO-
wuecs Mooenu CoyuaIbHO OMEEMCmMEeHHO20 OU3HECAd U HOBble NOBEOEHYEeCKUEe MOOeNUu nompeoume-
as. Taxoice ommeueno eo3pacmanue GIUSHUSL HEDUHAHCOBOU OMYUEMHOCMU HA YPOBEHb KOHKVDEH-
MOCNOCOOHOCMU KOMNAHULL, M.K. 9KOJ02UHECKUe Petimuna 6KII0UeHbl 8 CUCIEM) OUEHKU HAOelC-
HOCMU KOMRAHUU U OKA3bLEAIOM CYUeCMEEHHOE GIIUSHUE HA CMOUMOCTb Npueiedenus pecypcos. B
PAMKAX NOCMPOEHUsL 3€/IeHOU IKOHOMUKU YCUTIUBACTNCSL POJIb 0OUWECMBEEHHO20 KOHMPOSL 8 IKOJ02U-
YeCKOM MOHUMOPUH2E PeSUOHOB.

Knroueevte cnosa: 3enenas IKOHOMUKA, 3ej1enblll pocni, I9KoJlocu4decKkas MOdeHMS’ClUH)l,
ycmoﬁlmeoe paseunmue, KopnopamueHasl COYUAIbHAsl ONMeEENCmMEEeHHOCmb, nogedenyeckas Mooeib
COUUAIbHO OomMeemcmeerHHoc0 nompe6umeﬂﬂ.

MODERN TRENDS OF RUSSIAN GREEN ECONOMY

N.A. Khutorova
Russian Academy of National Economy and Public Administration under the President of the
Russian Federation

The article evaluates the progress achieved in establishing green economy in Russia. It has been
emphasized that significant climate change and ever increasing level of anthropogenic impact on
the ecosystem motivates the state, businesses and society to shift towards green economy models.
The work is aimed at the identification of the main trends in the development of green economy and
its prospects in Russia. The paper provides the assessment results of the main green indicators of
the Russian economy, which is based on the analysis of such indicators as energy intensity, carbon
intensity, dynamics of clean water consumption, dynamics of solid municipal waste generation, etc.
A distinct trend of increasing the effectiveness of natural resources management has been revealed.
Complex programs of environmental modernization have been implemented. These programmes are
aimed at economic, social and environmental benefits necessary for the sustainability of the nation-
al economy.

As the result of the analysis carried out, it has been found out that the green economy model in
Russia is developing in the traditional directions with due account of the national specifics. In the
Russian context the focus is made on the models of corporate social responsibility and new behav-
ioral models of consumers. The paper emphasizes a significant influence of non-financial reporting
on the competitiveness of businesses mainly because environmental ratings are considered when
evaluating a company’s reliability. The ratings exert a significant impact on the cost of resource
attraction. In the green economy model the role of public environmental control on the regional
level is increasing.

Keywords: green economy, green growth, ecological modernization, sustainable development,
corporate social responsibility, behavioral model of a socially responsible consumer.

BbI30BaMu COBpEMEHHOI'0O MUpa CTalIM CEPhE3HbIE U3MEHEHMS KJIIMMATa U BO3POCLIUHI 10 3ampe-
JIeIIbHBIX 3HAYEHUN YPOBEHb aHTPOIIONEHHOM HAarpy3KH Ha DKOCUCTEMY, YTO CTUMYJIHUPYET MEKIY-
HapOJIHOE COOOIIECTBO K aKTUBHOMY IIOMCKY HOBOW MapaaurmMsl pa3BuTus. OJTHUM U3 TaKUX MPOSIB-
JICHUH CTaJl HOBOM TPEeH]I B IOCTPOCHUH SKOHOMHUYECKUX MOJIENIel TOCyAapcTBa, KOMIIaHUU, OU3He-
ca 1 o0IIeCTBa - ATO 3eJIeHast SKOHOMUKA. [IoHATHE 3e1€H0 SKOHOMUKU OYEHb IMIMPOKO TPAKTYETCsI
B IIOCJIEZIHEE BPEMS U OXBaThIBACT Pa3HOOOpa3HbIe Cephl B3aUMOJCHCTBUSA TOCYAapCTBa, OU3HEca
u obmectea (HUDU, 2016; Xytopona, 2014).
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Heabro Hacrosimell paboOThl CTal0 BHISBIECHUE OCHOBHBIX TPEHIOB Pa3BUTHUS «3EJICHON»
SKOHOMHMKHM B Poccuu M WX MEpCreKTUBBI, YTO MPHOOpPETaeT 0COO0YI0 aKTyaJbHOCTh B YCIOBHSAX
MEPMAaHEHTHOW HECTAOMIBHOCTH U T'EONMOJUTUYECKON HANPSIKEHHOCTU. 3eJeHas SKOHOMHUKA - 3TO
0COOBIH TUII Pa3BUTHS SKOHOMHUKH, IIPU KOTOPOM OCHOBHOM 11€JIbI0 OCTAeTCs MOBBILIEHNE 0J1aroco-
CTOSIHUS JIFOZEH IpU COOJIIOJICHUH COLMAIBHONW CIPAaBEAJUBOCTU B YCIOBUSX CHM)KEHHS aHTPOIO-
IeHHOM Harpy3kM Ha 5KOCHCTEMY. 3eJIEHYI0 S)KOHOMHKY HEOOXOIMMO paccMaTpuBaTh B KOHTEKCTE
00pb0BI ¢ TI100aIbHBIM U3MEHEHHEM KJIMMaTa M MEePCIEeKTUBHOIO HApaBJICHUs IPEOJ0JICHHs HU-
IIETHI, a TAKXKE KaK BO3MOKHOCTb OOpBOBI C MEPMAaHEHTHON HECTaOMIIBHOCTBIO Pa3BUTHSI MUPOBON
HSKOHOMHKH U TTI00AIBHBIX (PMHAHCOBBIX PHIHKOB (XyTOpoBa, 2014).

Poccuiickas ®eneparyst TpaJUIIMOHHO MPUHUMAET aKTUBHOE y4acTHE B MEXKIYHAPOJHBIX WHU-
LIMaTUBAaX, HAIpPABJICHHbIX HAa CHW)KEHHME HETATUBHOI'O BO3/JCIHCTBHUS Ha OKPYXAIOUIYIO Cpely, B
pamkax mepexojia K 3esneHoil skoHomuke. B 2016 rogy Poccus noanucana Ilapuxckoe cormnare-
nue', parudukanus KoToporo Hamedena Ha 2019 o, M B HACTOSAIIEE BPEMs UAYT AKTHBHBIEC KOH-
Cy/lbTallui B MPO(ECCHOHAIBLHOM COOOIIECTBE, LeJIb KOTOPhIX - MOMCK Haubosiee 3(h(HeKTUBHBIX
METOI0B U MHCTPYMEHTOB «o03eleHeHus: s3koHoMUKN» (Poccuiickas razera, 2016; Pamounas koH-
BeHIMs. .., 2015). IIponeccrl yxe 3amylieHbl, IPOUCXOAUT (GOPMUPOBAHUE CUCTEMbI OCHOBOIIOJIA-
raolUX U MPOrPaMMHBIX JIOKYMEHTOB, KOTOpPbIE (PaKTHUECKH MOTYT CIYKUTh 0a3MCOM MOCTpPOE-
HUS 3€JICHON SKOHOMUKHU B Poccuu, cpen KOTOphIX HEOOXOAMMO OTMETUTH CIIEAYIOIIHUE:

1. Crparerus skonomuueckoi 6e3omacHoctu P® na nepuosn no 2030 roga, moanucannas [pe-
s3uneHToM Poccun B 2017 ropgy, rae oTMedaercs HEOOXOJUMMOCTh KOMIUIEKCHOTO pPa3BUTHS
SHEPreTUIeCKOi HHPPACTPYKTYphI, BHEAPEHHUSI TIEPCIIEKTUBHBIX YHEPT03(P(PEKTUBHBIX TEXHO-
JIOTH, TOBBINICHUS! S(PPEKTUBHOCTH IMEPEPabOTKU IHEPTOPECYpPCOB U TUBEPCHUPHUKAINN
HampaBJIeHUH UX HKCHOPTa C y4ETOM MHUPOBBIX TEHJEHIMH Mepexoja Ha HU3KOYIIIEPOAHYIO
skoHOMUKY (CTpaterus..., 2017) .

2. Crparerus skojoruueckoil 6ezomacHoctu, noanucanHas Ilpesunenrom PO B 2017 roay, B
COOTBETCTBUHM C KOTOPOI CTpaTerMuecKoi Lebl0 roCyJapCTBEHHOM MOJUTUKH B 00JacTH
HKOJIOTUYECKOTO PAa3BUTHS SIBJISIETCS pellIeHHE COLMAIbHO-9KOHOMHUYECKUX 3aja4, o0ecrneyn-
BAIOIIMX AIKOJIOTUYECKH OPUEHTUPOBAHHBIM POCT 3KOHOMHUKH, COXpAaHEHHE OJaronpusTHON
OKpY’Karollel cpesibl, OMOJIOrMYecKOro pa3Hoo0pas3usl U MPUPOJIHBIX PECYPCOB JJISl yIOBJIeE-
TBOPEHUSI TOTPEOHOCTEN HBIHEIIHEro M OYyAylIIMX MOKOJEHUH, pealn3aluu MpaBa Kaxa0ro
YesloBeKa Ha OJIaronpHUsATHYIO OKPYKAIOIIYIO Cpely, YKpPEIUIEHHs IpaBOIopsAIKa B 00JacTH
OXpaHbl OKpY)Karolllel cpenbl U obecreueHus: sKonoruueckoi 6esomnacuoctu (Crpaterus...,
2017).

3. Pacnopsbxenue [IpaBurensctBa P® ot 18.12.2012 Ne 2423-p «O06 yrBepxkaenuu [lnana neii-
cTBHI 1o peanu3an OCHOB TOCYJJapCTBEHHOM MOJIMTUKU B 00JIACTH SKOJIOTHYECKOTO pa3BU-
tist PO na nepuoz 1o 2030 r.», rie npeaycCMOTPEHO pa3BUTHE CUCTEMbI HAllMOHAIBHOM cTaH-
JapTH3alMK B 00JIACTH OXPaHbl OKPYKAIOLIEH Cpebl ¢ yUeTOM MEXKIYHAPOHBIX 3KOJIOrHYe-
ckux crangaptoB (Pacnopsiokenue [paBurensctBa PO. .., 2012).

4. TocynapcTBeHHast mporpamMma «Heprodh(HeKTUBHOCTh U Pa3BUTHE IHEPIETUKH». YTBEp-
xnaeHHas [loctanonenuem [IpaBurensctBa PO ot 15.04.2014 Ne 321 ¢ oO6beMoM OroKeT-
HBIX aCCUTHOBaHUU W3 (eaepaabHoro OrokeTa B pazmepe 14,15 mupna py6neit. [Iporpamma
COZIEPKUT 68 ILIEeNIeBBIX MMOKA3aTENEeN U 0)KMAAEMBIX pe3ynbTaroB B nepuoxa ¢ 2013 mo 2020
IT., CPEIU KOTOPBIX B paMKax JaHHOU pabOThl 0COOBIN HHTEpPEC MPEICTABISAIOT:

e HapaluBaHHe INTyOuHBI IepepaboTKu HedTAHOTO ChIpbs ¢ 71,6 10 85%);
e YBEJIMYEHHE JIOJM MOTOPHBIX TOILTMB 3KOoJoruueckoro kiacca 5 ¢ 40,6 o 90,8%;
e COKpAlIEHHE NTOTEPD AEKTPOIHEPTUHU B AEKTpudeckux cersax ¢ 11,6 no 8,8%;

'Mapmxckoe cornamenue 6510 PHHATO BeeMu 196 cToponamu Pamouroii korpenimu OOH 06 u3MeHeHn: KiuMaTa
(PKOOHMUK) na 21-it Kongepenuuu cropon PKOOHUK, noanucano 12.12. 2015 roxa
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e CHIDKCHHE BEJIMYUHBI YJEIBHOTO BBIOpOCA 3arps3HSIONINX BelecTB B atMochepy Ha 8,8%
(10 2,9 xr Ha 1 T 1OOBIUM yTJIs1);

o cHwkeHue sHeproeMkoctd BBII Ha 9,41% (Iloctanosnenue IlpaBurensctBa PO..., 2014;
['ocynapcTBeHHas mporpaMma...).

5. Ctparerust pa3BUTHsI IPOMBIIIJICHHOCTH MO 00pa0OTKe, YTHIM3AlMU U 00€3BPEKUBAHHIO OT-

X0JIOB TIPOM3BOJICTBA U moTpedsenus Ha nmepuon 10 2030 roga, yrBepkaeHHas PacropsikeHuemM

[IpaButensctBa P® ot 25.01.2018 N 84. Crpaterusi coaepXuT psill LEJIEBbIX IMOKa3aTelen U

0XXHMAaeMbIX pe3yibTaToB Ha nepuoj ¢ 2018 mo 2030 rr., cpean KOTOpbIX B paMKax JaHHOH pa-

00TBI 0COOBIN UHTEPEC MPECTABIISAIOT:

e YBEJIMYCHHE JOJM YTUIM3HPOBAHHBIX U 00€3BPEIKEHHBIX OTXOJIOB B 001IeM 00Bbeme o0pa-
30BaHHBIX 0TX0A0B ¢ 59,6% B 2016 roay 1o 86% k 2030 roay;

e YBEJIHMYCHHE JOJH TBEPIBIX KOMMYHaIbHBIX 0TX010B (TKO), HampaBineHHBIX Ha 00paboT-
Ky, B 0011eM 00be€Me OTXO0JI0B, BHIBE3CHHBIX C MeCT HakoruieHus ¢ 8,9 no 80% cooTBer-
CTBEHHO;

e HApACTAIONIMI €KErOAHBIN TEMIT CHHKEHHS 00pa3oBaHus 0Tx010B Ha 3,7% k 2030 roay;

e CHIDKEHHUE JIOJIM UMIOpTa 000pyaoBaHUs Uit 00pabOTKU, YTHIIM3AIMN U 00€3BpEKUBAHUS
otx0110B ¢ 60 10 10% x 2030 roay (Ctpaterus skonorudeckoi 6e3omnacuoctu, 2017).

6. Konnenmus pa3Butus myOJIM4HON HEUHAHCOBOI OTYETHOCTH, YTBEpKIeHHast PacriopshkeHn-

em IIpaBurensctBa PO 5 mas 2017 r. Ne 876-p, B KOTOpoil OTMEUEHO, YTO NyOnuyuHas HehUHaH-

COBasi OTUETHOCTD SIBJISIETCS] BAKHBIM AJIEMEHTOM CHUCTEMbI YIPaBJIECHMs, B TOM YUCJIE PUCKaMU,

U pa3BUTHSI KOMMYHMKAIMi C 3aMHTEPECOBAHHBIMU CTOPOHAMHU, IMPEANOCHIIKON IMOBBIILICHUS

3G GEKTUBHOCTH U YKPEIUICHUsI KOHKYpEHTOCTIOCOOHOCTH opranm3anuii (KoHmenus pa3BuTHA

My0IMYHON HEPUHAHCOBOM OTYETHOCTH. .., 2017).

Coznan Takke psJ HOPMAaTHBHBIX JOKYMEHTOB Ha PETMOHAIBHOM YPOBHE JUIS IOATAIHOIO J0-
CTH)KEHHUS CTpaTernyecKuXx 1elieil, 0003HaueHHBIX B BBILIENEPEUNCIEHHBIX JOKyMEHTaX. B HacTos-
Iiee BpeMs II0OKa OCTaeTcs AOCTAaTOYHO CJIOKHOM 3ajadedl NIpOBEICHMsS OLEHKH Iporpecca
«03eJIeHEeHHs» SKOHOMUKH, MeToInuecKast 0a3a ele TOJIbKO CO3/aeTcs, MpUUeM crenuduka oleH-
KU 3aBUCHUT HE TOJIBKO OT CTPaHBI, a €I11€ ¥ OT PETUOHA U €r0 COLUaIbHO SKOHOMUYECKOTO U reorpa-
¢duyeckoro mpoduis, CUCTEMbl CTaTUCTUYECKOTO yuera B cTpaHe. Hambomnee pacnpocTpaHeHHON
METO/IMKON OIIEHKH MOTYT SIBIATBhCS paszpaboranusie OOCP? 26 3eqeHbIX HHAHKATOPOB, Pa3OHTHIX
Ha 4 TpyMIbl, KOTOPbIE OTPAXKAIOT IPOrPECC B IOCTPOECHUH 3€J€HON IKOHOMUKHU, CPEIU HUX:

1) sK0NOrMYHOCTh U 3(PPEKTUBHOCTH UCIOJIB30BAHUS MPUPOIHBIX PECYPCOB U IHEPOIPPEKTUB-

HOCTb SKOHOMHKH;

2) o0ecrieyeHHOCTb TPUPOTHBIMHU PECYPCAMU;

3) PKOJIOTHYHOCTH YCJIOBHH MPOXKHUBAHUS, OTPAKAIOIIUX KAaYECTBO KU3HU HACEIICHUS;

4) HKOHOMHYECKHE BO3MOKHOCTH U OTBETHbIE MEphl B 00JaCTH MONUTUKH (3€JeHble MHINKATO-

psL, 2016).

OneHka TeKyIero COCTOSHUS YPOBHS 9KOJIOTMYHOCTU U 3((HEKTUBHOCTH MCIOIb30BAaHUS TPU-
POIHBIX pecypcoB U 3HEProdd(HEeKTUBHOCTh SIKOHOMUKH MPOBOAMUTCA HA OCHOBE aHAU3a JUHAMMU-
YECKUX PSAJOB B YaCTH TAKMX IOKa3aTesel, Kak SHEProeMKOCTh, YIIE€pOA0EMKOCTh, TUHAMUKA T10-
TpeOeHHs YUCTOM BOJBI, JMHAMHUKA OOPa30BaHMsI TBEPABIX KOMMYHAIbHBIX OTXOJOB U T.II., HCTOY-
HUKaMU HMH(OpMalMM CIy>KaT CTATUCTUYECKHUE OTYEThl MEXKIYHAPOJHBIX OpraHu3alui, JaHHbIE
Poccrata PO, npousabHBIX BEIOMCTB U OOIIECTBEHHBIX OPraHU3aIM.

B nieniom o mupy, B pe3ynbTare LeJeHanpaBIeHHbIX JEHCTBUM 10 EPEX0y K 3€JIEHON IKOHO-
MUKE, MEPOIPUSATHS 110 MOBBILICHUIO (P (PEKTUBHOCTH UCIIOIB30BAHUS SHEPTUH TTO3BOJIMIN JOOUTH-
Csl COKpaIleHHs TOoTpeOsieHust 3Hepruu Ha 3,1 TUraTOHH He(TSHOTO SKBUBAJIICHTA U MPEIOTBPATHIN
BbIOpOCH mapHUKOBBIX ra3oB (I1I') Ha 7 ruratonn B nepuog 2000-2014 rr., YTO OTpa’kaeT MO3UTHB-

*OpraHu3aiys 5SKOHOMHYECKOTO COTPYAHHUECTBA ¥ PA3BHTHS
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Hbl€ TEHJEHIIMY Ha MAaKPOIKOHOMHYECKOM ypOBHE. Ba’KHBIM TIOCTMKEHUEM MOYKHO CUUTATh IJIAHO-
MEpPHOE CHW)KEHHE OOIEro YpOBHS PHEPrOEMKOCTH M YIJIEPOJOEMKOCTH MHPOBOH SKOHOMHUKHU
(WEF, 2017).

K coxanenuto, moka 3HEPro€MKOCTb POCCHICKOM SKOHOMHKM MOYTH B 3 pasa MPEeBBILIACT
yCpeqHEHHBIN Moka3aTenb sHeproemkoctu ctpan EC, T.e. Ha 1 enuHuUIly pOU3BEACHHON MPOAYK-
nuu B Poccuu pacxoayercs B 3 pasza 6osbiie sHepropecypcos. B 2017 rogy nHaekc 3HEProeMKo-
cti BBIT BeIpoc Ha 2,8% u coctasun 0,21 ipu cpeasemuposom nokasarene 0,116 (Cadonos, Cre-
1eHko, 2016), 4To oTpakaer, ¢ OJJHOM CTOPOHBI, CJIA0BII ITporpecc B MpoIecce Mepexoia K 3eJIeHO-
My pOCTY 3KOHOMMKHM Poccum u XxapakTepusyeT CTpaHy Kak BhICOKO3HEPIOEMKYIO, a C APYTroi CTo-
POHBI - JTIOCTaTOYHYIO CYOBEKTHBHOCTH JaHHOW OIICHKH, B OCOOCHHOCTH NMPUHHMMAsi BO BHUMaHHE
cieun(uKy POCCHICKON MOJIENNM SKOHOMHUKH B YCIOBHSX IMPOJOJDKAIOLICHCS NeBAIbBAIIMN Kypca
py6msi. B To ke Bpemss Munsnepro PO naer 6osee mo3utuBHBIC HaHHBIE, Tak B 2015 roay sHEpro-
emkocth BBII Poccun o otHomenuto k 2007 roxy cHusmiach Ha 7,5%, B ToM unciie Ha 5,94% 3a
cueT peanuzanuu ['ocynapcTBeHHON mporpammbl «IHEprodGPeKTUBHOCTh U PA3BUTHE DHEPIeTU-
ku». B 2016 rogy camxenue sneproemkoctu BBII 3a cuer meponpusituiil I'ociporpammsel cocTaBu-
10 7,04% BmecTo 3arutanupoBaHHbIX 5,68% (Cuumxenne sneproemkoctu BBII). Ho gocturnyrsie
pe3yNbTaThl Aa)Ke MO CaMbIM ONTHMHUCTUYHBI JaHHBIM MOKa Ha IpeBbmaloT 19% oT neneBoro
ypoBHs (DHepreTudeckuii OrJueTeHb..., 2017).

B Poccun camplii BRICOKHI TOTEHIMAN MOBBIIICHUS 3((EKTUBHOCTH HCIOIB30BAHUS PECYPCOB
MPUHAIISKAT MPOEKTaM, HAIpPaBICHHBIM Ha IOBBIIICHHWE YHEProd(PPEeKTUBHOCTH, MPUMEHEHHE
9HEprocOeperarnIuX TEXHOJIOTHH MOXKET CHH3UTh PAacXo]l dHEpropecypcoB B crpaHe Ha 40-48%.
OxkoJi0 TpeTH 3TOro noTeHuuansa 3koHoMuu umerot orpaciau TOK, nopsaka 30% npuxogurcs Ha
00pabaThIBaIOIYIO IPOMBIIIJIEHHOCTh U CTPOUTENLCTBO, CBBIIIE 25% — Ha KOMMYHAJIbHO-OBITOBOM
cektop (Ctparerus..., 2017).

Crnenyrommm BaXXHBIM UHAMKATOPOM 3€JIEHOTO POCTa 3aCIyKEHHO CUUTAECTCS YTIIIEPOJOEMKOCTD,
uu KapGonoemkocth, BBITY. Poccns 3anuMaer 4-e Mecto B Mupe 1o Beiopocam CO, ¢ foneit oko-
10 5% (1,69 mapa T B 2017 rony). Tpoiika nuaepoB BeIrsuT Tak: Kutaii ¢ noneit 27,6% ot coBo-
KynHoro oobsema BeiOpocoB CO,, CHIA — 15,2% u Unaus — 7,0%. Kapbonoemxocts Poccuiickoit
SKOHOMMKH OCTAeTCsl Ha 0YeHb BBICOKOM ypoBHE - 0,481, uto Ha 80% BbIIIE MTOKa3aTens B CpelHEM
o mupy B 2017 rony (Oxonoruueckuii peitunr, 2018; [Tokazarenu..., 2018). C 2010 roga B Poc-
cun 00beMbl BbIOpocoB I1I7 0e3 yuera 3emiienoib30BaHus, U3MEHEHUH B 3eMJIEIIOJIb30BaHUN U JIeC-
Horo xo3siiictBa (3U3JIX) coxpansitorcss Ha otMeTke oT 2,6 10 2,7 Mapa T CO;- 3KB. C y4eTOM OT
1,7 mo 2,1 mapa T CO,-3kB. B 2016 rogy 6omnburyto gacte BeIOpocoB I1I obecnieunsn sHepreTude-
ckuii cextop ¢ noneit 82,3% (Dxomorus u skoHOMuUKa, 2018). CoBOKyMHBIN 00BEM BBIOPOCOB 3a-
TPA3HSAIONINX BemecTB U abcopOruu, cesizanHbix ¢ 3M3JIX B 2017 roay, Beipoc Ha 1,5% u cocrta-
Bun 1,69 mupna T CO,-3kB (51,6% smuccun 1990 roaa), mpu 3ToM ynenbHbIE BEIOpock B 2017 roay
B cpenHeM 1o Poccum cocraBuu 11,6 T CO, Ha yenoBeka, a 00beM BEIOPOCOB 3arpsA3HSIONINX Be-
mecTs B atMocdepy TOJIBKO OT aBTOMOOWJIBHOTO TpaHCHoOpTa cocTaBuil 98,4 kr/yuen
(Oxonmoruueckuii pedtudr..., 2018; Bwidopocst CO,_, 2018). B nuramuke Beiopocos I1I" B Poccun B
nepuoa 1990-2016 rr. mpoW30NUIH CYIIECTBEHHBbIC M3MEHEHHUs. Tak, oOmui 00beM BBIOPOCOB C
yaetrom 3U3JIX cokpatuics Ha 48,4%. B pazpese curyanus BBITVISSAUT CICAYIOIIUM OOpa3oM:
smuccus I1I" ot sHepreTuxu ynama Ha 28,6 %, OT NpeaAnpUsATHI MPOMBIIIIEHHOCTH — Ha 22,9%, OT
CeNIbCKOTo X03s1iicTBa — Ha 58,6%, a BOT BBIOPOCHI OT (HOPMUPOBAHMS U XPAaHEHHs OTXOJ/I0B, HAIIPO-
TUB, BeIpociu Ha 42,6%. [luHamuKa BRIOPOCOB 3arpsA3HSIONIUX BEIIECTB OT CTAIIMOHAPHBIX UCTOY-
HUKOB M FOJJOBOH MHJIEKC IPOMBIIIJIEHHOIO IPOU3BOACTBA B Poccnn HaxonaTcs B TECHOM B3auMMO-

*Sueproemkocts BBII B paMKax TaHHOI paGOTHI PACCUMTHIBACTCS KAK OTHOMICHHE COBOKYITHOTO TOTPEOIICHIS SHEPTHH
B 1 enunune Hedrsaoro sxBuBanieHTa K 1 exuanne BBII B mommapax CHIA mo ITIIC 2015 roxa.

4yrnepo,uoeMKocn, WK KapOOHOEMKOCTh PACCYMTHIBACTCS KAaK COBOKYITHOW 00bEM 3MUCCHH CO? skBuBanenTa 1 eau-
nuue BBII B nomapax CIIA no IIIC 2015 rona.
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CBSI3M, U OTPAJHO OTMETUTh, YTO TEMIIBI POCTA MPOMBILILIEHHOT0 ITpon3BojcTBa B 2017 roay BiBoe
npeBbicuian TeMibl pocta smuccuu CO,. OObeMbl BBIOPOCOB CHIIBHO Pa3HATCS IO PErHOHaM,
HanOoJiee CyIIeCTBEHHBIN BKJIA/] B yBEJIHMUEHHE BHIOPOCOB 3arps3HSIONINX BELIECTB OT CTAI[MOHAP-
HbIX UCTOYHUKOB B 2000—2017 romax BHECIU ChIPHEBBIC SKCIIOPTHO-OPUEHTUPOBAHHBIE U CPEHE-
pa3BUTBHIE PETHUOHBI, Iie MPUCYTCTBYIOT KOMIIAHUU KPYHMHOro Ou3Heca (DKOJOTWYECKUH pEeHTHHT
..., 2018).

Emie oguuM BaXKHBIM MHAMKATOPOM COCTOSIHHSI 9KOCHCTEMBI, OTPaXKaroIIUM MPOTrPecc B MOCTPO-
€HUU 3€JICHON YIKOHOMUKH, SBIISIETCS OUHAMUKA 3aD0PA 600bl U3 IPUPOTHBIX BOJIHBIX O0BEKTOB IS
ucnonb3oBanusd. B nepuoa ¢ 2000 mo 2016 roasl naHHBIN MOKa3aTellb cokpatuics ¢ 75,9 no 61,3
MIPI M’, TIPH 3TOM cOPOC 3arpsA3HEHHBIX CTOYHBIX BOJ yMeHbimmica ¢ 20,3 o 14,7 mupa >
(Poccuiickuii cratuctuyeckuii exxeroquuk. 2017; 22).

B MmexnyHapoaHbIX IporpaMmax (COIVIalIEHUSIX) pacTeT 3HAYMMOCTh TaKOIo MOKas3aTels, Kak
cmox omx0008 npoussoocmaa u nompeonenus. B Poccun B mepron ¢ 2000 mo 2106 rr. 3 TOT mMoKa-
3aTesb BeIpoc moutd B 43 pasza (¢ 127,5 mo 5441,3 mun 1) (Poccuiickuil CTaTHCT. €KEroJIHUK,
2017). D10 moka3aTeNbHbII puMep padOThl «IKOHOMHUKHU MOTPEOICHU» U CEPhE3HBIX MpoOiieM B
cdepe yTUIM3AIUU OTXOJIOB U perukinHra. B cpeqnem B Poccuu exeroano obpasyercst okono 3,5
MIIpA, T OTXOMO0B, 16% M3 KOTOPBIX MPUXOAMUTCA Ha TBepible KomMmyHanbHbIe 0TX0nbI (TKO). B
HacToswee Bpems yrunusupyercs Toibko 10% u3 Hux (3% cxuraercs, 7% nocTymnaer B MPOMBIIII-
JICHHYIO 1epepaboTKy) u okojo 90% (6onee 35 MIIH T Mycopa) BEIBO3UTCS HA MYCOPHBIE ITOJTUTOHBI
¢ uenbto 3axopoHeHus (O630p peiHKa ..., 2017). DTa mpobiiema mpuodpesia OrpOMHOE 3HAUCHUE
JUTSL OTICHKH YCIIOBHH MPOYKUBAHUS, OTPAKAIONINX KAYeCTBO KU3HHM HACCIICHUS, U HETaTUBHBIM 00-
pa3oM OTpaXkaeTcs Ha COLUAIBHO-YKOHOMHUYECKOM MNpPOQHIIe PETUOHOB U BCEW CTPAHBI B IEJIOM.
[IpoGnems! Hanun oTpaxkeHue B CTpaTeruu pa3BUTUS MPOMBILIUIEHHOCTH 10 00paboTKe, yTHiIn3a-
MU ¥ 00€3BPEKUBAHUIO OTXO0B MTPOU3BOJICTBA U MOTpedienus Ha nepuoa 10 2030 roaa.

CerojHs 10 UTOraM HHBEHTAPU3ALUU TEPPUTOPHUil BbIsIBICHO 340 00BEKTOB HAKOILIIEHHOTO BpE-
Jla OKpY’KaIoIIeH cpelie, ABISIIOIUXCS HCTOYHUKOM MOTEHIIMAIbHOW YIpO3bl )KU3HU U 3/10pOBbIO 17
MJTH 4eJIoBeK. PacTeT 011 0TX0/I0B, HE BOBJICUEHHBIX BO BTOPUYHYIO TIEpepaboOTKy, YTO TPUBOTUT
K CTPEMHTEIHLHO HApacTaIOIIEMy BBHIBOAY MPOAYKTUBHBIX CEIbCKOXO3IUCTBEHHBIX YroAuil U3 000-
pota (Ctpaterus ...., 2017). K Tomy e pakTuyecku moka HEBO3MOKHO OOBEKTHBHO OLICHUTH 00h-
em TBO, T.K. HET eAMHOro peecTpa 1 3HAUUTEIbHAS YacTh Mycopa CKJIaupyeTcs Ha «HE3aKOHHBIX)»
cBaikax. PaboTa B 3TOM HamnpaBlieHUH BEJETCS, MOTEHIIUAJ K€ MepepadOTKH OTXO0/I0B KOJIOCCATIEH
U MMEET BBICOKYIO IKOHOMUYECKYIO 3((HEKTUBHOCTh U MOYKET F'€HEPUPOBATh CYIIECTBEHHBIE 10XO0-
JIbI JIJIS BJIQJICTBIIEB MIPEANPUATHN U CYIIECTBEHHO YIYUIIUTh KaueCTBO KU3HU HACEJICHUs, TOMOYb
chopMHUpOBaTh MOBEACHUYECKYI0 MOJENb OTBETCTBEHHOTO morpedburtens. Peammzanus Crtpareruu
TOJILKO B 00JacTH mepepaboTKU MaKylaTyphbl MO3BOJIUT HAPACTUTH MOIIHOCTH MO TMepepaboTKe ¢
3076 no 8100 thic. T kK 2030 romy, 4YTO MOMOXET AOCTUYL HIKOHOMUU JApeBecuHbl A0 40,5 MiH M,
YpOBEHbB 3aMellleHus o apeBecune ¢ 7,3 no 12,7%, skoHoMu# TOTPeOICHUS JIECHBIX PECYPCOB 10
251,1 MJIH e[MHUII IepeBbEB, YKOHOMUH TIOTPEOICHNS BOJIBI IOYTH B 3 pa3a Ha 1620 MIH M° U cHU-
3UTh OTpeOsIeHue deKkTpodHepruu Ha 32,4 mupa kBt-uac (Ctparerus ...., 2017).

BaxknelmmM MHANKATOPOM 3€J€HOT0 POCTa, BIMSIONIMM Ha KaueCTBO JKU3HU HAaceNeHUs, SBIIS-
eTcsl AMHAMHMKA U3MEHEHUS n1owaou u Kkaivecmaa aecos, rae npoucxoaut abcopouus CO, u nemno-
HupoBanue yriepona (Kyp6anos, 2007; Kyp6anoB u ap., 2008). IlepBocTeneHHpIMU 3aa4aMH B
9TOM HaIlpaBJIEHUU SIBJISIOTCS COBEPIIEHCTBOBAHUE CUCTEMbBI IPOTHUBOAECHUCTBHUS JECHBIM MOXKapaM
¥ TOTAJbHBIN TMEepexo]] Ha MPHUHIIMITBI YCTOMYMBOTO BEACHUS JIeCHOTO Xo3siicTBa (Bopoones, Kyp-
0anoB, 2017). BaxxHyro posib UrpaeT oXBaT BHEAPEHUS TOOPOBOIBHBIX MEKIYHAPOIHBIX CTaHIAp-
TOB KOJIOTMYECKON OTBETCTBEHHOCTHU U 3HEprodddexktuBHOCTH, Takux Kak jecHas (FSC), Mmopckas
(MSC) cepruduxanms, «3eneHble cTanaapTo», ceprudukanus gomoctpoenus (LEED, BREAM u
ap.) (Joxman o yenoBeueckoM pa3sutuu B PO, 2017). B Poccun pa3paborana HanmonaneHas cu-
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crema secHoit ceprudukanuu (PHCJIIC), HanpaBieHHas Ha OIICHKY BEACHHSI JICCHOTO XO3s1CTBA U
JIECOIOJIb30BAHMSI, BKJIHOUAsl OTCIIEKUBAHUE IPOXOXKACHHUS JIECHBIX PECYPCOB U MPOIYKTOB (YCIIYT),
BOBJIEKAEMBIX B IPOLIECC JICCHON cepTU(UKALIMU OT MECT X 3arOTOBKH 10 KOHEUHOTO MOTPEOUTENS
(Okonornueckuit pertunr ..., 2017). Ceroans, no ouenkam ODCP, B Poccum nomns necos, rie
BHEJpEHAa MHTEHCUBHAs MOJENIb YCTOMYMBOTO BEJEHUS JIECHOIO XO34HWCTBA, HAXOJUTCS MOYTH Ha
YPOBHE NOTPEMIHOCTUA OKO0JIO 3%, B TO BpeMs Kak B OUHISIHANM A0 Takux JiecoB nmoutu 100%
(Kyp6anoB, Bopo6weB, 2014). Ha3pena HeoOXOaUMOCTh BKJIIOUCHHUS TPEOOBAHMI COOTBETCTBUS
MPUPOIONOIB30BAHUS MEKIYHAPOIHBIM 3KOJOTHYECKUM CTaHAapTaM MpH NPOBEACHUH ayKIIHOHOB
U KOHKYPCOB Ha IIpaBO PECYpCOIONIb30BaHUs IPU MPOJJIEHUH apEH/IbI JIECHBIX YYaCTKOB B IIENIAX
JIECOTIOIB30BAHUS, UTO TAK)KE CTUMYJIUPYET TPaHC(HOPMAIINIO SKOHOMHUKH HA «3EJICHBIC PEIbChI».

B nponecce nepexona Ha 3e€HBI pOCT OCHOBHAS! POJIb OTBOJUTCS Pa3BUTHUIO FOCYAAPCTBEHHO-
YaCTHOT'O IApTHEPCTBA, B PE3YJIbTATE KOTOPOI'O MNOSIBIISIETCS BO3MOXKHOCTh pealn3alui 3KOHOMUYE-
CKHX BO3MOJKHOCTEW Juisi OM3Heca, rocynapcrsa U odmectBa. OCHOBHON I'py3 OTBETCTBEHHOCTH B
MPOEKTax MO MOBBIIICHUIO 3(PPEKTUBHOCTH HCIOIB30BaHUS PECYPCOB U CHIDKEHHUS HETaTUBHOTO
BO3JICHCTBUSI Ha SKOCHUCTEMY BO3Jlaraercs B IMEPBYIO Ouepenb Ha KPYIMHBIM U cpelHuil Ou3Hec.
ViMeHHO KOMIAaHUM B paMKaX pa3BUTHS MOJEJEH KOPHOPAaTHUBHOW COIUAIBHON OTBETCTBEHHOCTH
(KCO)’ 1 IPOEKTOB LENEBBIX SKOJIOTHUYECKHX HHBECTHIIMI PEau3yloT HHALIMATHBBI FOCYAApPCTBA
3anpochl o01mecTBa. Takue MpoeKThl TPEOYIOT CYLIECTBEHHBIX U JJIUHHBIX BJIOKEHUH, UTO B yCJIO-
BUAX IIEPMAHEHTHON HECTAOMJIBHOCTU POCCUMCKOW 3KOHOMHUKH BBI3BIBAET CEPHE3HBIE 3aTPYIHEHUS
U 3aCTaBJISIET COBEPIIEHCTBOBATh MOJENIN KOPIOPATUBHON COIMAIbHOM OTBETCTBEHHOCTH, CO3/a-
BaTh M Pa3BUBaTh BCE HOBBIE CIIOCOOBI MPUBJIEUEHUSI PECYPCOB U CTPaxoBaHMsI pUCKOB. OJTHUM U3
unctpymenToB KCO Bo BceMm Mupe crajia npakTuka He()uHaHCOBOW OTYETHOCTH.

B Poccun mpakTtuka cocraBieHuss He(pUHAHCOBBIX OTYETOB IOKa ellle ciabo pa3BuTa, COrNIaCHO
UCCIIEIOBAaHUIO (PEUTUHTY) KOPIOPATUBHON MPO3PAaYHOCTH KPYMHEHIINX POCCUHCKUX KOMMIAaHUMN
2017 rozna, B BEIOOPKY KOTOPOTO BXOJUT Yxxe 6osee 900 kommaHui, TOnbKo 48 KOMIaHUN PacKphl-
BAIOT MH(POPMALIMIO O CBOEH AEATEIbHOCTH Ha YPOBHE MEXIYHAPOIHBIX MPAKTUK, TO €CTh C YUETOM
TpeboBaHuit Takux cranaapToB, kak GRI (Global Reporting Initiative) u IR (integrated reporting)
(CranmapT comuanbHOM OTYETHOCTH ..., 2018). HedunancoBas oT4eTHOCTHh CIIOCOOHA OKa3bIBATH
CYLIECTBEHHOE BIIMSHUE HA COCTOSTHUE KOMIIAHUH, pe€4b HJIET O BO3MOKHOCTH M CTOMMOCTH IpH-
BJICUEHHBIX PECYPCOB, BO3MOXHOCTHU JIOCTYIa Ha TN100aIbHbIE PHIHKHU JJIS peajiu3ali CBOEH IMmpo-
JOYKIIMH, 00 OTHOLIEHUSIX C TOCYAApCTBOM B YaCTH MPEAOCTaBICHUS NpedepeHIINi WK HaJOTOBBIX
JBIOT U O BOCHPUATUHM KOMIIAHUU OOIIECTBOM B IIaHE (POPMHUPOBAHUS COLIMATILHO OTBETCTBEHHBIX
MIOBEICHYECKUX MOJEIIEN.

Cepbe3HBIMH JJOCTH)KEHHEM B IpOLIECCE Tepexo/1a K 3eJIeHONH SKOHOMUKE MOXKHO CUMTATh (op-
MUPYIOIIYIOCS PAKTHKY COCTAaBJIEHUS] PEUTUHTOB 3KOJOTMYECKONW OTKPBITOCTH Pa3IMYHBIX OTpac-
Jiel OTEe4eCTBEHHOM 3KOHOMUKH. OTpaciaeBOi PEUTHUHI SKOJOTUYECKON OTKPBITOCTH — IPPEKTHB-
HBId MHCTPYMEHT MOBBIIIEHHUSI KOPIIOPAaTUBHONM OTBETCTBEHHOCTH KOMIIAHUN M co3laHus 3¢ ¢ek-
TUBHBIX MEXaHM3MOB OOpaTHOM CBSI3UM OTPAC/IH C 3aWHTEPECOBAaHHBIMHU cTopoHamu. B 2017 romy
cwiiamu Beemupnoro gonna nukoit npupoast (WWF) Obl1 cocTaBiieH pedTHHT SKOJIOTMUECKOM OT-
KPBITOCTH IIEJUTIOI03HO-OYMaXHBIX KOMITAaHHMM JIeCHOTO cektopa Poccuu. [[ns pacuera perTmHTa
MCIOJIb3YIOTCS TPYIIIBI TOKa3aTeseil, TAKMX Kak: JOJIsl UCIOJIb30BAHHOTO CBhIPhS U3 OTBETCTBEHHBIX
HCTOYHUKOB, YPOBEHb SKOJOTMYHOCTH MPOU3BOJICTBA, YPOBEHb PAa3BUTHSI 3KOJIOTHYECKOTO MEHEIK-
MEHTa, MPO3PAaYHOCTh U OTUYETHOCTh KoMNaHuu. [loka B peiiTuHre Ha 10OPOBOJBLHONW OCHOBE MpHU-
Hsui yyactue b 10 komnanuii LIBK JIC P®, o B nepcnektuBe ux Oyaer 6ounbiie. Llenecool-
Pa3HO OLIEHMBATh TAK)KE PHEPro- U pecypcorh(HeKTUBHOCTh KOMIIAHUHN U CTpaTernyeckoe Kopropa-
TUBHOE TUTaHUpoBaHue B 3Toi cdepe (Koctenko, Bopomaes, 2018).

*To/1X0/1 K MOHMMAHHIO COLMAIBHOM OTBETCTBEHHOCTH KaK OTBETCTBEHHOCTH MEPE] OOIIECTBOM, €€ CBSI3H C YCTOMYH-
BBIM Pa3BUTHEM BBIpaKeH B MexkIyHapoaHoM ctanmapte ISO 26000:2010 «PykoBoacTBO MO CONMATBLHOW OTBETCTBEH-
Hoctu». B P® B 2012 roxy yrBepkaeH u BBeJeH B AeiicTBue uaentuunslii crangapt ['OCT P UCO 26000-2012.
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CymecTBeHHOE HapamuBaHue ycuinid komnanuii B o6mactu KCO B mpoeKTsl S3HEPro- U pecyp-
cocOepekeHus ONpeaesieT OCHOBHON TPEH]I pa3BUTHS 3€JIEHON 3KOHOMUKY B Poccun.

B npouecce nepexonaa K 3eJ1€HOM IKOHOMUKE KIIFOYEBYIO POJIb UTPAIOT HMHBECTULIMHA B UHHOBALIM-
OHHBIE U KOJIOTUYHbIE TEXHOJIOTUH, IO3BOJISIOIINE TPOBECTH HKOJIOTHYECKYI0 MOAECPHHU3ALIMIO, 32
CUeT Yero M OyayT yJlydyllaThCsi KaueCTBEHHbIE IOKA3aTeNM 3€JIeHOro pocra. B Hacrosiee Bpems
MBI HIM€EeM KaTacTpo(UUeCKUi ypOBEHb U3HOCA OCHOBHBIX IPOU3BOACTBEHHBIX (OHIOB - 48%, UTO
Takke 00yCIaBIMBAET BBICOKYIO SHEPIro- U KapOOHOEMKOCTh POCCHICKON SKOHOMUKHU, TEM CaMbIM
CHMIKasi €€ KOHKYPEHTOCIIOCOOHOCTb.

Jlnisi Ka4eCTBEHHOTO TMPOPHIBA B PAa3BUTUU SKOHOMHKH KPHUTUYECKH BaKHO (PMHAHCHUPOBAHHE
npoektoB HUOKP, nonst koTopbix nomkHa ObITh He MeHee 3-4% BBII, uMeHHO mo3TOMY B OLIEHKE
mporpecca 3eJICHOTO pOoCcTa dTOMY TOKa3aTelo yaensercs ocoboe BHumanue. B 2016 roxy B Poc-
cun pacxonpl Ha HUOKP cocraBunm Tonpko 1,1% BBII, uTo siBHO HenocTaTo4HO JUIsl IPOpHIBA.
JIupepamu no gaHHOMy mokaszatento siBistorcs Mspauns (4,25%), Pecniyonuka Kopes (4,23%) u
[Beiinapus (3,42%). B abcomotHbix 3nauenusx pacxonasl Ha HUOKP B Poccuu cocraBunm 37,3
MJIpJ JI0JJIApOB, YTO NOYTH B 15 pa3 Huxke, ueM B CLLIA, koTopble 3aHUMAIOT 1-€ MECTO B MUpE, U B
11 pa3 menbiue, yem y Kuras (Kyp6anos, Bopoones, 2014).

B Poccum B cpenHeM B mocieiHue rojibl TOJIbKO OKOJ0 2% OT TOCYAApCTBEHHBIX PAacX0/0B Ha
HUOKP unyr Ha puHaHcupoBaHHME MPOEKTOB, HAIEJICHHBIX Ha MEpexoi K 3€JI€HONM IKOHOMUKE.
[Iporpammbr HUOKP, HaneneHHble Ha NPUHIUIBL 3€JIEHON 3KOHOMUKH, (PUHAHCHUPYIOTCA 3@ CUET
OIO/KETHBIX M BHEOIO/KETHBIX CPEACTB, IPUYEM OCHOBHAS JIOJIS JIOJDKHA MOCTYIATh U3 KOPIOpa-
TUBHBIX MCTOYHUKOB, YTO OYyJeT CIIOCOOCTBOBATh MOBBIMICHHIO 3(PPEKTUBHOCTH HCIOIH30BAHUS
CPEACTB B paMKax TOCY/IapCTBEHHO-YaCTHOTO MAapTHEPCTBA M 0OecreunBaTh 0oJiee ObICTpOE MpHMe-
HEHME pe3y/IbTaToB Ha MpakTuke. [loka Mbl BUUM B TMHAMHKE, YTO POCCUICKHE pa3pabOTKU B 00-
JIACTH 3allUThI OKPYXKAIOLIEN Cpebl aKTUBHO NATEHTYIOTCS: Tak, B 2013 roxgy Poccust 3anumana 3-e
MECTO B MuUpe ¢ noner B 3%, HO ToibKO 0,5% OT MUPOBOTO PbIHKA COCTaBUJIA J10JI 3allaTCHTOBAH-
HBIX POCCUHCKHUX pa3pabOTOK B 00JIACTH 3€JICHOT0 pOCTa, KOTOPhIE HAIIIN PUMEHEHUE B TEXHOJIO-
THYECKUX Ipolieccax Ha MPOU3BOACTBE (3esleHble HHIUKATOPHI ..., 2016).

B pamxax meponpusatuii [IporpaMMsl 1o NpuOpUTETHOMY HamnpasiieHUIO «PanroHanbHOE IpH-
pononons3oBanue» B mnepuoy 2007-2013 rr. Obulo BblAENEHO OMOJKETHOE (QUHAHCUPOBAHHE
HUOKP B pazmepe 9,68 mipa py0., copuHancupoBaHue u3 BHEOIOHKETHRIX HCTOYHMKOB HHOKP,
coctasuio 8,77 mupa py0. (Kypbanos, 2007). B 2012 roay na npoexktst HUOKP, cBszanubIe C 110-
BbIllIeHHEM 3(()EKTUBHOCTU HCIIOJIb30BAHUS 3HEPTUU U PALMOHAIBHBIM NPUPOIOIOJIB30BAHUEM,
6bu10 moTpaueHo 106,6 mapxa py6.: 75,06 u 31,57 mapza py6. cooTBeTcTBeHHO. MHBecTuIMM B OC-
HOBHOM KalWTaJj, HalpaBJICHHbBIE HA OXPAaHY OKPYXKAIOIIEH Cpebl U PallMOHAIBHOE UCIIOJIb30BaHUE
IPUPOJHBIX pecypcoB, B epuoa 2000-2016 rr. Beipociu B 6,5 pa3, ¢ 22,33 mupa pyo. 1o 139,67
MIIpA pyO. B TEKYIIMX II€HaX, MpUYEM IOJIOBHHA Bcex cpeacTs (67,47 mupa py0.) B 2016 roxy mo-
1IJIa Ha OXPaHy U pallMOHaJIbHOE MCIIOIb30BaHUE BOIHBIX pecypcoB (Poccuiickuil cTaTHCTUUECKUI
€XETOIHUK ..., 2017).

B ycnoBusax o6ocTpeHus reonoIuTHYEeCKON HApsHXKEHHOCTH, aHTUPOCCUMCKUX CaHKIIMM, 3aKpbI-
TUSl BHEIIHUX HCTOYHUKOB (DOHAMPOBAHUS MpoOJIEeMBbl MPUBJICUEHUS KaluTaida NpuoOpeTaroT 0co-
60e 3HayeHue. ['ocy1apcTBO BBIHYX/I€HO MOOMJIN30BAaTh BHYTPEHHUE UCTOYHHUKY JJISl pealn3alun
MHBECTUIIMOHHBIX MTPOrPaMM, B CBSI3H C 3TUM CO3/Ial0TCA CIIEUANIbHbIE KOPIIOPALUU Pa3BUTHS, pa3-
pabaThIBAIOTCS] MHBECTUIIMOHHBIE MpOrpamMMbl. [IpuMepoM MOXeT cTaTh MHUIIMATHBA roCy/1apcTBa
0 «I06POBOJILHO MPUHYIUTENEHOM» MHBECTHPOBAHMM (IOTIONHHUTENBHBIXY® JOXONOB OM3HECA B
00I11eCTBEHHO BaXKHbIE POEKTHI. CO CTOPOHBI rocynapcTBa /i Ou3Heca Ha CPOK JeMCTBUS MPOEK-
TOB OYAYT 3aMOpPOKEHBI ACHCTBYIOIIUE YCIOBHS B YaCTH HAJIOTOBBIX JBIOT, 00S3aTEIBHBIX IUIATE-
e, TMIEH3UPOBAHMS U CEPTUDUKAINH, UCTIOIb30BaHUS IPUPOIHBIX PECYPCOB U OXPaHBI OKPYKa-

6H0H0J’IHI/ITCHLHLI€ JA0X0JbI, MOJYYCHHbIC KOMITIAHUAMU-OKCIIOPTEPAMU B PE3YJILTATC ACBAJIbBAlIUN py6.]l${.
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oI cpesbl, TAMOXKEHHBIX NpaBui. s peann3anuy MpOeKTOB IO MOBBIIICHUIO 3PPEKTUBHOCTH
MCTIOJIB30BAHUS PECYPCOB TPEOYIOTCS CYIIECTBEHHBIE BIOKEHHS, YaCTh KOTOPBIX MOXET OBITh MO-
OunM30BaHa HAa PBIHKE 3€JICHBIX OONUranuii WM MHQPACTPYKTYPHBIX OOJIUTaluil, KOTOpPBIE yXKe
IIMPOKO UCHOJIB3YIOTCS HA MUPOBBIX (PMHAHCOBBIX pbIHKaX. 1011 «3eseHpIMu» 00IUralusmMmu noHU-
MaloT MIMPOKUN KIIACC IOJITOBBIX LEHHBIX OyMar ¢ (PMKCUPOBAHHBIM J10XO/I0M, BBIIIYCKa€MBbIX IMHU-
TEHTOM Ha JJUTEIbHBIA CPOK Ui (DMHAHCUPOBAHMS IPOEKTOB IO OXPaHE OKPYKAMOLIEH cpensl,
0opb0e ¢ U3MEHEHHEM KJIMMaTa U PaluOHAIbHOMY HCIOJIb30BAHUIO NPUPOJHBIX PECYpPCOB. DMHU-
TEHTOM MOTYT OBITh MEXIYHapOAHbIE (PMHAHCOBBIC OPraHU3ALMKM MJIM KOMIIAHUU U KOPIOPALUH,
bopmupyronme HeUHAHCOBYIO OTYETHOCTD, TAK)KE MOTYT BBIITYCKAaThCS MyHUILIMTIAIIBHBIC 3€JICHbIC
obnuranuu. «3eJ1eHble» OOJIMTaluu COAepKaT TOUYHO TaKUE K€ MapaMeTphbl prcKa, IEeHO00pa3oBa-
HUS ¥ JIOXOJHOCTH, KaK U MPOYKe KOPIIOPATHUBHbBIE OOIUTAIIUN, MOTYT OBITh HHCTPYMEHTaMU WHBE-
CTULIMM NMEHCHOHHBIX (oHI0B. CpeacTBa, NPUBICUYEHHBIE OT PA3MEIIECHUS «3EJIEHBIX» OOJUTaLUM,
MOTYT HaIlpaBJIATbCS WCKIIOUUTENIBHO HA LEIM YCTOMYMBOIO pa3BUTHUS, KOTOPbIE ObUIM ONpeselie-
Hbl OOH wu npunsatel rocygapcrBamu-wieHamu B 2015 rony . KonTponb 3a pacnpeneneHuem
CPEeACTB KOMIIAHUU B CITy4yae BBIIYCKa «3€JICHBIX» LIEHHbIX OyMar MOXeT OCYILECTBIIATHCS TOIBKO C
MIOMOILbIO HE(PUHAHCOBON OTYETHOCTH.

Heo6x01uMo OTMETHTh pOCT BJIMSHUS OOLIECTBEHHOCTH M OOILIECTBEHHBIX OpraHU3alUil Ha CO-
CTOSTHHE OKpYKaroIeil cpeapl. B 3Toil CBs3M BBI3BIBACT MHTEPEC WHUIIMATHBA OOIIECTBEHHON opra-
HU3aIMK «3elEHBIA MaTpysib» B 00JaCTH (POPMHUPOBAHUS U ITYOJIUKAIIMH SKOJIOTUYECKUX PEHTHH-
roB cyObekToB PD. DKomornueckuii peUTHHT (hopMUpyeTcss Ha OCHOBE MH(POPMALMOHHBIX MaTEPH-
aJIOB, IOJIYYEHHBIX U3 PA3JIMUHBIX HCTOYHUKOB, OTPAXKAIOIIUX TEKYIIEEe COCTOSHHUE OKPY’Karolen
Cpelbl B PETHOHE IIyTEM aKKyMYJIMPOBaHUS B OaHKE JaHHBIX MHPOPMALIMOHHO-aHAIUTUUYECKON CH-
CTeMbl 3HAYUMBIX KaK HETaTHBHBIX, TaK M MO3UTUBHBIX COOBITHI C ydeTOM MpPHCBOCHMS Beca B
CBOJIHOM DKOJIOTMUECKOM MHAEKCe. ba3ol [uid pacdera ciyKar rpynibl HHAEKCOB: IPUPOJIOOXPaH-
HBIH, TPOMBILIUIEHHO-3KOJIOTMYECKUH U COlMaIbHO-3Konornueckuid. K nmpumepy, pedtunr Mocksel
BO 2 kBaptasie 2017 roja BBIIVIAZEN TakK: 7-€ MECTO, 3HAUE€HHE CBOAHOTO MHeKca 55/45. Yucnosoe
3HAYEHHUE MHJIEKCA - ITO HAKOIUIEHHOE PaHEE U 3a PACUETHBIN NEPUOJ KOJTMUYECTBO MOJIOKHUTEIbHBIX
U OTpULIATENBHBIX OLEHOK. Jluaepom B ToMm peituHre craina TamOoBckas 00iacTe ¢ MHIEKCOM
67/33, a 3ampikaeT pedTuHr CBepioBckass o0jacTb ¢ HMHAeKcoM 35/65 (3arpaTbl Ha Hayky,
2007;10). B pesynbpTaTe GOpMHUpPOBAHUS PEUTHUHTOB OYJIET BO3MOXXHO BBISIBIIEHHE JOJTOCPOYHBIX
TEHJCHIMM B U3MEHEHUHU SKOJIOTMUYECKOTo ciie/la pernoHa. Takoro pojia peHTHHIH CTUMYIUPYIOT
pErvoHaJIbHBIE BJIACTH U IpPEJCTaBUTENIEH KPYMHOro Ou3Heca Oojiee BHUMATEIbHO OTHOCHUTHCA K
CBOUM 3KOJIOTMYECKUM MPOrpaMMaM U pa3BUBATh KOOMEPAIMIO MEXAYy OM3HECOM M BIACTBIO.

BobiBoabl. TakuM 00pa3oM, MOXKHO KOHCTaTUpPOBaTh, 4TO B Poccun uaer tpanchopmanus
9SKOHOMMKH Ha 3€JIEHBIA POCT 10 OCHOBHBIM HAIIPaBJICHUSM:

1. ®opMupyeTcs U aKTyalu3UpyeTCsl CUCTEMA OCHOBOIMOJIATAOIMX U IPOrPAMMHBIX JOKYMEH-

TOB, KOTOpBIE (DAaKTUUECKU MOTYT CIYKUTh 0a3MCOM IOCTPOEHUS 3€JeHOI 3KOHOMUKH B Poc-
CHH.

2. BolsiBIeH OTYETIMBBIA TPEH/ MOBBIMIEHUS >PPEKTUBHOCTH MCIOIb30BAHUS MPHUPOIHBIX pe-
cypcoB. PeannsyroTcs KOMIUIEKCHBIE MPOTPaMMbl 3KOJOTHYECKOW MOJEpHM3AIMM, Harpas-
JIEHHbIE HAa CHM)KEHUE SHEPrOeMKOCTH M KapOOHOEMKOCTH 3KOHOMHKH, Pa3BUTHE MPOMBIIII-
JIEHHOCTH 10 00paboTKe, YTHIIN3AIIMK U 00€3BPEKUBAHUIO OTXOJIOB MPOU3BOJICTBA M TTOTPEO-
JICHUS, B pe3yJbTaTe peau3ali KOTOPBIX Oy1yT MOIy4eHbl SKOHOMUYECKHUE, COLMAIBHBIE U
HKOJIOTUYECKHE BBITOJIbI, CIOCOOCTBYIOIINE YCTOWYMBOMY PA3BUTHIO POCCHUICKON IKOHOMHU-
KH.

3. Ipoucxomut pazutue mojeneir KCO O6u3Heca ¢ akIIeHTOM Ha CO3JJaHKe OJIaronpusiTHON KO-
JIOTHYECKOW OOCTaHOBKM M TMOBBIIIEHUE KaYecTBA KM3HHU HACEJICHUS B PErMOHE BEICHHUS XO-
3SIICTBEHHOM NIEATENBHOCTH, PEAU3YIOTCS COLMANIBHO 3HAYMMBbIE IPOEKTHI B paMKax rocy-
JapCTBEHHO-4aCTHOTI'O TapTHEPCTBA.
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4. PacreT BiausiHME He(DUHAHCOBOW OTYETHOCTH HA YPOBEHb KOHKYPEHTOCIIOCOOHOCTH KOMIAHUH
KaK Ha MHUPOBOM, TaK U HAIIMOHAJIBHOM PBIHKaX. DKOJIOTUYECKUE PEUTHUHIU BKIIOYEHBI B CH-
CTEMY OLICHKH HaJIeKHOCTH KOMIIAHMM U OKa3bIBaIOT CYIIECTBEHHOE BJIMSIHHE HAa CTOMMOCTD
[IPUBJICYECHUS PECYPCOB.

5. TocTOsIHHO pacIIUpsIeTCs] CHUCOK (PMHAHCOBBIX MHCTPYMEHTOB M METOJIOB JJIsi MOOMIM3aLIUU
pacripesiesieH|s] ¥ UCIOJIb30BaHUS (DMHAHCOBBIX PECYpPCOB B PaMKax IOCTPOCHUS 3EJICHOU
sKoHOMHKH. HedrnaHcoBbie (aKTOpbI BKIIOYAIOTCA B KPEAUTHBIE PEHTHHTH KOMIIAHUU U
rOCy/apCcTBa, YTO CTUMYJIMPYET Pa3BUTHUS KiacTepa 3eJIeHbIX (PMHAHCOBBIX WHCTPYMEHTOB, B
TOM 4YHCJIe: KPEIUTOB, IEHHBIX OyMar, HaJOroB, IUIaTeXeil 3a HeraTUBHOE BO3/CIICTBHE Ha
9KOCUCTEMY, HHCTPYMEHTOB CTPAXOBAHUS SKOJIOTMUECKUX PUCKOB.

6. Pacrer BiusAHHME OOIIECTBEHHOIO KOHTPOJIS 3a IKOJOTUYECKOM OOCTaHOBKOH B peruoHax.
dopMupyeTCs MPAKTUKA COCTABIEHUS SKOJOTUUECKUX PEHTHHTOB CYObeKTOB PD.

7. Ipoucxomut Tpanchopmanus MOBEIESHYECKHX MOJENEH COIMAIIbHO OTBETCTBEHHOTO MOTpe-
ouTens.

B nenom poccuiickas Mozenb 3eJ€H0N SKOHOMUKHA (POPMHUPYETCS 110 TPAAUIIMOHHBIM HampaBlie-
HUSIM C YYE€TOM HAIMOHAIBHOHN Cenu(UKH, B MPOIECCE pealn3alnuii KOMIUIEKCHBIX MPOTPaMM,
HAIPABJICHHBIX HA MOBBIIICHHE YP(EKTUBHOCTH HCIIOJIb30BAHUS PECYPCOB M YIYUIICHHE KauyecTBa
JKU3HU HACEJICHUs, TJIe OCHOBHBIE POJIM OyIyT UIpaTh MOCTOSHHO COBEPIICHCTBYIOIIMECS MOACIU
COLIMAJIbHO OTBETCTBEHHOTO OM3HEca U (OPMUPYIOLIUECS MO BO3/IEHCTBUEM HOBBIX TPEHIOB pa3-
BUTHUS OOIIECTBAa U POCTa 3HAYMMOCTH OOILIECTBEHHBIX OpPraHU3allluii HOBBIE MMOBEACHUECKHUE MO/Ie-
JIM TOTPEOUTENS, OCHOBAaHHBIE HA COLIUATILHON U KOJIOTUYECKOW OTBETCTBEHHOCTH MHIUBUyyMa.
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YK 630.8 +502.2
OB UCCJEIOBAHMSX «IECHOU IMTPOIYKIIHN»

B.C. [llanaes
MocCKOBCKUI TOCYIapCTBEHHBIN TEXHUYECKUN yHUBepcuTeT nMeHn H.O. baymana
(MpITUIIIMHCKHH uTra)

B cmamve oana xkpamkasa xapaxmepucmuxa MeocOyHapoono2o cow3a 1ecHblX ucciedosa-
menvckux opeanusayui (MIO®PO) u 6bonee noopodonas — 5-e0 omoenenus «Jlecnas npooyk-
yusay (Forest Products). [Ipusedenvt ocnosHvie nonsamusi npunsimou Ha XXIV Bcemuprnom konepec-
ce HIODPO ¢ Conm-Jletik-Cumu 6 2014 200y u oeticmsyroweu Cmpamezuu MedxxcoynapooHozo co-
103a JlecHblX ucciedosamenvckux opeanusayul. Ilpu smom Cmpameeus HIODPO «Coedunsis neca,
Hayky u atodeu» Ha 2015-2019 2e. onpedensiem namov YKPYNHEHHbIX HANPAGIEHUU U MPU UHCIIUNY-
YUOHANLHBIX yenu pazeumus. Tpu uHCMumyyuoHalbHelX yeau, adanmuposantsle K npeovloyujel
Cmpamezuu, obecneuusaiom pazeumue UCCIeO08AHUN U MEHCOUCYUNTUHAPHOE COMPYOHUYECTEO.
IIame memamuueckux nanpaenenuii: 1. Jleca ons nooeti; 2. Jleca u usmenenus kiumama, 3. Jleca u
JleCHast NpooyKyus 0Jisi «3elleno20» 0yoyweeo,; 4. buopaznoobpasue, sxocucmemuvle yciyeu u o6uo-
uneasus; 5. Bzaumooeiicmeue necos, nousvl u 600bl. Tpemve Hanpasienue noouepkugaem 3Hauu-
MOCMb UCCIE)08AHULL IECHOU NPOOYKYUU U 8 HAUOOLee 00weM ude onpeoesiem OUHAMUKY UX pa3-
8UMUS, 8 NEPBYI0 0Uepedb YHUMbIEAs 2100AIbHOCb CIMOAWUX Nepeo 4el08eyecmeoM 3a0ad YyCmou-
4UB020 pazeumusl, 8 MoM yucie 3a0ad ycmouyueocmu kaumama. Ommedena akmyaibHOCMs U 3HA-
YUMOCb UCCTIe008AHULL PeYIAPHO U30a8aemo2o coopHuka «Jlecuvie sKocucmemvl 8 YClo8UAX U3-
MeHeHUs. KIUMamay, omeeuanwux mpeHoam Uccie008anuli Mupoeou iecHou Hayku. lIpueedenuvl
nokaszamenu, Xapaxkmepusyrowue yposeHb (DUHAHCUPOBAHUS «JIeCHOU» HAYKU 8 Haulel cmpaue.
ObocHosana Heobxo0uUMoCmy yeenuyeHus 00beM08 «JIeCHbIX» UCCIe008aHULl, NPEOCMABIsemcsl ye-
J1ecooopasnoll onpedeieHHas KOOPOUHAYUS BbINOJHAEMbIX UCCIe008AHUL, NPOSHOZUPOBAHUE UX
HanpagienHHocmu.

Knrwoueevie cnoea: uccneoosanus, HIODPPO, necnas npooykyus, Kiumam, HAYYHO-
uccreoosamenvckue pabomeol.
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RESEARCH INTO «FOREST PRODUCTS»

V.S. Shalaev
Bauman Moscow State Technical University (Mytishchy Branch)

The article describes the work of the International Union of Forest Research Organizations
(IUFRO) with the focus on Division 5. Forest Products. The main concepts adopted at the XXIV-th
World IUFRO Congress in Salt Lake City in 2014 and the key issues of IUFRO Strategy have been
presented. The IUFRO Strategy for 2015-2019 «Interconnecting Forests, Science and Peopley has
identified five research themes and emphasis areas, as well as three institutional goals. The goals
adapted from the previous Strategy have presented the IUFRQO’s commitment to research excel-
lence and interdisciplinary cooperation, to better visibility of IUFEQO’s knowledge products and
network cooperation and to science-based solutions and options for influencing policy processes.
The following five themes are aimed at maintaining scientific collaboration within IUFRO’s global
network: 1. Forests for People; 2. Forests and Climate Change,; 3. Forests and Forest-based Prod-
ucts for a Greener Future; 4. Biodiversity, Ecosystem Services and Biological Invasions, 5. Forest,
Soil and Water Interactions. The third theme emphasizes the importance of forest products research
and in the most general form determines the dynamics of their development, primarily taking into
account the global nature of the challenges of sustainable development facing humanity, including
the challenges of climate stability. The relevance and significance of studies published in "Forest
ecosystems under climate change" periodical has been noted. The indicators characterizing the
level of forest science financing in our country have been provided. The necessity of increasing the
scope of forest research has been justified. It is deemed necessary to coordinate the research car-
ried out and to predict further research focuses.

Keywords: research, IUFRO, forest products, climate.

Beenenune

[[Iupoko wu3BecTeH MeXIyHApPOIHBIM COKO3 JIECHBIX HCCIEAOBATEIbCKUX OpPTraHU3aIMl
(MIODPO), 0O6beauHsIONMI YISHBIX MUPOBOTO HAyYHOTO JIECHOTO coodiecTBa. B cocraB aToit
opraHu3zaiuu c 6osee 4yem 125-1eTHUM ONBITOM pabOTHl BXOJUT B HacTosIee Bpems Oonee 15 ThI-
csid yueHbIX U3 6osee yem 600 opranuzanuii 126 crpan mupa. JlesrensHocts Coro3a oTpaXkaeT BeCh
CIEKTp «IeCHBIX» HccienoBanuili mupa. Crpykrypa MKO®PO B Hacrosiee BpeMs BKIoYaeT 9 or-
nenenuii: 1. JlecoBoactso; 2. dusnonorus u reHetuka; 3. [IpoexTrupoBaHne u yrnpaBieHUE JTECHBI-
MH TEXHOJOTUSMHU M onepanusMu; 4. JlecHass MHBEHTapu3aIus, MOJICIUPOBAHUE W YIIPaBIICHUE,
5. Jlecnas mpoaykums; 6. CouuanbHbI€ aCIIEKTHI JE€COB M JIECHOTO X03siiicTBa; 7. CocTossHUE
necoB; 8. JlecHas skonorust; 9. Jlecnas skonomuka u nonutuka (MKODPO, 2018; [anaes, 2007,
2014, Johann et al., 2017).

W ecnu B3aMMOCBSI3b UCCIIEAOBAHUM MPOOJIEM YCTOMYMBOCTH KiuMaTa, (pyHKIHOHHUpPOBAHUS
JIECHBIX SKOCHCTEM B YCIOBHUSIX M3MEHEHUS KIMMara Juisd OOJIbIIeH YacTH OTAEJICHUN HE BBI3bIBAET
COMHEHHH, HampaBlieHHOCTh oTnaeneHust 5. Jlecnas mponykuus (Forest Products) BeIrIsiauT He
CTOJIb O/IHO3HAYHO Ha MEPBBIN B3I,

AHaJIU3 HANIPABJIEHHOCTH MCCJIeI0BAHUI

B nacrosimiee Bpemst B pamkax 5-ro otaenenus MKODOPO chopmupoBatucey u AeHCTBYIOT pado-
Yue U CHeIUaIbHbIe UCCIICI0BATEILCKUE TPYIIHI, CIIEKTP KOTOPBIX OTPAXKaeT COBOKYITHOCTh HAy4-
HBIX UCCJICIOBAHUI YUYEHBIX MUPOBOTO COOOIIECTBa, padOTAIONIMX M0 paCCMaTPUBAEMOMY HaIpaB-
nenuto (Ternskos, lamaes, 2015a; lanaes, 2015; 2016; Kyp6anos, Bopo6ses, 2014). Utak, 310!

- KauecTBO JAPEBECHHBI U BOJIOKHA (MOJEIUPOBAHNE KAaueCTBA JPEBECUHBI; aHAINU3 FOJIOBBIX KO-
JIel; UCCIIEIOBaHUE U3MEHYMBOCTH JIPEBECUHBI; HEpa3pylllawomias OleHKa JAPEBECHHbl U MaTepua-
JIOB Ha OCHOBE JIPEBECUHBI; (yHIaMEHTAILHBIC CBOMCTBA APEBECHHBI U MATEPHUATIOB HA OCHOBE Jpe-
BECHHBI);
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- 3aIUTa APEBECHHBI (OMOIOTUYECKOe COPOTUBIICHHIE JPEBECHHBI; 3aIUTa TPEBECHHBI B KapaH-
TUHHBIX LEJISX, TUIIEBON YITAKOBKH M TOPTOBJIH; 3aIUTA APEBECUHBI B YCIOBUSAX TPOIUKOB; 3aIIH-
Ta KyJbTYPHBIX apTe(aKTOB; 3alIUTa UCTIOIb3YEMbIX TPUPOJHBIX TPOIYKTOB);

- 00paboTKa JIpeBeCHHBI (CyIIKa APEBECHHBI; KJICH U CKICMBaHKE; MMWICHHE U MalllMHHAas o0pa-
00TKa; NPOMBIIUICHHBI HHXHHUPUHT, OTIEPALIMOHHBII aHAJIM3 U JIOTHCTHKA);

- KOMITO3UTHAs 1 BOCCTAHOBJIEHHAS IPOIyKIIUS;

- CBOICTBA M UCIIOJIb30BAHUE TUIAHTAIIMOHHOW PEBECHHBI (MCIIOIB30BAHUE IPEBECHHBI TJIAaHTa-
IIMOHHOTO THKA; UCIIOJIb30BAHUE JPEBECHHBI IUIAHTAIIMOHHOTO YBKAJIUIITA);

- OuorepepaboTka (1euToo3a u Oymara; HeOOIbIINE TPATUITMOHHBIC YHEPTOCUCTEMBI);

- MApKETUHT U OM3HEC-yIpaBiIeHUE TPU MPOU3BOICTBE JIECHOU MPOIYKIIHIH;

- HE/IPEBECHBIE JIECHBIC TPOAYKTHI (MEAMLIUHCKUE JIECHbIE MPOAYKTHI; ChbeJOOHBIE JIECHBIE MPO-
IYKTbI; 0aMOYK M paTTaH; IPOMBIIIEHHbIE SKCTPAKThI);

- YCTOHYHMBOE MCIOJIB30BAHUE JIECHOW MPOIYKINHU (@HAIN3 )KU3HEHHOTO [UKJIA JIECHOU MPOIyK-
UH; CePTU(UIIMPOBAHHBIC JIECHBIE TOBAPHI U YCIIYTH);

- KyJIbTYpa JIECHOW HPOIYKIIUH.

OueBHUIHO, MOHATHE WIECHAs MPOIYKIHS» B 3TOM CIy4ae UMEET JOCTaTOYHO IIMPOKUN CMBICII,
U B 3TOM eCTb CBOH pe3oH. [Ipu Bce OombIleil OTCTPaHEHHOCTH TOCYIapCcTBa OT (PUHAHCHPOBAHUS
«JIECHOI» HAayKH (M HE TOJBKO B HAILIEH CTpaHe) CIeIyeT, OUYEBUIHO, TOOMBATHCS JOJDKHOTO MTOHHU-
MaHHsI 3HAYUMOCTH 3TOTO BOCCTAaHOBHMOTO pecypca. Beab HE TOIBKO YTHIMTAPHYIO MPOAYKIHIO,
HO M YHCTYIO BOJZlY, BO3IYX, JIECHYIO (hayHy U (IIOpY B ONPENEICHHOW CTENIEHH BO3MOKHO OTHECTH
K 3TOM 00J1aCTH, 00JIaCTH «JIECHON IPOAYKLIUU.

Bwmecre ¢ Tem B Hacrosiiee Bpemst B pamkax MIODPO neiictByer npunstas Ha XXIV Beemup-
HoM KoHrpecce B Cont-Jlelik-Cutu B 2014 rony Crparerust MexayHapoJaHOTO COK03a JIECHBIX HC-
CJIEI0BATENbCKUX opranu3auui. Ilpu aToM paccMoTpeHHas u yrBepxkaeHHas Crtparerus TIODOPO
«Coenunss neca, HayKy U monei» Ha 2015-2019 rr. onpenensietr na1Tbh yKpyIHEHHBIX HAIIPABJICHUN
U TPU HHCTUTYLMOHAJbHBIX Henu pa3sutus (Temmsakos, Iamaes, 20156; IUFRO 2015-2019
STRATEGY). Tpu UHCTUTYIIMOHATILHBIE LIEJIH, aJalTUPOBaHHBIE K Mpenbinymei Ctpateruu, odec-
MEYMBAIOT PA3BUTHE MCCIEAOBAHUM M MEXJIUCIMITIMHApHOE cOTpyaHudecTBo. [Ipu stom cremyer
MIOYEPKHYTH IATh TEMATUYECKUX HANIPABICHUMN:

1. JIeca miisa nronei.

2. Jleca n U3MEHEHUS KIUMaTa.

3. Jleca u jiecHAsi MPOAYKIHUSA IS «3€JE€HOr0» OyayIero.

4. buopa3zHoobpa3zue, 5KOCUCTEMHbIE YCIIYTH U OMOMHBA3Usl.

5. B3aumopeicTBIE JICCOB, IIOYBEI U BOJIEL.

W B naHHOM ciydae cieayeT OCTaHOBUTBHCS 0CO00 Ha 3-M HalpaBlIEHHWH, Haubosee OTpakaro-
UM paccMmaTpuBaemMoe. IToT paszen CTpaTeruu COCTOMT U3 TPEX YacTel.

Cocrosinne npodjembl. OHA TPETh 36MHOW CylIW MOKpHITA JecaMu. Hamwu eca u Bo300-
HOBJIsIEMasi POAYKIMsI, KOTOPYIO OHHM MPOU3BOJAT, OyIyT UIpaTh pELIAIONIYI0 pojib B OyaylieMm
OJarornoyiyuny HaceleHus mupa. boiee ueTBepTH HaceneHMs] 3eMJIM 3aBUCUT OT JIECOB KaK Cpe-
CTBA K CYyIIeCTBOBaHHIO. bobilas 4acTe MUpPOBOI JpeBecHOM GroMacchl MOTPeOIsSETCs] HACeIeHU-
€M KaK OCHOBHOE ChIpb€ ISl MPUTOTOBJICHUS MUIIM W OTOIJIEHUS. TeM He MeHee, jeca JOJKHBI
Takxe obecreynBaTh MPECHOW BOJOM, YUCTHIM BO3yXOM, OMOpa3zHooOpasue, XpaHeHHe yriieposia u
OKa3bIBaTh MHOTHE JIPYTHe 3KOCUCTEMHBIE yciayru. CieaoBarenbHO, CIIPOC HA JIECHYIO MPOIYKIIHIO
u obecrieynBaeMble JleCaMl YKOCHCTEMHBIE yCIyru OyJIeT pacTh B COOTBETCTBUU C YBEIMUYEHUEM
HaCEJICHUS.

O0OocHoBanme. Baxxnelimas posip JIeCOB B OJIarOMoONy4MH HAceleHUs 3eMIIM JOCTATOYHO
orpejeneHa. BMecte ¢ TeM nepcrneKkTuBbl yJOBIETBOPEHUs OyIylIMX MOTpeOHOCTeH ele He co-
BCEM SICHBI U M3Y4YeHbI. MBI 3HaeM, UTO Jieca MOTYT UIpaTh Bce 00jIee BaKHYIO POJIb B yCTOWYMBO-
CTH MHPOBOH SKOHOMHUKH, HAa PETUOHATBHOM U MECTHOM YPOBHSX, B OJIATOCOCTOSIHUU JIIOACH, MIPH
dbopMupytomieiicss Ha OHOTOTHYECKON OCHOBE SKOHOMHKe. OmHAKO oOecreueHrue BO3PaCTaAIOIINX
TpeOOBaHUI A YIOBIETBOPEHUSI WMHAWBUAYAIBHBIX MOTpeOHOCTEH Oe3 ymiepba BO3ZMOKHOCTSAM
JIECOB SIBIISICTCS CEPbE3HOM MEKIUCLUIIMHAPHOW 3aJadei, CTOSIIEH Iepel JIECHBIM Hay4dHO-
HCCIIEI0BATEILCKUM COOOIIECTBOM.
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AKIeHTbI HANmpaBJaeHHOCTH. 1. OTKPBITHE HOBBIX JIECHBIX MPOIYKTOB U YCIYT - OHO3HEp-
UM, OMOMaTepHuanoB, HEAPEBECHBIX MPOAYKTOB, COBEPIICHCTBOBAHUS OKPYXKAIOMIEH cpeabl U Oa-
TOCOCTOSIHUSA YeioBeka. Pa3paboTka HOBBIX MPOAYKTOB M3 JIECHOTO CHIPhS B TIOCIICIHUE TOJIBI OpHU-
SHTHPOBaHA B 3HAYUTEIILHON CTETICHH Ha OMOTOIUIMBO U OMO3HEPreTuKy. BmecTe ¢ Tem apyrue Bu-
JIbI TIPOTYKITMU TAaK)KE HE MEHEE 3HAUYMMBI, HAIPUMED, HOBBIE CIIOCOOBI MCIIOJIb30BAHUS IPEBECHHBI
B CTPOMUTENBCTBE, JPEBECHO-CTPYKEUHbIE OMOMaTepHalibl, BKJIIOYas OMOXMMHUYECKHE BEIIECTBA,
OuoIIacTuK M nuieBbie 106aBku. Kpome Toro, Bce Oosbliiee npU3HaAHHUE MOIYYalOT pa3HOOOpa3-
HBIE YCIIyTH Jieca, 00ecreynBarolie OKPY Aoyl Cpely U OJaronoiydyue yeinoBeka. ITH HOBbBIE
JIeCHbIE MPOAYKTHI U YCIYTU JOHKHBI OBITh HCCIIEAOBAaHbI U OIICHEHBI 0 UX BKJIATy B Oyayliee.

2. OnTuManpHOE UCMOJIb30BaHUE JIECHOTO ChIpbsi. BakHO MakcHMajabHO HCIOIb30BaTh HKOHO-

MHUYECKHE, COLUAIBHBIE U DKOJOTUYECKUE TPEUMYILECTBA UCIOIb30BAaHUS JIECHON NMPOAYKLUU IIPU
o0ecreyeHnn YCTOMYMBOCTH Pa3BUTHUS U €€ BKJaJa B «3elieHoe» Oyaymiee. ObecrieunBaeT i Jec-
Hasl IPOIYKIMs JIeHCTBUTENBHO Oosiee yCTOWYMBOE pa3BUTHE, YEM Jpyras KOHKYpHUpYoIlas Ipo-
JTyKIUs (Harpumep, O€TOH, CTallb, KOHOILIS, XJIONOK), 0OCOOEHHO MPH IIEJIOCTHOM IOJIX0/I€ U OLIEHKE
BO3JICUCTBHS HA OKPYXKAIOIIYIO Cpeay?

3. Bxuag 1ecoB ¥ MX KOCHUCTEMHBIX yciyr B TpaguioHHbii BBII u «3enenyio/Ha 6100CHOBE
PKOHOMUKY. Jleca u mpepocTaBisieMble MU YCIYTH SIBJISIOTCSI HEOAHOKPATHO U IOCJIEA0BATEIbHO
HEJO0OLIEHEHbl. B pe3ynbTare, cpeau mpodyero, Mbl UMEEM IpoLecchl 00€3JIeceHusl U Aerpajalnuu
JecoB. YUMThIBasi, yTO B Onmkaiiliee BpeMs HE IPOTHO3UPYETCS U3MEHEHMs SKOHOMHYECKOH cH-
CTEMbI B MHUPE, CMOXEM JIM MbI B COOTBETCTBUHU C TEKYIIEH CUTyaluel pa3paboTaTh CUCTEMBbI OLIEH-
KU, KOTOPbIE NOATBEPAST UCTUHHYIO IEHHOCTb JIECOB, OCOOEHHO B CONOCTABICHUU C KOHKYPUPYIO-
el npoaykuuen?

OTUMHU TIONOXKEHUSIMU OJOOpEHHasi MEXIYyHapOAHBIM JIECHBIM coobmiectBoM CTparerus Ha
2015-2019 rr. noyepkUBaeT 3HAYMMOCTh PACCMaTPUBAEMbIX HAapPaBICHUM MCCIEIOBAaHUM JIECHON
IPOAYKIMH U B HanOoJiee o0LIeM BUE ONpeneisieT IMHaMUKY uxX pa3Butus. [Ipu 3ToM HampaBiieH-
HOCTb JIaHHOTO pasnena CTpaTeruu oTpakaeT He CTOJBKO MPUKIATHYI0 OCOOCHHOCTh MCCIIEA0Ba-
HUH <JIECHOW MPOIYKIMU», CKOJIBKO II00aJbHOCTh CTOSLIMX IEpe]l YeIIOBEYECTBOM 3aJau YCTOM-
YUBOI'O Pa3BUTHs, B TOM YHCIIE 3a]]a4 YCTOMYMBOCTH KIIMMaTa.

B sToM cnyyae akTyalnbHOCTh M 3HAUUMOCTh IPOOJIEMaTHKHU, MogHUMaeMol LleHTpom ycToiun-
BOT'O YNpPaBJICHUS U JIUCTAaHIMOHHOIO MOHMTOpPHHTrA JiecoB [I0BOIKCKOro rocy1apcTBEHHOTO TEX-
HOJIOTHUECKOTO YHUBEPCUTETA B PETYJSPHO U3/IaBaeMOM COOpHHKE «JIecHbIE IKOCHCTEMBI B yCIIO-
BUSIX U3MEHEHUS KIMMaTa: Onojioruyeckas MpoAyKTUBOCTh U AUCTAHIIMOHHBIM MOHUTOPUHT» OTBE-
YaeT TPEeHJaM HccienoBaHuii mupoBou siecHor Hayku (Tikina, Kurbanov, 2012; I'ybaeB u np.,
2012; Loboda et al., 2012; Kyp6anos, 2016).

OObeMbl Hay4YHO-HCCIIEIOBATENbCKOM pabOThl B MHTEpecax JIECHOIO KOMIUIEKCAa B Hallei
CTpaHe, B TOM 4YHCJIE HUCCIIEeOBAaHUMN JIECHON MPOAYKIMHU, HAXOJATCS Ha BeCbMa HU3KOM YPOBHE:
«Pacxoner Ha HUOKP cocraBnsroT okoso 0,01% ot BBII oTpaciu, 9To CyIiecTBeHHO HUXE Cpei-
Hero 3apyOexxHoro ypoBHs (1,4% BBII) u ypoBus crpan-nmunaepoB (®unnsaaaus 2%; Hopserus
3,1%)»'. Jlaxke eclm 9TO M HEAOCMOTp YIOMSAHYTOTO JOKyMeHTa (Ha ctp. 13 mpoekra Crparerun
9TOT MOKazaTelb «...He npessimaet 0,1% ot BBII, co3naBaemMoro B JieCHOM KOMIIJIEKCE.»), YPOBEHb
pacxonoB Ha HUOKP sBisercs Hemonmyctumo Hu3KuM. s cpaBHeHus: B Poccun B 1enoMm 1o
CTpaHe BHYTPEHHHE 3aTpaThl HAa UCCIIE0BaHUS U pa3paboTku cocrasisum 1,1% k BBII B 2016 ro-
ny (Uunukaropsl Hayku, 2018). Ecnu ke yduThIBaTh COJEp:KaTeIbHYIO CTOPOHY MPOBOJUMBIX
HAyYHO-HCCIIEeIOBATEeNIbCKUX PadOT B MHTEpecax JIECHOTO KOMILJIEKCa, KOJUYECTBO M HAIpaBJICH-
HOCTh oTpaciieBblx HMM, M0OXKHO HaBepHsKa IMPEANOI0KHUTh, YTO B MHTEpPECAX «JIECHOW MPOIyK-
LUU» ITOT IMOKa3aTesb elle Huxke. BoimonHseMble paboThl B OOJIBIIMHCTBE CBOEM COOTBETCTBYIOT
MHUPOBBIM TEHJICHIUAM PAa3BUTHS, OJHAKO NMPAKTUYECKH ITOTHOCTBIO OTCYTCTBYET AOJKHAS KOOPIU-
HalMs 1 HeoOXO0MMast HalpaBJICHHOCTh UCCIIEI0BaHMA, BOTIPOCHI TPOrHO3UPOBAHUS B 9TOM Clly4ae
HE BOCTPEOOBaHBI M HE paCCMATPHUBAIOTCS JOJKHBIM 00pazoMm.

'TpoexT Crparernu pa3BHTHs JIECHOro KoMiuiekca Poccniickoii ®eneparmu 10 2030 roza, c. 95 (Mapt 2018 1.)
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HpI/I 9TOM OTpaciieBas cneun(bmca HCCHCHOB&HHﬁ, COBCPUICHHO HEAOCTATOYHAA 3aMHTCPCCOBAH-
HOCTH OM3HECa B 9TOM, OTCTPAHCHHOCTH I'OCyAapCTBa JIMIIb NOAYCPKUBAIOT, IIOATBCPIKIAIOT HeO1a-
rOmnoJIY4HOCTb CUTyalluu.

3akawueHue

COBOKYITHOCTh HaIpaBJICHUN HMCCIICIOBAHUS «JICCHOW MPOIYKIIUHW», 0a3UpPYIOMIAscs Ha J0CTa-
TOYHO 3HAYUMOM U PENpPE3ECHTATUBHOM 4YHUCJIE PabOT YUYEHBIX JIECHOI'O COOOIIeCTBa B paMKax
HNIODPO, MOXKET CIIYKUTh OOBEKTUBHOW OCHOBOM JIJIsi OIIEHKH €€ CYIIECTBYIOIIETO COCTOSHUSA, B
TOM YHKCJIE U B HALLIEH CTPaHE.

[Tonoxenus Crparerun MIO®PO na 2015-2019 rr. noquepkuBaOT 3HAYMMOCTh paccMaTpuBae-
MBIX HampaBICHUN UCCIICTOBAHUN JIECHON MPOAYKIIMU U B Hanboiee 00IIeM BUIE OMPECIIseT I1-
HaMUKy UX pa3BuTus. [Ipu 3TOM HanmpaBiIeHHOCTh COOTBETCTBYIOMIETO pa3aena CTpaTeruu oTpaxa-
€T HE CTOJBKO MPHUKIATHYI0 0COOCHHOCTh UCCIICIOBAHUH «ISCHOMW MPOXYKIIHUY, CKOJIBKO TI100aJTb-
HOCTh CTOSILIUX IEpe YeTOBEYECTBOM 3a/1ad YCTOMYMBOIO Pa3BUTHS, B TOM YMCIIE 3a7a4 YCTONYM-
BOCTH KJIMMaTa.

HanpaBneHHOCTh HCCIETOBaHUI MHUPOBOIO COOOINECTBA, MPOTHO3HBIE OICHKH B 3TOM CIy4yae
HMEIOT COAEPKATEIbHOE U BaXKHOE 3HAYEHUE, TOJDKHBI AHAJIM3UPOBATHCS U YUYUTHIBATHCS MPHU IUIa-
HUPOBAHUW M BBIMOJHEHUH OTEYCCTBEHHBIX JICCHBIX MCCIICIOBAHHM, OCOOCHHO B Pa3BHBAIOIIEMCS
MPOIIECCe MHTETPAIlMU POCCUMCKON HAYKH B MUPOBOE HAYYHOE ITPOCTPAHCTRO.

B ycnoBusix Hamield crpaHbl HEOOXOJAMMO CYIIECTBEHHOE YBEIMYCHHE O0BEMOB «IECHBIX)» HC-
CJIeIOBaHUM, 1IeTIecoo0pa3Ha onpeeeHHas KOOPAUHALMS BBITIOTHAEMBIX MCCIIECOBAaHUMN, TTPOTHO-
3UPOBAHME UX HAIIPABICHHOCTH.

Paboma evinonnena npu ¢punancosoii noodoeprcke Munucmepcmea oopazoeanus u HAyKu
Poccuiickou @edepayuu, npoexm Ne 37.8809.2017/8.9.
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U3MEHEHUE TEMIIEPATYPbBI IOYBbI HA TEPPUTOPUH
PECIIYBJIMKU MAPHUU 21 3A ITOCJIEJHUE ITOJIBEKA

0. I1. lemaxo" %, A. B. Ucaes™ >, I'. A. Borganos®
TloBomxkckwuit rOCyJapCTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET
*T"ocy1apCTBEHHBIH IPUPOIHBIIT 3aroBeHUK «Bombinas Kokimaray
*Mapuiickuii rocy1apcTBEHHBIH YHHBEPCHTET

Ilpusedenvl pezyromamol cmamucmuyeckol 0opabomku Mamepuanod HabarvO0eHull 3a memne-
pamypoii pasuwix croeg noussi (om 20 0o 320 cm) 3a 1963-2013 20061 na TMC Howxap-Ona, onpe-
OefleHbl npedenvl U 3aKOHOMEPHOCMIU ee Ce30HHbIX USMEHeHUU. YCmanosieno, umo ee cpeousis 2o-
008as memnepamypa, Komopas NpaKmudecku He UsMeHsemcs ¢ 2nyOuHoll, gvliue cpeoHel 2000601
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memnepamypul 6030yxa Ha 4,2-4,5°C, cocmaenssn 6,8-7,1°C. Ha enyoune ececo 20 cm memnepamy-
Pa nousvl 8 meueHue 0esamu Mecsayes (AH8Apb-Mapm U Urib-0eKabps) eviuie cpeoHell MeCIyHOoul
memnepamypbl 8030yxa, a Ha 2nyoune 320 cm ¢ anpens no cenmabps oHa, Haobopom, Hudice. Ces3b
MedHCOY MHOONEMHUMU PAOAMU 3HAYEHUUl CPeOHell MEeCAYHOL memMnepamypsbl 6030yXd U No4esl 8
SUMHULL NepU00 0080IbHO C1AOAS, YMO CEA3AHO C 8apuayuell MoJIuWUHbl CHEHCHO20 NHOKPO8A 8 pa3-
Hble 200bl, A C anpeis no oKmsabpv — ouenb mechas. OueHb mecHa MakKaice C653b MeHcoy cpeoHell
2000601 memnepamypoti nougvl Ha 2rnyoure 20 cm u npu3zemMHo20 clos ammocgepwvl, OYeHeHHAs: No
mamepuanam pasiuyHulx memeocmanyuti Poccuu. 1000601 x00 memnepamypuvl nou8bl HA KAAHCOOU
ommemxe 2yOUHblL UMeem C80U 0COOEHHOCIU, ompadcaembvle COOMBEMCMEYIOUWUMU YPAGHEHUsMU
peepeccuu. Ce30HHbIU MUHUMYM Ha 2nyoune 20 cm ommeyaemcs wawe 8ce2o 8 KOHye mpemoell oe-
Kaovl 0ekabps unu 8 cepedure nepeoll 0eKaovl AHEaAps, cO8U2asicy Ha 5-7 Onell Ha Kadxcovle 10 cm
enyounsl (na enyoune 320 cm on ommeuaemces yice 8 Konye anpens). Maxcumym na enyoune 20 cm
Hacmynaem 8 OCHOBHOM 8 cepedune uios, a Ha 2nyoune 320 cm — 6 KoHye aszycma uiu 0axce CeH-
msabps. 3Hauenus cpeonell memnepamypvl NO48bl 8 lemHe-0CeHHUL Nepuoo U 20008020 MAKCUMYMA
UMeIom 4emKyl0 MeHOeHYUr K Y8eIUdeHUio, C8A3AHHYI0 C 2100alIbHbIM NOMenieHuemM Kiumama,
umo noomeepaoicoaem OanHvle ucciedosameneil no opyeum pecuonam Poccuu.

Knrwuesuwie cnosa: nodyea, memnepamypa, C€30HHAaA U MHO2OJIEMHAA auHClMUKa, Poccus.

DYNAMICS OF SOIL TEMPERATURE IN MARI ELL REPUBLIC
OVER THE PAST FIFTY YEARS

Yu.P. Demakov "%, A.V. Isaev *°, G.A. Bogdanov2
'Volga State University of Technology
*Bolshaya Kokshaga State Nature Reserve
*Mari State University

The paper presents statistical results of longitudinal observation of soil temperatures measured
at different soil layers (from 20cm to 320 cm) over the period from 1963 to 2013 at the meteorolog-
ical station of Yoshkar-Ola. The temperature range and its seasonal changes have been identified.
It has also been revealed that the average annual temperature, which remains relatively constant at
the depths under study, is by 4.2-4.5°C higher than the average annual air temperature, thus reach-
ing 6.8-7.1°C. During nine months (January-March, July-December) at the depth of 20 cm the soil
temperature is higher than the average monthly air temperature, while at the depth of 320 cm it is
lower in the period from April to September. During winter months the correlation between the per-
ennial values of the average monthly air and soil temperatures is rather weak, due to the variation
in the thickness of snow cover in different years. From April to October the correlation is rather
strong. There is also a strong correlation between the average annual soil temperature at the depth
of 20 cm and the surface air estimated by the data provided by different meteorological stations.
The annual temperature cycle at every depth mark has its own specific features reflected in a corre-
sponding equation of regression. The seasonal minimum at the depth of 20 cm is most often ob-
served in the last ten day period of December or in the middle of the first ten day period of January.
The seasonal minimum shifts by 5-7 days with every 10 cm of depth (at the depth of 320 cm the sea-
sonal minimum is recorded at the end of April). The seasonal maximum at the depth of 20 cm is
attained in the middle of July, while at the depth of 320 cm - at the end of August or even Septem-
ber. The values of average soil temperature in summer-autumn period and the annual maximum
demonstrate a clear upward trend caused by the global warming. This is also proved by the re-
search data obtained in other Russian regions.

Key words: soil; temperature, seasonal and perennial dynamics, Russia.

BBenenue. Kiiumat mouBbl SABJIAETCS OOHUM M3 BAXXKHEHIIMX MPUPOJHBIX PECYpPCOB KOH-
KpETHOW TEPPUTOPUHU, BO MHOTOM ONPEIEIsisi HE TOJbKO MPOAYKTUBHOCTD, HAIIPaBJICHUE U TEMIIbI
pa3BUTHS OMOTE€OIEHO30B, HO TaKXKE COCTOSIHUE SKOHOMUKHU M YCIIOBUS MpoXkuBaHus Jroaeit. Oco-
OCHHO PE3KO ATO MPOSBISIETCS B 3KcTpemManbHbIie niepuosl (Lafter et al, 2010; Gewehr et al., 2014;
Loboda et al., 2017). [TocraHOBKa Bompoca O KIUMaTe MOYBbI, OCHOBHBIMU 3JIEMEHTAMH KOTOPOTO
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SIBJISIFOTCSI TEMIIEPATypa U BIIAXHOCTb, MPUHAMIEKUT oTeuecTBEHHBbIM yueHbIM II.A. KocTbiueBy,
B.B. lokyuaeBy, A.A. U3smannsckomy, C.C. Heyctpyey, A.W. Boeiikoy, K.I1. I'opuienuny, C.II.
KpaskoBy, M.M. ®unaroBy, I1.11. KonockoBy (ILlynbrun, 1967), koTopsle OTMEUYaIH, YTO OH, XOTS
U 3aBUCHUT OT KJIMMaTa aTMoc(epbl, HO HE TOXIECTBEHEH €My, UMesi MHOTHE crienupuyeckue yep-
ThI, KOTOPBIE JOJIKHBI SBJISTHCS MPEIMETOM MPUCTAILHOTO BHUMAHUS UCCIIE0BATENEH.

K nacrosiiemy BpeMeHU HAaKOIUIEH OFPOMHBIA MaTepHall U BbISBICHBI OCHOBHbIE 3aKOHOMEPHO-
CTH €ro U3MEHEHHs B IpocTpaHcTBe B BpeMeHu (Zhang et al, 2000; Mellander et al., 2007; Apxa#n-
rensckas, 2012; butiokos, 2012; Jlecatkun u ap., 2012; Jlemakos, Mcaes, 2013; TarapuHiies,
2015). Tak, k mpuMepy, YCTAHOBJICHO, YTO CYTOYHBIC U CE30HHBIE KOJICOAHUSI TEMIIEPATYPhI TTIOUBHI
3aBHCAT OT MX IPaHYJIOMETPHUYECKOTO COCTaBa M BIAXKHOCTH, a Takxke (pu3mko-reorpaguyuecKkux
YCIIOBUM MECTHOCTH, KJIUMAaTa M XapakTepa MOKPbIBAOLIEH pacTUTENIbHOCTH. CyXHe U XOpOLIO Jipe-
HUPYEMBIE [TOUBbI BECHOM U JIETOM SIBJISIFOTCS TEIUIBIMU, @ TSYKEJblE IEPEYBIaKHEHHbIE — XOJIO/IHbI-
Mu. B BeceHHUI nepuo]i INIMHUCTBIE IOYBBI XOJIO/IHEE, A [IECYAHBIE TEIIEE, OCEHbIO e TJIMHUCTHIE
MOYBBI, HA00OPOT, Teree necuanbix. [leproa konebanui TeMIepaTypbl MOYBHI B TEUEHUE CYTOK U
roja, Kak mokaszai Benukuil paniry3ckuit Mmatematuk JKan batuct @ypne (1768-1830) B pabote
«AHanmuTHueckas teopus Temay (1822), He U3MEHsSIETCS C POCTOM ee IIYyOWHBI, @ UX aMIUTUTY/a
YMEHbILIAETCSl B T€OMETpUYecKoi mporpeccuu, nocreneHHo 3aryxas (Illynasrun, 1967). ['myOuna
IIOCTOSIHHOW CYTOYHOW U T'0JIOBOM TeMIIepaTypbl COOTHOCSITCS MEXIY COOOM Kak KOPHHM KBaJpat-
HBIE U3 TIEPHOOB KoJieOaHMii (rryOnHa 3aTyXaHUs TOJIOBBIX KOJIEOaHUi, COTIIACHO ATOMY IOJIOKe-
HUIO, B 19 pa3 mpeBbimaeT riyOnHy 3aTyXaHUsl CYTOYHBIX KojiebaHuii). BpeMs HacTymieHus Max-
CUMYMOB U MMHMMYMOB TE€MIIEPATyphl 3ala3/bIBACT IPONOPLIUOHAILHO INIyOnHEe NMoYBkl. ['010BOM
XOJl TEMIIEpATyphl IOUYBBI B YMEPEHHBIX IIUPOTAX XapaKTEPU3yeTCsl OOBIYHO OAHUM MAKCUMYMOM B
UIOJIE WM aBTYCTE M OJJHUM MHUHMMYMOM B SIHBape WiH (eBpasie. AMIUTUTYAa TOJOBOTO X0/1a TeM-
nepaTypbl MOBEPXHOCTHU OrOJIEHHOW MOYBHI HE 3aBUCUT OT reorpauyeckoi HIMPOTHl U COCTABIISET
okoj10 30°C. B ceBepHbIX MIUPOTaxX IMTyOMHA MPOHUKHOBEHUS '0JIOBOTO XOJa TEMIIEPATyphl MTOUBbI
COCTaBJIIET IPUMEPHO 25 M, B cpetHUX — 15-20 M, a B 10KHbBIX — okos10 10 M. Huxe 3T0i riyOuHbI
JIEKUT CJION MOCTOSIHHON I'0JI0BOM TeMIlepaTypsl, I'/ie He TOJBKO CYTOUYHbIE, HO U TOJIOBBIE KOJIeha-
HUSl TeMIeparypbl He HabmogaoTcs. Mi3MeHeHne temmneparypbl MOYBBI C TIyOMHOW B OTJENbHbBIE
nepuobl rojia pa3nuyHo. Tak, oCeHbI0 Ha HEKOTOPOH INTyOnMHE OYBbI HAOII0AaeTcs HanboJee Ter-
JBINA CIIOM, OT KOTOPOIo TeMIiepaTypa yObIBaeT Kak B INyOb MOYBBI, TaK U K €€ oBepxHocTU. Bec-
HOM ke, Ha000pOT, MEKIy 0oJee TEMJIbIMU CIOSMU CBEPXY M CHU3Y HaXOAMTCS Haubojee XOoJoJ-
HBIN CJIOM.

Cucrematnueckre HaONIOJIEHUSI 32 TEMIIEPATYPHBIM PEXKUMOM IOUBHI MPOBOJSATCS B HaIIeH
CTpaHe CeThl0 CTaHIMH ['mapomeTeociyx0bl y)xe JaBHO, OJIHAKO OTPOMHBIE MAacCHUBbI HAKOIUIEH-
HBIX JAHHBIX [0 MHOTOJIETHEH €ro JMHAMHUKE OCTAIOTCS MOKa MPaKTUYeCKH He 00paboTaHHBIMU U
cJ1a00 BOBJICUYECHHBIMH B HAYUHBIH 000POT, XOTSI OHM MOTYT JaTh MOJIE3HYIO WH(pOpMaIHIO 00 0COo-
OCHHOCTSX JUHAMHKHU COCTOsiHUS OmoreorieHo30B (bansiouna, Tpodumona, 2013), sBiusisich Baxk-
HBIM JIOTIOJTHEHHEM K BPEMEHHBIM PsiiaM METEOPOJIOTUYECKUX JaHHBIX.

Ieas padoThl 3aKkir0yanach B BBISIBJICHUHM 3aKOHOMEPHOCTEW CE30HHOM M MHOTOJETHEH
JUHAMHUKHU TeMIIepaTypsl IoUBbl Ha Tepputropun PecnyOnuku Mapuit Oi1.

Marepuan u Meroabl. /{1 paboThl HCIOIB30BaH MAaCCUB CYTOUYHBIX IAHHBIX O TEMIIEpaTy-
pe mouBsI Ha rnybune 10 320 cM o I'MC Momkap-Ona 3a mepuox ¢ 1963 mo 2013 rombl, Haxoms-
mmiicss B cBoboaHOM noctyne B cetu MHTepHeT (http:/meteo.ru), a Takke maTepuansl COOCTBEH-
HBIX HAOIOJCHUN Ha JACBATH MOCTOSHHBIX MPOOHBIX IUIOMIAISNX, 3AT0KEHHBIE B PA3IMYHBIX SKOTO-
nax 3anoBeaHuka «bonbmas Kokmara», borannueckoro caga-unctutyra III'TY u necomapkos
r. Moukap-Omnbl. 3aMepbl TeMIIepaTyphl BBINOIHAIN B 3-5-KPAaTHOH TOBTOPHOCTH Ha TIyOHHE
5, 10, 20, 40, 60 u 80 cM 37€KTPOHHBIM TEPMOMETPOM «MUHH-3aMepP», UMEIOIIHUM IOIPELIHOCTh
+0,1°C. ludpoBoii Mmatepuan o6padboTaH Ha KOMIBIOTEPE C MCIOJIb30BAaHUEM CTaHIAPTHBIX METO-
JIOB MaTEMaTUYECKON CTAaTUCTUKH U NMPUKIATHBIX Tporpamm Excel u Statistica.
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Pe3yiabTaTsl Hccae10BaHuil M UX 00CysKAeHHe. AHAINU3 [TOJIY4EHHBIX JaHHBIX II0Ka3aJl, YTO
CpelHsisl TOIoBasi TeMIeparypa MmoyBbl cocrapiser 6,8-7,1°C, yTo Bblle cpeHEN TOJO0BOM Temrie-
parypsl Bo3ayxa Ha 4,2-4,5°C, u mpakTHUECKH HE U3MEHseTcs ¢ TayouHoil (Tadm. 1). ['ogoBoii xe
MUHHMYM TE€MIIEpaTypbl IMOYBbI Ha TyonHe 20 cM BhINIe, YeM BO3ayxa, Ha 42°C, a MaKCUMyM H
amIuIuTyna (pasmax), Ha00opoT, Huxke Ha 12,6 u 53,6°C coorBercTBeHHO. [TouBa, Takum 0OpazoM,
Xapaktepusyercs 0osiee CriakeHHBIM TEMIEPaTypHBIM PEXUMOM IO CPAaBHEHHUIO C MPU3EMHBIM
cioeM aTMoc(epsl, XOTs KoJeOaHHsI MEXY T'OJA0BBIM MAaKCUMyMOM M MHUHHUMYMOM IMPOCJI€KHBA-
I0TCA BIUIOTH A0 r1youHbsl 320 cM. MUHUMallbHAs U MaKCUMallbHAs TEMIIEPATyphl, a TAK)KE pa3zMax
Mexay ux 3HaueHusMA (Y, °C) u3MeHsIoTCs o rpaguenty riayounst (h, cM) cTporo 3aKkOHOMEpPHO
U alIpOKCUMUPYETCS CIAEAYIOLMMYU YPaBHEHUSIMU PErPECCUU:

tmin = 10,3'[1 — exp(-14,73°107"h)] — 8,64; R*=0,984;
tmax = 17,97exp(-9,18°107'h) + 11,3; R*=0,995;
Y =27,8"exp(-11,14107"h) + 10,0; R*=0,997.

Tab6muma 1
CpenHsisi, MUHHMAJILHAS ¥ MAKCHMAJILHAS T'0/I0Basi TeMIIepaTypa no4ssl no JanubiM I'MC Momkap-Oua
3HayeHUe TeMIepaTypbl HA pa3Hoii riyoune, °C
Temneparypa

20 cm 40 cm 60 cm 80 cm 120 cm 160 cm 240 cm 320 cm
Cpennsist ronoBast 6,9 7,1 7,0 6,9 6,9 6,9 6,8 6,8
MunuManbHas -6,0 -3,9 -2,8 -1,6 -0,2 0,9 2,0 1,0
MakcumasnbHas 26,4 23,2 21,7 20,1 17,5 14,9 13,6 12,1
Amrmuiutyaa 324 27,1 24,4 21,7 17,7 14,0 11,6 11,1

['omoBo#t xo4 TemmepaTyphl MOYBBI HAa Ka)KJOW OTMETKE INIyOMHBI UMEET CBOUM OCOOEHHOCTH
(Tabm. 2, puc. 1), oTpakaemble COOTBETCTBYIOIUMH ypaBHEHUsIMU perpeccu (Tadi. 3). Ce30HHBIM
MUHUMYM Ha TiyonHe 20 ¢cM OTMedaeTcs yallle BCEro B KOHIE TPEThel AeKaabl JeKadps Wil B ce-
pelnuHe MepBoi JeKajbl STHBapsl, CABUTasich Ha 5-7 nHel Ha kaxaele 10 cM rimyOuHbl (Ha ri1yOuHe
320 cM OH OoTMeuaeTcs YK€ B KOHILE ampeis). TemmepaTypHblii MakcuMyM Ha riyOuHe 20 cm
HACTyMaeT B OCHOBHOM B CEpeMHE MI0JIA, a Ha TimyOouHe 320 ¢cM — B KOHIIE aBr'ycTa MJIH JaXKe CEeH-

TAOpSL.

. Tab6muua 2
CpenHsisi MHOT0JIETHSISI TEMIIEPATYPAa MOYBHI B NOC/IeHUM JeHb Mecsina no AaHHbIM M C Homkap-Oaa
Mecsm TemnepaTypa no4Bbl Ha pa3Hoii rnyouHe, °C

20 cm 40 cm 60 cm 80 cm 120 cm 160 cm 240 cm 320 cm
I -1,3 -0,6 0,1 0,7 1,8 2,9 4,2 5,3
11 -1,0 -0,5 0,0 0,5 1,4 2,3 3,6 4,5
I -0,2 0,0 0,3 0,5 1,2 2,0 3,1 3,9
v 7,2 6,1 4,9 3,9 3,0 2,7 3,1 3,5
A% 14,1 13,1 11,5 10,2 8,4 6,8 5,4 4,7
VI 19,1 17,9 16,1 14,4 12,1 10,2 8,0 6,8
VII 19,6 19,0 17,5 16,3 14,5 12,7 10,4 8,9
VIII 154 154 15,2 14,7 14,0 13,0 11,5 10,2
IX 9,1 10,0 10,5 10,9 11,3 11,4 11,1 10,4
X 2,9 4,2 5,1 6,0 7,4 8,4 9,2 9,4
XI -0,6 0,7 1,8 2,8 4,3 5,6 7,0 7,9
XII -1,5 -0,6 0,3 1,3 2,6 3.8 53 6,4
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Puc. 1. T'ogoBoii xo1 TeMnepaTypbl o4uBbI HA riayouHe 20 u 320 cM B pa3Hble roJbl
Tabnuua 3
IMapameTpn! GyHKIAM rOIUYHONH TMHAMAKH CpeIHeil MHOTOJIETHEH TeMIIepaTypPhl MOYBBI
3Hauenue napamerpos GyHkmmH Y=A'[sin(2'p't/11,5 + j) + 1]° + ¢ 115 pasHOii TTyGUHBI MOYBBI
ITapameTtp
20 cMm 40 cm 60 cm 80 cm 120 cm 160 cm 240 cm 320 cm
A 6,92 6,47 5,84 5,26 4,61 4,08 3,27 2,74
[0} -2,068 -2,145 -2,236 -2,338 -2,51 -2,701 -2,975 -3,235
b 1,653 1,631 1,611 1,596 1,524 1,435 1,36 1,288
c -1,61 -0,81 -0,11 0,55 1,47 2,22 3,20 3,81
R’ 0,996 0,996 0,995 0,993 0,990 0,988 0,988 0,985

Pacuets! mokazanu, 4to nmoya oOnagaer 0ojiee BBICOKOW CIIOCOOHOCTBIO K MOIJIOIIEHHIO COJI-
HEYHOW »Hepruu, yeM arMmocdepa, U ee TemrnepaTypa Ha riayouHe Bcero 20 cM B TeueHHE JEBATH
MecCsI1eB Toia (IHBapb-MapT U HIOJIb-1€Ka0pb) BBIIIE CpEeAHEH MECSIYHON TeMIlepaTypbl BO3/ayXa
(puc. 2a). Ha rnyoune ke 320 cM c ampesns 1o ceHTs0pb OHa yke, Ha000poT, Hike. CBI3b MEXKITY
MHOT'OJIETHUMH PSAJIaMU 3HAYEHUH CpeAHEN MECAYHOM TEeMIIepaTyphbl BO3/1yXa W IOYBBI B 3UMHHU
NepUOJ TI0BOJIBHO clladasi, UTO CBSI3aHO C BapuallMel TOJIIMHBI CHEXXHOT'O ITIOKPOBA B pa3HbIE TObI,
a ¢ ampesst o OKTS0pb, HA000POT, OUeHb TecHas (Tadi. 4). OueHb TECHA TAaKXKe CBSI3b MEXIY Cpe/l-
Hell ToJ0BOM Temmeparypoil mouBbl Ha riayouHe 20 ¢cM M BO3/yXa, OIEHEHHas [0 MaTepuaiam
HaOI0IeHUH pa3nuYHbIX MeTeocTaHui Poccun (puc. 20).
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Puc. 2. CooTHOLIEHHE MEKIY CPeHell MeCIUHOH TeMIepaTypoii BO3AyXa U MOYBbI
Ha ’'MC Homxkap-OJia (A) u cpeaHeii ronoBoii B pa3Jn4HbIX pernonax Poccun (b)
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ITapameTpsl JIMHEHHON CBSI3M MKy PSIAaMH CPe/IHell TeMIlepaTypbl BO3AyXa U MOYBbI
Ha riryouHe 20 cM mo MaTepuajam MHoroJeTHux u3mMepenuii Ha 'MC Homxkap-Oaa

Tabnuma 4

3navenns napamerpoB ¢pyskuun Y = a’X + b nis pasHeIx Mecsines roga*

ITapamerp

byHKuMH | I 111 v v VI vl VIII IX X XI XII
a 0,11 0,12 0,13 0,55 0,71 0,86 0,85 0,75 0,75 0,66 0,31 0,16
b -0,04 | 0,10 0,00 0,21 2,68 2,41 3,58 5,42 4,42 3,40 2,06 0,28
R’ 0,19 0,21 0,34 0,73 0,76 0,77 0,74 0,60 0,80 0,83 0,58 0,22

*[Ipumevanne: Y — cpeaHsis rogoBas TeMneparypa noussl, °C; X — cpenHsis rojioBasi TeMieparypa Bosayxa, °C.

3HavYeHHs CPEIHEN TeMIIepaTyphl TOUBHI B JIETHE-OCEHHUH NIEPHO/T U TOJJOBOTO MAaKCUMYyMa UMeE-
0T YETKYIO TEHCHIIMIO K YBEIHUCHUIO (pHC. 3 U 4), CBA3aHHYIO C TNI00ATBLHBIM TOTSIUICHHEM KJIH-
Mara, 4TO MOJTBEpPXAAeT JaHHbIE HCclenoBaTeneil mo Apyrum perunonam Poccun (Xynsaxos, Pe-
motkuH, 2012; baneibuna, Tpodumosa, 2013). 'onoBoiil e MUHUMYM U TIIyOMHA MpPOMEp3aHUs
TpeH/1a MPAKTUYECKH HE UMEIOT, QIYKTYHUpPYs BOKPYT HEKOTOPOTO CpeaHEro ypoBHs (puc. 5 u 6).
He ocraercs Takxe MOCTOSIHHON BO BPEMEHU MPOJOJIKUTEIBHOCTh MEPUOIOB C PA3IMUYHON TeMIle-
paTypoil MOYBBI M CYMMBI HAaKOIUIEHHOro Terja (Tabi. 5), BeIMYMHAa KOTOPBIX MEMJIEHHO, HO
HEYKJIOHHO BO3pacTaeT OT roja K roay (puc. 7), 4TO MPUBOAUT JIETOM K BO3PACTAHHIO Pa3HOCTU
MEX/1y TEMIIepaTypoi IOUBbI U Bo3ayxa (puc. 8).
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Puc. 6. /InHaMuKa ryGuHBI npoMep3anus nouBbi 1o F'MC HMomxkap-Oaa

. Tabmuma 4
Crarucruka napaMeTpoB H3MeHeHHUs TeMIepaTtypHoro pe;xxuma nouys Ha 'MC Homkap-Ona
Moporn 3HaYeHNs CTATHCTHYECKHMX NOKa3aTeJell Ha pa3HOi r1y0MHe H3MepeHHus NapaMeTpoB
TeMIepary- I'ayouna 20 cm I'ayouna 60 cm
P M, min max Pa3max M, min max Pa3max
[IponomxuTeNnbHOCTS IEPUOJA C PA3IUUYHON TEMIIEPATypOH, THEH
>5°C 180 156 216 60 187 166 214 48
>10°C 139 118 173 55 135 117 156 39
>15°C 87 56 113 57 69 14 104 90
CymMa TeMIiepatyp BHIIIE ONpeneneHHoro 3HaueHus, °C
>5°C 2563 2110 2966 856 2377 1910 2763 853
>10°C 2254 1760 2828 1068 2004 1581 2401 820
>15°C 1607 916 2167 1251 1165 220 1771 1552
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Puc. 8. lnnamMuka pa3HOCTH MeKI1Yy CpeHeil HIOHbCKOI TeMIepaTypoii Bo31yxa U No4YBbI

[ToBbilIeHNE TeMIEpaTypbl MOYBBI MPUBOAMT, Kak oTMeyaroT uccienoBarenu (Opros, 1953;
lynerun, 1967; Nanenxo, 2013; Maxkapserues, [lactyxos, 2013), Kk yCHJICHHIO OeATEILHOCTH MOY-
BEHHOI OMOTBI, KOTOpasi, pa3iaras OPraHUYECKOe BEIIECTBO, BBIACISAET B aTMochepy YriaeKUCIbIi
ra3 U METaH, YBeTUYHUBas MapHUKOBBIA d2(PPeKT. DT0, B CBOIO 0YEPE/Ib, CIIOCOOCTBYET yIYUIICHUIO
YCIIOBUI POCTa pacTeHH, OJHAKO HACKOJIBKO COAaTaHCHPOBAHBI ATH MPOIECCHI, TTOKAa HEU3BECTHO,
TakK KaK peryJsipHble HaOMIOACHUS 32 TEMIEPATYPHBIM PEKUMOM TOYBBI U COCTOSTHUEM OHOTeoIe-
HO30B MPAKTUYECKH OTCYTCTBYIOT.

Tepmudeckuii pekuM TMOYBBI 3aBUCUT, KaK TOKa3aHO MHOTMMH uccienoBatensiMu (Ilymbrun,
1967; KynbkoBa, lllaBannesa, 2011; decatkun u ap., 2012; Iemakos, Mcaes, 2013; /lemakoB u ap.,
2016, 2017; Maxkapsrues, Jlebenera, 2016), OT UX TPaHYIOMETPUIECKOTO COCTaBa M BJIAKHOCTH, a
TaKKe XapaKTepa pacTUTEIHLHOTO MOKPOBA U XO3AWCTBEHHOTO MCIIOJIb30BAHUS 3eMeNb. PerynspHbie
COTpsKEHHBIE HAOIIOICHUS 32 TEMIIEPaTypoil BO3yXa U MOYBHI B Pa3IMUHBIX SKOTOIMAX MPOBOJIST-
Csl, K COXKAJIICHUIO, TUIIb dMu30andecku. [IpoBeieHHbIe HaMU HAOMIOIEHUS TIOKAa3aJIH, YTO TeMIepa-
Typa pa3HBIX CIOEB IMOYBBI M3MEHSETCS Ha OOBEKTaX HCCIENOBaHUS B TEUECHUE BETE€TAIMOHHOTO
Meproja B JIOBOJILHO OOMNBINHX IMpeAeNiaX, OMpeAesieMbIX KaK MOTOJHBIMU YCIOBUSMHU TOTO WA
WHOTO T0J1a, TAK U OCOOCHHOCTSIMH HKOTOIOB (TIOJHOTHI U COCTaBa APEBOCTOEB, THIIA TIOYB, TIIyOU-
HBI 3aJIETaHUs TPYHTOBBIX BOJ | T.1.). Tak, k mpumepy, B 2017 rony Hanbosiee BEICOKOW OHa Obliia
Ha Jyry Bo3je AepeBHH [llanTyHra, a camoil HU3KOM — B COCHSIKE YEPHHUYHOM CO BTOPBIM SIPYCOM
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emu (Tabmn. 5, puc. 9). Pa3auma 3HaueHUI MEXIY SKOTOMAMHU COCTaBJIsUIa B Mac B CAaMOM BEPXHEM
cioe nouBsl 3,0°C, a Ha OCTAJIBHBIX TIIyOMHAX U3MeHsiack oT 2,2 no 2,4°C. B utone pa3Huna craia
MeHee 3HaYuTeIbHON 1 m3Mensach ot 0,9 no 2,3°C. B cenrsdpe Temneparypa HOYBBI J0 TNTyOHHBI
20 cM ObLIa caMOl BBICOKOM B COCHSKE JIMIIAMHUKOBOM, a HauOoJjee ke X0J0JHOM OHA OCTaBaIach
B COCHSIK€ YEpHUYHHUKOBOM. PazHHIIa TeMIiepaTypbl MEXy SKOTOIIAMU B 3TOM MECSIIEe COCTABIIsIIA
B CaMOM BepxXHeM ciioe 1mouBsl 1,9°C, a Ha ocTainbHBIX r1yonHax n3mensiack ot 0,5 mo 1,0°C. Pas-
HUIIa MEXAY BEPXHUM M HWKHUM CJIOSMH B TpEeiiax KaKIoro 3KoTora Oblia Takke cyry0o crie-
nuduunoi. B Mae ona cocrapisiiia B cpegaem 2,6°C, uzmenssach ot 1,9 no 3,5°C (maubosiee BbICO-
KOH OHa ObLIa B COCHSIKE OPYCHHYHHUKOBOM, a CAMOW HU3KOHW — B COCHSIKE YEPHUYHUKOBOM ), B HIOJIC
—4,7°C, uzmenstsics ot 2,3 10 6,4°C (camMoii HU3KOM OHA ObLIa B HArOPHOM JIMIHsIKE boTaHnyecko-
ro cana [II'TY, a nanbosee BBICOKOW — B COCHSIKE JIMIIAHHUKOBO-MIIACTOM). B cenTsiOpe pazmuuus
TEMIIEpaTypPbl MKy Pa3HbIMHU CIOSIMH MTOYBBI COCTAaBWIU B cpenHeM 1,5°C, BapbUpyst MEXKIY KO-
totamu 0T 0,6 10 3,1°C (MakCUMaIBLHBIMU OHU OBLTU B COCHSIKE JTMIIAHHUKOBOM, & MHHUMAJIbHBI-
MU — B COCHSIKax OpyCHUYHUKOBOM U yepHUYHUKOBOM). Jlerom 2017 roxa Temmieparypa mnouBbl Obl-
Jla 3HAYUTEIHHO HUXKe, 4eM B 2016 roy, OCEHbIO K€ MOJI0KEHNE KapAMHATIBbHO U3MEHUIIOCH.

Tabmuma 5
Temneparypa noussl B 2017 roay Ha o0bekTax B 3anoBenHuke «bouabmas Kokmara» u gpyrux OOIIT
KOTON Jlara Cpennsisi TeMnepaTypa no4sbl Ha pa3Hoii riayoune, °C
yuera 5cm 10 cm 20 cM 40 cm 60 cm 80 cm
24.05 7,8 7,4 7,1 53 5,0 4,8
L. 3anoserm, cocHsK 12.07 14,8 14,0 13,3 11,1 10,5 10,1
JINIIANHUKOBbIN
13.09 14,4 13,3 12,5 12,3 11,9 11,6
23.05 7,3 6,9 6,5 4,8 4,7 4,5
2. 3amoBeJHUK, COCHSIK
AR HIKOBO-MIICTL 12.07 15,1 13,5 12,8 10,6 10,1 9,7
13.09 12,5 12,0 11,8 11,9 11,6 11,5
23.05 7,6 7,1 6,8 5,1 49 4,6
g' 3amOBE/IHMK, COCHAK- 12.07 13,8 13,1 12,5 10,1 9,5 9,0
PYCHUYHUK
13.09 12,2 12,0 11,8 11,8 11,6 11,3
23.05 5,6 5,4 5,3 3,8 3,4 3,3
4. 3anoBeTHUK, COCHAK-
YEPHUYHUK 12.07 13,6 12,8 12,0 9,7 9,0 8,6
BJIQKHBIN C €JIBI0
13.09 12,5 12,3 12,0 12,1 11,8 11,6
5. 3anoBeIHMK, COCHSIK- 24.05 5,7 5.4 5,2 3,7 3,6 -
YCPHUYHUK
CBIPOIA C eJIBI0, OCHHOM U Gepe30ii 13.09 12,5 11,2 10,6 10,7 10,6 -
23.05 8,6 7,8 7,6 6,0 5,8 5,6
6. anosenuux, IHantyrrekoe 12.07 14,8 13,7 13,1 11,5 113 10,3
HOHe . 2 2 2 2 2 B
13.09 13,2 12,8 12,5 12,7 12,7 12,3
7. Jleconapk «CocHoBast pomay, 12.05 6,6 6,2 5,9 48 45 43
HOUMEHHBIM JIyT 21.09 11,2 11,2 11,4 12,5 12,3 12,0
8. Jleconmapk «CocHoBas powiay, 12.05 6,0 5.7 5,3 3.9 3.7 3,6
HNOMMEHHBIN CMEIIaHHBIN JIEC 21.09 11.1 11.3 11.5 12.4 12.3 12.0
11.05 6,0 5,5 4,9 3,0 2,8 -
9. borannueckuii cag III'TY,
JIMTTHSIK CHBITEBBIN HATOPHBIN 11.07 11,0 10,5 0.8 9.7 9,0 8,5
22.09 10,0 10,2 10,6 12,1 12,3 12,3
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Puc. 9. U3meHeHnne TeMnepaTypbl OYBbI 110 FPAJUEHTY IVIyOMHBI B Pa3JIMYHbIX IKOTONAX 3aM0BEAHUKA

3akiarouenue. [IpoBeneHHBIC HAMY UCCICIOBAHUS TIO3BOJWIH, TAKUM 00pa3oM, ONPEIeIIUTh
mpeiebl U 3aKOHOMEPHOCTH M3MEHUMBOCTH TEMIIEPATypPhI IMOYBHI B yCIOBHIX Pecmybnuku Mapuit
DOn. YCTaHOBIEHO, UTO MOYBA XapaKTepu3yercs 0oJiee CrilaXeHHBIM TEMIEPATYPHBIM PEKUMOM, 110
CPaBHEHHUIO C MPU3EMHBIM CJIIOEM aTMOC(EPHI, U €€ CPeHss ro/I0Basi TeMIlepaTypa, KOoTopas mpak-
TUYECKU HE U3MEHSETCS C INIyOMHOM, BBIIIE Cpe/IHel roJ0OBOM TeMIlepaTrypsl Bo3ayxa Ha 4,2-4,5°C.
Ha rnyOune Bcero 20 cMm TeMrieparypa MO4YBbl B T€UEHHUE JEBITH MECALEB (SHBAPh-MapT U HIOJb-
Nexabpb) BhIIIE CPEAHEH MECSUHOM TeMIepaTypsl Bo3ayxa, a Ha riryouHe 320 cM ¢ amperns 1o CeH-
TA0ph OHa, HA000POT, HIDKE. CBSA3b MEXy MHOTOJICTHUMHU PSJIaMH 3HAYCHUN CPEIHEU MEeCSIYHOU
TEeMIIepaTypbl BO3JyXa M MOYBHI B 3UMHHUI MEPUOJ JOBOJBHO cliadasi, UTO CBSI3aHO C Bapualuen
TOJIIIIUHBI CHEXKHOTO TIOKPOBA B pa3HBIC TO/IbI, a C alpedis M0 OKTAOPh — 04eHb TecHas. O4eHb TeCHa
TaKKe CBSI3b MEXK]Y CPEIHEH roI0BOM TeMIlepaTypoil MouBHl Ha TiyonHe 20 CM U IPU3EMHOTO CIOS
aTMocdepsl, OIICHEHHAs TT0 MaTepuaiaM HaOMIOACHUN pa3INYHbIX MeTeocTannii Poccun.

['omoBoit X0 TemMmepaTyphl MOYBBI Ha KaXKI0M OTMETKE TITyOUHBI IMEET CBOM OCOOEHHOCTH, OT-
pakaeMble COOTBETCTBYIOIIMMH ypaBHEHUSIMU perpeccur. Ce30HHBI MUHUMYM Ha riyounHe 20 cM
OTMEYaeTcs Yallle BCero B KOHIIE TPEThel JeKaabl 1eKaOpsi UK B CeperHe MEePBOM eKa bl SHBAPS,
cABHUrasch Ha 5-7 aHei Ha kaxasie 10 cM rmyOouns! (Ha riayouHe 320 cM OH OTMeUaeTcs yKe B KOH-
ne ampens). TemnepaTypHblii MakcuMyM Ha rayOumHe 20 cM HacTymaeT B OCHOBHOM B CEpeauHE
uioJs, a Ha riiyoune 320 cM — B KOHILIE aBrycTa WM Jaxke CEHTSIOps. TepMUUeCKUil pexuM MOYBbI
3aBUCUT OT MX TPAHYJOMETPHUYECKOTO COCTaBa M BIIAXKHOCTH, & TAKXKE XapakTepa pacTUTEIHHOTO
MMOKPOBA M XO3SUCTBEHHOTO MCIOJIb30BaHUS 3eMeib (Ha CENUTEOHBIX TEPPUTOPHIX M CEITBCKOXO-
3STUCTBEHHBIX YTOJbSX TEMIIEpATypa MOYBHI BHIIIE, YEM B JIECY).

3HavYeHMs CpEJIHEN TeMIlepaTyphl IOUBbI B JIETHE-OCEHHUH NEPHUO]I U TOJJOBOTO MAaKCUMYyMa UMe-
0T YETKYI0 TEHJCHIIMIO K YBEIWYCHHIO, CBSI3aHHYIO C TVIOOATBHBIM MOTEIUICHHEM KIuMaTa, 4To
MOATBEPKJIAIOT JAHHBIE UCCeoBaTeNel no apyrumM peruonam Poccun. He ocraercs Takxke mnocro-
STHHOM BO BPEMEHU MPOJIOJKUTEIBHOCTh MEPUOJIOB C PA3IMUYHOM TEMIIEpaTypOil MOYBBI U CyMMBI
HAaKOIUIEHHOTO TEIUIa, BEIMYMHA KOTOPBIX MEIJIEHHO, HO HEYKJIOHHO BO3pPACTaeT OT roja K rofy,
YTO TMPUBOJMT JIETOM K BO3PACTaHUIO PA3HOCTH MEXY TEMIIepaTypoi MOYBHI M BO3ayXa. [ 010BOM
K€ MUHUMYM TEeMIEpaTyphl W TIIyOMHA TPOMEP3aHHs MOYBHI TPEHJA MPAKTUYECKU HE UMEIOT,
(bIaYyKTYyHpYyst BOKPYT HEKOTOPOTO CpeIHero ypoBHs. [loBbIlieHHe TeMIepaTypsl MOYBEI TPUBOAUT K
VIIYYIICHUIO YCJIOBHM POCTa PACTEHHH M YCHUJICHUIO NEATEIbHOCTH MOYBEHHOM OWMOTHI, KOTOpas,
pasnarasi OpraHM4ecKoe BEIIEeCTBO, BhIICIAET B aTMOChEpy YIIEKHUCIbIN ra3 U METaH, YBeJIUUUBas
MApHUKOBBIN 3PPEKT.

Jlist Tiry0OKOTO MOHUMAHUS POJIM MUKPOKIMMATA MOYB B (DYHKIIMOHHPOBAHHUH JIECHBIX OMOTE0-
[IEHO30B HEOOXOAMMO BO BCEX 3aMOBEIHUKAX, HAIIMOHAIBHBIX MMapKax M OOTAaHMYECKUX Ca/ax opra-

73



HU30BaThb PCryIdpHBIC COIPAKCHHBIC HaGJIIO,ZleHI/ISI, KOTOPBIC IMOMOI'YT BBIABHUTL CYIICCTBYIOIIUC
TCHACHUIWHA €TI0 UBMCHCHUA U OLCHUTDL PCAKIIUIO HA HUX OHOTEL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

bubéanorpadguyeckuii cnmcoxk

Apxanrensckas, T.A. TemrmepaTypHbIii pekuM KOMIUIEKCHOTO TOYBeHHOTO TokpoBa / T.A. Apxanrembckas. — M.:
I'EOC, 2012. - 282 c.

Bansiouna, A.C. JIeHIpomHIUKAIW TEMIIEpaTypsl MOYBHl B KOTIOBMHAX Oaiikambckoro tuma / A.C. bampiOnna,
N.E. Tpodumona // I'eorpadus u npupomnsie pecypcsl. — 2013. — Ne 2. — C. 58-65.

butrokos, H.A. TemneparypHsblii pexnuM OypbIX JIeCHBIX 1ouB 1noj OykHsikamu / H.A. buttokos // U3Bectust Counn-
CKOTO TocyIapcTBeHHOro yHuBepcurera. — 2012, — Ne 3 (21). — C. 219-223.

lanenxko, 3.I1. ®opMupoBaHUE TEIIIOBOTO PeXKUMa IMOYB XBOWHBIX IKOCHCTEM OOpealIbHO 30HBI B 3aBUCHMOCTH OT
necoo0Opasyromieit mopoas! u trmna seca / 3.1, INanenko // U3Bectuss Komu nayuynoro nenrpa YpO PAH. —2013. —
Bem. 1 (13). — C. 32-37.

Hemakos, FO.I1. IIpocTpaHcTBEHHOE W3MEHEHNE TEMIIEPATy Pl TOYBHI B CYXOJOIBHBIX W TOHMEHHBIX OMOTEOIeHO-
3ax / 10.IL. [lemakoB, A.B. Hcaes / Hay4aHble TPyl FOCYAapCTBEHHOTO IIPUPOJHOTO 3a0BegHIKa «bombmas Kok-
waray. Bein. 6. — Momkap-Ona: Mapl'V, 2013. — C. 39-47.

Hemakos, HO.I1. Xapaktep U3MCHEHHUS MapaMETPOB MHKPOKIMMAaTa MOYB B JIECHBIX OHoreoreHo3ax PecryOnuku
Mapuii D1 [Dnexrponssiii pecypce] / FO.I1. Jlemakos, A.B. Hcaes, C.H. bponnuxos, B.I'. KpacHos // JlecHble 3ko-
CHCTEMBI B YCIIOBHAX M3MEHEHHUs KJIMMaTa: OMOJIOrU4ecKas MPOAYKTHBHOCTh M AUCTAHIIMOHHBI MOHMTOPHHT: Ma-
Tepuanbl MexayHapon. koHd. — Homkap-Oma: III'TY, 2016. — C. 34-43. — URL: http://www.volgatech.net/
international-cooperation-department/centre-for-sustainable-management-and-remote-monitoring-of-forests/
publications/

Hemakos, FO.I1. Poxp necHolt mopctunku B O6opax Mapuiickoro 3aBODKbsI U BapnaOeIbHOCTH €€ MapaMeTpoB /
IO.I1. lemaxos, A.B. Hcaes, P.H. [llapadyranros / Haydnble Tpyas TOCYyAapCTBEHHOTO TPUPOIHOTO 3aMIOBEHH-
ka «bonbmas Kokmraray. Beim. 8. — Momkap-Omna: [II'TY, 2017. — C. 15-43.

Hecsitkun, P.B. TeMneparypHblii pexxuM Mep3JI0THO-TaeKHbIX 10uB LleHTpanbhoii Skytun / P.B. Jlecarkun, A.P.
Hecsarkun, I[1I1. ®emopos // Kpuochepa 3emmu. —2012. — T. XVI, Ne 2. — C. 70-78.

Kynbkosa, JI.B. Ce30HHast JMHAMHKa TEMIIEpaTyphl TOYB JIECHBIX U OTKPHITHIX OMOTOINOB 3anoBeqHuka «bacerm» /
JI.B. KynekoBa, H.I'. IllaBanmeBa // Bectauk [lepmckoro yauBepcuteta. — 2011. — Beim. 3-4. — C. 45-49.
MaxkapsrueB C.B. Ce30HHass AMHAMHUKA 3al1acoB TeIUIA B JI€PHOBO-TIOJ30IMCTHIX MOYBaX JEHTOUHBIX Oopos / C.B.
Maxkapseraes, B.U. [Tactyxos // BecTHUK ANTalicCKOTO TOCYZapCTBEHHOTO arpapHoro yHuBepcutera. — 2013. — Ne 4
(102). - C. 24-27.

Makapsiues, C.B. @opMupoBaHue ruJpoTepMHYECKOT0 PEKHMa MOYBBI 110/ IPEBECHBIMH MOPOJAMHU B YCIOBHSAX
nennpapus / C.B. Makapeiues, JI.B. JlebeneBa // BecTHuk AnTalickoro rocyjapcTBEHHOTO arpapHOTO YHUBEPCHUTE-
Ta. —2016. -5 (139). — C. 44-49.

Tatapunnes, JL.M. [Ipupognas muHaMuka GU3NIECKUX W TEIUTOPH3MUECKUX cBoicTB mouB / JI.M. Tarapunrnes //
BectHuk AnTaiickoro rocyJapCTBEHHOTO arpapHoro yaueepcureta. — 2015. — Ne 3 (19). — C. 36-41.

Xynsakos, O.1. JlecopacTUTeNbHBIE CBOMCTBA MTOYB JIGCOTYHIPHI B CBS3H ¢ moTeruieHneM kmMata / O.U. Xynsakos,
O.B. Pemotkun // CoBpeMeHHBIE TPOOIEMBI IPUTYHIPOBBIX JiecoB. — Apxanrensck: CADY, 2012. — C. 115-122.
ynerun, A. M. Kinumat noussl u ero peryiaupoanue / A.M. Ilynsrun. — JI.: ['uapomereonsaar, 1967. — 341 c.
Lafleur, B. Response of northeastern North American forests to climate change: Will soil conditions constrain tree
species migration? / B. Lafleur, D. Paré, A.D. Munson, Y. Bergerona/ Environmental Reviews. —2010. — Vol. 1. —
P. 279-289.

Gewehr, S. Soil characteristics mediate the distribution and response of boreal trees to climatic variability /
S. Gewehr, 1. Drobyshev, F. Berninger, Y. Bergeron // Canadian Journal of Forest Research. — 2014. — Vol. 44(5). —
P. 487-498.

Mellander, P.E. Climate change impact on snow and soil temperature in boreal Scots pine stands / P.E. Mellander,
M.O. Lofvenius, H. Laudon // Climatic Change. — 2007. — Vol. 85. — Issue 1-2. — P. 179-193.

Loboda, T. Land Management and the Impact of the 2010 Extreme Drought Event on the Agricultural and Ecologi-
cal Systems of European Russia/ T. Loboda. O. Krankina, I. Savin, E. Kurbanov, H. Joanne // Land-Cover and Land
-Use Changes in Eastern Europe after the Collapse of the Soviet Union in 1991. Eds. G. Gutman, R. Volker. — 2017,
Springer International Publishing. — P. 173-192

Zhang, X. Temperature and precipitation trends in Canada during the twentieth century / X. Zhang, , L.A. Vincent,
W.D. Hogg, A. Niitsoo // Atmosphere-Ocean, 2000. — 38. — P. 395-429.

References

. Arhangel'skaya, T.A. Temperaturnyj rezhim kompleksnogo pochvennogo pokrova (Temperature regime of complex

soil cover), T.A. Arhangel'skaya, Moscow, 2012, 282 p.

Balybina, A.S. Dendroindikaciya temperatury pochvy v kotlovinah bajkal'skogo tipa (Dendroindication of soil tem-
perature in Baikal-type depressions), A.S. Balybina, I.E. Trofimova, Geografiya i prirodnye resursy, 2013, No. 2,
Pp. 58-65.

Bityukov, N.A. Temperaturnyj rezhim buryh lesnyh pochv pod buknyakami (Temperature regime of brown forest
soils under the beech trees), N.A. Bityukov, Izvestiva Sochinskogo gosudarstvennogo universiteta, 2012, Vol. 3,
No. 21, Pp. 219-223.

74


http://www.volgatech.net/international-cooperation-department/centre-for-sustainable-management-and-remote-monitoring-of-forests/publications/
http://www.volgatech.net/international-cooperation-department/centre-for-sustainable-management-and-remote-monitoring-of-forests/publications/
http://www.volgatech.net/international-cooperation-department/centre-for-sustainable-management-and-remote-monitoring-of-forests/publications/

10.

11.

12.

13.

14.
15.

16.

17

18.

19.

Galenko, Eh.P. Formirovanie teplovogo rezhima pochv hvojnyh ehkosistem borealnoj zony v zavisimosti ot
lesoobrazuyushchej porody i tipa lesa (Formation of the thermal regime of the soil of coniferous ecosystems of the
boreal zone depending on the forest tree species and forest type), Eh.P. Galenko, Izvestiya Komi nauchnogo centra
UrO RAN, 2013, Vol. 1, No. 13, Pp. 32-37.

Demakov, Yu.P. Prostranstvennoe izmenenie temperatury pochvy v suhodol'nyh i pojmennyh biogeocenozah
(Spatial change in soil temperature in upland and floodplain biogeocenoses), Yu.P. Demakov, A.V. Isaev, Nauch-
nye trudy gosudarstvennogo prirodnogo zapovednika «Bol'shaya Kokshagay, Joshkar-Ola, 2013, Vol. 6, Pp. 39-47.
Demakov, Yu.P. Harakter izmeneniya parametrov mikroklimata pochv v lesnyh biogeocenozah Respubliki Marij El
(The nature of changes in soil microclimate parameters in the forest biogeocenoses of the Republic of Mari El),
Yu.P. Demakov, A.V. Isaev, S.N. Brodnikov, V.G. Krasnov, Proc. Conf. Lesnye ehkosistemy v usloviyah iz-
meneniya klimata: biologicheskaya produktivnost' i distancionnyj monitoring, Joshkar-Ola, 2016, Pp. 34-43, availa-
ble at: http://www.volgatech.net/international-cooperation-department/centre-for-sustainable-management-and-
remote-monitoring-of-forests/publications/

Demakov, Yu.P. Rol' lesnoj podstilki v borah Marijskogo Zavolzh'ya i variabel'nost' ee parametrov (The role of
forest litter in the forests of the Mari Trans-Volga region and the variability of its parameters), Yu.P. Demakov,
A.V. Isaev, R.N. Sharafutdinov, Nauchnye trudy gosudarstvennogo prirodnogo zapovednika “Bol'shaya
Kokshaga”, Joshkar-Ola, 2017, Vol. 8, Pp. 15-43.

Desyatkin, R.V. Temperaturnyj rezhim merzlotno-taezhnyh pochv Central'noj Yakutii (Temperature regime of fro-
zen-taiga soils of Central Yakutia), R.V. Desyatkin, A.R. Desyatkin, P.P. Fedorov, Kriosfera Zemli, 2012, Vol.
XVI, No. 2, Pp. 70-78.

Kul'kova, L.V. Sezonnaya dinamika temperatury pochv lesnyh i otkrytyh biotopov zapovednika “Basegi” (Seasonal
dynamics of soil temperature in forest and open biotopes of the Reserve “Basegi”), L.V. Kul'kova, N.G. Shavalieva,
Vestnik Permskogo universiteta, 2011, Vol. 3-4, Pp. 45-49.

Makarychev S.V. Sezonnaya dinamika zapasov tepla v dernovo-podzolistyh pochvah lentochnyh borov (Seasonal
dynamics of heat reserves in sod-podzolic soils of belt burs), S.V. Makarychev, V.I. Pastuhov, Vestnik Altajskogo
gosudarstvennogo agrarnogo universiteta, 2013, Vol. 4, No. 102, Pp. 24-27.

Makarychev, S.V. Formirovanie gidrotermicheskogo rezhima pochvy pod drevesnymi porodami v usloviyah den-
drariya (Formation of the hydrothermal regime of the soil under tree species under arboretum conditions), S.V.
Makarychev, L.V. Lebedeva, Vestnik Altajskogo gosudarstvennogo agrarnogo universiteta, 2016, Vol. 5, No. 139,
Pp. 44-49.

Tatarincev, L.M. Prirodnaya dinamika fizicheskih i teplofizicheskih svojstv pochv (Natural dynamics of soil physi-
cal and thermophysical properties), L.M. Tatarincev, Vestnik Altajskogo gosudarstvennogo agrarnogo universiteta,
2015, Vol. 3, No. 19, Pp. 36-41.

Hudyakov, O.1. Lesorastitel'nye svojstva pochv lesotundry v svyazi s potepleniem klimata (Forest vegetation prop-
erties of forest tundra soils due to climate warming), O.I. Hudyakov, O.V. Reshotkin, Sovremennye problemy
pritundrovyh lesov, Arhangel'sk, 2012, Pp. 115-122.

Shul'gin, A. M. Klimat pochvy i ego regulirovanie (Soil climate and its regulation), A.M. Shul'gin, 1967, 341 p.
Lafleur, B. Response of northeastern North American forests to climate change: Will soil conditions constrain tree
species migration, B. Lafleur, D. Paré, A.D. Munson, Y. Bergerona, Environmental Reviews, 2010, Vol. 1, Pp. 279-
289.

Gewehr, S. Soil characteristics mediate the distribution and response of boreal trees to climatic variability, S.
Gewehr, 1. Drobyshev, F. Berninger, Y. Bergeron, Canadian Journal of Forest Research, 2014, Vol. 44, No. 5, Pp.
487-498.

. Mellander, P.E. Climate change impact on snow and soil temperature in boreal Scots pine stands, P.E. Mellander,

M.O. Lofvenius, H. Laudon, Climatic Change, 2007, Vol. 85, No. 1-2, Pp. 179-193.

Loboda, T. Land Management and the Impact of the 2010 Extreme Drought Event on the Agricultural and Ecologi-
cal Systems of European Russia, T. Loboda. O. Krankina, I. Savin, E. Kurbanov, H. Joanne, Land-Cover and Land-
Use Changes in Eastern Europe after the Collapse of the Soviet Union in 1991, 2017, Pp. 173-192.

Zhang, X. Temperature and precipitation trends in Canada during the twentieth century, X. Zhang, L.A. Vincent,
W.D. Hogg, A. Niitsoo, 4 tmosphere-Ocean, 2000, Vol. 38, Pp. 395-429.

YK 574.45+630*182

MPOU3BOJIUTEJIBHOCTDb XBOU U KAMBUSA CPEAHEI'O TEPEBA
B KYJIbTYPAX COCHBI PA3HOI MCXOJHOM I'YCTOTBI

1O. I1. lemakos, T. B. Hypeesa
[ToBomKCKMI TOCYAPCTBEHHBIA TEXHOJIOTHYECKUI YHUBEPCHUTET

Brusnue eycmomsi opesocmos na npouzeooumenbHOCmb X80U OpPEeGeCHbIX PACMEHUll U3Y4eHO NOKA
HEeOOCmamouHo, OMCYmMCmeyiom cee0eHuss 0 NpouzsooumenrbHocmu kamous. B pewenuu oannou
npooOeMbl NepCneKMuUHbIM HANPAGIeHUeM MOXHCem Cmams UMUmayuoHHoe mooearuposanue. llpu-
8e0eHbl pe3ynbmamsvl MOONUPOBAHUSL OUHAMUKY NPOOVYUPOBAHUS MACCHL CMBOJI080U OpegecuHbl
ACCUMUTIAYUOHHBIM ANNAPAMOM U Kambuem cpeOHUx no pasmepam 0epegbes COCHbl 8 KYIbmypax
COCHbL PA3HOU HAYATLHOU 2YCMOMbl, CO30AHHbIX 8 YCA08UAX cyx02o bopa Pecnybruxu Mapuii On. B
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0pesocmosix ¢ 2yCmomot nocaoku 5 meic. 9k3./2a buomacca xeou so3pacmaem 00 40-remueco 603-
pacma, nocie ye2o 0CmMaemcs Ha HeU3MeHHOM YpoeHe. B peOKux Kyibmypax npupocm umomaccol
CMBOJI0801 OpesecUuHbl Y8eIUIUBAemcs: NOCMENeHHO, 00CMU2as MaKCUMYMAa aub 6 gozpacme 60-
65 nem. Ycemanosneno, umo npouso0UmMenbHOCMb X80U U KAMOUS CPEOHUX NO NOKA3Amenam oepe-
8b€6 CHUNCAEMCS NO Mepe YEelUdeHUs Ux 603pacma u 2yCmomul Kyibmyp, y8eauyeHue Komopou
gviute 3 moic. 3Kk3./2a 6 ozpacme 20 nem HeyenecooOpa3Ho, NOCKOIbKY MO NPUBOOUM K CHUMICE-
HUI 3hpexmusHocmu pabomsi ACCUMUIAYUOHHO20 ANNAPAma u Kamous depesves, & pe3yivmame
Yye20 OHU NPOU3BOOSM MEHLULYIO MACCY CMB0N080U Opegecunbl. B bonee dce pedkux Kyibmypax
cpeOHue no pasmepam 0epesbs Hauboaee NOIHO OEeNOHUPYIOM VelIeKUCIOmY, 2heKmueHo ucno-
3Y51 COHEYHYIO dHepauio 01 06pazoeanus buomaccyl. [na nogvlueHus dghgdexmusHocmu pabomeol
X60U U KamoOusi 0epedbes HeoOX0OUMO ONMUMUSUPOBAMb HEe MOJbKO HAYANbHYIO, HO U MEKYUYIO
2YCMOomy Kyabmyp, C80e8peMeHHO npoeoos pyoku yxooa. Ha ocnose npogsedennozo uccredosanus
0718 YCNOBULL CYXUX U C8eHcUX DOpO8 pazpaboman HOPpMAMue ONMUMALbHOU MeKyujell 2yCmomul
KYAbmMyp, npu Komopou, oiazooaps naubonee 3¢hghekmusnoil pabome acCuMuisyuoOHHO20 annapa-
ma u kKamous oepesves, 0becneuusaencs HAUSbICUWUL 200UYHbBLL NPUPOCH CMBOL0BOU OPeBeCUHDI.

Kntouesvle cnosa: cocna, nechvle Kyibmypvl, gumomacca, acCUMUuisiyuoHHblll annapam,
Kamouii; cmeoi08as Opesecuna, npou3o0UmelbHOCMy, UMUMAYUOHHOE MOOETUPOBAHUE.

PRODUCTIVITY OF NEEDLES AND CAMBIUM IN PINE TREES
WITH DIFFERENT INITIAL DENSITY

Yu.P. Demakov, T.V. Nureeva
Volga State University of Technology

The interrelation between the stand density and the productivity of needles in woody plants has
been understudied in research literature. There are insufficient data about cambium productivity.
Simulation modeling may become an effective tool for addressing this problem. The paper provides
the results of modeling demonstrating the dynamics of mass production of stem wood using assimi-
lation apparatus and cambium of medium-sized pine trees with different initial density obtained in
the conditions of dry forest of the Republic of Mari El. In stands with the planting density of 5 thou-
sand trees/ha, needle biomass increases up to 40 years of age, after which it stabilizes. In less dense
stands, the increase of stem wood biomass occurs gradually, reaching its maximum only at 60-65
vears of age. It has been established that the productivity of needles and cambium in medium-sized
trees decreases with ageing and density increase. The density of over 3 thousand trees/ha at 20
vears of age has little economic sense as it leads to the decrease of assimilation effectiveness and
cambium of trees. As a result there is a decrease in stem biomass. In more dense stands, medium-
sized trees better deposit carbon dioxide by way of effective use of solar energy to produce biomass.
In order to improve the effectiveness of needle and cambium biomass, it is necessary to optimize
stand density by means of thinning. Based on the conducted research we obtained the optimal value
of stand density for dry and fresh forests, which ensures effective operation of assimilation appa-
ratus and cambium of trees and results in maximum annual increment.

Keywords: pine-tree; forest crops; phytomass, assimilation apparatus, cambium; stemwood;
productiveness, simulation modeling.

BBenenmne. JlecHbie SKOCHCTEMBI HEMIPEPHIBHO H3BIMAIOT U3 aTMOChEphl yriiepo, mpeodpa-
3ys €ro B mporecce (OTOCHHTE3a B OPraHUYECKOE BEIIECTBO, OJaro/apsi 4eMy BBITIOTHSIOT BaX-
Helmyo (yHKUIMI0 B OMOC(EpHBIX Mpolieccax M CTadWIM3allMd KJIMMaTa Ha Halled IUIaHeTe.
HapaBHe ¢ ecTeCTBEHHBIMH JIPEBOCTOSIMH 3TY POJIb BBIMIOJHSIOT TOCAKCHHBIC YEJIOBEKOM Jieca,
MJI0IIab KOTOPBIX B MUPE W3 TOJIa B TOJl YBEIMYMBAETCA U cocTaBiseT 277,9 muH ra, wim 6,95% ot
obmeit romaau gecoB (Payn et al., 2015). JlecHple 3KOCHCTEMBI Ba)KHBI KaK UCTOYHHKHU M TIOTJIO-
tutenu atMmoceproro CO,, a Takke JUIsl XpaHeHHs yriiepojia B GUTOMAacce, MOJCTUIIKE U TIOYBE
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(Kyp6anos, 2002; Kurbanov et al., 2007; Hall, 2008). Bennunna noriomenus yriepoaa 3aBUCUT
IIPU 3TOM OT JESTEIbHOCTH aCCHMWJIALIMOHHOTO amnmapaTra U KaMOus JIepeBbeB, 00pa3yoIuX eau-
HYIO CUCTEMY, YCTOMUMBOE (PYHKIIMOHUPOBAHHE KOTOPOH PETYIUPYETCS MEXaHU3MOM OTPHIIATEIb-
HOM 00paTHOM CBsI3U. ACCUMWISILIMOHHBIN amnmapaT oOecliedrBaeT BCE OpraHbl JepeBa SHEprueH,
MpeBpalleHHOW UM B Ipouecce GOTOCHHTE3a B OpPraHMUECKOe BEIIEeCTBO, KOTOpOoe KaMOuil ¢ BOJI-
HBIM TOKOM JIOCTaBIISIET K KOPHSIM.

[To3nanuem 3aKOHOMEPHOCTEH M3MEHEHHS MPOU3BOIUTEIHHOCTH JIMCTBBI U KaMOUS JIepeBLEB B
MPOLIECCE UX POCTa MCCIIEOBATEIN 3aHHUMAIOTCs, KaK MOKa3al B CBOEM JeTalbHOM 0030pe B.A.
VYconbies (2017), y:xe qaBHO. Y CTaHOBIIEHO, K IPUMEPY, UTO Macca U MPOU3BOAUTEILHOCTh aCCH-
MUJISIIUOHHOTO aIlliapara CBsi3aHa HE TOJbKO € FOJAWYHBIM IPUPOCTOM CTBOJIA, HO TAK)KE€ C BO3pac-
TOM, BBICOTOM, JUAaMETPOM U PAHTOBBIM IOJIOKEHHUEM JiepeBa B ieHo3e (Harumos, 1987; Vcounblies,
1988, 1997). Iloka3zaHo Takxe, YTO Macca XBOM WJIU JIMCTBbI J€PEBHEB HE MOXKET MPEBBIIIATH HEKO-
TOPOTO IpeJieNa U €€ MPUPOCT B BEPXHEN YacTU KPOHBI cOAIaHCUPOBAH OTMUPAHUEM B HUKHEH Ya-
CTH BCIIEICTBHE HEXBATKH COJNIHEYHOU pamuanuu. P. Vanninen u A. Mikeld (2000) uzyuanu Brnus-
HUE BO3pacTa, pa3Mepa U CTaTyca KOHKYPEHTOCIIOCOOHOCTHU JEPEBbEB Ha JIMCTBY M MPOU3BOACTBO
IpeBecuHbl 43 nepeBbeB COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.) Ha tore @unnsaauu. CornacHo
WX MCCIIEIOBAHUSM, OTCTABIIME B POCTE IEPEBbS MPOAYIUPYIOT OOJBIIE IPEBECUHBI, YEM JOMHUHHU-
pyIoIlre IepeBbsi, U POCT UX CTBOJIA HAa €IUHUILY MACChI JJUCTBBI ObLI OOJIbIIIE, a IEPEBbs B HACAXK-
JEHUSIX ¢ 00Jiee BHICOKOM IJIOTHOCTBIO OTJIMYAIOTCS 00Jiee MHTEHCUBHBIM POCTOM CTBOJIA JIEPEBA B
BBICOTY, YEM JIEPEBBS B peAKuX JApeBocTosix. I'pynmoil yuensix (Innes et al., 2005) Obuta HalineHa
CBA3b MKy MHACKCcOM romanu gucta (LAI) u yBenudyenuem 3amaca apeBocrtosi. Mcrons3oBanue
LAI xak uMHCTpyMeHTa Juisl Jy4YIEro MOHHMMaHUS pOCTa APEBOCTOS M €ro HMCHOJIb30BaHUS IPU
YIPaBIEHUU POCTOM HACAXJEHUH, [0 UX MHEHUIO, SBJISETCS BaXXHOW O0JACThIO MCCIEIOBaHUI.
Brnusinue e Ha MPON3BOAUTEIHLHOCTD JMCTBBI (XBOU) AEPEBbEB PA3TUUYHBIX IKOJOTHYECKUX (PaKkTO-
POB, B TOM YHUCJI€ TYCTOTHI IPEBOCTOS, H3y4EHO MOKa KpaitHe crnabo.

OnHuM U3 MEepCHeKTHUBHBIX MyTeH pelIeHus 3TOW 3aJayu, KOTopas COMpsiKeHa ¢ OONbIIUMU
TPYAHOCTSIMU METOJIMUYECKOT0 XapaKTepa, SBISETCS UMUTAUOHHOE MOJEIUPOBAHUE, OCHOBAHHOE
Ha 3aKOHOMEPHOCTSIX HM3MEHEHHs MapaMeTpoB JEPEeBbEB M MacChl UX (pakiuii, BbIpaKEHHBIX B
(opMe perpecCuoHHbIX ypaBHEHUH. MaTemMaTuuecKkue MOJENU BBICTYIAIOT IIPU 3TOM HE TOJIBKO Kak
CPEICTBO OMUCAHUS KOHKPETHBIX SMITUPHUYECKUX JaHHBIX, HO U KaK METOJ TIO3HAHUS aHATM3HPYEMBIX
SIBJICHHIA.

Heap padorhl 3akiitoyanach B OIEHKE BIMSHHUS HMCXOJHOH I'yCTOTHI KYJIbTYp COCHBI Ha
IIPOU3BOJIUTENILHOCTh XBOM M KaMOUsI CPETHUX 110 pa3MepaM JEepeBbEB, YTO HEOOXOUMO ISl BBIOO-
pa ONTUMAIBHOTO PEKUMA MX BhIpAI[BAHUS.

Matepuan u Meroauka. OObEKTOM UCCIEIOBAHUS SBISAIUCH KYIbTYpbl COCHBI OOBIKHO-
BEHHOM pa3Hoit HauanbHOU TYCTOTHI (0T 0,5 10 10 ThIC. 5K3./Ta), co3nanHble B 1977 roay Ha 1uiomnia-
au 7 ra, pacuMIEHHOW OT Moruduiero B pesyibTare moxapa S50-JEeTHEro COCHOBOTO JIPEBOCTOS
€CTECTBEHHOI'0 IIPOUCXOXKIeHUs. Penbed yyacTka poBHBIN, TOYBA A€PHOBO-CIa00MO30/IMCTas TIEC-
YaHasi, TUIl YCJIOBUHM mpou3pacTtaHus — A, TUI Jieca — COCHSK JinmaiHukoBbli. Ha oObekTe B
1988, 1991, 1996, 1999, 2003, 2008, 2011 u 2018 rogax nmpoBeneHa OLEHKA COCTOSHUS APEBOCTOS
C TIOJTHBIM TIEPEUYETOM JEPEBHEB M 0OMEPOM UX BBICOTHI Y 15...20 cpemHUX Mo pa3zMepam dK3eMILIS-
poB. IIpon3BOANTENBFHOCTh ACCHMUJISILIUOHHOTO ammnapara JepeBbeB, SBISIOMIASACS OJHOM U3 BaX-
HEUINX XapaKTEePUCTHK MPOAYKIIMOHHOIO MPOIECCA, PACCUUTHIBAIN KaK OTHOLIEHUE BEITUYUHBI
TEKYILEro roJIMYHOr0 MpUpOcTa abCOMOTHO CYyXOH Macchl CTBOJIOBOM JPEBECHHBI K Macce XBOU B
MPEIIECTBYIONIEM TOYy, & TPOU3BOJUTEILHOCTh KaMOUsI — KaK OTHOIICHHWE TOJUYHOTO MPHUPOCTa
Macchl CTBOJIOBOM JIPEBECHHBI K IIJIOLIAIU MIOBEPXHOCTH Jy0a. LludpoBoit sMnupuyueckuii MaTepua
o0paboTaH OOIIETPUHSATHIMA METOJaMH MaTeMaTHueckoi craTtuctuku Ha [IK ¢ ucmonp3oBaHueM
MaKeTOB CTaH/IAPTHBIX MPUKIATHBIX TporpamM Excel u Statistica.
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Pe3yabTaThl 1 ux odcy:kaeHue. MccienoBaHnus mMoKasainu, 4TO BIUSHUE UCXOJTHOU I'yCTOTHI
KYJIBTYp Ha COCTOSIHUE M TaKCAI[MOHHBIE MapaMeTphl IPEBOCTOs 00Jiee WM MEHEe OTYETIUBO IMPO-
SIBUJIOCH YK€ B BO3PACTE IATH JIET U IO MEPE €r0 YBEIMYCHHUS Pa3Inuusi CTAHOBHUIIUCH BCEe Ooiee
BeIpakeHHBIMHU ([lemakoB, Kamunun, 1997; JlemakoB u ap., 2002, 2016). U3menenue cpenteii Bbl-
COTBI M CPEJIHETO JMaMeTpa APEBOCTOEB C MX BO3PACTOM OINUCHIBAIOT COOTBETCTBYIONINE YPABHEHUS
perpeccun (Tabi. 1). O6001eHHBIE MAaTEMATHYECKHE MOCIIH, 00ECIIEUNBAIOIINE HE TOJBKO OYCHb
BBICOKYIO TOUHOCTb aIlllIPOKCUMAIIMU UCXOIHBIX TaHHBIX (p < 0,001), HO U yuUTHIBaIOIINE YCUIINBA-
fo1eecs ¢ Bo3pacTtoM (A, JIeT) BIMUSHHE UCXOIHON I'ycTOThI ApeBocTost (N, ThIC. 3K3./Ta), UMEIOT
CIEAYOLIUNA BUL:

Hep = (24,82 - 0,174'N)" {1 —exp [-(27,46 — 0,656 N ) 107" A ]} 12100022 N) 'Rz — 0 972
Dep. = 1,816-(A — 5)%707e0 004N, R2 — 0,935,

[To 3nauenusim cpennero aquamerpa (D, cm) u BeicoTsl (H, M) ApeBOCTOsS MOXKHO Ha OCHOBE BbI-
SBIIEHHBIX HamH 3aBucuMoctei (Ilemakos, 2014; Jlemakos, Ilypses, 2015; JlemakoB u ap., 2016)
onernth 066eM (V, M), Maccy (M grgons, KT) H TIOBEPXHOCTB (S, M) CTBOJIA CPEIHErO JepeBa, a TaK-
ke Maccy ero XBOH (M ypou, KT), HCIIONB3YS CICAYIONINI HA0Op PEerpecCHOHHBIX ypaBHEHUH, 00ec-
MEYUBAOIINX HAICKHYIO AIMIPOKCUMAITIIO HCKOMBIX JTAHHBIX:

V=51810""H"* (D + 1), »’,
M ergona = 20,137 107 "H*®'" (D + 1)?, kr,
S cavens = 20,64 1072 (D + 1) " H*® w2,
Myson =22,31°107(D + 1)""77, k.

Tabmuma 1
IMapaMeTpsbl ypaBHeHUH JUHAMUKH POCTA iepeBbeB B KYJbTYPAaX COCHbI Pa3HOil HCXOAHOM I'yCTOTHI

Mapametp 3HaveHNs NapaMeTPOB YPABHEHMIl IJIsl Pa3HOIl HAYAJIBLHON T'YCTOTHI KYJbTYP
YPAaBHCHMA 5005k3./ra | 10003k3./ra | 30003k3./ra | 50003k3./ra | 10000 5x3./ra
Cpennsis BeicoTa nepeBbeB, H =K'[1 —exp(-a 107°X)]1°, M
24,7 24,6 24,3 24,0 22,9
a 27,13 26,80 25,49 24,18 20,24
b 1,499 1,483 1,418 1,356 1,186
R’ 0,997 0,985 0,996 0,994 0,981
Cpenamii nrameTp aepeBbeB, D =a’(X —5) b , CM
a 1,648 1,901 2,058 1,857 0,910
b 0,733 0,663 0,549 0,531 0,707
R’ 0,938 0,953 0,955 0,974 0,994

PacueTs! mokaszany, 4To TEKYIIUI FOJUYHBIA MPUPOCT MACChl CTBOJIOBOM JPEBECHHBI B KYJIBTY-
pax ryctotoi 3-5 TeIc. 3K3./ra 10 25-30-1€eTHEro Bo3pacTa caMblii BBICOKHH U pocturaer 2,0-2,5
T/Ta, a 3aTeM HAYMHAET CHUXKAThCA. B peKuX KynbTypax NpupocT (PUTOMACCHI CTBOJIOBON JAPEBECH-
HbI yBEJIMYUBACTCS MOCTENEHHO, JOCTUTAsh MaKCUMyMa JIUIIs B Bo3pacte 60-65 net (puc. 1A). B
JIPEBOCTOSAX C TYCTOTOM MOCAJIKH S5 ThIC. HK3./Ta bmoMacca xBou Bo3pactaeT 10 40-meTHero Bo3pac-
Ta, MIOCJIE YEr0 OCTaeTcsl Ha HeM3MeHHOM ypoBHe (puc. 1b). lunamuka puromaccsl acCUMUIISIIIN-
OHHOTO arapara JIepeBbeB UMEET WHOM XapaKTep, YTO CBUICTEIBCTBYET O pa3HOM d((HEKTUBHOCTH
€ro paboThI B TYCTHIX U PEIKHUX KyabTypax. ['padudecku oToOpakeHo, YTO 3a UCCIEAyEeMbIN MepH-
o]l ¢ 15-neTHero Bo3pacrta MpPOM3BOAUTEIBHOCTh XBOH, OTpaXaroas ee paboTy IO MPOU3BOICTBY
JPEBECHHBI, TIOCTETIEHHO CHU)KAETCSI, IPUYEM B HACAKICHUAX COCHBI ¢ 0ojee BBICOKOH I'yCTOTOM
1 Kr XBOM CpelHUX IO pa3MepaM JIepPEeBbEB MPOM3BOIUT MEHBIIYI0 MacCy ApeBecHHbI (puc. 2A).
C yBennueHHEeM HayalbHOM I'YCTOTHI B KYJIbTYPAaX CHU)KAETCS NESATEIBLHOCTH KaMOMs CpeTHHX Jie-
PEBBEB 1O MPOU3BOJICTBY €XKETOJHOr0 IMpUpocTa guromaccsl apeBecunsl (puc. 2b), mpudem muio-
a1 KaMOHWsI COCHBI Ha TeKTape HanboJsiee BeIrKa B TYCThIX KyJabTypax (puc. 3A). OTHOIICHHE Ke
Macchl XBOM K IUIOIIAN KaMOUsl CHUXKAETCs TI0 MEepe YBEJIIMYEHHS BO3pacTa KyJIbTyp U UX 'yCTOTHI
(puc. 3Bb). Takum oOpa3omM, B peIKHX KyIbTypax CpeIHHE 0 pa3MepaM JEpeBbsi Oojiee TOJHO Jie-
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Puc. 3. lunaMuka nJjiomaam NoBepXHOCTH KamMOus iepeBbeB (A) U ee OTHOLIEHUSI
k Macce xBoH (B) B KyJbTypax cOCHbI Pa3HOIl HAYAIBHOM I'yCTOTHI

MOHUPYIOT YIJIEKUCIIOTY, 3()(HEKTUBHO MCIIONB3YS COTHEUHYIO SHEPTHUIO JUId 00pa3oBaHus Ouomac-
CBI.

s noBeienus 3¢ dexruBHOCTH pabOThl XBOM U KaMOuUs epeBbeB HEOOXOAMMO ONITUMHU3UPO-
BaTh HE TOJHKO HAYAIBHYIO, HO ¥ TEKYIYIO T'yCTOTY KYJIBTYpP, CBOEBPEMEHHO IPOBO/S PYOKH yXO-
na. PacdeTsl, OCHOBaHHBIC Ha MPUBEICHHBIX BBIIIC SMIMPUUYECKAX MOJEISIX, MOKA3alIH, YTO OHA
HKCTIOHEHIIMATBHO CHM)KACTCS ¢ BO3PACTOM KYJIbTYP, HOCTEIICHHO BBIXOAS HA IuiaTo (Tadim. 2). Oty
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3aKOHOMEPHOCTb OIKCHIBACT CJIEAYIOIICE YPABHEHUE PErPECCUU:
Nom. = 3500 exp (-29,52"107"A***?) + 500, R* = 0,984;

B KOTOpOM N o, — ONTUMAalIbHAS TEKYIIasi TYCTOTa JPEeBOCTOsI, obecreunBaromnias Haudosuee 3pdek-

THUBHYIO pabOTy aCCUMHJIAIIMOHHOTO amiapara JepeBbeB U HAWBBICIINN TEKYIIHHA TOJAWYHBINA TPH-

POCT CTBOJIOBO# IPEBECUHBI, 9K3./Ta; A — BO3pacT JPEBOCTOS, JIET.

Tab6ymra 2
3HayeHUs MapaMeTPOB IPEBOCTOSI B KYJIHTYPaX COCHbI ONTHMAJIbHOM I'YCTOTBI B CYXHX U CBEKHX 60paly-(I
IMapamerp 3HaveHHUs] MapaMeTPOB IPEBOCTOSI B PA3JTHYHOM BO3pacTe, JeT
ApPEBOCTOSA 20 25 30 35 40 45 50 55 60

I'ycrora, 7K3./ra 3000 2500 1900 1500 1100 830 670 580 530
ITonHOTa, OTH. EIMH. 0,43 0,52 0,60 0,67 0,73 0,78 0,82 0,86 0,90
3amnac, M°/ra 41 75 110 140 162 181 204 237 284
CpenHsisi BBICOTA, M 6,5 8,3 10,0 11,5 13,0 14,3 15,5 16,6 17,7
CpenHuil TnaMeTp, cM 6,2 8,7 11,3 14,0 16,7 19,5 223 25,2 28,2
IIpoexiysi KpOHBI, M’ 3,6 5,3 7,2 9,1 11,0 12,9 14,6 16,3 17,8

3HaueHUs MapaMeTpoB JPEBOCTOS B KYIbTypaX COCHBI ONTHMAJIbHOM T'YyCTOTHI, CO3/1aBa€MbIX B
CYXHUX U CBeXHX Oopax Pecnybnuku Mapuit On, npu koTopoii, 6marogaps Haubomnee 3¢ heKTUBHON
paboTe acCUMUIISIIMOHHOTO anmnapara u KaMOus AepeBbeB, 00eCcredBaeTCsl HAMBBICIINI TOAUYHBIN
IPUPOCT CTBOJIOBOM JIpeBECHHBI, MpUBECHHI B Tabmuie 2. B Bozpacre 20 et onTuManbHas rycTo-
Ta KyabTyp cocHbl coctaBiser 3000 sx3./ra, k 60-1eTHeMy Bo3pacTy oHa cHmxkaercst 10 530 sk3./ra.
OTHOCHTEBHAS MTOJTHOTA APEBOCTOSI B HAYAIBHBIHN IMEPHO pOCTa KYJIbTYP OUY€Hb Majia, HO B TIOCIIe-
JYIOIIIEM OHA PE3KO YBEIW4YUBaeTcs, nocturas K Bo3pacty 60 jet 0,9 oTHOCUTENbHBIX eAUHUIL. 3a-
1ac JPEeBOCTOSI IPH TOM 3HAYCHHH COCTABIseT 284 M°/Ta.

3akuiouenue. Pe3ynbTaThl MPOBEAEHHOIO UCCIIEIOBAHUS MTOKA3bIBAIOT, UYTO B CYXHX U CBE-
xux 6opax Pecnyonnku Mapuit On ontumainbsHas ryctota B 20-€THEM BO3pacTe KyJIbTyp COCHBI
OOBIKHOBEHHOM OM3Ka K 3,0 ThIC. 9K3./Ta. YBEJIWYEHHUE I'yCTOTHI BHIPAIIMBAHUS CBBIIIE 3 ThIC. 3K3./
ra B JIJaHHOM BO3pacTe HelleJIecoo0pa3Ho, MOCKOIbKY 3TO MPUBOANUT K CHUKEHUIO 3PPEKTUBHOCTU
paboThl aCCUMUJISILIMOHHOTO amnmnapaTa U KaMOHUsl CpeHUX IO pa3MepaM JIepeBbEB, B pe3yjbTare
Yero OHU MPOM3BOJAT MEHBIITYI0O Maccy CTBOJIOBOW JpeBECHHBI. B Oojee peaxux KyabTypax nepe-
BbSl CO CPEIHUMH TIOKa3aTeJsIMA HamOoJyiee TOJHO ACTIOHHPYIOT YIIIEKHCIOTY, d((EKTUBHO HC-
M0JIb3YSl COJTHEUHYIO SHEPTHUI0 Juisi 00pa3zoBaHusi Onomacchl. [[iist moBeiieHUs: 3 PEeKTUBHOCTH pa-
0OTBHI XBOM M KaMOHs JepeBheB HEOOXOAMMO ONTHMU3UPOBATH HE TOJIHKO HAYAIBHYIO, HO U TEKY-
IIyI0 TYCTOTY KYJIBTYp, CBOEBPEMEHHO NPOBOJSA pyOKH yxoja. Pe3ynbTaThl MPOBEAECHHOTO HCCIIe-
JIOBaHUS TO3BOJIMIIM pa3paboTaTh JUIsl YCIOBUM CyXHUX M CBEXHUX OOpOB HOPMAaTHB ONTHMAJIbHOM
TEKYIIEH I'ycTOTHl KYyJbTYp, IpU KOTOPOIi, Onarogapst Haubosee 3¢ hekTuBHONH paboTe acCUMUIIS-
IIMOHHOTO afrmapara U KaMOHusl CpelHuX IO pa3MepaM JepeBbeB, 00eCIeYNBAETCS] HAUBBICIINMA TO-
JMYHBIA TIPUPOCT CTBOJIOBOI IPEBECUHBI.
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OHEHKA UBSMEHYUBOCTH IJIOAIA YYACTKOB OCTPOBHOTI'O
MECTOHAXOXKJIEHUA COCHBI KEAPOBOU CUBUPCKOMU B CBA3HU C UX
I'EOI'PAOUYECKUM I1OJIOXKEHUEM B PECIITYBJIMKE KOMUA

B.B. [Taxyuui, JI.M. ITaxyuas
ChIkThIBKapcKuil 1ecHOM nHCTUTYT CaHKT-IleTepOyprckoro rocyaapcTBeHHOTO
JecoTexHuueckoro ynusepcurera um. C. M. Kuposa

B cmamve uznoocenvt pezyiomamol uzyueHus 0CMpoSHbIX y4acmkos keopa cubupckozo (Pinus
sibirica Du Tour) ¢ Pecnybnuxe Komu. Taxue nacasxcoenusi omaudaomcs 602amcmeom 8U008020
PA3HO00paA3Us, XApaKkmepuzyiomcs 8bICOKUMU 3ANACAMU OPeBeCUHbl U AGIAIOMCA XPAHUTUWAMU
PEGUOHANILHBIX 2eHEMUUECKUX IeCHbIX pecypcos. TeMHOX60lHble ¢ KeOPOM HACANHCOeHUS CLa2arom
0e8CcmeenHble JIeCHble MACCUBbL U BKIIOYEHbL 8 CUCIEMY 0COD0 OXPAHAEMbIX NPUPOOHLIX MEPPUMO-
putl pecnyonuku. Hacasxcoenusn ¢ keopom cubupckum 6 Pecnybnuxe Komu xapaxmepusyromcs 6vl-
coxkum eospacmom (00 340-480 nem), docmamouro gvicoxoli npouzgooumenvrocmoio (I11-1V knacc
6onumema), 3anacom 0o 350-385 ym’/2a. Ecmecmeennoe 60306no6nenue kedpa ommeueno na 88%
NPOOHBIX naowadeu. dmo ceudemenrbCcmeyem 0 HenpepbiHOCMU 60300HOBUMENbHO20 Npoyecca
9MOot NOPOObl. 3a SPAHUYAMU CIIIOUIHO20 apeaa YY4acmKy 0CMpO8HO20 Kedpa ommedeHvl om 61,76
00 66,46 epadyca cegepnoii wiupomol, u om 49,75 0o 62,33 epadyca eocmounou doreomwl. Ha ka-
yecmeennom (25%) yposHe 3HaUUMOCMU COBOKYNHBIM GIUAHUEM UUPOMHO20 U MEePUOUOHATLHOO
nonoXdcenus onpeoensiemcs okono 15 % uzmenuusocmu niowaou y4acmkos OCMpPOBHO20 Keopd.
Omo noomeeporcoaem npeocmasienue 0 KIUMAMULECKOU 00YCI08IeHHOCIU CeBePHOU 2PaAHUYbl
apeana Keopa u ykazvléaem Ha mo, Ymo npu 000CHOBAHUU NONONHCEHUs 3aNAOHOU SPAHUYbL apead
Haps0y ¢ AHMPONOSEHHBIMU (PAKMOPAMU OONAHCEH YUUMBIBAMbC MAKHCE U BKAAO KIUMAMULECKOU
cocmasnsowel. [na popmuposanus epanuy apeana Kkeopa 8aicHoe 3HaYeHue umeem ecmecmeeH-
HbLU OpeHaxc meppumopuu. Imo u3gecmuoe noaoxicenue nooOmeepHcoaemcs 00CMoOBEPHOU CE:3b10
MedHcody 2ycmomotl 80300H08IeHUs KeOpa HA NPOOHBIX NIOWAOSAX U PACCMOSHUEM Om dMUX Npoo-
HbIX naowjaoetl 00 OIUNHCHe20 KaHald Ha 00vbekmax ¢ uckyccmeenuvim operadxcem (R = 0,80; Rygs =
= 0,71). Ilo oannvim memeocmanyuti Pecnyonuxku Komu, 0oneospemennas meHoeHyus NOGblUeHUs
memnepamypbi MOX*Cem UmMems NPOMUBONONONCHYIO 0OUeNPUHAMBIM NPeOCMAIeHUAM HANPAG/IeH-
Hocmb. B céazu ¢ smum, npu obwjell meHOeHyuy nomenieHus Kiumamad, 6 0moeabHblX paoHax pec-
nyonuKu He 0653amenbHO cliedyem 0HCUOAMb CMEUJeHUsI CeGEPHOU 2PAHUYbL IECHOU PACMUMETbHO-
cmu, 8 m.4. OCMPOBHBIX YUACMKO8 Keopd, 8 CEGEPHOM HANPABIEHUU.

Knroueswle cnosa: xedp cudbupckuii, Pecnyonuxa Komu, apean, ocmpogroe mecmonaxoxicoe-
Hue, KIUMam, eCmecmeeHHblll U UCKYCCMBEHHbIU OPEeHAIC.

ASSESSMENT OF AREA VARIABILITY OF ISLAND PLOTS OF THE SIBERIAN
STONE PINE IN CONNECTION WITH THEIR GEOGRAPHICAL LOCATION
IN THE KOMI REPUBLIC

V. V. Pakhuchiy, L. M. Pakhuchaya
Syktyvkar forest institute of the St. Petersburg state forest-technical university of S. M. Kirov

The article presents the research results of island plots of a Siberian Stone Pine (Pinus sibirica
Du Tour) in the Komi Republic. Such stands are characterized by broad species variety, high tim-
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ber stocks, and they are regarded as storages of regional genetic forest resources. Dark-coniferous
stands with a Siberian Stone Pine compose virgin forests and they are included in the system of es-
pecially protected natural territories of the republic. Stands containing Siberian Stone Pine in the
Komi Republic are characterized by old age (340 — 480 years) and rather high productivity (III-1V
site class), with an increment of 350-385 m’/hectare. Natural regeneration of a Siberian Stone Pine
has been observed on 88% of sample plots. It demonstrates the continuity of regeneration process
of this species. Beyond the continuous area, the plots of Siberian Stone Pine have been encoun-
tered at 61.76 to 66.46 degrees of the northern latitude, and at 49.75 to 62.33 degrees of the east
longitude. At the qualitative level (25%), about 15% of variability of the area of island plots with
Siberian Stone Pine have been characterized by cumulative influence of the latitude and meridional
location. It confirms the presentation of climatic conditionality of northern border of an area of a
Siberian Stone Pine and indicates that at justification of position of the western border of an area
along with anthropogenic factors it has to be considered as well the contribution of a climatic com-
ponent. The natural drainage of the territory has important significance for borders formation of
the area of Siberian Stone Pine. This well-known position is confirmed by reliable connection be-
tween the density of regeneration of a Siberian Stone Pine on sample plots and distance from these
sample plots to the near channel on objects with artificial drainage (R = 0,80; Rygps= 0,71). Ac-
cording to the dates of meteorological stations of the Komi Republic, the long-term tendency of
temperature increase may have a direction opposite to the standard representations. In this regard,
under the general tendency of global warming in certain areas of the Republic the northern border
of forest vegetation including the island plots of a Siberian Stone Pine will not shift towards the
north.

Keywords: Siberian stone pine, the Komi Republic, area, island plots, climate, natural and artificial
drainage.

Beenenue

B Pecnybnuke KoMu mpoxoast rpaHuibl apeasoB MHOTHUX BHUJIOB CHOMPCKHUX JIPEBECHBIX, KY-
CTApPHUKOBBIX M TPaBIHUCTHIX pacTeHuil. Hanbonee 1eHHBIM M MOJE3HBIM U3 HUX SBISETCS Keap
cubupckuit (cocHa keapoBasi cudupckas — Pinus sibirica, Du Tour — «cyc-1mmy» Ha KOMH si3bike). O
3HA4YEeHUU Kefipa CUOMPCKOTro JUIst (POpMUPOBAaHUS Ta€KHBIX JaHMAPTOB, €0 MOJIE3HBIX CBOWCTBAX
U 3HAUEHUW JJI1 HApOJHOTO XO3AKCTBA, PACIPOCTPAaHEHMHM TEMHOXBOWHBIX C KEIPOM JIECOB, MX
MPOUCXOXKACHUU M JIMHAMUKE TpaHMIl apeaja uMmeercs oOummpHas nuteparypa (Hemommiyesa,
1974; KpbutoB u ap., 1983 u ap.). ABTOpbl OTMEHAIOT, 4TO Ul KeApa CUOMPCKOTO XapakTepHa
(dparMeHTapHOCTh apeasna (OCTPOBHOE MPOM3PACTaHME) HA €ro I'PaHMIlaX, YTO XapaKTEPHO TaKxkKe
JUTsL IpyruX Mopoji, Hanmpumep enu, u peruoHoB Poccun (KpwsutoB u np., 1983; Callaghan et al.,
2002).

W3ydyeHne ocTpOBHBIX MECTONPOM3PACTAHUN KeJpa MPe/ICTaBIsIeTCs HHTEPECHBIM C TeOpeTHye-
CKOH M BaXKHBIM C IPAKTHUYECKON TOYKU 3PEHUSI HANPABIIEHUEM HUCCIIEOBaHUN. DTO 00BsACHSAETCS
TEM, YTO OCTPOBHBIEC MOMYJSALUU Keapa OTIUYAIOTCS OOraTcTBOM BHMJIOBOTO Pa3HOOOpasusi, 4acTo
BKJIIOUEHBI B MO3aUKYy JEBCTBEHHBIX JeCHBIX MaccuBoB (Ilaxyuuit, 1999), moryt xapakTepnus3oBarb-
Csl BBICOKMMH 3allacaMi JIPEBECHHBI U SIBIISIOTCS 0OBEKTaMH BBISBICHUS M COXPAaHEHUS MMEIOLIHX-
Csl B PETMOHE TEHETUYECKUX JIECHBIX pecypcoB. M3ydueHne y4acTKOB OCTPOBHOIO K€Ipa BaXKHO IS
MIPOTHO3a COXPAHHOCTH BUJOB B 0CO00 OXpaHseMbIX MpUpo HbIX Tepputopusix (Kozybos, Jlerresa,
1996). I'panuib! apeana pa3IMYHbIX MTOPOJ, B T.U. M K€/Ipa, BO MHOTHX CIIy4asix 0OYyCJIOBJIEHbI KJIH-
Matuueckumu ycinoBusMu (Kucenes, 2005 u ap.). OcTpoBHOMN XapakTep MpoU3pacTaHus APEBECHBIX
MOpoJ OOBIYHO OOBSICHSETCS YXYALIEHUEM YCIOBUHM MPOM3pacTaHMs Ha KpasX apeajia Mo CpaBHe-
HUIO ¢ ero neHTpaibHoi yacteio (KpbuioB u ap., 1983). [loaToMmy n3yueHne H3MEHYMBOCTH IUIONIA-
I1 Yy4aCTKOB OCTPOBHOI'O Ke€Zpa MO Mepe yJaJIeHUs OT I'PaHMIbI CIUIOIIHOTO apeajia MOXET ObITh
MOJIE3HO C TOYKH 3pEHMsI KOJIMYECTBEHHON OLEHKU KIMMaTHYeCKOW 00yCIOBIEHHOCTHU apeaa.

ITpu m3ydeHuu rpaHuil ¥ MO3auK PacTUTEIBHOIO, B T.4. IPEBECHOIO IIOKPOBA, B IIOCIEIHUE Jie-
CATWIETUSl IIUPOKO HCIOJIb3YIOTCA KOCMMUYECKHE TEXHOJOTMU JUCTAaHIMOHHOIO 30HAMPOBAHMS
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3emin (KypOanos u ap., 2015; Kyp6anos, 2016). B c¢Bs3u ¢ 3TUM HEOOXOIUMO OTMETUTH, YTO CO-
[JIACHO METOAMYECKUM PEKOMEHIALUSM 110 MPOBEACHUIO IOCYAapCTBEHHON NMHBEHTApU3aLlUK JIECOB
P® xenp BKIIIOYEH B CBETIOXBOWHBIE JIECHBIE CTPAThl BMECTE C COCHOM U JIMCTBEHHHUIIEH, TOI 1A KaK
TEMHOXBOMHBIE JIECHBIE CTPAaThl OOBEAUHSIOT €b, MHUXTY U MOMIKEBEJIbHUK JPEBOBHUIHBIN
(Metoanyeckue pekoMeHaanuu. .., 2011). Bo3aMmoxxHo, 00beTMHEHHS KeIpa CHOMPCKOTO CO CBETIIO-
XBOWHBIMU ITOPOJIaMH BBIIIOJHEHO 10 (JOPMATIBHOMY IIPU3HAKY — €0 HAa3BaHUIO «COCHA CUOMpCKast
KeZpoBas». B To jxe BpeMs 3TO MOXKHO pacCMaTpUBaTh KaK CBUJETEIbCTBO HEJOCTATOYHOM U3ydeH-
HOCTH BOIPOCa 00 MCIOJIb30BAHUU METOJIOB AUCTAHLIMOHHOTO 30HAWPOBAHUS UIs Li€Jed MHBEHTa-
pHU3aIK TEMHOXBOMHBIX C KEIPOM HACKJICHUN C TUIIMYHBIM MpeoOiaaHieM B UX COCTaBe €lu U
nuXThL. [lepCeKTUBHBIM [T pemieH st 3TON Mpo0iIeMbl MOTIIO0 ObI OBITH HCIOIH30BAHNE HAPAOOTOK
no Jemu(pUpOBaHUI0 KOCMHUYECKHX HW300paKeHHH (PparMEeHTHPOBAHHOTO JIECHOTO ITOKPOBA
(Kyp6anos u ap., 2011, BopobbeB u ap., 2016) 1 ucronp30BaHIE CHUMKOB BEICOKOTO pa3perieHHs.
B nocnennem cirydae BO3MOXKHO MOJTyYEHHE KOJTMYECTBEHHOW OIICHKH MOP(OIOTHYEeCKOi XapaKTe-
PHUCTUKHU KPOH KeJipa, CJIaraloliero BEpXHUi sipyc HaCaKACHUH.

Metoabl 1 00bEKTHI HCCIEI0BAHUSA

TakcalmoHHOE ONMCaHUE HACAKICHUNH M €CTECTBEHHOIO BO30OHOBIICHMS BBINOJIHWIM OOIIe-
IOPUHATBIMU B JIECHOM TaKcallud M JIECOBOACTBE MeTonaMu (MeToauuecKkue peKOMEHIAlUU. ..,
2011). Tumsr neca npussThl mo tunoiorud B.H. CykaueBa (CykaueB, 1972). Kmaccel 6oHHTETA
onpezaensau no mxaie M.M. Opiosa.

Bo3zpacT enu, nUXThl 1 TOHKOMEPHOI'O KeJIpa ONPEEIIsUIU C IIOMOILBIO BO3pacTHOro Oypasa. Jlis
TOJICTOMEPHBIX JIEPEBHEB Ke/pa C CEPALIEBUHHON THUJIBIO BO3PACT PACCUUTHIBAJICS HA OCHOBE JaH-
HBIX O HIMpPUHE FOJUYHBIX KOJIEL )KUBOM ApeBecuHsbl. [Ipn MareMaTH4ecKOM ONMCaHUM B3aMMOCBS-
3€M UCI0JIb30BAIIN PEIPECCUOHHBIN aHAIINU3.

Kenp o6b14HO He popMHPYET YHCTBIX APEBOCTOEB M BXOAMUT B COCTaB TEMHOXBOMHBIX HacaKie-
HUI ¢ mpeobiiafjaHieM B HX 3amace eI M MUXTHI. B CBA3M ¢ TeM, uTo pasjesieHue apeaja Keapa Ha
CIUIOIIHOM M pa3OpBaHHbBIN JOCTAaTOYHO YCJIOBHO, IPHU OLICHKE B3aUMOCBS3U IUIOLIANA yYacTKOB
OCTPOBHOTO KeJpa B CBSI3U C UX reorpamMueckuM IOJ0KEHHEM HCHOJIb30BAU XapaKTEPUCTUKU
reorpauyeckoil MupoThl U JOATOTHl TEOMETPUYECKOTO LIEHTPa Y4aCTKOB.

B ocHOBY paboThI MOJI0KEHBI MaTepHalibl COOCTBEHHBIX MCCIIEJOBAaHUM B MacCUBaX TEMHOXBOM-
HOTO JIeca C y4acTHeM KeJipa CUOMPCKOIO U €ro OCTPOBHOTO IpouspactaHus B KomcomonbckoM,
Tpounko-Ileuopckom, Byktbuibckom u  Koprtkepocckom necHuuectBax PecnyOnuku Komu
(ITaxyugas, 2000a, 200006, 2005, 2014; Iaxyuwuii, 1997, 1999), Bxonsmux B CeBepo-TaekKHBIN paii-
oH eBpornelickoil yactu P®, Cesepo-Ypanbckuii, J[BUHCKO-Bbrueroackuii n 3amnagHo-Y panbCckui
TaexxHbIN paiioHsl (IIpukas ..., 2016). Takxe ncnosnb30BaHbl JaHHbBIE, IPEACTABICHHBIE B KaacTpe
0c000 oxpaHseMbIX NpUPOIHBIX TeppuTopuil Pecnyonuku Komu (Kamactp..., 2014), unpopmarm-
oHHbIx Matepuanax caiita MAC «OOIIT Poccun» (MupopManimoHHO-aHATUTHYECKAs CUCTEMA.. .,
2018), marepuanax reonoptana Peciyonuku Komu (pazaen «Ocobo oxpaHseMble IPUPOIHBIE TEP-
PUTOPHUIY).

B tabnuue 1 nmpuBeaeHbl HANMEHOBAaHUS KEIPOBBIX 3aKa3HUKOB U MAMSATHUKOB IIPUPO/IbI, B Ta0-
nute 2 — o01as xapakTepucTHKa HaCAKIEHUH ¢ TTpeo0IaJaHeM B X COCTaBe Keapa CHOUPCKOTO B
rpaHunax crjaomHoro apeana (Bykrteuibckoe, Tpounko-Iledopckoe u Komcomomnbckoe secHuye-
CTBa) M €ro ocTpoBHOro mpouspacranus (KopTkepocckoe JIeCHHYECTBO — KEAPOBBIM 3aKa3HUK
«JlecHoit MaccuB Ha Bogopaszene pyubs Cycka-Enb u pexu IIbsHKOY).

PesyabTaTsl HcciienoBaHus
B Hacrosmee BpeMs MpUHATO, YTO CEBEpHAas TIpaHUlA apeajga Keapa KiIMMaTudecKas

(Henmomumnyesa, 1974). Kenp ycnemHo Bo300HOBISETCS B OCTPOBHBIX MECTOIPOU3PACTAHUX, ya-
JICHHBIX OT CILJIOITHOTO apeaya Ha paccTosiHue 10 150 kM Ha ceBep. AHATU3UPYs YCIOBUs, obecrie-
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Tabuuma 1
KenpoBble 3axa3HnKH H MaMITHAKH npupoasl Pecmy6mnkn Komn

[Lomans Iupora, Hoarora,
OOIIT (HanmeHOBaHMe) FI: 8> | pecsirmumble | gecsTmaHbIe
rpaa.CII rpaa.BJl

Boranngeckuii (kepoBblit) TAMSATHUK TPHPOIBI «Kenp Ha 0.1 66.46 52,42
ocTpoBe MenBexuiinn

Bortarndecknii (keapoBBIil) MAMATHUK IIPUPOIBI 25 66,37 62.33

«tOHBAXATE)

KommexcHsiit 3aka3zauk «Ilorpro-3aocTpeHnas 7020 66,30 58,94

Borannueckuii naMsaTHUK Npupoasl «BanrapTei» 70 65,77 59,52

Kenposslit maMaTHUK NPUPoIbl «COKOIOBO» 100 65,33 56,94

Borannyecknii (kenpoBbIii) MAMATHUK TPUPOJIBI 13 65.16 56,52
«KpemeHnbeapekuii»

BoTtannyeckuii (keqpoBbIit) MaMATHUK IpUpos! «KeapoBkay 1424 64,83 57,75

Boraanuecknii (KeIpoBBIi) MaMATHHUK MPHPOIs! «Kenpbemby 25 63,17 50,20

Buonoruueckuil (keaposelil) 3aka3HuK «CyckuH-Enby 2931 62,95 54,18

Kenpossiit namsaTHUK npuposl «Ilopoxckuii» 35 63,90 53,83

Kenposblii 3aka3Huk «Comsicckuii» 883 64,38 57,80

Kenpossiit 3aka3znuk «Iloguepckuii» 1665 63,83 57,65

Borannyecknii (kexpoBbIii) MAMSATHUK TPUPOJIBI 25 62.03 49,75

«Koumacckuii»

KomrnekcHslii 3aka3Huk «Buinepckuiiy 10035 62,45 52,05

KenpoBsblii 3aka3Huk «I10TBOAETBEXK» 740 62,41 52,87

JlecHoit 3axa3HuK «JlecHOI MaccuB Ha BOJopasielie py- 2013 61,59 51.85

4bst Cycka-Enp u pexu IIpstHKO»
Boranndecknit (Ke,I[R'OBLII/I) MAMATHUK TPUPOJIBI 13 62.20 54,12
«BoiiBoxxckuii»

Boraandecknii TaMATHUK TPUPOABI «[ aOIIOpCKUin 25 62,20 54,19

Boraandecknii (KeIpoBBIi) MaMATHHUK MPHPOIB «KyIToMBIO» 55 61,69 53,69

Boranndeckuiit maMAaTHUK NPUPOIBI «JIyHBOXKCKHII» 84 61,40 52,86

Borannyecknii (kenpoBblit) MAMATHUK TPUPOJIBI ] 61,20 54,17
«HmxHeBoUeBCKHI»

Buonoruueckuii (6oTaHn4deckuit) 3aKka3HUK «CONBUHCKHID 2350 62,75 55,83

JlecHoii 3aka3HuK «Pachbio» 400 62,14 56,60

KommiekcHbIn 3aKka3HUK «Y HBUHCKHI 32600 61,76 57,90

YHBAIOIINE BO30OHOBIICHUE Kepa NP HEIOCTATKE TeIIa, aBTOPHI OTMEYAIOT, UTO KEJAp JIy4Ille BO3-
OOHOBIISIETCS Ha OOJiee MPOTPEBAEMBIX, CYXUX TECYaHBIX, CYMECUaHbIX U JIETKOCYTJIMHUCTHIX MOY-
Bax, MPEINOYNTAs] CKIIOHBI FO’KHBIX SKCIO3UIIUNA. B TakuX yclIOBHSIX HAacaXJACHUS C KEIPOM CHOHP-
ckuM B Pecy6onmke Komu xapakTepu3yroTcsi BBICOKHM Bo3pacToMm (10 340-480 net), cpenHeit mpo-
m3BoautenbHocThIO (III-IV kmacc 6oruTeTa), 3amacom mo 350-385 M>/ra. EcTecTBEHHOE BO30OHOB-
JieHre Keapa oTMedeHo Ha 88% MpOOHBIX TUTOMIAACH, YTO CBUIETEILCTBYET O HEMTPEPHIBHOCTH BO3-
0OHOBHTEILHOTO TIporiecca (Taot. 2).

DKCIEPTHBIE OIICHKH O KIMMATHYECKON 00YCIOBICHHOCTH CEBEPHOM T'PAaHUIIBI KEpa, O Hallle-
My MHEHHIO, MOTJIH ObI OBITh TTOATBEPKICHBI HATUYHEM OTPHIIATEILHONW B3aUMOCBSI3U MEXIY TUIO-
IIaIbI0 Y9aCTKOB OcTpoBHOTO Keapa (Y, ra) U MUPOTOH pacCHONOKEHUSI TEOMETPUIECKOTO IIEHTpa
3TuX y4acTkoB (X, aecsruunbie rpan. CII) (tadmn. 1) (ypaBaenue (1):

Y =-700,32X + 47026 (R* = 0,0413; R = 0,20; Rg 5= 0,40; Ry 10 = 0,34) (1)
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O0mas xapakTepUCTHKA HACAKIEHUI ¢ mpeolJiajaHnueM Keapa

Tabmuma 2

H I'ycrora ecrecTBeH-
omep Kuace 6
NpoOHOM IIpeod.ia- 3 Kaace | GoHurtera Tun jeca no HOTO BO30OHOBIC
amac, HHS KeJIpa ¢ NepeBo-
IJIOLA/AH, Aa0LAas wira BO3- no M.M. B.H.CykaueBy OM B KpYIHbIH
JIECHHYECTBO nopoaa pacra OpaoBy Py ’
TBIC.IIT./TAQ
4, BykT. Kn 223 VIII v KenpoBHUK yepHUIHO- 1,35
3€JICHOMOITHBIN
6, Bykr. Kn 370 VIII 1V-v KenpoBnuk XBo11eBo- 0,7
c(harHoBBII
12, BykT. Kn 283 X v KenpoBHuk pazHOTpaB- 0,8
HBIN
15, Bykr. Kn 276 VIII Vv KenpoBHuK XBOIIEBO- 0,56
c(harHoBbII
2, Bykr. Kn 150 VIII Kenposuuk xBo1ieBo- 0,88
charHoBbII
1, Tp.-Ileu. Kn 137 X v KenposHuxk- 0,4
JIOJTOMOIITHUK
2, Tp.-Ileu. Kn 52 VIII Vv KenpoBuuk- 0,4
JTIOJATOMOIIHUK
2, Koptxk. E 385 VI Va EnbHUK-YepHUYHUK 0,2
BJIAKHBIH
13, Koptk. E 257 VI Va EnbHUK-4epHUYHUK 0,2
BJIQKHBIN
12, Komc. Kn 300 XVII 11T KenpoBHUK-UepHUYHUK 0,64
BJIAKHBIH
14, Komc. Kn 350 X1V v KenpoBHUK-uUepHUYHUK 0,64
BJIAKHBIH
28, Komc. Kn 226 XII v KenpoBHUK-4epHIUHUK 0,25
BJIQKHBIN
34, Komc. Kn 231 XXI 11 KenpoBHuk kpymnHo- 0
MATIOPOTHUKOBBIH
43, Kowmc. Kn 264 XXIII III KenpoBHuK KpymHO- 0
MariOPOTHUKOBBIHN
5, Komc. Kn 210 XIV v KenpoBHUK-uepHUYHUK 0,9
BJIQKHBIN
1(1), Komc. Kn 208 XII v KenpoBHHUK-4epHIYHUK 0,9
BJIAKHBIH
1(2), Komc. Kn 229 XVI v KenpoBHUK-4epHIYHUK 1,1
BJIQKHBIN
1(3), Komc. Kn 215 XIvV v KenpoBHUK-4epHIYHUK 1,0
BJIQKHBIN
1(1-4), Komc. Kn 216 X1V v KenpoBHHUK-4epHIYHUK 1,0
BJIAKHBIH

IIpumeuanue: 1. Bykr . — BykTbuibckoe necHuuecTBo, Tp.-Ileu. — Tpowuiko-Iledopckoe necandyectBo, Koptk. —
Koptkepocckoe necangectBo, Komc. — Komcomonsckoe necHndectBo; 2. IIpomomkuTeIbHOCTS Kilacca BO3pacTa st
kezapa npunsra 20 set; 3. Ha npo6Hbix miomansx 2 u 13 B KopTkepocckoM JeCHHYECTBE COCTaB HacaXICHUI COOTBET-
ctBenHo 6E4Kn+b, en. [1x u 6E4Kn, exn. [1x, b, Bo Bcex Ipyrux ciaydasx Kelp sBISCTCs MpeoOagaronei mopoou.

CoriacHo nonyquHoﬁ 3aBUCHUMOCTH TaKasd HAIIPABJIICHHOCTH CBA3H H36J'IIOJIaeTC$I, T.€. TCHACH-
oys YMCHBUICHUS TIIOIIAAN «OCTPOBOB)» Ke€JApa C MPOABMKCHUCM B CCBCPHOM HAIIPABJIICHHUU ITOI-
TBEPKIAACTCA, XOTA CBA3b cinabas u HEOOCTOBCpHA.

OI_ICHI/IBaSI BO3MOXXHOCTH KIMMAaTH4YCCKHU 06yCJ'IOBJ'ICHHBIX U3MEHEHHN TMOJO0XKEHUS CCBGpHOfI
T'paHUIIBI apcalia Keapa B OTﬂaHCHHOﬁ H OKHen MEPCICKTUBCE, HCO6XOI[I/IMO YUYUTBIBATb TCHACH-
O U3BMCHCHUA KJIIMMAaTa U €ro (I)JIYKTyaLII/II/I B PCTUOHC. C mauana XX Beka B EBpone Ha6mo;[aeTc5{
INOTCINNICHUE, OXBATHUBIICC I'NIaBHBIM O6p3.30M €C CCBCPHBIC TCPPUTOPHUH. B cBs3u ¢ 9THM, BUJUMO,
IPOTHO3 AMHAMHUKHU CEBEpHOU I'paHHIbI Talru B PecriyOnuke Komu, B T.4. ¢ ydacTueM Kezipa, MOX-
HO CBSI3BIBAaTh C ATOW TEHIEHIMEW M3MEeHEeHHs kimmata. OgHako HEOOXOIMMO YYHTHIBATh, YTO
HapAaAay € KIMMAaTOM CYIIECTBEHHOC BJIMAHHWC HAa AWMHAMHWYCCKHEC ITPOLICCCBI HAa I'paHHUIIC Ji€Ca U
TYHJpPBI MOKET OKa3bIBaTh aHTPONOTreHHOE Bo3neucTBUE. [Ipu 3TOM BKJIaJ aHTPOMOT€HHOTO BIIWS-
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HUS B TUHAMUKY TPAaHUIIBI MEXIY JIECOM U TYHAPOU MPOTUBOIIOIOKEH OOMIECTPHHSITHIM MPEICTAB-
JICHUSIM O HAIMPABICHHOCTH CMEIEHHUsS T'PAaHUIBI B pe3yibTare moTeruieHus kimmara (Vlassova,
2002). Kpome 3Toro, 1uist OTASNBHBIX TeppuTopuii Peciyonuku Komu nonroBpeMeHHast TCHICHITUS
MOBBILIECHUS TEMIIEPaTyphl (OTEIJICHHS KJIMMaTa) BeIpaXkeHa ci1ao, WK J1a)ke HaOJt0/1aeTcsl CHU-
KEHHE CPEeIHEr0/JOBOM TeMIepaTyphl BO31yXa.

CornacHo nanHbIM (ATiac o Kiaumary..., 1997) na teppuropun Pecriyonuku Komu n3meHneHus
CpEeIHUX T'OJIOBBIX TEMIIEpATyp Bo3ayxa 3a nepuoa 1881-1990 rr. no cpaBHeHuIo ¢ nepuoaoM 1881-
1935 rr. B pasaMyHBIX YacTsIX PecrnyOJUKH ObUTM pa3nyHbl. Tak, MOBBIIICHUE TEMIEPATyphl 3a
CpaBHHMBaeMbIE ITEPUOJIBI B CEBEPHBIX paiioHax cocrasmiio 0,4°-0,9°, B nenrpansbix — 0,2°-0,4°, a B
10kHbIX — 0,1°-0,2°. B 11e710M HauboJIbIICE TTOTEIUIEHHE OTMEYAETCS B CEBEPHBIX pailoHax peciyo-
JIMKY, a B F0’KHBIX MOTEIUIEHHE yMeHblaercs (Atnac ..., 1997). OnHako, 1o TaHHBIM KOHKPETHBIX
METEOCTaHIUM/, TEHJCHIIUN U3MEHEHUSI TEMIIEPATypPbl MOTYT HE COTJIACOBBIBATHCSA C YCPEAHCHHBIMU
JTAHHBIMU JUISI BCCH TeppUTOpHH pecryOymku. Tak, mo JaHHBIM MeTeocTaHIuU B T. CHIKTBIBKape,
PacMoJI0KEHHOM B IOr0-3aMaIHON YacTH peciyonuku, ams nepuoga 1899-2005 rr. otmedaercs mo-
BBIIIIEHHE CPETHET0I0BOM TemmepaTypsl Bo3ayxa (Tepmorpad ..., 2018) (ypaBHenue 2):

Y =+0,0066X — 12,178 (R> = 0,0232; R = 0,1523; R 05 = 0,22), )

rae X —roasl ¢ 1899 mo 2005 rr.; Y — cpeansisa rojoBas TeMieparypa Bo3ayxa, rpai. C.
B 10 ke Bpems, 110 TaHHBIM CEBEPHOM METEOCTAHIMH, PACIIOJIOKEHHON B II. Y cTh-Llmibma, s
nepuonaa 1913 — 2005 rr. HabmrogaeTcst MpOTUBOMOJIOKHAS TeHACHIUS (YypaBHEeHUE 3):

Y =-0,0003X — 1,036 (R> = 0,00004; R = 0,0063; R 445 = 0,22), 3)

rae X —roael ¢ 1899 no 2005 rr.; Y — cpenHsAsa rogosas TeMieparypa Bo3ayxa, rpaa. C.

OneHka B3aMMOCBS3M MEXY ILIOMIAAbI0 Y4aCTKOB OCTpPOBHOIrO Kenpa (Y, ra) U JOJAroTou pac-
MOJIOKEHMSI TEOMETPUYECKOr0 LIEHTpa ITHX ydacTkoB (X, necstuynsle rpaa. B/I) (cm. tabm. 1) mo-
Ka3aJia, 4To IUIOLIA/lb OCTPOBHBIX yYaCTKOB K€pa YMEHBIIAETCS TP IBUKEHUU OT Y paJa B 3amaj-
HOM HarlpaBjieHUHU (ypaBHEHUE 4):

Y =+ 388,42X - 18822 (R>=0,0309; R = 0,18; R 5= 0,40; Ro,10 = 0,34 ). @)

B nanHOM citydae Tak ke, Kak U IpU OLEHKE U3MEHEHMsI TUIOIIA U YYaCTKOB OCTPOBHOTO Keapa
IIPU IBWKEHUU B CEBEPHOM HAIIPaBJIEHUH, MOKEM OTMETUTH, YTO JlaHHAasl CBs3b ciabas, HeAoCTOo-
BepHas. MOXHO rOBOPUTH O TEHJEHIIMHN K YMEHBIIECHUIO «OCTPOBOB» KE/pa ¢ MPOJABUKEHUEM B 3a-
MaIHOM HarmpasieHuH. [103ToMy, MOXKHO JIOMYCTUTh, YTO MOJOXKHUTEIbHAS HANIPABIEHHOCTH CBS3H,
OIIMCHIBAIOLIAsl N3MEHEHHE TUIOIIAAU OCTPOBHOIO KEApa B MEPUAMOHAIBHOM HAIPaBICHUH, MOXKET
ObITH 00YCIIOBIEHA YXYALLIEHUEM IpEeHaXka MPHU JBUKEHUH B 3allaJHOM HalpaBiI€HUH OT TOPHBIX U
MPEeNrOpHBIX paloHOB Ypaja, IepexoJoM OT MECTOMNOJIOKEHUH ¢ OOMBIINMH YKIIOHAMH TTOBEPXHO-
CTH K TEPPUTOPHUSAM C MEHBIIUMHU YKJIOHaMU. OJIHAaKO HEOOXOAMMO YUYMTHIBATh, YTO 3amajHas Ipa-
HUIIA CIUIOIIHOTO apealia KeApa M MOJIOKEHHE €ro OCTPOBHBIX MECTOIPOU3PACTAHUM B 3HAYUTEIb-
HOM creneHu cOpMUPOBaHBI B Pe3yJIbTaTe AHTPOIIOIE€HHOTO BO3/IeCTBUS (PYOOK, MT0XKapoB U Jp.).

J11 OLIEHKM COYETAaHHOTO (COBMECTHOTO) BIMSHUS IIMPOTHOIO ¥ MEPUIUOHAIBHOTO MOJIOKEHHUS
YJacTKOB Ha IUIONIA/lb yYaCTKOB OCTPOBHOT'O KeJlpa BBIIOJHUIM MHOKECTBEHHBIH PErpeCCUOHHBIN
aHaJM3 JJAHHBIX, XapaKTEPH3YIOLINX U3MEHEHHE IIomaau «ocTpoBoBy (Y, ra) B oT mupoTsl (LAT,
necsitnunbie rpan., CII) u nonrotel (LON, necstuunsie rpan., BJ) (ypaBHenue 5):

Y =—1673LAT + 935LON + 57160 (R2 =0,15; R=0,39)
(F2,21) = 1,85, F 905 =3,5;F 010 =2,6; F g5 = 1,5). (5)
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Takum 00pa3oM, B pe3yabTaTe perpecCCHOHHOTO aHAIM3a MOJITBEPKACHO BIHMSHUE Teorpadude-
CKOT'O IOJIO)KEHHS Y4aCTKOB OCTPOBHOIO KeIpa Ha WX Iutomanab. [lnomanp y4acTkoB OCTPOBHOTO
KeJIpa YMEHbUIAETCS MPU JBUKEHUM B CEBEPHOM HAIPABJICHUU U 110 MEPE YAAJIECHUS B MEPUAMO-
HaJIbHOM HampasieHuH oT Ypaina. CTaTUCTUYECKH JOKa3aHa IOCTOBEPHOCTh OLIEHKH, XOTS U HA He-
BBICOKOM (25%) ypoBHe 3HaunMOoCTH. [Ipu 00bsiICHEHHH CpaBHUTEIbHO HEBBICOKOTO BKJIa/la reorpa-
(uyecKoro MoJ0KeHUsl y4acTKOB B U3MEHUYMBOCTh UX pa3MepoB U miomaau (okomio 15%) neobxo-
JUMO YUYHUTBHIBATh clenyroliee. BkiroueHHble B MACCHUB AJII COBMECTHOU 00pabOTKH OOBEKTHI Mpei-
CTaBJICHbI PA3IMUYHBIMHU KaTETOPUSIMH 0CO0O0 OXpaHSEMBIX MPUPOJHBIX TEPPUTOPUIL (OOTaHUUYECKUE
«KEIIPOBBIC» MaMATHUKH MPHUPOJIbI, OMOJIOTHUECKUE «KEIPOBBIE» 3aKa3HUKH, KEIPOBbIE 3aKa3HUKH,
KOMIUIEKCHBIE 3aKa3HUKH, JIECHBIE 3aKa3HMKH, OOTAHMYECKHUE NAMSATHUKU IpUpobl). Pasnuunbie
KaTeropuu 0CO00 OXPaHAEMBIX MPHPOIHBIX TEPPUTOPUII OPUEHTHPOBAHBI HA COXPAHEHUE HE TOJIb-
KO Ke/ipa CHOMPCKOro, HO IPYIMX BUAOB PEIKUX U MCUE3AIOIINUX PACTEHUU M MPEICTaBUTENEH KU-
BOTHOI'O MHUpa. DTO CHU)KAET TOYHOCTh OLEHKU Pa3MEpOB U IIOMIAN YYACTKOB, 00ECIIEUNBAIOIINX
COXpaHEHHE TOJILKO Keipa CHOMPCKOro, U BeJIeT K 0CIa0JIeHUIO TECHOTHI CBSI3U MEXKy paccMaTpu-
BaeMbIMH MoKazaTensaMu (ypaBuenue (5). Takum oOpa3zom, BUAUMO, aKIIEHTHPOBAaHNE BHUMAHUS Ha
KIIMMATHYECKYI0 00YCIOBIEHHOCTh TOJIBKO CEBEPHOM TPaHUIIBI KeApa CUOMPCKOTO HE BIIOJHE Mpa-
BOMEpHO. 3amnajHas rpaHuIia apeana keapa cubupckoro B Pecniyonuke Komu mpoctupaercs ¢ cese-
pa Ha 1or 6oiee, ueM Ha 500 KM, TO3TOMY NpU 0OOCHOBAHUM €€ MOJOKEHHS HapsAly C aHTPOIIOT€H-
HbIMU (DaKTOpaMH JOJDKEH YYHMTHIBATHCSA TAK)KE€ W BKIAA KIMMAaTHYECKOH coctapistoniei. [lpu
3TOM IIpu (POPMUPOBAHUU CEBEPHOM I'paHUIIbI apeasia CYIECTBEHHBIM SIBJISIETCS BKJIAJ] TaKOro (ak-
TOpa, KaK €CTECTBEHHBIN JIPEHaX, ONpeesieMblil OJIM30CThIO K BOJIOTOKAM U MPUYPOUYEHHOCTHIO K
CKJIOHAM.

C ykazaHueM Ha 3HaAUYE€HHE €CTECTBEHHOI'O JpEHa)a Ul POCTa KelIpa COTJIacylTCs pe3yibTaThl
HAIllUX MCCIIEOBAaHUI BIMSHUSA Ha pOCT U BO30OHOBJIEHHE TEMHOXBOMHBIX HaCaKACHUH C UCKYC-
CTBEHHBIM JpeHHpoBaHueM B HrmxHe-OMpHHCKOM yuacTKOBOM JecHuuYecTBe Tpouiko-Ilevopckoro
necanuecTBa ([Taxydas, 20006, 2005, 2014). B Tabnunax 3, 4 npuBeaeHbI TaKCAIIMOHHBIE XapaKTe-
PUCTUKU HACaXJICHUN M OLIEHKH €CTECTBEHHOI'O BO3OOHOBIIEHHUS HA OMBITHBIX Y4acCTKaX. YHUKaJb-
HOCTb OOBEKTOB, MPEXKJIE BCEro, 3aKJII0YAETCSl B TOM, UYTO 3TO JPEBOCTOU C CUOMPCKUM KEIpOM, a
TAaKX€ B TOM, UYTO 3TO CaMbl€ BOCTOYHBIC HA €BPOIEUCKON TeppuTopun Poccrm ydacTku ¢ UCKycC-
CTBEHHBIM JPEHUPOBAHHEM.

BozoOHoBnenue keapa ormedeHo Ha 87,5% OMBITHBIX y4acTKOB. AOCOJIFOTHAsI T'yCTOTa BO300-
HOBJIeHUs keapa uaMensercs ot 0,1 mo 1,8 Teic.mT./ra. CpaBHEHUE T'yCTOTHI €CTECTBEHHOT'O BO300-
HOBJICHUSI Ha Y4acTKaX, PAaclOJIOXKEHHBIX Ha PA3JIMYHOM YAAJIEHUU OT KaHAJIOB, ITOKa3bIBAET, YTO
U30BITOYHOE YBIIQ)KHEHHE MOYBHI JIEHCTBYET Ha €CTECTBEHHOE BO30OHOBJIEHHE Kejpa CHOMPCKOTO
OTpHILIATENBHO. ['ycTOTa €CTECTBEHHOr0 BO30OHOBJIEHHUS Kejpa BONM3M KaHaioB ( B cpenHem 1,1
TBIC.IUT./Ta A MPOOHBIX muomaaeit 1, 2, 7, 8) CyllecTBEHHO BBIIIE I'YCTOTHI €0 BO30OHOBJIECHHUS
Ha cepeauHe Mexy Humu (0,1 Teic.mT.ra U1t npoOHbIX iomazaei 3-6). B 75 % cinyuaeB npeobiia-
JaeT MEJIKUM MOPOCT Keapa (Bbicota 10 0,5 M), OSIBUBIIMIACS B OCHOBHOM TIOCIIE NCKYCCTBEHHOTO
JPEHUPOBAHMUSL.

3aBUCUMOCTh MEXAY I'yCTOTOM B0300HOBIEeHUS Keapa (Y, THIC.IIT./Ta) U pacCTOSHUEM /10 KaHa-
na (X, M) MOXKET ObITh ONKCcaHa ypaBHEHHEM (6):

Y =-0,0154 X + 1,4954 (R®=0,6456; R =0,80; Roos= 0,71). (6)

Takum O6p3.30M, I/ICKyCCTBCHHBIﬁ APCHAXK, TaK K€ KaK U €CTCCTBCHHOC NPCHUPOBAHUC, ITOJIOXKHU-
TEJIbHO BIIMSET Ha BO30OHOBJICHUE Keapa.
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Tabmuua 3

TakcanuoOHHAsI XapaKTEPUCTHKA HACAKIEHMI HAa 00beKTax uccienoBanus B Huxne-OMpuHCKOM
y4acTKkoBoM JecHu4decTBe Tpounko-Ileyopckoro JecHu4yecTBa

Homep Cpennnii | Cpennsis OtHocu- | 3amac Kaace
. DJjieMeHT M Knacc |OGonurtera
npooHo# eca amameTp, | BbICOTA, CocraB TeJbHas oﬁmgm, Bospacta | mo M.M.
UIOIIAAN cM M TMOJIHOTA M Opaiony
1-1999 E 9,0 9,0 1 5Kn5b 0,43 137 X v
Kn 48,0 20,0 11 10E 0,27
b 21,4 16,5
2-1999 E 11,6 10,0 1 10Kn 0,10 52 VIII \%
Kn 36,0 17,8 11 5E5b en.Ilx 0,88
b 8,7 9,0
IIx 4,0 4,5
3-1999 E 11,3 9,5 1 4Km;6b 0,23 123 IX Vo6
b 17,1 15,0 II 10E en.Kny 0,60
Ko 28,0 16,0
KZ[H 6,4 5,0
4-1999 Ky 24,2 15,0 1 10Km 0,15 84 VIII Vo6
Ky 4,0 4,0 11 8E2b en. Ky 0,43
E 9,2 9,0
b 13,1 11,0
5-1999 E 12,1 11,0 I 5SKJI5b 0,25 202 X Va
Kn 22,2 14,5 11 10E 0,88
b 21,4 16,5
6-1999 E 10,8 9,5 19E1b en.Kn 0,99 136 IX N
Kn 6,0 5,0
b 9,6 9,5
7-1999 E 11,4 9,5 1852C 0,29 132 X Vo6
b 15,6 14,0 11 9E1Kn 0,63
Kn 9,3 7,0
C 13,5 12,0
8-1999 E 11,5 10,0 1106 0,2 240 IX Va
Kn 15,4 11,0 II 9E1Kn+11x 1,6
b 15,4 14,0
I1x 10,1 9,0

Ilpumeuanue: 1. E - enn; C - cocHa; b - 6epesa; [Ix - muxta; Kn; - kenp nepBoro (ctapuiero) mokonenus: Kay - kenp
BTOpOTO (MJIaAmIero) mokojaeHus; 2. IlpomgomkuTenbHOCTE KiIacca Bo3pacTta s Keapa npuHsaTa 20 neT.

Tabmuua 4
XapaKTepuCTHKA eCTECTBEHHOI0 BO300OHOBJIEHNUS HA ONBITHBIX YYaCTKAX
I'ycroTa mo nopoaam, ThiC.IUT./Ta Oomas
Ne Tun rycrora,
n/n Jeca CocraB ThIC.INT./
eJlb MUXTA Keap Oepe3a ra

1 E- monrom. 7E1Km2b 3,6Mm 0,8m 1,0k 5,4

2 E-nonrom. SE2Kn3b 2.5m 0,8m 1,6 4.9

3 E-oc.-co. 9E1Kn 0,8¢ 0,1m 0,9

4 E-cdarnos. 6E1IIx2Kn1b 0,5k 0,1m 0,1k 0,1m 0,8

5 E- monrom. 6E4b 1,0k 0,7m 1,7

6 E- monrom. TE1IIx1Knlb 1,3¢ 0,Im 0,Im 0,2m 1,7

7 E- oc.-c. SE4Kn1b 1,3¢ 0,9m 0,3k 2,5

8 E- monrom. 4E111x4Knlb 2,1m 0,6¢ 1,8m 0,6M 5,1

IIpumeuanue: 1. E — enp; K — xkeap; [Ix — nuxrta; b — Oepesa; 2. 1o1rom. — JOATOMOIIHUK; OC. — C(). — OCOKOBO-
ctharHoBbIi; charHoB. — carHOBEIHA; 3. M — Menkuit moapocT (BbicoTa 110 0,5 M), ¢ — cpenHuit moxpoct (Beicota ot 0,51
1o 1,50 m), K — KpymnHbIi moapoct (BeicoTta 6ostee 1,50 m).

3akiao4eHue
Hacaxxnenus ¢ keapom cubupckum B Pecriybnmke Komu xapakTepu3yroTcs BHICOKMM BO3PacTOM
(mo 340-480 ner), cpenueit mpousBogutensHocThiO (III-IV kmacc Gonmrera), 3amacom go 350-385
M°/ra. EcTecTBeHHOE BO30OHOBICHHE KEIpa OTMEUEHO Ha 88% HPOOHEIX IUIOmajei. 1o cBHie-
TEJILCTBYET O HEMTPEPHIBHOCTH BO30OHOBHUTEIIFHOTO MPOIecca JAHHOW TOPOIBL.




3a rpaHullaMH CILJIOLIHOTO apeaja Y4acTKM OCTPOBHOIO Kelpa OoTMeueHbl oT 61,76 no 66,46
rpajayca ceBepHOU mupoTsl U oT 49,75 no 62,33 rpagyca BocTOUHOU JoJroThl. Ha KauecTBeHHOM
(25%) ypoBHE 3HAUUMOCTH COBOKYIIHBIM BJIMSHUEM IIMPOTHOTO U MEPUIMOHAIBLHOIO MOJIOXKEHUS
ornpenensercss okojao 15 % M3MEHUMBOCTH IUIOIIAAM YYaCTKOB OCTPOBHOIO Kezipa. DTO NOATBEp-
XKJIaeT IMpeJICTaBlIeHHEe O KJIMMAaTUYeCKOH OOYCIIOBIEHHOCTH CEBEPHOH IpaHUIIbl apeana Kexpa U
yKa3bIBAa€T HA TO, YTO IPU OOOCHOBAHMU IOJIOKEHUS 3allaJHOM IPAHUIBI apeasla Hapsily ¢ aHTpoO-
HNOTeHHBIMU (PaKTOpaMH JOJDKEH YUUTBHIBATHCSA TAKKE U BKJIAJ KIMMAaTHUECKONW COCTABIISAIOLICH.

ITpu popMupoBaHUM IrpaHUL] apeasa CyIECTBEHHbBIM SBIISETCS BKJIAJ] TAKOTro (akTopa, Kak ecre-
CTBEHHBIM JPEHaX, OINpeNeNsieMblid OJM30CThI0 YYACTKOB K BOJAOTOKAM M MX MPUYPOUYECHHOCTHIO K
MOJIOKHUTEIBHBIM 3JIEMEHTaM pelibea MeCTHOCTH. [loATBEp)KICHHEM 3TOr0 M3BECTHOTO IOJIOXKE-
HUS B YCJIOBUSIX €CTECTBEHHOI'O IPEHUPOBAHUS TEPPUTOPUI SIBJIETCS YCTAHOBJIEHHAsI IOCTOBEPHAs
CBSI3b MEX]ly T'YCTOTOM BO30OHOBJIEHHUS Ke/lpa Ha y4acTKaX ¢ UCKYCCTBEHHBIM JIpEHAKEM U paccTo-
SHUEM OT 3TUX Y4acTKOB 10 OnmxHero kaHana (R =0,80; Ry s=0,71).

B cBs3u ¢ noreruieHneM KimMmara IpOTrHO3UPYETCsl CMEIIEHUE CEBEPHOM IpaHUIlbl JIECHON pac-
TUTEJIBLHOCTH, a 3HAYUT U TEMHOXBOIHOIO Jieca ¢ KepoM, Ha ceBep. OHAKO HEOOXOJUMO YUUTHI-
BaTh, YTO HApsy C KIMMATOM CYIIECTBEHHOE BJIMSHUE HA JMHAMMYECKHE MPOLECChl HA CEBEPHOM
IpaHUIIE Jieca MOXKET OKa3blBaTh aHTPOIOIeHHOE Bo3xeicTBre. Kpome 3Toro, st OTAENbHBIX Tep-
putopuii Pecniy6iinku Komu noaroBpeMeHHbIN TpeH/| MOBBIIEHNS TEMIEPATyphl (ITOTETICHUS KIIH-
MaTa) MOYKET MMEThb IPOTHUBOIOJOXKHYI OOIIEIPUHATHIM IPEICTaBICHUSM HaIpaBJIEHHOCTb. B
CBSI3U C 3TUM, IIPH OOIIEH TEHACHIIUH MOTEIJICHNS KJIMMAaTa, B OTAEIBHBIX PalOHAX PECITyOMKU He
0053aTeNBHO CIIEYET 0KMIaTh CMELIEHHsI CEBEPHOM I'PaHUIIb] JIECHOM paCTUTENBHOCTH, B T.4Y. OCT-
POBHBIX Y4aCTKOB KeJ/ipa, B CEBEpHOM HallpaBJICHUU.
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VJIK 634.09

3KOHOMMYECKAS OIIEHKA 3KOJOITMYECKUX ®YHKIUA JECOB
PECIIYBJIMKHU BAIIKOPTOCTAH

M.B. MaprteiHoBa, P.P. Cynrtanosa, A.K. ['abnenxakos
bamkupckuii rocyaapCTBEHHBIN arpapHbIii yHUBEPCUTET

B cospemennuix dKOHOMUYECKUX YCIOBUAX BANCHOU 3a0auell AN1emcs onpeoesieHue 0CHOBHbIX
Hanpasienutl 3¢ghekmueno2o pazeumus u GopMuposanus NOAUMUKU 8 00IACMU OXPAHbL U 3AUU-
mbl, UCNOIB30BAHUA U BOCNPOU3BOOCMBA N1€CO8. B ocHose dKoOHOMUUECKOU OYeHKU 1eco8 OO0JIHCeH
JleHcamos MAKCUMATbHO 803MOXNCHDIU dheKm Nnoib308aHUsl NPU ONPeOeleHHOM YPOBHe 3ampam,
3a8UCAWULL OM YCTIOBULL PA3BUMUS IeCHO20 X03AUCmEa 8 yeiom. MHo2o@)yHKyuoHanibHoe 3HaueHue
J1eco8 8bl3bl8aem HeoOX0OUMOCMb UCHONIL30BANHUS CReYUPDUUECKUX NPUEMO8 IKOHOMUYECKOL OYeH-
KU PA3IUYHBIX NPUPOOHBLIX Oae. B pabome npusedenvi 0anHble IKOHOMUUECKOU OYEHKU IKOI0UYe-
CKUX DYHKYUIL 1eco8, MaKux KaxK 80000XPAHHO-8000Pe2YIUPYOwas, no48000payowds, no46o3d-
WUMHAsL U KIUMamope2yiupylowjeti poiu, a makice 8blOeNeHUe HACAHCOCHUAMU DUMOHYUOO8 U
KUCI0poOa, uonuzayus 6030yxa. B ocnosy uccinedosanuii nonodxcena memoouxka OyeHKU IKo10cude-
cKkux gyHxyuu neca, pazpabomanuas 8 Poccuiickoti akademuu nayk (¥Ypanockoe omoenenue). Boi-
ABNEHO, YMO IKOL020-IKOHOMUUECKASI OYEHKA 3eMelb JIeCHO20 (YOHOA Onpedensemcs CO8OKYNHO-
CMbI0 KAYECMBEHHBIX U KONUYECMBEHHbIX XAPAKMEPUCMUK, OMPAXCAIOWUX 3HAYeHUe IeCHbIX pe-
CYpCo8, COYUANLHBIX U CPeO00opasyowux hyukyuil 1ecos. B xode nposedenus uccieoosanuii onpe-
oeleH 00Wul SKOHOMUYECKUU d¢hghekm om dKON02U4eCKUx yHKyuil  1eco8,  pPAcCUUMAHHbIL  C
Yuemom npupoOHO-KIUMAMUYECKUx nokazamenei (ammocgepHvle ocadKku, peyHol CMOK, NOY6eH-
Hasl Xapakmepucmuka, peived, 3a60104eHHOCHb Meppumopuu, NOO3EeMHbIIL CIMOK U Opyeue), 1eco-
600CMBEHHO-MAKCAYUOHHBIX XAPAKMEPUCMUK HACAHNCOEHUsT (NOPOOHbBIUL COCMA8 (C BbloeleHUeM
npeobnadaroueli OpesecHoll NOpPoobl), B03PACHL IECHbIX HACANCOEHU, NOIHOMA, OOHUmMem, 3anac u
m.0.), 3ampam Ha 0CnPou3B00cmeo 1 cekmapa neca, a makdice SeIUUUHBL IECHbIX MAKC 30 Opege-
cuny. B pezynomame nposedennvix ucciedo8anuil onpedeneHo, Ymo oowas CmoumMocms 3K0102ude-
ckux @ynxyuti nrecoe Pecnybonuxku bawkopmocman cocmaeuna 433,34 meic. py6./ea, uz Hux 6000-
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OXPAHHO-8000pe2YIUPYIOUAS POIb JleCHbIX Aanouagpmos — 261,8 muic. pyo6./ea, nousoobpa3zyouas
poaw neca — 8,08 muic. py6./ea, nousozawumuas poias aeca — 150,8 muic. py6./ea, kKnumamope2ynu-
pyrowas pois neca — 7,6 moic. pyo./ea, uonusayus 6o30yxa — 0,25 moic. py6./ea, obocawenue Kuc-
nopodom — 4,6 mulc. pyd./2a, evidenenue pumonyudos — 0,21 muic. pyo./2a.

Kniouesvie cnosa: necroti ¢hono, sodopezyrupyrowas poiv, 3KOHOMUYECKUl 2¢p¢ghexm, pu-
MOHYUObL, KIUMAMOPE2YIUPYIOUAsi POlb, ROYBO3AUWUMHASL POIb, IKOHOMUHECKASL OYEHKA.

ECONOMIC EVALUATION OF ECOLOGICAL FUNCTIONS OF FORESTS
IN THE REPUBLIC OF BASHKORTOSTAN

M. Martynova, R. Sultanova, A. Gabdelhakov
Bashkir State Agrarian University

In the current economic situation it is crucial to determine the main directions of effective devel-
opment and policy formation in the field of protection, management and regeneration of forests.
Economic evaluation should be based on the maximum possible effect from the use of forests ob-
tained at certain cost. Multifunctional forest use makes it necessary to apply specific methods of
economic evaluation. The paper uses the economic evaluation data of ecological functions of for-
ests including water protection and water regulation, soil protection and climate control, as well as
phytoncides and oxygen release and air ionization. The research is based on the methodology of
forest ecological function evaluation developed at the Russian Academy of Sciences (the Ural
Branch). It has been determined that the ecological and economic evaluation of forest areas is de-
termined by a set of qualitative and quantitative characteristics that reflect the value of forest re-
sources, social and environmental functions of forests. In our research we calculated the general
economic effect of the ecological functions of forests using natural and climatic parameters
(precipitation, river flow, soil characteristics, topography, wetland, underground flow, etc.), forest-
ry and inventory characteristics of plantations (species composition, predominant species, age of
forest plantations, canopy density, quality class, stock, etc.), the cost of regeneration of 1 hectare of
forest, as well as the value of forest taxes for wood. As a result of the research carried out, it has
been determined that the total value of ecological functions of forests in the Republic of Bashkorto-
stan amounts to 433.34 thousand rubles/ha, including water protection and water regulation —
261.8 thousand rubles/ha, soil-formation — 8.08 thousand rubles/ha, soil-protection — 150.8 thou-
sand rubles/ha, climate-regulation — 7.6 thousand rubles/ha, air ionization — 0.25 thousand rubles/
ha, oxygen enrichment — 4.6 thousand rubles/ha, phytoncide release — (.21 thousand rubles/ha.

Key words: forest fund, water regulation, economic effect, phytoncides, climate regulation,
soil protection, economic evaluation.

Beenenne. B coBpeMEHHBIX 9KOHOMHYECKHMX YCIOBUAX BaKHOW 3a7auell ABJISETCS ONpene-
JICHHE OCHOBHBIX HampaBieHUH 3(P(PEKTUBHOTO pa3BUTHS M (HOPMHUPOBAHHUS MOJUTHKU B 00JacTH
OXpaHbl U 3aIIUTHI, UCIIOJIb30BaHMs 1 BOCIIPOU3BOACTBA JiecoB. OLleHKa MOTEHIMaJIa PECYPCOB Jieca
BO MHOT'OM OIpejessieT cTparernueckuil noaxon k ux ucnonszoBanuio (IUFRO ..., 2018). Hetou-
HOCTB OIIEHKHM 3HAYMMOCTH JIECHBIX PECYPCOB MOKET IPUBECTH K BHIOOPY HEBEPHOM CTpAaTEruu UX
ucrnons3oBanus (Ilmak, 2014; Buongiorno, Johnston, 2018).

[Tpy SKOHOMMUECKOH OIIEHKE JIECOB HEOOXOAMMO YYMTHIBATH JBOWCTBEHHOCTb MX HapOIHO-
X035HMCTBEHHOTO 3HAYCHMSI, & TAKXKE dKoJorTnueckue u conuanbabie acniekTol (Fiihrer, 2000; Canti-
anil et al., 2010). Bo-miepBbIX, IIEHHOCTH JIECOB OMPENETIAETCANX POJIbI0 KaK HCTOYHUKA JIPEBECHON
Y HEIPEBECHOM MPOJYKIMH, a BO-BTOPBIX, UX cpeAo3aluTHeIMU QyHKIUsAMU (Jlebenes u ap., 2003;
Loboda et al., 2017). KommiekcHas oueHka jeca — 3T0 cymma 3G(GEKTOB OT UCIOIb30BaHUS BCEX
BUJIOB PECYPCOB U IOJIE3HOCTEN 32 HEOTPAHUYECHHBIN IIEPUOJ N10JIb30BaHUs. B OCHOBE 3KOHOMUYE-
CKOM OIICHKH JIeca JIOJDKEH JIS)KaTh MAKCUMaIbHO BO3MOXKHBIN 3()(heKT moap30BaHus IPU 3aJaHHOM
YpOBHE 3aTpart, 3aBUCAIINI OT YCIOBUH pa3BUTHsI JECHOTO Xo3siicTBa B 1enoM (Hoogstra-Klein et
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al., 2017). MHoroyHKIIMOHAJILHOE 3HAYEHHE JIECOB BBI3BIBAET HEOOXOTUMOCTH HCIIOIH30BAHMS
cnenu(UYecKnx MPUEMOB SKOHOMHYECKOW OIICHKH pa3IM4YHBIX MPHPOAHBIX Onar (MakapeHko,
1996; Kurbanov et al/, 2007).

Ananu3 paboT MO HccielyeMOl TeMe IO3BOJIET CcIeNaTh BBIBOJ O TOM, YTO 3KOJOTrO-
SKOHOMMUYECKas OLIEHKA JIECHBIX JaHAIMA(TOB U COIMATBHBIX (YHKIIMA, KaK MpaBUiIO, HE paccMmar-
pHUBalOTCS. 3a4acTyI0 MPOU3BOAUTCA OLEHKA TOJIBKO JIECHBIX PECYpCOB, MIPUPOIHBIN MOTEHIIHAN Jie-
COB oIpeziensieTcs yepe3 3aaHHble Ko uirenTel. boapmMHCTBO MoNe3HbIX QYHKIUH JI€COB, KO-
TOpbIE CJIOKHO OLEHUTh C SKOHOMHYECKON TOYKU 3pEHHS, HAMPSAMYIO 3aBUCAT OT KOMIUIEKCHOM
npoayktuBHOCTH HacaxaeHuii (Kyp6anos u ap., 2008). B 3Toii cBsi3u npu pemieHuu 3aaad MOBbI-
IICHUS SKOJIOTUYECKUX M COLMATIBHBIX (QYHKIUI Jieca MOKHO MPUMEHSTHh TPAJAULMOHHBIC JIECOBO/I-
CTBeHHbIE MeTObI. [Ipu 3TOM 0c060€ 3HaUEHHE JOJKHBI UMETh MEPOIPUSATHS, HAIIPABICHHbBIC HA
COXPAHHOCTh YHUKAIBHBIX KadecTB JanamadTa (Janwmmna u ap., 1998)

Lean ucciaegoBaHusi — SKOHOMUYECKAs OIICHKA CPEA000PA3YIONINX, 3AIUTHRIX U UHBIX T0JIE3-
HBIX (DYHKIHI JIECOB.

O0beKTOM HCC/IeI0BAHUS SIBIISIOTCS JIECHBIE HACaXJICHHS, PACIONIOKEHHBIE Ha 3eMIIAX
necnoro ¢onaa Peciy6nuku bamkoprocran (PB).

Metoauka. B ocHOBY uccrnenoBaHUN MOJ0XKEHA METOIUKA OIEHKHU AKOJIOTHYeCKUX (PyHK-
ui seca, pazpaborannas B Poccuiickoii akanemun Hayk (Ypansckoe otnenenue) (Jlebenes u ap.,
2002), BeiaeneHue (PUTOHIUIOB PACCYUTHIBAIOCH TI0 METOAMKE, npemanoxkenHoi B.J1. [Ipsxunoit n
B.T. Hukomaenko (1981).

PecnyOnuka BamkoproctaH, 3aHMMasi BHITOAHOE I€ONOJIMTUYECKOE IOJIOKEHUE, 00JIajaeT J0-
CTaTOYHOW pecypCcHOW 00ECIIEYeHHOCTHhIO M BBHICOKMM WHTEIUICKTYyalbHBIM HoTeHIHaIoM (JlecHoi
wian, 2008). Jlecnoit ¢onn Pecnyonuku bamkoproctan cocraBnsier 6onee 1/3 Tepputopuu, 4to
MO3BOJISIET COCYLIECTBOBATh pa3HOOOpa3HbIM coobmiecTBaM. Ha Teppuropun pecnyOiaMKu Bbliese-
HO TPU JIECOPACTUTEIBHBIX palioHa:

- palioH XBOWHO-IIMPOKOJIUCTBEHHBIX JIECOB €BpoIneicKkor yactu Poccuiickon denepannu;

- IOxHO-Y panbCckuii 1eCOCTENHON paiioH;

- JIECOCTEMHOM pailoH eBponerickon yactu Poccuiickoit denepanmm.

[Tnomane 3emens aecHoro ¢ouna Pecnyonuku bamkoproctan cocrasmsier 5,74 miH ra. Jlec-
HbIE 3eMJIM 110 TUIOIIAI COCTaBIIAIOT mopsiaka 92,4% oOrieit JecHoi Tomaay, jgeca B OoJbIei
CTENEHH MMEIOT €CTECTBEHHOE IMPOUCXOXKIEHHE. JlecucTocTh TeppuTOopuu KojedieTcss B 3HA4U-
TeNbHBIX Ipenenax: oT 6,2-9,1% (Crepnuramakckuil u Kyroprasunckuii paiions) go 81,2-92,0%
(benopernikwuii paiion). Jleca mo 1eneBOMy Ha3HA4YCHHUIO pa3felieHbl Ha 3alUTHBIC M KCILTyaTaIu-
OHHbIE. Pe3epBHbIE Jieca HE BBIJEIICHBI.

Cspiie 75 % mnomaaym npeacTaBlieHbl TOPHBIMU JIECAMU, BBINOJHSIONIMMHU TOYBO3AIIUTHEIE,
BOJIOPETYIUPYIOIINE U BOJOOXPAaHHBIE (YHKIIUHU (CM. pUCYHOK).

Kak cnencrBrue ropu3oHTanbHON 30HAJIBHOCTU M BEPTUKAIBHOM IMOSICHOCTU MOPOJHBINA COCTaB
JIECOB MPE/ICTaBIEH XBOWHBIMU, TBEPIOJIUCTBEHHBIMH, MATKOJIMCTBEHHBIMU U CMEUIaHHBIMU Jieca-
mu. Pa3HooOpa3zue THUIIOB JI€COPACTUTENbHBIX YCIOBUHM, OOraThlii acCOpPTHMEHT JIPEBECHO-
KYCTapHUKOBBIX MOPOJ (OPMUPYIOT CIOXKHBIE 110 COCTaBY HacaxaeHus. EcTecTBeHHbIE JIECHbBIE CO-
obmectBa Pb mpexacrasnensr 20 npeBeCHBIMU MOPOJAMH, OOJBINAS YaCTh U3 KOTOPBIX SIBIISAETCS
IIEHHBIMHU KaK B XO3SUCTBEHHOM, TaK M B DKOJIOTHUYEeCKOM oTHoIeHuu (JlecHoit mad. .., 2008). Oc-
HOBHBIMH JIecO00pa30BaTeNsIMU SIBIISIOTCS Oepesa, JIuIa, COCHA, OcuHa, enb U 1y0. IIpu sTom exe-
roJIHO HaOJIr0/1aeTCsl CMEHa XBOMHBIX MOPOJI Ha TMCTBEHHBIE. B cocTaBe HacaxaeHHi mpeobianaroT
CIIEJIBIE U NIEPECTOMHBIE APEBOCTOU, HA UX JIOJIIO MPUXOAUTCS nopsiaka 46%.

Hcnonp3oBaHue BCeX MOJNE3HBIX (DYHKIMN JIECOB — OJIHA M3 OCHOBHBIX 33/1a4 JIECOXO3SHCTBEH-
Horo mnpousBojcTBa. CoryacHo JlecHomy kozaekcy Poccuiickoit ®@enepanuu BbIAEnAOT 16 BuaoB
UCIONIb30BaHusl JiecoB. OCHOBHBIMH HMCTOYHUKAMHU JIOXOJOB OT HCIOJIb30BAHHUS JIECOB SIBIISIETCS
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Kapra pacrureasnocru Pecnny6simkn Bamkoprocran (Jlecnoii mian, 2008)

TUIaTa 3a X UCIoyib3oBaHue. Hanbompmras 9acTh OCTYIUICHUH IPUXOAUTCS HA JTOXOMBI OT HCIIOJb-
30BaHMSI JIECOB JIJISl 3aTOTOBKHU JIPEBECHHEI.

B cootBerctBumM ¢ @enepanbubiM 3ak0oHOM 0T 10.01.2002 No 7-®3 «O06 oxpaHe OKpyKaroIIen
Cpelbl» MPAaBOBbIE OCHOBBI IOJUTHUKU TOCYAAPCTBA B 00JACTH OXPAHBI OKPYXKAIOIIEH CPeIbl TOIK-
HBI 00ecreynBaTh COXpaHEHUE OJIarONpUsATHON OKpYKarowel cperpl, OMopasHooOpa3ue Mpupo-
HBIX PECYpPCOB IS yIOBJIETBOPEHUS TOTPEOHOCTEH HACENEHUS, a TAKXKE YKPEIUIAThH MPABOMOPSIIOK
B 00J1aCTH OXpaHbl OKPYKAIOMIEH cpellbl M 00ECTIEUeHUs SKOJIOTHIECKOH 6€30MacCHOCTH. DKOHOMHU-
YecKas e OIICHKA HKOJIOTHUECKUX (DYHKIIHI JIECOB BKIIIOYAECT:
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OIICHKY BOJIOPETYIUPYIOIIEH POJIU JTECOMOKPBITHIX YUaCTKOB;
OLIEHKY ITOYBOOOPA3yIOIIEH PO Jieca;

OIICHKY MOYBO3AIUTHON POJIH Jieca;

OLICHKY KIIMMAaTOPETyJIUPYIOIIEH POt Jieca;

Bbl/IeJICHHE (PUTOHIINIOB;

MOHM3AINIO BO3/YyXa,;

BbIJIEJICHHE KHCIIOPO/a.

B kaudecTBe XapaKTepUCTHKHU BOJIOPETYIUPYIOIIEH pOJK J1€COB OOBIYHO HCIONB3YETCSA CPEIHEr0-
JIOBOW IPHUPOCT IOA3EMHOIO (TPYHTOBOI'O) CTOKA, KOTOPBIM 3aBUCUT OT Pa3IMYHBIX [1apaMETPOB
pacxomgHOW 4acTh BOAHOTO Oananca. Ilpu pacdere BOIOpEryIHPYIOMICH PO JIECOB HEOOXOIUMO
YUUTBIBATH PsAJI IOKA3ATEIICH:

1) armocdepHbie ocaaku;

2) peuHoil CTOK;

3) penbed U 3a00JI04CHHOCTD TEPPUTOPHH;

4) MOpOAHBIN COCTaB;

5) BO3pacT JIeCOHACAKCHUS, TIOJTHOTA, OOHUTET;

6) XapakTepuCcTUKa TPYHTOB.

Cmoumocmsb  80000XPAHHO-8000pe2YIUPYIOWEl  POIU  JECHbIX JIAHOWADMO8 ornpeaes-
€TCs 10 BETMYMHE CPETHET0I0BOTO MPUPOCTA MOA3EMHOTO cTOKa AS Kak pa3HHIAa MEXKAY (aKkTHIe-
CKMM CTOKOM Ha JIECOMOKPBITOM BOJOCOOPE W TEOPETUYECKUM IOJ3EMHBIM CTOKOM Ha Oe3JIeCHOM
TEPPUTOPUH C ydeToM Kodddurmenta 3adonouennoctu (Hekmonos, Anydpues, 2014; Jlebenes u
ap., 2003). [Ipu pacuere CTOMMOCTH BOJOOXPAaHHO-BOJAOPETYIHPYIONIEH POJIA Jieca MCIOJb30Ba-
JIMCH CIIEYIOUINE MOKAa3aTeIH:

cyMMapHas BenuuuHa ocaakoB (uist Pb) — 550 mm;

K03 duuneHt peuHoro croka — 0,14;

K03 puLMEeHT pupocTa ocaskoB Omaronaps jgecam — 0,10;

KO3(PUIMEHT MOA3EMHOI0 CTOKA: C YYE€TOM IMPOLEHTA JIECUCTOCTH — AJIst XBOUHBIX 0,55; s
nuctBeHHBIX 0,50;

koa(durment 3adonoueHHoctu tepputopuu — 0,003,

CyMMapHbIit 5KkOHOMHYECKHH 3P (HEKT BOIOOXPAHHO-BOJIOPETYIHPYIONIEH POJIU Jieca COCTABHIIL:

TSl XBOMHBIX HacakaeHuit — 174,5 Teic.py0./ra;
JUTSL IMCTBEHHBIX HacaxaeHui — 87,2 Toic.py0./ra.

[Ipu pacuere CTOUMOCTH nou800b6pazyOwell poiu ieca UCIOIb30BaINCh CIEAYIOLINE MToKa3aTe-

JIn:

3amac IpeBeCHHBI Ha | ra B CIENIOM MOJaIbHOM HAaCaKICHHH, JaHHBIN MOKa3aTeNb ObUT pHU-
HST paBHBIM 250 M°/ra;

Cpe/IHeB3BEIIeHHAs BETHUMHA JECHBIX TAKC 3a APEeBECHHY — 32,3 py6./m;

KO3 PUIIMEHT, XapaKTepU3YIOLINil CHU)KEHUE 3araca JIpeBECHHbl IPU OLIEHKE MOYBO0Opasy-
fo1ieit ponu neca, — 1,29;

KOA(p(UIIMEHT, XapaKTepU3yIOIIUNA CHU)KEHHE TOBAPHOW LEHHOCTU JPEBECHHBI IPU OLIEHKE
nmo4yBooOpa3yrorieit ponu eca, — 1,31.

CyMMapHas CTOMMOCTh TTOYBOOOpa3yroIiei posu jeca coctapmia 8,08 Teic. py0./ra.
Cmoumocms Kaumamope2yiupyroujeti poau OTpeIeNieHa 3a IepHoJ OJHOTO 000po-
Ta pyOKHU C y4yeToM:

3aTpar Ha MEPONPHUATHS 110 BOCIPOU3BOACTBY | ra jgeca — 5756 py0./ra;

KO3 PULIMEHT, yYUTHIBAIOIINI 3aTpaThl HA OXpaHy U 3alIUTy jJecoB, — 0,5;

HOPMAaTHUB PEHTA0EILHOCTH B JIECHOM XO03stiicTBe — 0,2;

JI0J1s1 3aTparT JIECHOTO X0351CTBA, OTHECEHHAs! Ha KIIMMATOPETryIUPYIOLIYIO pois jeca, — 0,5;
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e ko3 ¢unuent, nuddepeHIUPYIONNI 3HAYCHHUS KIMMATOPETYIUPYIONIEH poiH Jieca B 3aBU-
CUMOCTH OT XapaKTePUCTHK, — 1;

e KO3 UIMEHT TUCKOHTHUPOBAHUS, KOJIUIECTBO MEPONPUITUN TTPH BOCIIPOU3BOJICTBE JIECOB.

CymMmapHas CTOMMOCTh KJIMMaTOPEryIupyIolel posu jeca coctaBuia 7,6 Thic. py0./ra.

Cmoumocmb nougozawumunot ponu ieca Obljla paCCUUTaHA C YIETOM:

e IICHBI TOYBOOOpa3ymOIIeH posu Jeca — 8,08 Tric. py0./ra;

e CyMMa CTOMMOCTEH cpeodopMupyroniux GyHkiui geca — 263,3 Toic. py0./Ta;

e ko03(pdunuent, nuddepeHIUPYIOMIHN 3HaYeHUE TTOYBO3AIMUTHON poiu jteca — 0,53.

CymMmapHasi CTOMMOCTh TIOYBO3AIIMTHOMN poin jieca coctaBuina 150,8 Teic. py0./ra.

Bovioenenue ¢pumonyuoos. JlpeBecHbie BHIBI BBIICISIOT ()UTOHIMABI, KOTOPHIE YOUBAKOT 00-
JIE3HETBOPHBIX OakTepuil. BeIsiBIEHO, yTO | Ta JIMCTBEHHOTO Jieca BBIICISIET B CYTKH 2 KT JIETYIHX
OpraHUYECKUX BEUIECTB, a XBoiHOro — 5 (Ctenens, Cobomnena, 2016).

Ha ocHoBe paccunTaHHOW CTOMMOCTH (DUTOHIIMIOB, KOTOPHIC OBLIH MOJIYYEHBI MCKYCCTBEHHBIM
IyTEM C MOMOIIBI0 ycTaHOBKH «Apedur» (30 py0./kr) Obuta paccynTaHa CTOMMOCTh (PUTOHIIUIIOB,
KoTopas BblessieTcs ¢ 1 ra yeca Ha npoTsbkeHuu ce3ona, — 0,21 Toic. py0./ra.

Honuzayusa 6030yxa 1ecoM yCTaHABIMBAETCS YCTAaHOBKON «Ps3anb». CTOMMOCTH HMOHM3AINH
Bo3ayxa coctapisieT 250 py6. Ha 1 ra/ron. CtouMocTh MOHM3aNUU Bo3ayxa coctasuia 0,25 ThiC.
py6./ra (bongakosa u np., 2002).

Buvioenenue xuciopooa. CtomMocTh 1 T mMOTyd4aeMOro MPOMBIIUICHHBIM MyTEeM KHCIOpOAa CO-
ctaBisger 230 py0. (Coumun u ap., 2003). CroumocTs BbIAETICHHUS KUCIOpoAa cocTaBuiia 4,6 ThIC.
pyo0./ra.

OOmme pacCuUTaHHBIE JTAaHHBIE YKOHOMHYECKOW OIIEHKH CPenooOpa3yroIlnuX, BOJAOOXPAHHBIX,
3aIUTHBIX, CAHUTAPHO-TUTUCHUYECKUX ¥ HHBIX MOJIE3HBIX (DYHKINH tiecoB PecnyOnmku bamkopTo-
CTaH NPEACTABJICHBI B TAOJIHIIE.

IJKOHOMHUYECKAsl OLIEHKA IK0JOru4eckux gpynkuuii jecos Pecny0iauku bamkoprocran

No .
o HaumenoBanue BUIa M0J1e3HBIX GyHKIMIA Enununa usmepenust OneHKAa PKOJOrH4eCKHuX
1 BomooxpanHO-BOAOPETYIUPYIONIAs POJIb JIECHBIX ThIC. py0./Ta 261,8
na"mmadToB

2 ITouBooOpa3zyrorias poJis jeca ThIC. py0./Ta 8,08
3 [TouBo3amuTHas poJib Jeca ThIC. py0./Ta 150,8
4 Knumaroperynupytomas poJis jieca TBIC. py0./Ta 7,6

5 Wonuzanus Bo3ayxa ThIC. py0./Ta 0,25
6 OO6orareHnne KUciaopoaoM THIC. py0./Ta 4,6

7 Bripenenne GUTOHINIOB ThIC. py0./Ta 0,21

Hroro ThIC. py0./Ta 433,34

B pesynbraTe npoBeaeHHBIX UCCIIEOBaHUN OBUIO BBIABIEHO, YTO OOIasi CTOMMOCTD BBINIOJHSIE-
MBIX JIECOM 3Kojornyeckux ¢ynkuuit B Pecnyonuku bamkoproctan cocraBuia 433,34 teic. py0./
ra, U3 HUX BOJIOOXPaHHO-BOJOPETYIHPYIOLIAs poJib JIECHBIX JaHamadroB — 261,8 Teic. pyd./ra,
mo4yBooOpa3yromias pois jgeca — 8,08 Teic. py0./ra, moyBo3antuTHas poib jgeca — 150,8 Tric. py0./ra,
KJIIMMaTOpErylupymooias poib jeca — 7,6 Thic. py0./ra, nonusanus Bozayxa — 0,25 Teic. py0./ra,
oborarenne Kuciaopoaom — 4,6 Teic. py0./ra, Beaenenne uronmuaos — 0,21 Teic. py0./ra.

[Tonmy4yeHHbIE BBICOKHE CTOMMOCTHBIE MOKA3aTeIN dKOJIOIMYECKUX (DYHKIMH JecoB 00yCiIoBIIe-
HBI:

e BBICOKMM IIPOLIEHTOM JIECHCTOCTU Tepputopuu (6osee 39%), mpu 5TOM B TOPHO-JIECHOH 30HE

JTaHHBIN noka3arens gocturaet 81,2-92,0% (benoperkuii paiion);
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e pa3HOOOpa3MeM JIPEBECHBIX MOPOJ (€CTECTBEHHBIE JIECHBIE COOOINeCTBa mpeacTaBieHbl 20
JPEBECHBIMH TIOPOJIaMH ), OCHOBHBIMH JIECOOOPa3yIOIIUMH TOPOJIaMH SBIISIIOTCS Oepesa, Jin-
na, COCHa, OCHHa, eJ1b U 1y0;

e ONTUMAJIBHOW BO3PACTHOU CTPYKTYPOH HACAKICHUI;

e BBICOKOI MPOJYKTUBHOCTHIO HACAKICHUM;

e ONarompuUsATHBIMU MPUPOJAHO-KIMMATUYECKUMU YCIOBUSIMH;

e 0OraTcTBOM I0YB;

e HU3KUM KO3PPUIIMEHTOM 3a00JI0YEHHOCTH TEPPUTOPHUH U JP.

[TpoBeneHHBIN aHAIHU3 TTIO3BOJISIET 3aKIIOYUTh, YTO POJIb SKOJIOTHYECKOT0 (haKToOpa OMpeeseTcs

HE TOJIbKO KJIMMAaTHYE€CKUMU YCIOBUSMH, HO M HANPSIMYIO 3aBUCUT OT COCTOSIHUSI JIECHBIX SKOCH-
CTEM, a UMEHHO: OT IIeJIEBOr0 Ha3HAYEHUS M KATETOPUM 3aLIUTHBIX JIECOB, MOPOJHOTO COCTaBa
HACaXJACHUH, BO3PACTHOM CTPYKTYPHI IPEBOCTOSI, MPOIEHTA JIECUCTOCTH TEPPUTOPHUH. DKOJIOTHYE-
CKHMIl aCIeKT HampsIMYI0 OIpPEACNIeTCS YCIOBUSIMU HCIIOJI30BAaHUSA JIECOB, TaK HANpUMEp, MpU
oTpefieNieHuU TT0OYBOOOPA3yIoIIel POJM Jieca YYUTHIBACTCS IUIaTa 3a JPEBECHHY HA KOPHIO, MPHU
OLICHKE KIIMMAaTOPETYIUPYIOIeH poJiu — CTOMMOCTh BOCIIPOU3BO/ICTBA JIECOB.

Hcxons u3 BBIMIEU3I0KEHHOTO, MOKHO CZENaTh BBIBOJ, 4TO jeca Pecnybnuku bamkoprocran
UMEIOT BBICOKHME TEXHUYECKHE XapaKTePUCTHKHU, HO IMPH ITOM CIEAYeT OLIEHHWBAaTh HE CTOJBKO
WX CBHIPhEBOC 3HAYCHHUE, CKOJIKO BBITIOIHSAEMBIC CPEI000Pa3yIONINe U CPEIO3aNUTHBIC (DYHKIINH.
DKOHOMHYECKAsi OIIEHKA SKOJOTUUECKHX (PYHKIUH JIeCOB OyAET CTUMYJIHUPOBATh YCTOUUMUBOE pa3-
BUTHE JIECOTIOJIb30BAaHUE B PETUOHE, HUBEIUPOBAThH YCIOBHUS JIECO3arOTOBUTEIILHOTO MPOU3BO/ICTBA,
U3BATHE JICCHOTO JIOXO0J/1a, KOTOPHI MOXET OBITh HAIIPABJICH HE TOJBKO HA JIECOBOCCTAHOBIICHUE,
OXpaHy W 3allUTy JISCOB, HO ¥ Ha PEaIM3aIfI0 SKOJOTHYECKUX MPoekToB. [lomydeHHas nHpopma-
I[Usl MOXET UCTIONB30BATHCS MPU KOMILIEKCHOM OIIEHKE CTOMMOCTH JIECOB PECIyOINKH, KOTOpas, B
CBOIO OouYepe/b, HeoOxoauma i 3(H(HEeKTHBHOCTH UCTIOIB30BAHUS HMEIOIIUXCS JIECHBIX PECYPCOB.
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KAPTOI'PA®UYECKHUE METO/IbI UCCJEJIOBAHU OB BbEKTOB ITIPUPOIBI

3.3. Paxmarymun', .P. Paxmaryminna® , A K. I'a6aenxaxos’
'Barkupckuii rocy1apcTBEHHBIH arpapHblil YHHBEPCHTET
?BalIKHPCKHil TOCYIapCTBEHHbII EIarOrHYeCKUi YHHBEPCUTET UM. M. AKMYILIBL

Kapmoepaghuueckuii memoo ucciedosarnus 8 yciogusx 00abuio020 0ovema OaHHbIX 0 COCMOSHUU
NPUPOOHBIX 00BEKMOB U 3HAUUMENIbHO20 YCI0NCHEHUSL MEeOPemuyecKux npooiem, mpeoyouwux npo-
CMPAHCMBEHHO20 peweHus, npuobpemaem éce Ooavulee 3nauenue. Kapmoepaguposanue npupoo-
HbIX CUCHEM NO360]Iem NPOBeCmu 6CeCMOPOHHULL, CUCMEMHbIT AHATU3 U CUHME3 YNOPAOOUEHHbIX 6
NPOCMPAHCMBe U BPEMEHU OAHHbIX O HACENeHUU, IKOHOMUKe, COYUATbHOU cpepe, NpupooHo-
KAUMAMUYECKUX, IKOLOSUUECKUX U OpYeUux pazHoobpasuvix gakmopax. Muozue sxonocuueckue He-
brazonpusimuvle hakmopvl 603MOICHO NPeOCKA3AMb UTU NPeOOMEPAMUmMb, UCHOIb3YS memMamuie-
CKUe Kapmvl npupoosl (Kiumamuieckue, 2UOpPoaIocudecKue, 2e0i0cutieckue, 2eomopponocuieckue,
2ceobomaHnuyeckue, nouseHuvie u op.). Ilpu 3mom 3HAUUMeENbHO YRPOWAEmcst U NOBLIUAEMCS. MOY-
HOCMb pAcyemos cuopocpapuueckux u suoposIocUtecKux Xapakmepucmux pexk u ux oaccetinos, no-
BbIULACNICSL KAYECMB0 KAPMOMEeMPUYecKux pabom no paciemy KoOpOUHam, JUHEUHbIX U NI0uWao-
HbIX Napamempos 800HbIX 00bEKMO8 U Ux 6accelnos (OIuUHa, U3BUIUCMOCMb 8000MOKA, NIOWAOL
s00oema, 600ocbopa u e2o yenmpa mssxicecmu). B nocneonue 200vl Ha codeticmaue usyueHuro u pe-
UWEHUIO DKOOSUYECKUX NPOOIeM MAKI’Ce OPUSHMUPYEMC S 2eOMOPPON0SULECKOe Kapmozpaduposa-
Hue. K Hum omHocumcs usyyeHue 00HO20 U3 2lABHLIX NoKazameell dKOI02UecKol 0OCMaHOBKU,
GPaxkmopoe akmueuzayuy ONACHbLIX NPOYECcos (epasumayoHHbIX NPOYECcos HA CKIOHAX, HABOOHE-
HUs1) — penbeghoobpas3youux npoyeccos.

Ipu oyenre cospemeHH020 COCMOSIHUSL PACMUMENLHO20 NOKPOBA U NAPAMEMPO8 €20 OUOPA3HO-
0bpasust, a makdice npu BbIAGICHUU 3AKOHOMEPHOCHEN €20 NPOCMPAHCIEEHHO-8PEMEHHOU OP2aAHU-
3ayuu 6 YClO08USX PA3HOU CMeneHu AHMPONO2EHHO20 B030€UCMEUs 8 MUPOBOL NPAKMUKE UUPOKO
UCNONL3YEeMCsl UHPOPMAaYUsL OUCMAHYUOHHBIX U300PANCEHULl O CIMPYKMYpe U CE0UCMEAX pacmu-
menvHocmu. Paznuunvie cenemuueckue munvl nous, ux SpamyioMempuieckKull COCmas, COCMOosHUs
U MeHOeHyuu UMeHeHull  (8bloejleHue CMbIMBIX U HAMBIMBIX — HOY8), MAMEPUHCKUE
(nougoobpazyroujue) nopoosvl MpaoUyUOHHO OMOOPAICAOM No48eHHble Kapmul. B pamxax sxonoeu-
3ayul NOYBEHHOE Kapmozpapuposarue mpaHchopmupyemcst 8 MOHUMOPUHS 3eMeIbHbIX Pecypcos,
8 3a0auu KOMopo2o 6X00um Omcaedcusanue usmeHenull. B acnexme ycmouuusoeo pazeumusi co-
YUO-IKONI020-IKOHOMUYECKUX CUCTEM MaKue Kapmbl NO360JSI0OM OYEHUBAMb IKOL02UYecKue Pak-
MOpbL U AHMPONO2EHHOE B030EUCMBUE HA NPUPOOHBLE CUCTNEMDbL.

Knwuesvie cnosa: memamuueckoe rkapmoepaguposarue, Kiumamuyeckue, cUOPOiocUde-
cKue, ceomopgonozuyeckue, naHowagdmusie Kapmoi, 8000COOPHLIL baccelin, Yugdposas mooeisb

penveda.

CARTOGRAPHIC METHODS OF NATURE OBJECTS RESEARCHES

Z.Z.Rakhmatullin', LR .Rakhmatullina®, A.K. Gabdelkhakov'
'Bashkir State Agrarian University
Bashkir State Pedagogical University named after M.Akmulla

The cartographic research method in the conditions of a large amount of data related to nat-
ural objects and considerable complication of theoretical problems requiring spatial solution is be-
coming increasingly important. Mapping of natural systems allows for a comprehensive, systematic
analysis and synthesis of data on population, economy, social sphere, climatic, environmental and
other factors allocated in the spatial and temporal context. Many environmentally adverse factors
can be predicted or prevented using thematic mapping: climatic, hydrological, geological, geomor-
phological, geobotanical, soil, etc. The calculations of hydrographic and hydrological characteris-
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tics of rivers and their basins have herewith been significantly simplified and become more accu-
rate; cartometric work on the calculation of coordinates, linear and area parameters of water bod-
ies and their basins has been improved (length, tortuosity of watercourse, water area, catchment
area and center of gravity). In recent years, geomorphological mapping facilitates addressing and
solving environmental problems. These include examination of one of the main indicators of the en-
vironmental situation, activation factors of hazardous processes (gravitational processes on slopes,
floods) - relief-forming processes.

In order to evaluate the vegetation cover and its biodiversity parameters, to identify its spatial-
temporal organization patterns affected by different degree of anthropogenic impact, researchers
use remote sensing data characterizing structure and properties of vegetation. Different genetic
types of soil, their granulometric composition, conditions and tendencies of changes (identifying
washed-off and drift soils), the source soil-forming rock are traditionally displayed on soil maps. As
a part of the ecologization, soil mapping transforms into land resource monitoring aimed at track-
ing changes. In order to ensure sustainable development of socio-ecological-economic systems,
such maps make it possible to evaluate the environmental factors and anthropogenic impact on the
natural systems.

Key words: thematic mapping, climatic, hydrological, geomorphological, landscape maps,
drainage basin, digital elevation model.

BBenenne. Kaprorpaduueckuii MeToa MccieaoBaHus B YCIOBHAX O0ybIIOro oobeMa jJaH-
HBIX O COCTOSIHUM NPHUPOAHBIX OOBEKTOB M 3HAUUTEIBHOIO YCIOXKHEHUSI TEOPETUUECKUX MTPOOIIEM,
TpeOYIONIMX MPOCTPAHCTBEHHOT'O PEIICHHUS, puodperaeT Bce Oonbliee 3HadueHue. Kaprorpadupo-
BaHUE NMPUPOIHBIX CUCTEM IIO3BOJIET POBECTU BCECTOPOHHUMN, CUCTEMHBIA aHAJIU3 U CUHTE3 YIO-
PSI0UYEHHBIX B MIPOCTPAHCTBE U BPEMEHM JIaHHBIX O HAceJeHHM, SKOHOMHKE, COLUaIbHON cdepe,
MPUPOJHO-KIMMATHUECKUX, SKOJIOTHYECKUX U JIPYTUX pa3HooOpa3HbIX (akropax (Kypbanos u np.,
2018). Ilpu 3TOM OHM omMparoTcs Ha JOCTHXKeHus obmeil kaprorpaguu, 'MC-rexHonoruit, nu-
CTaHILIMOHHOTO 30HJMPOBAHUS, MATEMaTHKO-KapTOrpaguuecKoro MOIeIMPOBAHUS U OCOOEHHO — Ha
JOCTH)KEHHUSI CUCTEMHOTO TemaTuyeckoro kaprorpaduposanus (Kypbanos u ap., 2015; BopoOreB
u ap., 2016, Loboda et al., 2017).

B T0 k€ BpeMsi BOSHUKHOBEHHE MHOTMX 3KOJIOTHYECKH HEOJaronpUsTHHIX (PaKTOPOB BO3ZMOKHO
IpescKa3aTh WM MPEAOTBPaTUTh, MCHOJB3YS TEeMAaTUYECKHUE KapThl MPUPOJbI (KIUMaTHYECKHE,
THJIPOJIOTUYECKHE, FE€0JIOTHYECKHE, FeoMOop(doiornueckue, reo00TaHN4eCKHe, TOUBEHHBIE U Jp.).

Heaun n 3agaun. [IpoaHanu3upoBaTh CymIeCTBYIONIIME BUABI TEMaTHYECKOro KapTorpadu-
pOBaHUs 0OBEKTOB MPUPOABI — KIIMMATUYECKHE, THIPOIOTHYECKHE, T€0JIOTHYECKUE, PACTUTENIbHBIE,
MOYBEHHBIE M MPHUPOJIONOIb30BAHUS; BBIICIUTh OCHOBHBIE HAIIPABJICHUS, BBISIBUTH JOCTH)KEHUS B
JaHHOM 00yacTu KapTorpadupoBaHusl.

PesyabraTsl ucciaenosanusa. KiimMatuueckue BOIpochl JaBHO CTOSAT HA MOBECTKE JHS HE
TOJIBKO Halllel CTpaHbl, HO U YEJIOBEYECTBA B LIEJIOM, UYTO NOATBEpKAeHO [lapnkckuM cornamenu-
em o kimmary (https://unfccc.int/resource/docs/2015/cop21/rus/109r.pdf). B manHOM acnekrte me-
TOJABI KJIMMAaTUYECKOTO0 aHaliu3a MOTYT OBbITh PEaM30BaHbl C MCIOJb30BAHHEM KIMMATHYECKHX
KapT, Ha KOTOPBIX MMOKa3bIBAETCs pacHpe/ieieHne IoKa3aTesel, XapakTepru3yoluX KIMMaT B Mpo-
CTPaHCTBE, a TAK)KE€ UX U3MEHUYMBOCTb, IEPUOIUYHOCTH MOBTOPEHUN U B3aUMOCBS3H KOMIIOHEHTOB
(Kyp6anos, 2016). [IpermymiecTBOM KIMMaTHYECKUX KapT SBIISETCS TO, YTO OHU COCTaBISAIOTCA 110
JAHHBIM CUCTEMAaTHYECKUX MHOTOJIETHUX HaOMIONEHUH U UX cTaTUCTUYecKoi o0paboTku. Kak npa-
BUJIO, KJIMMATHUECKHE TIOKA3aTENIN NOKA3bIBAKOTCS LIBETOM, JUJISl XapaKTEPUCTUKHU SIBIEHUM € IOJI0-
KHUTEJIBHBIMH TEMIIEpaTypaMHl HCHOJB3YIOTCS TEIJIbIE 1IBETA, /Ui OTPULATENIBHBIX TEMIIEparyp —
XOJIOJIHBIE.

B nocnennue roasl B OTKPBITOM AOCTYIE B ceTU VIHTEpPHET MOSBUIIOCH MHOKECTBO CalTOB C Me-
TEOPOJOrMUECKUMH U3MEPEHUSIMH U KIMMaTUYECKUMH JAHHBIMHU, TOCTYIIHbIE 7Sl CKAUYMBAHUS U C
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YCIIEXOM HCIOJNIb3yeMbie B KapTtorpaduposanuu (Bopoodses, Kypbanos, 2017). Cpenu HUX KinMa-
tudeckas 6a3a maHabpix WorldClim — HaGop u3 19 nmpou3BOJHBIX OMOKIMMATHYECKUX XaPAKTEPH-
ctuk BioClim 1 rio0ansHbIX KIMMATHYECKUX JAHHBIX, BKIIFOYAIONUX MHHUMAIbHYI0, MAKCHMAITh-
HYIO M CPEJHIOK TEMIIepaTypy, OCaJKH, BBICOTY Haa ypoBHeM Mops (puc.l), a Takke IaHHBIE O
KJIMMATe MPOIUIOTO U OYAyIIEro.

MakcuManbHas
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Puc. 1. Kaprocxembl Npou3BOAHBIX KIMMaTHYeckuX nokasareseil WorldClim na reppuropuro
Byryabmuucko-besiefeeBckoii BO3BbIIIEHHOCTH B npeneaax Pecny6iauku bBamkoprocran

JlaHHBIE MTOKPHIBAIOT BCIO IOBEPXHOCTH CYIIM (32 UCKIIOYEHUEM AHTApKTH/IbI) U JOCTYIHBI JJIs
HOJY4YEeHHUsl B pa3HbIX (hopMaTax W ¢ pasiMYHBIM NpocTpaHCTBEeHHBbIM paszpemeHueM (WorldClim,
2018). National Centers for Environmental Information — o6ecrieunBaeT OTKpBITBIN AOCTYI K OJTHO-
My u3 HauOojee BaXKHBIX apXWBOB JaHHBIX 00 oOkpyxaromei cpene Ha 3emise (https:/
www.ncei.noaa.gov/). European Climate Assessment&Dataset compepkuT HaOOp MO TaKUM TOKa3a-
TEJISIM, KaK CpPeIlHssl CKOPOCTh, MAaKCHMAaJIbHBIE TIOPHIBBI, HAIPABJICHNE BETpa Mo cTaHImsIM EBpoms
u Cpenn3eMHOMOpbS, KaKk MaKCUMallbHasi, MUHUMAJIbHAs, CPEIHSS TEMIlepaTrypa, OCaaKu, JaBlie-
HUe, 00JaYHOCTh, BIAXHOCTb, TIIyOMHA CHEra, AJIUTEIbHOCTh cBeToBoro mHs, (http://eca.knmi.nl/
dailydata/index.php). 1o Poccutickoit @enepannu nanuyro uHbopmManuio obdecreunBaeT Beepoc-
CUMCKMI Hay4yHO-UCCIIE0BATENbCKUI HHCTUTYT IMIPOMETEOPOJIOTHYECKO HHPOpMALIUK, TTpeaMe-
TOM JIEITEIHOCTH KOTOPOTO SIBJISIIOTCS HAayuyHbIe WCCIEAOBAaHUS M pa3pabOTKH, HAy4HO-
TEXHUYECKHE paboThl B 00JACTH CO3JaHMA U BHEIPEHUsS HMH(POPMALMOHHBIX TEXHOJOTHH cbOopa,
KOHTPOJIs,, 00pabOTKH U XpaHEHUs TUAPOMETEOPOIOrHYeckord MHPOPMALIUK; CO3JaHHE METO/I0B U
TexHoJsoruil Beaenus: Ennnoro rocynapcTBeHHOro (poHa JaHHBIX O COCTOSIHUU OKpY»KaroIien cpe-
IIbl, €€ 3arps3HEHUH; BHIMOJIHEHHE Pa0OT W OKa3zaHHE YCIyr B 00JacTH THAPOMETEOPOJIOTHH U
CMEXHBIX C HEel 00JIacTsIX; BEIPAOOTKA MPETIOKESHHUN ISl TOCYAapCTBEHHBIX CTPATETHil, TPOTHO30B
U [IPOTpaMM Pa3BHUTHSL; HCCIICOBAHUS N3MEHEHHH KIIMMaTa Ha OCHOBE BHICOKOKAYECTBEHHBIX Mac-
CHBOB THIPOMETEOPOIIOTUIECKON MHPOPMAIIMU M HCIIOIB30BAHHUS SMIHPUKO-CTATHCTUIECKAX Me-
TOJIOB aHAJIM3a IAHHBIX; UCCIIEIOBAHUS 110 YKOHOMUYEeCcKOi MeTeoposioruu (http://meteo.ru/data).

DOBOIOLUS KIMMATHYECKOTO KapTorpa(upoBaHusi MPOUCXOIUT B HAINPaBICHUH OTOOpaKEHHUs
METEOPOJIOTHYECKUX (aKTOPOB IKOJIOTHUECKOI 00CTaHOBKH, pa3BUBa€MOM Ha OCHOBE METOJIOB Ma-
TEMaTUYECKOr0 MOJIETMPOBAHUS PACCEHBAIOLIEH CIOCOOHOCTH W MOTEHLMANa 3arpsi3HEHUs aTMO-
cdepsrl. [IyTémM MHTEPHOMSINMNA KOMIUIEKCHOTO IMOKa3aTelsl, YYUTHIBAIOIIETO KIMMAaTHUYECKUE OCO-
6ennoctu Teppuropuu (pazpadoran B I'TO um. A.W. BoeiikoBa nmox pykoBoactsom O.1O. besyr-
JIOW) TI0 METEOCTAHIIUSM C MOCIIEAYIOIINM BEIUEPUNBAHIEM H30JHMHUAN MTPOU3BOAUTCS KapTorpadu-
pOBaHWE KJIMMATHYECKOTO MOTEHIMaa 3arpsi3HeHus atMocdepbl. OOBIYHO BBITIOIHICTCS B BUJIC
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MEJIKOMACIITaOHBIX KapT, YTO MO3BOJISET JaTh PEKOMEHIALUH 110 TPEAYIPEKICHHUIO 3arpsI3HEHHI C
YYETOM BBISIBJICHHUS BIUSHUS KPYMHBIX (hopM penbeda W HUPKYISAIUOHHBIX OCOOCHHOCTEH aTMO-
chepHOro BO3ayXa rI00AIbHOTO M PErHOHAIBHOTO MaciTaba.

Meteoposiornueckuii MoTeHIal 3arpsa3HeHust aTMoc(epbl CO3/1aeTCsl B BUJIE KapT B CPEIHEM U
KpYIHOM MacuiTade, 4To MO3BOJISIET KOJIMYECTBEHHO OXapaKTepU30BaTh Pas3ivuus B YpPOBHAX 3a-
I'PSA3HEHUS NPU OJHOM M TOM JK€ BBIOpOCE B 3aBHCHMOCTM OT MECTa Pa3MEUICHUs HCTOYHUKA
(HammpuMep, Ha BOJOpa3/elie WIK B JIOJMHE PEKH), UCHOJb3YIOTCSA MapaMeTpbl, OnpesensieMble Ha
3HAYUTENbHO OOJbIIEM 4YHCIE METEOCTAaHUUH ¢ MpUMEHEHUuEeM (OpMybl, MPEUI0KEHHON
T.I'. Cenereit (Crypman, Cemakuna, 2014).

Ha ocHOBe 1aHHBIX MHBEHTApU3AMH U CTAaTUCTUYECKON OTYETHOCTH MPOBOAMUTCS Kaprorpadu-
poBanue 3arpszHeHust armocepsl. [lpu mokase Ha KapTax IIAHOBOTO MOJOKEHUSI HCTOYHUKOB BbI-
OpoCcoB aTpuOyTaM MPUCBAMBACTCS Pa3IM4Has HH(GOPMAIHS B 3aBUCUMOCTH OT MacIiTada: B KpyI-
HOM MacmTade — peXHM padOThl MCTOYHMKA, yJEIbHBIE BHIOPOCH OTAEIBHBIX WHTPEIUEHTOB; B
CPeAHUX U MEJIKMX MacIITabax — CyMMapHble BEIOPOCH! OT TOPOJIOB U UX CTPYKTypa. s kapTorpa-
¢bupoBaHMs ypOBHEN 3arps3HEHUsS MPUMEHSAETCS CII0COO KOJIMYECTBEHHOTro (hOHA, B KOTOPOM LiBe-
TOBasi raMMa 3aKpacKu o 0upaercs 1100 Mo MPUHLUIY YCUICHUs HHTEHCUBHOCTH 1IBETA, JINOO 1O
IPUHIUIY «CcBETO(OpPa»: mepexos OT 3eNEHBIX Yepe3 KENThIe K KPAaCHBIM IIBETaM 10 Mepe U3MEeHe-
HUS Tpajiallii B COOTBETCTBUU C OLIEHOYHOM LIKAJION 3arpsi3HEHUS.

YcpenHeHHbIe MPOCTPAHCTBEHHBIE pacmpesesieHus: ¢ OOJNBIION eTalbHOCThI0 Hamboiee pac-
IIPOCTPAHEHHBIX 3arpsA3HAIOIINX BELIECTB C Pa3BUTUEM METOJAOB JHUCTAHIIMOHHOIO 30HIUPOBAHUS
CTaJI0O BO3MOXKHBIM TI0Ka3aTh C TIOMOIIBIO M30JIMHEHHBIX KapT. Hanpumep, ['eiinensoeprekium yHuU-
BepcuteToM (I'epmanus) Ha OCHOBE UCIIOJIb30BAaHUS CKAHUPYIOLIEro aOCOPOLIMOHHOTO CIIEKTPOMET-
pa, yCTaHOBJIEHHOTO HAa UCKYCCTBEHHOM CIIyTHHUKE 3eMJIM EBpOIENcKoro KOCMUYECKOro areHTCTBa
ENVISAT, co3maHa MupoBas CHYTHUKOBas KapTa 3arps3HeHHs aTMocdepbl OKCHIaMHU a30Ta
(earthhabitat.wordpress.com/2010/02/23/air-pollution-hotspots-world-map/), ArenrctBom National
Aeronautics and Space Administration — NASA (CILA) pa3zpaboraHa criyTHUKOBasi KapTa 3arpsis-
HeHust aTMmocdepbl B3BewmleHHbIMM dactuniamu  PM2.5  (https://www.treehugger.com/clean-
technology/new-map-shows-air-pollution-throughout-the-world.html).

['unponoruyeckue KapThl, K KOTOPbIM OTHOCSITCS HauOoJee 4YacTO MCIOJb3yeMble Ha MPAKTHKE
KapThl pEYHON CETH, KapThl CJI0s (MOAYJIS) CTOKA 3@ pa3jIMyHbIe NEPUOAbl BPEMEHH, KapThl CPOKOB
Hayaja U cpeJHeN MpOJOJKUTENBHOCTH JIEI0CTaBa, KapThl CPOKOB Hayana JIEJJ0X0/1a U CpeaHen u3
HauOOJIBIINX TOJIIMH JIbAA, KapThl MYTHOCTU BOJBI PEK, KapThl CPEIHEr0OJJOBOIO CTOKA B3BEILIEH-
HBIX HAHOCOB PEK, KapThl XMMHYECKOI'0 COCTaBa NMPUPOIHBIX BOJ, KAPThl HOHHOI'O CTOKAa U APYTUe
OTpa)karoT pacHpeesIEHNE BOJ HAa 36MHOM IOBEPXHOCTH.

['maponoruyeckoe kapTorpapupoBaHUe COOTBETCTBEHHO NMPHOOPENIO HALEIEHHOCTh Ha 0TOOpa-
KEHHE COCTOSIHUS BOJHBIX PECYPCOB, B T. 4. B aCIIEKTaX X UCTOLIEHUS U 3arpsI3HEHUS. DKOJIOrn4e-
CKO€ COCTOSIHHE BOJIOEMOB CKJIQJBIBACTCS B PE3YJIbTaTe B3aUMOCHCTBUS (PaKTOPOB CAaMOOYUILIEHUS
Y TEXHOTEHHOMW HArpy3KH. Y CIIOBHBIE JIMHEWHBIC 3HAKU JISI PEK M apeaibl Il BOJOEMOB (C UCIIONb-
30BaHHEM Ha I[BETHBIX KapTax «IpUHIUNA cBETO(Opa», Ha YEPHO-OENbIX — HCIONb3YIOTCS IITPH-
XOBKa, T'yCTOTa KOTOPOM YBEJIMYMBAETCS 110 MEPE YXYALIECHUS YCIOBHUI) MPUMEHSIOT Uil U300pa-
KEHHS Ha KapTaxX XapaKTePUCTHK CaMOOYUIICHHUSI.

KapTts! pa3sHbix MacmitaboB UCHONB3YIOTCS B METOJIUKAX KapTorpadupoBaHUs 3arpsi3HEHUs Mo-
BEPXHOCTHBIX BOJI. Ha MenmkomacmTaOHBIX KapTax KJIacChl KauecTBa BOJIbI XapaKTEPHU3YIOTCS JIH-
HEIHBIMM 3HaKaMu (JIs1 peK) U apeajiamMu (1711 03ep ¥ BOJOXPAHWIUIIL), YPOBHU M COCTaB 3arps3He-
HUS, 00bEMBI U COCTaB COPOCOB — CTPYKTYPHBIMH 3HAKaMHU, TEXHOTEHHAsl Harpy3ka Ha peuHble Oac-
ceiiHbl — kapTorpammami. [Ipu G6onee neTaabHOM KapTorpadupoBaHUM JTUHEHHBIC 3HAKH, XapaKTe-
pHU3YIOIIIE KaueCTBO BOJBI, TU(EpeHIpPYyIOTCs Mo BeuiecTBaM. J[aHHbBIE 11e1eco00pa3Ho JA0mo-
HATHh PACUETHBIMHU XapakTepUCTUKaMH AU Y3HOTO 3arpsI3HEHUSI C UCTIOIb30BaHHEeM Kod(hduiren-
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Ta pa30aBJICHUS NIPU CPE/IHE- M KPYITHOMACINTA0HBIX UCCIEI0BaHMUIX. B aTOM ciydae kaprorpadu-
pyemasi TEppUTOPHSI TOIPA3JICIIAETCS HAa BOJOCOOPHBIE OacCEeiHBI, B Mpe/esiaX KOTOPBIX ONpe/ess-
IOT BCE JICHCTBYIOILIME MCTOYHHMKH 3arpsi3HCHUS MMOBEPXHOCTHBIX BOJ M MOTCHIUAIBHO OMACHBIC
00bekThI (Ctypman, 2003).

BomocOopHbiii OacceiiH B IpakTUKE KapTorpaupOBaHUsl BHICTYIAET B Ka4eCTBE OJTHOW U3 OC-
HOBHBIX OIEPAIMOHHBIX TEPPUTOPUAIBHBIX enuHKIl. Hambosiee MepcrneKTHBHO periath mpoOIeMbl
OpraHu3aIiy, PAMOHAIN3AINHI, ONITUMHU3AINH, PAHOHUPOBAHHS, MOJCITUPOBAHUS, KapTorpadupo-
BaHUS TPUPOIONIOIB30BAHUS U YIIPABICHHS €T0 MPOIECCaMU, a BOJOCOOPHBII OacceilH paccMaTpu-
BaTh B KAYECTBE OCHOBHOW CMHUIIBI [UIs pAacYeTOB 0AJTAHCOB M MOJCIMPOBAHHS Tepepacipeaese-
HUSI 3arPS3HSIONIUX BEIIECTB, CAMOOYHIIICHHUS IPUPOAHBIX CPEJl, MUTPAI[MH TOKCUYECKHX JJIEMEH-
TOB C HCIIOJIb30BaHHEM BOJIOCOOPHOTO OacceitHa — 0co00i MPUPOTHON T€OCUCTEMBI, 00JIaTAr0IICH
IEJIOCTHOCTBIO C MO3MIIUU THIPOJIOTHH, TeOMOP(OIIOrUH, OUOTCOIICHOIOT MU, TEOXUMHUM JaHmad-
Ta U T.J., IIPH 3TOM I'PaHHUIBI 0ACCEHHOB (BOIOPA3/Ieibl) MOT'YT Y€TKO U OOBEKTHBHO BBIICIATHCS HA
MECTHOCTHU M KapTe, B paMKax 0acCeiHOBOW KOHIICTIIIHH.

Bce Gomnblryro momyssipHOCTh ¢ Pa3BUTHEM METOJIOB JHCTAHIIMOHHOTO 30HMPOBAHUS M TCOUH-
(OpPMALMOHHBIX TEXHOJIOTUH MPHOOpPETaeT reOMH(POPMAIIMOHHOE MOJICIIMPOBAHUE BOJIOCOOPHBIX
OacceitHOB Ha ocHOBe IU(PoBoi Mojenu penbeda. ['maporpaduueckas Mpous3BoAHAs HPPOBOI
MoJenu penbeda — MOJIENb CTOKAa COCTABISIET OCHOBY MOJEIHPOBAHUS BOJOCOOPHBIX OacCeHOB
(puc. 2). OcraBasick 00bEKTOM aKTHBHOM TUCKYCCHH B Hay4YHOM COOOIIECTBE, 32 CYET TaKUX dJie-
MEHTapHBIX XapaKTEPUCTHK, KaK BOJOCOOPHBIC OACCEHHBI, CETh BOJAOTOKOB, HAIIPABJICHUE U aKKY-
MYJISLUS CTOKa (opMHUpyeTCs MOJieNb cToka. B HacTosiiee BpeMsi pa3paboTaHO OOJIBIIOE KOJTHYE-
CTBO Pa3IMYAIONIMXCS 10 CIOXKHOCTU U cdepaM MPUMEHECHUS aJITOPUTMOB pacueTa HarpaBlICHUN
croka (Komens, Otun, 2016).

B === 6acceiin peku YceHb
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Puc.2. BogocoopHblii 6acceiin pexu YceHb, IOCTPOEHHBIH Ha 0cHOBe U dpoBoii Moaenu peasepa SRTM
(PaxmaTyniuna u ap., 2017)
3HAYUTENIPHO YIPOIIAET W MOBBIIIAET TOYHOCTh PACUETOB THUAPOTPAPUIECKUX U THAPOIOTHYIEC-
CKHMX XapaKTEPUCTHUK PEK M WX OACCEHHOB, MO3BOJSET MPOBOIAUTH KAPTOMETPHUYECKUE PAOOTHI 1O
pacyeTy KOOpIWHAT, JUHEHHBIX W TUIOMIAJHBIX MAapaMeTPOB BOJHBIX OOBEKTOB M HX 0OAacCEHOB
(nmuHA, U3BWIIMCTOCTH BOJIOTOKA, IJIOMIAJb BOJOEMA, BOJAOCOOpA M €ro IEHTpa TSHKECTU) BHEIpe-
HUE FGOI/IH(I)OpMaI_II/IOHHBIX TEXHOJIOTUH, UCITOIL30BaHUEC I_[I/I(prBLIX KapTOFpa(I)I/I‘-IeCKI/IX Marepua-
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JI0B U IUQPPOBBIX Mojenel penbeda. s BeIYMCIeHUS TapaMeTPOB BOAHBIX 00BEKTOB U MX Oacceii-
HOB TI0 OTHOIICHHUIO K JPYTUM BOJHBIM O0BEKTaM U UX OacceiiHaM Ha OCHOBE OBEPJICHHBIX Omepa-
i 1 Kaprorpaduueckoil anredpsl (KO3PPUIUEHTH! JIECUCTOCTH, 03€PHOCTH, 3a00JI0UEHHOCTH,
KapcTa, pacnaxaHHOCTH, B TOM YHUCIE JOMOJTHUTEIbHBIX XapaKTEPUCTUK, TAaKUX KaK MOKa3aTelu
TOPU30HTAJILHOM U BEPTUKAJIHHOW PACWIEHEHHOCTH, MOPSAKU PEK, TYCTOTa PEUHOM CeTH U APYTrux
npuMeHsercs nudpoBoe kaprorpadpuueckoe moaenupoBanue (Kamuuun, [Tesakos, 2013).

Takue mokaszaTenu, Kak BO3pacT, COCTaB, XapaKTep 3ajJeraHusl TOPHBIX MOPOJ, MOJIE3HbIE UCKO-
naemMble 0TOOpakaroTCsl Ha Te0JIOTMYECKUX KapTaxX. Bce 9Tu naHHbIe A1 KOHKPETHON TeppUTOpUU
OTPaXalOTCsI Ha HECKOJNbKUX KapTaXx. (OCHOBHas TeoJIoTMYecKas KapTa — 3TO TI€0J0ro-
crpaturpaduyeckas Kapra KOPEHHBIX MOPOJ, Ha KOTOPOH OTPa)KaroTCs XapaKTEPUCTUKU TOPHBIX
IIOPOJ1 IO IIPOMCXO0KJIEHUIO, BO3PACTy M cOCTaBy. Bo3pacTHOE pacuiieHeHNE BBIAEIAETCS LIBETOM B
YCTAaHOBJICHHOW WIKane (CUCTEMBI, OTHEIbI, Apychl, CBUTHI). [ledopMarius reonoruyeckoi cpessl
BBI3BIBACTCS PAa3IMYHBIMUA BHAMH TEXHOT€HHOW JesITeIbHOCTH. KaXKaplii BUA TEXHOT€HHOTO BO3-
JEHCTBHS M €r0 MOCEICTBUS MOTYT ObITh OTPaKEHBI Ha KapTax. B paMkax 5K0oJI0ru3auu reoyioru-
4ecKoro KaprorpadupoBaHUs MOBBIIIEHHOE BHUMaHUE YAENSETCS MOKa3y Ha KapTaX TEXHOT€HHO
00pa30BaHHbBIX, TEXHOTEHHO MEPEOTIOKEHHBIX U TEXHOTCHHO U3MEHEHHBIX MOPO/JI, a TAKXKe CYIIHO-
CTH (UBNYECKUX M XUMUYECKUX H3MeHeHUi B HuX. CrocoboM apeanoB wiH (IIPH MOBCEMECTHOM
pacrpoCTpaHEHUH B TEPPUTOPHATBLHO-IH(DDEepeHInPOBaHHOM XapaKTepe) ClIOCOOOM KaueCTBEHHO-
ro oHa OOBIYHO M300PAKAIOTCS TEXHOTCHHBIC OTIIOKECHHUS, a CIIOCOOOM M30JIMHUN TepeIaeTcs KO-
JUYECTBEHHAs XapakTepucTuka usmenenuit nopox (Ctypman, 2003).

B nocnennue rospl Ha CoAEHCTBUE U3YUYEHUIO U PEILIEHUIO SKOJIOTMUECKUX MPOOIEM OPUEHTUPY-
eTcs Takke U reomMopdorormueckoe kaprorpadupoBanue. Croa OTHOCITCS M3YYEHHE OJHOTO W3
TJIaBHBIX TOKa3aTellel SKOJIOrHYecKol 00CTaHOBKHU, (PAKTOPOB aKTUBU3AIIMM OIMACHBIX MPOILIECCOB
(rpaBUTAIIMOHHBIX MPOLECCOB Ha CKJIOHAX, HABOJHEHUS) - penbedooOpasyonx MpoleccoB, pas-
paboTKa KpUTEpHUEB OLIEHOK IPH 3KOJIOro-reoMopdosorndeckoM KapTorpapupoBaHUU Ha Pa3HBIX
HEepapXUUECKUX YPOBHIX, METOJIbI M MPUHIUIIBI COCTABIEHUSI KAPT ITON TEMATUKH M MOCTPOSHUS
nerenn (AcosH, 2009).

BBuy Toro, 4To penped XopoIuo BOCHPUHUMAETCS 3pUTEIBHO U ONMCHIBACTCS] MATEMaTHYECKH-
MU  MOJENSIMH, CGHOPMHUPOBAJIOCH II€JI0€ HAaydyHOE HalpaBleHHe — reoMopdomeTpus
(geomorphometry, digitalterrainanalysis), 3anuMaromieecst TUGPOBLIM aHATU30M penbeda MeToa-
Mu auddepeHnnanbHoi reoMmeTpr. OObIUHO U3MEPSIIOT aOCONIOTHYIO U OTHOCUTEIBHYIO BBICOTY
OTIeNbHBIX (OpM perbeda, yriibl HaKJIOHA, IKCHO3UINIO CKJIOHA, BBIMYKJIOCTh M BOTHYTOCTh I1O-
BEPXHOCTH, TJIOLIA/IN, 3aHATHIE MMOJIOKUTEIFHBIMU U OTPUIIATENFHBIMU (hOpMaMu penbeda.

CriocoObl M30TUHUI U 3HAYKOB TPAIUIIMOHHO MPUMEHSIOTCS Ha TOMOTpadUyecKuX Kaprax s
n3o0paxkenus penseda. OnHaKo Ha TeoMOP(OIIOTHUECKUX KapTax s n300pakeHust popM penbe-
(a MpUMEHAI0T CIOCOOBI KAYECTBEHHOTO (JOHA U apeasioB.

B unTepecax GMO’KOIOTHUECKOTO M F€0’KOJIOTHUECKOT0 HAlpaBIeHUI SKOJIOTHH paccMaTpuBa-
I0TCA KapThl pacTUTENbHOCTU. Bo BTOpOM citydae BaxkHa MH(GOpMalus O 3arpsA3HEHUN U HapyIlIeH-
HOCTHU PACTUTEIBHOCTH, a TaKXKe O MOTEHIHMAJIbHOM ycTOWYMBOCTU (puTorieHo30B. CoBpeMeHHas
reo0oTaHUYecKas: KapTa — 3TO CII0)KHOE MPOU3BEICHNE, HHTEIPUPYIOIIEe BCe CBOWCTBA PACTUTEINb-
HOCTHU U OTpakaroliee ee (GIOPUCTUUECKUN COCTaB, PUTOLEHOTUYECKUH CTaTyC, AMHAMHYECKOE CO-
CTOSIHHE, DKOJIOTHYECKHE U reorpaduyueckre CBs3H.

st vccnenoBaHusl CTPYKTYPBhI PACTUTENHLHOTO MOKPOBA HA PA3HBIX YPOBHSAX €r0 OpPTaHU3AlNN
KapTa SBISIETCS 3aMeuaTeTbHBIM HHCTPYMEHTOM. KapThl KpymHOTo Maciitaba COCTaBISIOTCS U aHa-
TU3UPYIOTCS JUISl IETaJbHOTO M3YyYEHHS CTPYKTYPhI Ha TOMOJIOTUYECKOM HIIM JIOKALHOM YPOBHE.
Ha pernonanbHOM ypoBHE TaKMM 3ajjauaM CiyXaT cpegHemaciutadbHble kapThl (puc.3). [Ipumeua-
TeJIbHA POJIh MEIKOMACIITAOHBIX KapT M MEIKOMACIITA0OHBIX 0030pHBIX B aHAIM3E CTPYKTYPHI pac-
TUTEIBHOTO MOKPOBA OOIIMPHBIX TEPPUTOPHIA: MHpPA, KOHTUHEHTOB, CYOKOHTHHEHTOB, OTJEJIbHBIX
CTpaH. SIpKO MPOSBISAIOTCS IIUPOTHBIE U PErMOHANbHBIE 3aKOHOMEPHOCTH PAaCTUTENIBHOTO MOKPOBA,
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€ro Makpo- M ME30CTPYKTypa, OCHOBHBIE JIMHA-
MHUYECKUE U (PYHKIIMOHAIBHBIE CBSI3M TOJBKO Ha
MenkomacmTabHbix kaptax (FOpkosckas, 2007).

IIpu onieHKE COBPEMEHHOT'O COCTOSTHHS PACTH-
TEJIBHOT'O MOKPOBAa M MapaMeTpoB ero OmopasHo-
o0pa3usl, a TakKe IPU BBIABICHUU 3aKOHOMEPHO-
CTeH €ro MpOoCTPaHCTBEHHO-BPEMEHHOW OpraHu-
3allUU B YCJIOBUSX Pa3HOW CTENEHH aHTPOIOreH-
HOT'O BO3JEHCTBHSI B MUPOBOM IPAKTUKE ILIMPOKO
UCTIONB3yeTcsT  MHGOpMAIUs  JTUCTAHLIMOHHBIX
U300paKeHM 0 CTPYKTYpe U CBOWCTBAX pacTH-
TenbHOCTU. OCYIIECTBIATh TII00aNbHBIE HAOIO-
JICHUS] PACTUTEJBHOIO NOKPOBA B LIMPOKOM JAHA-
[a30HE JJIMH BOJIH 3JEKTPOMArHUTHOIO M3IIyye-
HUS1, BEJIMYUH IPOCTPAHCTBEHHOI'O M BPEMEHHOT'O
paspelieHuss MO3BOJSIOT TEXHUUYECKUE BO3MOXK-
HOCTH COBPEMEHHBIX CITyTHUKOBBIX CHUCTEM JU-
CTaHIIMOHHOT'O 30HIUPOBaHUSI.

CrnektpanbHas OTpa)kaTelbHas CIOCOOHOCTb o —"
SIBJIACTCSA XAPAKTEPHBIM MPH3HAKOM PACTHTEIIb-
HOCTU M €€ COCTOSIHUS, XapaKTepu3yrollasics
OOJBIIMMHY PA3THYMSIMH B OTPAKCHUHU U3ITyUICHUS
pa3HBIX JUIMH BOJIH. Mcronb30BaTh aspoKocMuye- :
CKHE CHUMKH I KapTorpadupoBaHus U UIEHTHU- Puc. 3. BeposiTHOCTb 1OAXOAAIMX YCI0BHI
ko Hon pacTiTebOCTH 1 1 Crpecco- Moo BcoRoGomeriu cocnanen
BOTO COCTOSIHMS IO3BOJISIIOT 3HAHMS O CBSI3U HEI paKTHUECKHE «TOYKH MPHCYTCTBHSI.
CTPYKTYPbl M COCTOSHUSI PAacTHTEIbHOCTH C €€
CHEKTPAJIbHO OTPa’KaTEJIbHBIMU CIIOCOOHOCTAMU. HYacTo mpuOeraroT K CO3/1aHUIO0 TaK Ha3bIBAEMBIX
«MHJIEKCHBIX» M300paXeHu NJisi paboThl CO CIEeKTpalibHOW nHpopManuet. Ha ocHoBe komOuHa-
IIUH 3HAYCHUH SPKOCTH B OMpEIEICHHBIX KaHaJlaX, WH()OPMATHBHBIX JUIS BBIICICHHS UCCIIETyeMO-
ro o0bEeKTa, U pacyera 1o 3TUM 3HAYEHUSIM «CIEKTPAJIBbHOIO MHAEKCa» 00BEKTa CTPOUTCS U300pa-
JKEHHUE, COOTBETCTBYIOIIEE 3HAUEHUIO MHJIEKCA B KAXKJJOM IHKCENE, YTO U MO3BOJIAET BBIJCIUTh UC-
clieflyeMblii OOBEKT WM OLEHUTh €ro COCTOsIHUE. Mcronb3yeMble A1 U3Y4eHUsS U OLIEHKH COCTOs-
HUS PaCTUTEIBHOCTH CHEKTpalbHbIe MHJEKCHI OTYYHIIN OOIENPUHATOE Ha3BaHHE BEreTallMOHHBIX
MHJIEKCOB, B HACTOsIIee BpeMs UX okojo 160 BapuaHTOB.

Pacuer Oasupyercst Ha AByX Hauboyiee CTaOMIBHBIX (HE 3aBHCALIMX OT MPOUYUX (HaKTOPOB)
y4acTKax KpUBOM CIIEKTpaJIbHON OTpa)kaTeNIbHOW crocOOHOCTH pacTeHuil. Ha kpacHylo 30HY criek-
tpa (0,62-0,75 MKM) IPUXOIUTCS MAKCUMYM TIOTJIOIIEHUSI COJTHEUHON paauanuu XJO0poPHiLioM, a
Ha OmkHIO HHppakpacHyo 30HY (0,75-1,3 MKM) MakCUMallbHOE OTPAKEHHUE YPHEPTUU KICTOYHOU
CTpyKTypoil nmucta. T. e. BbIcOKasi (POTOCHHTETHYECKAasi aKTUBHOCTH (CBA3aHHas, KaK MpPaBUIIO, C
00mb110M (hruTOMAacCOl PacTUTEIHHOCTH) BEAET K 00jiee HU3KUM 3HAYEHUSIM KO3 PUIIMEHTOB OTpa-
JKEHUS B KPAaCHOM 30HE CIEKTpa W OOJBIINM 3HAUYCHUSIM B OnrbkHEW mHpakpacHoi. OTHOIICHHE
9THX TOKa3aTenen Apyr K APYry MO3BOJSET YETKO OTIAENATh PACTHUTEIBHOCTh OT NMPOYMX HPUPOA-
HBIX 00BeKTOB (Uepenanos, [pyxununa, 2009).

PaznuuHble TeHETHYECKUE TUIIBI [TOYB, UX I'PAaHYJIOMETPUYECKUN COCTaB, COCTOSIHUS U TEHJICH-
Ui U3MEHEHHH (BBICIIEHUE CMBITBIX U HAMBITHIX IOYB), MaTEepUHCKHE (IOYBOOOPA3yIOIIHe) TOPO-
JIbl TPAIUIIMOHHO OTOOPAKatoT MOYBEHHBIE KapThl. B paMkax skoyioru3anui NOYBEHHOE KapTorpa-
(GupoBaHUe TpaHCHOPMHUPYETCSI B MOHUTOPHHI 3€MEIbHBIX PECYPCOB, B 3a/a4ll KOTOPOTO BXOIUT
OTCJIEKUBaHUE M3MEHEHHI: 3pOJUPOBAHHOCTU IIOYB, COAEPIKAHUSA I'yMyca, MUKPOJIEMEHTOB, pH,
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OCTaTOYHBIX KOHIICHTPALUK MECTUIIUIOB, 3arPs3HEHHS THKEIBIMA METalllIaMUd U He(TeNpoyKTa-
MU. OOBEKTOM MOYBEHHOTO KapTorpadupoBaHHs CTAHOBATCS AHTPOINOTEHHO IpeoOpa3oBaHHBIC
nouBbl. CBOMCTBA MOYB HEMOCPEICTBEHHO BIUSIOT Ha MHTEHCHBHOCTH MPOIECCOB MUTPAIUH 3a-
TPA3HSIONIMX BEUIECTB M CaMOOYHINEHHUS, KOPPO3MOHHYIO aKTUBHOCTh. [loaTOMYy moiyuymio pac-
MIPOCTPAHEHUE CO3JaHHE CHEIUAIBHBIX MMOYBEHHBIX KapT, HA KOTOPBIX AA€TCS MHTEPIpETALUs TU-
MIOB ¥ PA3HOBUAHOCTEH MOYB C TOUKH 3PEHUS UX BIUSHUS HA MUTPALIUIO TTOJUTIOTAHTOB.

Pa3BuTre moyBeHHO-KapTOrpaUuecKux MCCIETOBAHHUI B HACTOAIIEE BPEMsl TECHO CBSI3aHO CO
cTaHoBJIeHHEM ITM(poBoit mouBeHHOM KapTtorpaduu (Digital Soil Mapping). IIpu sTom 1udposoe
KapTorpagpupoBaHue TOYB OINpPENENIeTCs KaK CO3JaHHWe M PAa3BUTHE MPOCTPAHCTBEHHBIX MOYBEH-
HBIX HH(OPMAIMOHHBIX cucTeM — spatial soil information systems. [loguepkuBaercsi, 4To pacmmpe-
HUE BO3MOXKHOCTEH COBPEMEHHBIX MH()OPMAITMOHHBIX CHCTEM I03BOJISICT MEPEUTH OT XPAHEHUS U
WCTIOJIB30BaHUS OIM(POBAHHBIX MMOYBEHHBIX KApT K HEMOCPEICTBEHHOMY IPOHM3BOJICTBY ITOYBEH-
HBIX KapT, YTO M SBJSIETCS OCHOBHOW IIETbI0 LU(POBOTO IOYBEHHOTO KapTOTrpapupOBaHUS
(Copoxuna, Kosnos, 2009).

Takoe nudpoBoe moyBeHHOE KapTorpadupoBaHHE MpeNoyiaraeT CO3/JaHue HMU(PPOBBIX KapT,
KOTOpBIE MPEACKA3bIBAIOT MTOYBHI HA OCHOBE (DAKTOPOB MOYBOOOpazoBaHus. VCronb3yoT Tak Ha3bl-
BaeMbIii MeToJ scorpan-SSPFe (soil spatial prediction function with spatiall autocorrelated erros) —
METOA pa3padOTKK MOYBEHHOH MPOCTPAHCTBEHHO-TIPEICKA3BIBAIOIMICH (PYHKIIMU C MPOCTPAHCTBEH-
HO-aBTOKOPPEJIMPOBAaHHBIMH OlIHOKaMu Ha 6a3e uHpopmarun o pakropax scorpan, T1ie s — IOYBa,
M3MEpEHHBIC NMPU3HAKU MOYB B KAKOH-TMOO TOUYKE; ¢ — KJIMMAT; 0 — OPTaHU3MBI, BKJIIOYasi eCTe-
CTBEHHYIO M KYJIbTUBHPYEMYIO PACTUTEIBHOCTD; 7' — pebed, BKIIt0Yasi TePpUTOPHATILHBIC TTapaMeT-
PBI U KJacchl; p — NOYBOOOpa3ylOIIUi MaTepua, BKIIOYas JIMTOJIOTHIO; a — BO3pacT, (GakTop Bpe-
MEHHU; 1 — MPOCTPAHCTBO, TPOCTPAHCTBEHHOE UJTU Teorpaduueckoe mojoxenue (Xurpos, 2012).

Busyanmzanuio Bcex BHIOB MPUPOAONOIB30BAHUS MPEAIIOIATAIOT KAPThl MPHUPOIOTIONB30BaHUS,
OJTHAKO M3-3a OOIIEH WX JOKAJM3aIlMH U MEPEKPHITUH CIeNaTh 3TO ObIBACT JOCTATOYHO 3aTPYAHU-
tenbHO. [ToaToMy Hcnonb3yeTes 1enas cepust KapTorpaguueckux n300peTaTesibCKuX NpUeMoB: Go-
HOBBIE BH[Ibl MPUPOAONOIB30BAHUS U KPYHHBIE MPHUPOJIOOXPAHHbIE TEPPUTOPUH IOKA3bIBAIOTCS
CIOCOOOM KayeCTBEHHOTrO (poHa, TPaJUIIMOHHBIMHM 3HAUYKAMU H300pa’karoTCsl MPEANpHUITUS JOObI-
BarolIei, 00padaThIBAIOLIEH MPOMBIIUIEHHOCTH, SHEPTETUKU U TPAHCIOPTA, a TaKXkKe 0OBEKTHI CIie-
[IUAJILHOTO MPUPOJIONOIb30BaHuUs. BennunHa 3HaukoB H3MEHSAETCS B 3aBUCUMOCTH OT MaclITaOHO-
CTH OTOOpa)XaeMoro SIBIEHUS. XyHI0KECTBEHHBIE 3HAKH HCIOJB3YIOTCS ISl OOBEKTOB MPHPOTHO-
KyJIBTYpHOTO Hacllenst ¥ pekpeannu. KormnyecTBo KuTeneil B HaCeNeHHBIX IyHKTaX OTPaKaeTcs B
pa3Mepe KpyKKa 1o CTyleH4arol mkaine (3eHrusa u ap., 2014).

Ha npoTshkeHnH JUIMTENFHOTO BPEMEHN CYMTABIINECS TPAIUIIMOHHBIM Pe3yIbTaToOM HCCIeI0oBa-
HUM JaHamapTHBIE KapThl B HACTOSIIEE BPEMsl CTAHOBSTCS OTIIPaBHOM 0a3ol Ui reo3KoJJoruye-
CKOTO aHaJln3a, JKOJOIMYECKHX H3BICKAaHUI 10 MPOTHO3MPOBAHUIO TMPHUPOIHBIX M MPUPOIHO-
TEXHOTEHHBIX KaTacTpo(, ONTUMM3ALIUN HCIIOJIB30BaHM, OXPaHbl U MPeoOpa3oBaHus KyIbTYPHBIX
nanamadros. Jlo HacTOAIIEr0 BpEMEHH OTCYTCTBYET OOLIENPUHATAs METOIUKA COCTaBJICHUS JIaH -
madTHEIX KapT. B ciaoxuBmuXcs B Hamel cTpaHe JaHAMAPTOBEIYECKHX IIKOIAX — MOCKOBCKOM,
CaHKT-NIeTepOyprckoi (JIGHUHIPaJICKOM), BOPOHEKCKOM, HPKYTCKOM M JAPYrux — chopMUpOBaIHUCH
COOCTBEHHBIC TIOJXOMABI K CO3JAaHHIO JIAaHAMA(THRIX KapT. BcienacTBue 3TOro mMx coaepkaHue U
KapTorpaduueckoe opopmiieHHE CYIIECTBEHHO Pa3InyaroTCs.

OpnnHako OOJBIIMHCTBO HMCCIEI0BaTENEN MPU3HAET, YTO MaclITaly KapThl JOHKEH COOTBETCTBO-
BaTh TAKCOHOMUYECKUH paHT KapTorpadupyeMoil mpupoHoil reocucremsl. JlannmadTHOE KapTo-
rpadupoBaHNe PABHUHHBIX TEPPUTOPUI Ha (PallMaIbHOM YPOBHE BO3MOKHO JIMIIb B CBEPXKPYITHBIX
macmrabax — ot 1:100 mo 1:500. [Moxypounia u ypouuia KapTorpagupyroTcss B KpYITHOM Mac-
mrabe, B uaTepBatie ot 1:5 000 mo 1:50 000. 'eorpadudeckrie MECTHOCTH M KPYITHBIE YPOUHILA —
IJIaBHBIA 00BEKT cpeaHeMaciiTabHoi manamadpTaoi cbemMkn — oT 1:100 000 mo 1:500 000. I'eocu-
CTEMBI PETHOHAIBHOM pa3MEepHOCTH — yJIell MeTKOMacIITaOHOTO KapTorpagupoBaHusl.
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[Tockonbky nanamadTHas KapTa 00bIYHO WH(GOPMAIIMOHHO HACHIIEHA, TO HanbOoJIee ONTHMAITb-
HOU (pOpPMOI OpraHM3alnyy M MPEJCTABICHUS €€ JIETSH/IbI CIIY>)KUT MAaTPUYHBIN BHJI, B KOTOPOM II0
CYTH TOKa3bIBA€TCsl TEHEPATM30BaHHAs CUCTEeMAaTHKa JIaHAIIA(TOB.

JlannmagTHbIe KapThl MPEACTABIAIOT COOOM CIOKHBIE «MHOTOCIIONHBIE» KapTorpaduueckue
MOJIEH, OTpa)karolre pasHooOpa3Hble 0COOEHHOCTH MPUPOIHON Cpeibl, XapaKTepHU3yrolue mpu-
POJIHO-TEPPUTOPUATBHBIE KOMIUIEKCHI. TpagUIIMOHHO MPU ATOM HCIOJB3YETCSI METOJ HaJIOKEHUS.
["eounpopMalinoOHHbIE CUCTEMBI ITO3BOJISIIOT HE TOJIBKO YIPOCTHTh TPYAOEMKHUI Mpoliece nogo0Ho-
ro HajJoXKeHus uH(GOpMallMy, HO U Ha KauyeCTBEHHO 0oJiee BHICOKOM YpOBHE IPOBECTH IMPOCTpPaH-
CTBEHHBIH aHAJIN3 JTaHAMAPTHON CTPYKTYPBI TEPPUTOPHUH.

BoiBoabl. Takum 00pa3oM, pacCMOTPEHHBIE OCHOBHBIE TEMATHUYECKHE KApThl MPUPOIBI
XapakTepU3yroTcs OOraThiM ONBITOM W YCTOSIBIIMMHUCS TPAAMLMSAMU UX co3gaHud. B acrekre
YCTOMYUBOTO PA3BUTHUS COIMO-IKOJIOTO-I)KOHOMHUYECKMX CHCTEM TaKHe KapThl MPUOOPETAIOT Halle-
JICHHOCTh Ha OTOOpa)KEHHE YKOJIOTUIECKUX (PAKTOPOB M aHTPOMOTEHHOTO BO3eiicTBHA. C pa3BUTH-
eMm 'MC-texHoNmoruit U AMCTaHIIMOHHOTO 30HAMPOBAHUS KapTorpaduyecKuii METO] MO3BOJIET HE
TOJILKO OTOOpakaTh Ha KapTaxX pazHOOOpa3Hyro HH(GOPMALIKIO, HO U JaeT BOZMOKHOCTh aHAIIU3UPO-
BaTh M IMO3HABATh SIBJICHUS, YCTAHABIMBATh B3aMMOCBS3M U MPOTHO3HPOBATH MPOCTPAHCTBEHHBIE
MPOLIECCHI.
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_KJACCUP®UKAIUA JIECHOI'O ITIOKPOBA MYXA®A3A' TATAKUS
CUPUUCKOU APABCKOMU PECIIYBJIMKHA 11O JAHHBIM CITYTHHUKA SENTINEL-2

O.H. Bopo6seB, M.C. Anun
IToBOMKCKUI TOCYTapCTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET

Baosicnocms mounoil u ceoespemennoti ungopmayuu, xapakmepusyouieu cocmosanue u OUHAMU-
Ky JIeCHO20 NOKPO8Q, 803pAcmaem ¢ medeHuem pemenu, 0cobenHo 8 2opHulxX pationax. Hccaedosa-
HUSL 16CHO20 NOKPOBA NO OAHHLIM CHYMHUKOBOU CHeMKU OCOOEHHO aKmyanbHul OJisl CPeOU3eMHO-
MOPCKUX J1eco8, KOmopble Xapakmepuzyiomcs npOCmMpaHCMEeHHO-8PEMEHHOU DPA3HOPOOHOCMbIO,
4mo 00YCl061eHO 0COObIM KIUMAMOM, hropucmuieckum 6UopazHoodbpasuem u monocpaguueckou
uzmenuueocmoio. Llenvto ucciedosanus A61aemcs oyeHka iecho2o nokposa paiona Jlamaxuu Cu-
putickou Apabckoii Pecnybnuku ¢ ucnoniv3o8anuem CnymHukogulx Oanuwix Sentinel-2 u pesynvma-
moe nosnegvix uccireoosanuti. Ha meppumopuu uccredosanus Ovinu 3anoxcenvl 115 mecmosvix
Y4acmko8, Komopwvie NOo360JUNU ONPEOenumsvcs ¢ 5 KIACCAMU HA3eMHO20 NOKPO8A U Nposecmu
OYEeHKY MOYHOCMU pa3pabamuléaemozo kapmozpaguueckozo mamepuana. Mccieoosanue nposoou-
JIOCb 8 HECKOILKO 9MAN08, 8 pe3yivmame Komopbix ovina noayyena kapma NDVI (Becemayuonnuiii
uHOeKc pacmumenvHocmu) pationa Jlamaxkuu, 6bloeiana Macka «1ecHOU pacmumenbHOCmuy U npo-

! A IMHHECTpaTHBHO-TEppHTOpHATbHAs eananna B Cupuiickoii Apabekoit Pecriy6imke. Myxadasbl B CBOIO 0depe/ib
JIeNATCS Ha MAaHATHKH (palOHBI).
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gedena ynpasinsiemas Kiaccuguxayus chumka Sentinel-2. B pabome maxoice ucnonvzosaiacs 30-
Memposas yugposas mooensv penvegha (Oannvie NASA), umo nozsonuno yuecmo penvegh mecmno-
cmu (3KCRO3UyuUIo), a makxice epadayuro CHeKMpalbHOU pas0eiuMoCmu PasiuyHbvlX Munog opeso-
cmoes, npouspacmarwux Ha ckionax. Obwas moyHocms memamuieckou Kiaccugukayuu cocma-
suna 0.76, a koa¢huyuenm Kanna — 0.73. Boino ycmanogieno, 4mo XeoliHvle 1eca 6 20PHbIX patio-
Hax Jlamakuu npedcmagnenvl 8 0CHOBHOM 8bICOKONOIHOMHBIMU HACANCOCHUAMU 0OWel Ni1ouaovio
24 moic. ea. [[ybosvie neca pacnonodcenvl Ha niowaou 4.5 mulc. ea, a cmeulannvle — Ha 6 moic. 2a.
/pesecHo-KycmapHukoeas pacmumenibHOCMb 3aHUMaem niowjadb 4yme 6onee 8§ moic. ea. Pe3ynb-
Mamul UCCIEO08AHUSL MOSYH CNOCOOCMB08AMb NOBLIUEHUIO MOYHOCMU OYEHKU KOIUYECHBEHHbIX
Xapakmepucmux u OUHAMUKU PACIMUMENbHO20 NOKPOBA, d MAKH#Ce PA3GUMUI0 MOHUMOPUHEA OKPY-
acarowyeti cpeowl.

Kniouesvie cnosa: Sentinel-2, nazemnwiii noxpos, Cuputickas Apabckas Pecnybnuka, memamu-
yeckoe Kapmoepaguposanue, pacmumenvhuiii LOKpos, NDVI.

FOREST COVER CLASSIFICATION OF LATAKIA MUHAFAZAH
IN THE SYRIAN ARAB REPUBLIC WITH THE USE OF SENTINEL-2 SATELLITE

O.N. Vorobiev, M.S. Ali
Volga State University of Technology

The importance of accurate and timely information, characterizing the state and dynamics of
forest cover, increases over time, especially in mountainous areas. Studies of forest cover accord-
ing to data of satellite imagery are particularly relevant for Mediterranean forests, which are char-
acterized by spatial and temporal heterogeneity, owing to the special climate, floristic biodiversity
and topographic variability. The aim of the study is to assess the forest cover of the Latakia region
of the Syrian Arab Republic using Sentinel-2 satellite data and field studies. On the territory of the
study 115 test sites were established, which allowed to identify 5 classes of land cover, and to as-
sess the accuracy of the developed cartographic material. We carried out the study in several stag-
es, as a result of which the NDVI map (Vegetation index) of Latakia area was obtained, the mask of
"forest vegetation" was extracted, and supervised classification of Sentinel-2 image was carried
out. We also used Digital Elevation Model (NASA data), that allowed to take into account the ter-
rain (exposure), as well as the gradation of the spectral separability of different types of tree stands
growing on the slopes. The overall accuracy of the thematic classification was 0.76 and the Kappa
coefficient was 0.73. We have found that coniferous forests in the mountainous areas of Latakia are
mainly represented by closed forests with a total area of 24 thousand hectares. Oak forests are lo-
cated on an area of 4.5 thousand hectares, and mixed forests are on 6 thousand hectares. Tree-
shrub vegetation covers an area of just over 8 thousand hectares. The study results may improve
assessment accuracy of the quantitative characteristics and vegetation cover dynamics, as well as
the development of environmental monitoring.

Key words: Sentinel-2, land cover, Syrian Arab Republic, thematic mapping, vegetation cover,
NDVI.

Beenenue

B nocnennue rogsl BO BceM MHpE 3alycKaeTcs Bce 0OJbIIOE KOJINYECTBO HOBBIX CIIYTHHKOB, a
TaKXke pa3paldaThIBAIOTCS MPOTrpaMMHBIE CPEACTBA, OOECIIEUMBAIONINE JaHHBIE U 00pabOTKy H300-
paKeHHI M0 MCClIeJOBaHUIO Ha3eMHOro nmokposa ruaneTs! (Kyp6anos, 2016). CrnyTHHKOBBIE JaH-
HbIE IIMPOKO UCIOJIB3YIOTCS UCCIEA0BATEISIMH IS OLIEHKH M MOHUTOPUHIA PACTUTEIBHOIO TOKPO-
Ba, MPOTHO3MPOBAHMS MOXKAPHOW ONACHOCTH JIECOB, BIUSHMS KIMMaTa Ha Jieca, IpOLecCoB Aerpa-
JaIy U onycThiHUBaHus Tepputopuii (Loboda et al., 2017; Tepexun, 2017; Bopobses, KypbaHos,
2017).
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Pemrenue 3TuX BOMpOCcOB 0OBIYHO MPOBOAUTCS HA OCHOBE PA3IMUHBIX METOAOB KJIACCH(PHUKAIINN
n300paxeHunii qucTanuoHHoro 3ouaupoBanus (Noi, Kappas, 2017) ¢ uenpio moimydeHus: TeMaTu-
YeCcKHX KapT HazeMHOTo nokposa (bapranes u ap., 2016). Knaccuduxanusi, ocHOBaHHas Ha BBIZE-
JIEHUN OOBEKTOB HA 36MHOW IOBEPXHOCTH I10 Pa3IMYHBIM CIIEKTPAIbHBIM OTPaXKaTeIbHBIM Xapak-
TepUCTHKAM, sBJsieTcs 3()(YEKTUBHBIM CIOCOOOM HM3BJIEUEHMs] MHPOPMALUU O PACTUTEIBHOM IIO-
KpoBe ¢ M300pakeHUH auCTaHIMOHHOTO 30HaupoBaHus (Jwan, 2013; Puletti et al., 2017). Ilpu
9TOM IMOJAXO/bl K KJIAaCCU(UKALUU CIYTHUKOBBIX U300pa)KeHUH MOTyT OBITh pa3/elieHbl Ha JIBE 00-
mue kareropuu: 1) kiaccudukanus Ha OCHOBE NMUKceNeH, 2) 00beKTHO-OPUEHTHPOBAHHAS KJIACCH-
¢uxamms (Blaschke et al., 2014; Kyp6anos u ap, 2014; Chen et al., 2018).

Pa3zButne METOJ0B AMCTAHIIMOHHOTO 30HAMPOBAHMS B OJIKailIue rojpl MO3BOJIUT MOBBICHTH
TOYHOCTh PACIO3HABAHUS CTPYKTYPHI JIECHBIX HACAKICHUN W MPOBOIMTH OLIEHKY WX OMOpa3zHO00-
pasus (Fassnacht et al., 2013; Pouteau et al., 2018). bonee neranpHas KiacCUpUKALUS JIECOB C BbI-
JIeNICHHEM OTAEIBHBIX JPEBECHBIX MOPOJ M THIIOB Jieca, OTIMYAIOLINXCS CBOCH (DEHOIOTHUECKON
JUHAMUKOM, MOXeET OBITh JOCTUIHYTA 3a CYET MCIIOJIb30BAaHUS PAa3HOBPEMEHHBIX CIIYTHMKOBBIX
uzoopaxenuit (JKapko, bapranes, 2014; Karasiak et al., 2017; Kyp6anos u ap., 2018). CymiecTtBy-
IOT UCCIIEI0BaHMsI, UCIOIb3YIOLINE METOJT (DbIOXKH (CIAMSHMA) ABYX CHUMKOB (Hampumep, Landsat-8
u Sentinel-2) Ju1sl MOBBIIEHUS TOYHOCTH BBIJIEIEHUS JIPEBECHBIX MOPOJI MPU TEMATUYECKON Kiac-
cudukammu (Wang et al., 2017; Wang, Atkinson, 2018). Takxxe uHTEpeC MpeACTaBIACT MOTyUCHHE
0oJiee TOYHBIX MOJIENIEH, PEACKa3bIBAIONINX OYAyIINEe CABUTH apeaioB MPOU3PACTAHUS APEBECHBIX
MOpo/JI, B paMKax MCCIIeI0BaHMi m3MeHeHusl kiimMarta (Sheeren et al., 2016; Wang, Lu, 2017).

HccnenoBanusi Ha3eMHOTO TOKPOBA IO JTAHHBIM CITyTHHKOBOH ChEMKH OCOOCHHO aKTyallbHBI
JUISL CPETM3EMHOMOPCKHUX JIECOB, KOTOPBIE XapaKTePHU3YIOTCS MPOCTPAHCTBEHHO-BPEMEHHOM pa3HO-
POIHOCTBIO, YTO O0YCIOBIEHO OCOOBIM KIUMAToM, (propucTHYECKMM OHMOPa3HOOOpa3HeM U TOIO-
rpadudeckoil usmeHunBocTbIO (AnH, 2017). Beicokoe pasHooOpa3ue u GpparMeHTUPOBAaHHOCTb pac-
TUTEIHLHOTO MOKPOBA, CYyXOCTh MOYB, U3BECTHSIKU U BBICOKAs OTpaXkaTelbHas CIIOCOOHOCTh B 3TOM
pETHOHE SBISIOTCS ONpaHUMYMBAIONIMMU (PaKTOpamMH, BIHSIOLIMMHU Ha TOUYHOCTh KapTorpagupoBa-
HUs JecHbIX HacaxkaeHui (Pignatti et al., 2009; Etteieb et al., 2013; Gomariz-Castillo et al., 2017).

Jlnist ycTpaHEeHUsl TaKUX OTPAaHWYECHUH W TOBBIIICHUS TOYHOCTH KAPTHPOBAHUS PACTUTEIHLHOTO
MIOKPOBA CJIEIyeT UCIIOJIb30BaTh CIIyTHUKOBBIE JaHHBIE BHICOKOTO paspelieHus Sentinel-2, KoTopele
NPEJOCTABIISIOT HOBBIE BO3MOYKHOCTH JUTSI CO3/IaHUSI TOYHBIX HAOOPOB MYJBTHCIIEKTPAIBHBIX JaH-
HBIX B TOTOBOM K HCHOJb30BaHUIO BekTopHOM (opmate (Belgiu, Csillik, 2018). Sentinel-2 — st0
CIIYTHHK HOBOTO TTOKOJICHHSI, pa3paboTaHHbId EBpOIEHCKUM KOCMHYECKHM areHTCTBOM, sl oOec-
HeYeHs] Ha3eMHOTO MOHUTOpPUHTa U npoaonkenne Muccuii Landsat u SPOT (ESA introducing..,
2018). DTOT cIyTHUK coYeTaeT B ce0e BHICOKOE MPOCTPAHCTBEHHOE U BPEMEHHOE pa3pelleHue, Ho-
BbI€ CIIEKTPAJIbHBIE BO3SMOXHOCTH M IIUPOKUI OXBAT, YTO JaeT OOJIbIle MPEUMYIIECTB Mepesl CIyT-
HuKkamu Landsat B 061acT perMoHaIbHOTO 3€MJICTIONB30BAHMS U KIIaCCU(UKAIIMM HA3€MHOI0O TO0-
kpoBa (Immitzer et al., 2016; Zheng et al., 2017). CnytHukoBble cHUMKH Sentinel-2 obnanaror
OOJIBIITM TTOTEHITHAIIOM ISl TIOBBIIIECHHSI TOYHOCTH KJIACCH(HUKAIIMHA THIIOB JIeCa U UX TOPOJHOTO
cocraga (Puletti et al., 2017).

Heas padorsl — KiIaccUPUKAIMSI ¥ OIEHKAa JIECHOTO TIOKpOBAa TEppUTOpHH Myxadaza
(ammMuHucTpaTtuBHasa enununa) Jlatakus Cupuiickoit ApaOckoit PecnyOnuku (CAP) mo maHHbIM
CIIyTHUKOBOM cheMKH Sentinel-2.

Jlnst TOCTHKEeHUS JaHHOW 1eJIi ObUTH pelleHbl CIEAYIOIHNE 3aauu:

e 10J00paH CIIYTHUKOBBIM CHUMOK Sentinel-2 Ha TEpPUTOPUIO HCCIIEIOBAHNUS;

e pa3paboTaHa JIereH/1a KJIacCOB JIECHOTO MOKpoBa Ha Mmyxadas Jlatakus;

e TIpOBE/CHA KiIacCU(UKAIM CleHbl Sentinel-2, momyyeHa TemMaTndeckas KapTa Ha pailoH ucC-

CJICZIOBAHUS;
e IIPOBE/EHBI OLIEHKAa TOYHOCTH KapTorpadupoBaHMs U aHAJIU3 JIECHOrO MOKpoBa Myxadaza Jla-
TaKusl.
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MarepuaJjbl 1 MEeTObI

Oovexkm ucciedoeanus. OObEKTOM UCCHENOBAHUN SIBUJIMCH JIECHBIE HACAXK ACHUSA B MaHATU-

ke (paitone) Jlatakus Ha Tepputopun myxadasa Jlatakus CAP, pacnonokeHHOH Ha BOCTOYHOM TI0-

oepexbe CpenmzemHoro mops (puc. 1). 'opubie nienu B CAP TsAHYTCS ¢ ceBepa Ha IOT CTPaHBI U
BKJTIOYAIOT XOJIMHCTYIO MECTHOCTb, PACIIONIOKEHHYIO TTApaJIeNIbHO TpaHuIle ooepexbs Cpeau3em-
HOTO MOpSsi, Pa3eisIONIero CTpaHy Ha BIAXKHYIO, 3allaJHYI0 YacTh M 3aCYIUIMBYIO, BOCTOYHYIO.
JlecHble TeppUTOpHH PaACIOIOKEHBI B OCHOBHOM B NpHOpexHOUN 30HE (A3us — reorpaduueckuit

atnac, 2018).
—

Paiion (Manatuka) Jlatakus

\ > )
¢ P
e =

Puc. 1. C_1Paiion (manaruka) Jlarakusi, Bxoasimas B [ myxagas Jarakus 1 CAP

(Pecypc -Yandex Kapra)

Memoouxka u mamepuanvl uccied08anusl.
Pabora co cHMMKamu Benach B NPOTPAMMHBIX
koMmiuiekcax ENVI 5.2 u ArcGis 10.3. Ha Teppu-
TOPHUIO HMCCIEIOBAHUS OBUT TIOJXYYEH CITyTHHKO-
BBII CHUMOK Sentinel-2 (S2B_TILE
20170903T1_T36SYE) ot 03.09.2017. CHumok
Sentinel-2 mpormien painoMeTpUYecKy0 U aTMo-
chepHyI0 KOppeKIHio, ¢ ypoBHeM oOpabotku 1C
(Level-1C, Top of atmosphere reflectance). B
pesynbpTaTe ObUT CHOPMHPOBAH MYJIbTHUCIICK-
TpaJbHBIM KOMIO3UT Ha OCHOBE KaHajoB 2,3,4,8
B crnekTpasibHoM muamnazone (RGB u NIR) u ¢
MIPOCTPAHCTBEHHBIM paspenieHneM 10 M/mKc.
JUisi OLEHKM JIECHOTO TOKPOBA HCIIOJIb30BAJICH
TONBKO (pparMeHT crieHsl Sentinel-2 mo rpanuue
TEPPUTOPUH HCCIeIoBaHuA (puc. 2).

Ilonegwvie uccnedosanua. B 2018 r. acnupan-
ToM [I0BOKCKOrO rocy1apCTBEHHOTO TEXHOJIO-
rudeckoro ynusepcurera M.C. Anu Ob1H 3ai1o0-
KEHbl TECTOBbIE YYAaCTKH (ITaJIOHBI) B paloHE
uccinenoBanus. [loxbop TeCTOBBIX y4acTKOB
OCYILIECTBIISUICA JUIsl TOCIENyoel Banujanum
U OLEHKH TOYHOCTH pa3pabaThIBAEMOIo KapTo-
rpaguyeckoro Marepuaia JIECHOIO IIOKpOBa
paiona Jlarakus. [[ns 3TOro MCHOJb30BAIKUCH

|
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Puc. 2. ®parMeHT MyJIbTHCHEKTPATLHOIO
u3odpaxenusi Sentinel-2 (RGB u NIR)
Mo rpaHune paiiona Jlarakus




CYIIECTBYIOIINE KAPThI JIECCHBIX HACAXKICHUN HA TEPPUTOPHUIO UCCIICIOBAHUS U MaTEpUabl CITyTHH-
KOBO# cheMKkH BbIcOkoro pazpemieHus (Yandex, Google, SAS Planet, Sentinel-2). ['maBabIM yci0-
BHUEM TIPU TMOJ00PE TECTOBBIX YYACTKOB ObLIa MX PEMpPE3CHTATHUBHAS MPEACTABICHHOCTh BO BCEX
KJIaccax Ha3eMHOTO MOKpPOBa U PaBHOMEPHOE pachpesiesieHue Mo TEPPUTOPUH HccaeaoBanus. J{ims
UACHTU(UKAIIMY HA CIIyTHUKOBOM CHUMKE Sentinel-2 mioiaab TECTOBBIX y4aCTKOB Ha MECTHOCTHU
cocrapisia Ha MectHocTU He MeHee 0,5 ra. OueHka JpeBOCTOEeB MPOBOAMIACH METOJIOM HAa3eMHOMN
[J1a30MEpPHO-U3MEPHUTENBbHOM Takcaluu. [[j1si BHIOpaHHOTO TECTOBOTO y4acTKa OMpPEIEIIsICs COCTaB
(ne menee 70% riaBHOMN MOPO/BI), BEIUUYMHA MPOEKIIMOHHOTO MOKPBITHS, CPEIHNUE BbICOTA U JIHa-
METp HAaCaKICHHs, a TAKXKe BO3PACT MPeoOJIaAaonieii mopoasl ApeBOCTos. B TeueHune moiaeBoro
ce30Ha ObLIO MCCieIoBaHO 115 TECTOBBIX Yy4acTKOB, MPEJACTABICHBIX CIEIYIONIMMHU Klaccamu Jpe-
BECHBIX TTOPOJI:

Jlpesocmou ¢ npeobaadanuem cocuwl kanabputickou (Pinus bruita) — HanboJee MMpPOKO pacipo-
CTpaHEHHOM JpeBecHON mopoasl Cupuu, MpoU3pacTaroUieil B CyOryMHUIHBIX U IOJIY3aCyILIMBBIX
OMOKIIMMATUYECKHUX 30HaX OT modepexbs Jlarakuu B TOpHBIX pailoHax. JlepeBbs 3TOM MOPOJIBI MO-
T'yT IOCTUTaTh CpeHen BbICOThI 20-22 M. B 3aBUCMMOCTH OT yCIOBUH MECTOIIPOU3PACTAHUS B MOJI-
JIECKE IPEBOCTOS BCTPEUYAIOTCS PA3IMYHbIe KYCTAPHUKH.

lpesocmou ¢ npeobnadanuem 0yba ascmputickoco (mypeykozo) (Quercus cerris) 3aHUMAIOT
YYaCTKH B 3aMaJHbIX Opearopbsx Ha BbicoTax oT 900 no 1250 m u mexay 900 u 1100 m Hax ypos-
HEM MOpsl Ha BOCTOYHBIX CKJIOHaX. BricoTa mepeBbeB MokeT mocturath a0 40 m. Hacaxnenus,
MPEJICTABJICHHBIE TYOOM aBCTPUHCKHUM, MOTYT MPOM3PACTaTh COBMECTHO C HEKOTOPBIMH JPYTUMHU
JPEBECHBIMH MopoAaMu: 1y0 MHQPEKTOpHBI/ Ty3uTtanckuii (Quercus infectoria), Tpad BOCTOYHBIN
(Carpinus orientalis), xmenerpa® oObIKHOBeHHBIN (Ostrya carpinifolia), 6arpsHHUK €BPOIEHCKUIA
(Cercis siliquastrum), sicenb 6envii (Fraxinus ornus).

Jlpesocmou ¢ npeobnadanuem kunapuca eeunosenénoco (Cupressus sempervirens), Ipou3pacra-
IOIIETO Ha CUPUICKO-TYpPEIKON rpaHulie. [JJaHHble IpeBOCTOM JOBOJIBHO YaCTO UMEIOT B MOAPOCTE U
MOJIJIECKE CJIEYIOIINE IPEBECHO-KYCTAPHUKOBBIE MTOPOIbI: 1y0 KepmecoBblii (Quercus calliprinos),
[IEpaTOHUS CTPYUYKOBas UM pokkoBoe AepeBo (Ceratonia Siliqua), naBp Onmaropomusiit (Laurus
nobilis), ¢ucramka nmanecrunckas (Pistacia palaestina). Takue IpeBOCTOM B TMOCIEIHEE BpeMs
HAXOJATCS B HAPYIIEHHOM COCTOSTHUU.

Cumewannvie neca omxpvimoeo muna (nonHota meree 50%) mpeacTaBisoT coO0i TpeBOCTOH,
COCTOSIIIIME U3 ABYX THUIIOB JPEBECHBIX MOPOJ — JUCTBEHHBIX M XBOMHBIX. JIUCTBEHHBIE TOPOIBI MO-
TYT OBITH MPEACTABIEHBI JIUCTOMAIHBIMH TIOPOJAMH, HAPUMEp, JTaBPOM OJaropoJHbIM, JTHCTBEH-
HBIMHU BEYHO3EIIEHBIMH, HallpUMep, LIEPaTOHUEH CTPYUKOBOW U APYTUMHU. XBOWHBIE MOPOABI MPE-
CTaBJIEHBI COCHAMH KaJIaOpUHCKOW M UTaNbsHCKOU (Pinus pinea), IMEIONTUMHU KaK €CTECTBEHHOE,
TaK ¥ UCKYCCTBCHHOE MPOMCXOXK/IeHHE. Bce cMemaHHbIe IPEeBOCTOM MOTYT UMETh 00JIee CIIOKHBIN
TIOPOJHBIN COCTaB 3a CYET OOJBIIOTO Pa3HOOOpAa3Wsi B COCTaBE IPEBOCTOEB APYTUX JIPEBECHBIX U
KYCTapHUKOBBIX ITOPO/I.

pesecro-Kycmaprukoeas pacmumeibHOCMb TIPEICTABICHA EPEBbIMHU BBICOTOH /10 3 M, BKITIO-
Yasi IPaKTUYECKH BCE BBIIIETIEPEUHCICHHBIC TIOPOIbI IEPEBHEB, a TAKKE MOXOKEBEILHUK KOIIOUUN
(Juniperus oxycedrus), pOXXKOBO€ IepeBO, KIIEH CUPHICKUH (Acer syriacum) U IpyTHe MOPOJIbI, KO-
TOpBIE XapaKTEPU3YIOTCS HEBBICOKOH MPOU3BOIUTENLHOCTHIO, UYTO CBSI3aHO C XYAIIUMHU YCIOBUSIMU
MecTa Mpou3pacTaHus. B 3TOM Kjacce mpeicTaBlieHbl B OCHOBHOM 3aCyXOYCTOMUYWBEHIE PacTEHUSI.
Kpome Toro, pactenus 3Toro kiiacca 0ObIYHO SIBJISIIOTCS TMOHEPAMU MOCIIE JIECHBIX MoxkapoB. Cme-
[IaHHAS C JIEPEBBSIMU KYyCTAPHUKOBAsI PACTUTEIHHOCTh MPEJICTABICHA CIEAYIOIUMHU MMOPOAAMH BBI-
coToil 10 2 M: pakuTHUK MoxHaThlil (Calycotome villosa), npok kontoueBeTBUCTHIN (Genista acan-
thoclada), nanannuk (Cistus villosus). Hamnuue B cocTaBe TakOW paCTUTEIHFHOCTH Y€PHOTOJIOBHHUKA
komouero (Poterium spinosum) yka3blBaeT Ha CyXOCTb IOYBBI, YTO MOKET CKa3aTbCsA Ha yXYJIIlIe-
HUU OOIIETO COCTOSHUS JIECHBIX HACAKICHUH.
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TectoBble y4acTKH OBUTH TAKKE 3aJ0’KCHBI U HA HEJIECHBIX 3eMIISIX: TPABSHHUCTHIA OKPOB, HAace-
JICHHBIC TTYHKTBI, BOJITHBIC O0BEKTHI, y4aCTKH, HE MOKPHITHIC PACTHUTEILHOCTBIO.

Jlnst ipoBesieHnst KiacCU(UKAIMU CIIYTHHKOBBIX JIAaHHBIX OblIa copMmHpoBaHa jiereHna Ha S5
TEMaTHYECKHX KJIACCOB JICCHOTO MOKPOBA, MPE/ICTABICHHBIX B Ipe/eiax rPaHHIl TEPPUTOPHU HC-
crnenpoBanus (Tadm. 1).

Tabuuna 1
Jlerenga TeMaTH4ecKoii KapThl HA3eMHOI'0 MIOKPOBAa UIA cleHbI Sentinel-2
HauMenoBanue Kon Kunace doto
KJacca KJacca

OCHOBHOM sIpyC MpeACTaBIEH CO-
MKHYTBIM JPEBOCTOEM XBOHHBIX
BEYHO3EJIEHBIX TOPOJI BHICOTOM 00-
XBOIHBIE C jee 3 M ¥ COMKHYTOCTBIO I10JIOTa
HacaXJICHUA ooiee 70%. Bonee 7 equnui B co-
craBe HacaxacHwus. [Ipeodamaro-
11ast Mopoja — COCHa Kanuopuiickas

OCHOBHO#1 sIpyC TIPEACTABIICH CO-
MKHYTBIM JPEBOCTOEM JIUCTBEHHBIX
IIOpOJ BHICOTOM Oosiee 3 M, COMKHY-
TOCTBIO T0J10Ta O0see 75%. bomnee 7
JlucTBeHHbIE B €IMHULl B COCTABE HACAXKICHUS.
HaCaXXJIeHUs [Ipeobnanaromie nopoas — 1y0
ABCTPUMCKUI U TICEBIOCUPUNCKUI
(Quercus cerris sp. Pseudocerris)

OCHOBHOM SIpyC MOJ BEYHO3EIEHBI-
MU JIepeBbSIMHU BBICOTOM Oosiee 3 M
U COMKHYTOCTbIO 1oJjiora 0osee
50%. [Ipeobnanaromias mopoja co-
Hacaxnenus CS crasisieT 6onee 70% ot coctaBa

KHIapuca HaCaX/1eHUS.
Kumnapuc BeuHo3enEHbIN

[IpencraBneHbl 1ePEBBIMH BBICOTOM
Oonee 3 M, IJIe HU JIUCTBECHHEIC, HUA
BEUHO3€JIEHBIC XBOWHBIE TTOPOIBI HE
cocTaBsioT > 60% ot coctaBa
Cwmemnranfabie TMO | nacaxnaenus. COMKHYTOCTh TIOJIOTa
HacaxJaeHUs cocraBiseT 15-60%. OcHOBHBIE 1TO-
POJIBI — COCHA KamOpuiickasi, 1y0
AaBCTPUNCKUH U IICEBIOCUPUNCKUI

PacTurensHOCTH BEICOTOM 110 3 M,
C TUIOLIA/bIO MPOEKTUBHOTO
nokpeitus 6osee 50%. [Ipencrasine

HpesecHo- Ha HU3KOPACTYLIUMU JAECPEBbIMU
KyCTapHUKOBAas TS BBICOTOM 710 3 M: COCHA KaIUOpHii-
PaCTUTENBHOCTD cKas, 1yO aBCTpUHCKUI U TCEB-

JIOCUPUIUCKUN, MOYKKEBEJIBHUK KO-

JIIOYMi, poKKOBOE epeBo. Cpeau

KYCTapHUKOB BCTPEUAIOTCSI: PAKUT-

HUK MOXHATBIH, IPOK KOJTFOYCBET-
BUCTBIN U Ip.
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Temamuueckas knaccuguxayus cHuMKa Sentinel-2 TpOBOAMIACH B HECKOIBKO 3TAIoOB (puc. 3).

IIpenBapurensHas
MOATOTOBKA M300pa-
JKEHUI
OlLleHKa TOYHOCTH IloneBnie
JIaHHEBIE, CHUMKH
BBICOKOT'O pa3pele-
HHS

Puc. 3. Biiok-cxema TemaTndeckoii kiaccuuxkanuu pparmenrta cuensl Sentinel-2

Ha nepBom stane 6puta momyuyena kapra NDVI (BereraunoHHbIi HHASKC paCTUTEIBHOCTH) paii-
oHa Jlatakus.

NDVI= (NIR - RED) / (NIR + RED), (1)

rae: NIR - 0mkHsas uHppakpacHas 30Ha criektpa, RED - kpacHas 30Ha cnektpa. Jlnana3zoH 3Have-
HU uHAEKca oT -1 1o +1, g pacTUTENbHOro MOKPOBA 3HAUYEHUs MHAEKcAa HauumHaroTcesa oT 0,2 n
BhIIIIE (puc. 4).

Histogram: Band 1: BAND4328_Lattakia_NDVI

400000

300000

200000

Histogram Count

100000

1 1 MY 1
04 02 0.0 0.2 0.4 0.6 0.8
Data: 0.261691 Data Values

Puc. 4. Tematnueckas kapta NDVI (cjieBa) u 1uana3oH noJy4eHHbIX JaHHbIX (cnipaBa). [Toka3arens 0,6-0,9
NDVI yka3bIBaeT Ha BBICOKYIO IIOTHOCTh HACAXKICHHIA JJISl 1€COB YMEPEHHBIX INMPOT U TPONHKOB
(Pettorelli, 2013)
Ha ocnoge nomyyennoit kaptel NDVI ¢ npumeHeHnEM METOAMKHA OMHAPHOTO TEOKOIUPOBAHUS B
nakete ENVI Ob11 BBIZICICH TEMAaTHYECKUI CI0M CO 3HaYeHUsIMHU BhIie (.65, 94TO MO3BOJIMIIO TIOJTY-
YUTh B BUAC MACKH BEKTOPHOI'O CJIOA IMOJMI'OHAJIBHBIC I'PAHUIILI KJ1acCa «JICCHasA PaCTUTCIBbHOCTLY

JUTSL TIOCTIEYFOIIETO ACTAIbHOTO KapTorpadupoBanus (puc. 5).
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-
Puc. 5. BexTopHblii c/10# «JlecHasi paCTUTeIBHOCTH» Ha 0a3e cHUMKa S2, paiioHa JlaTakus
[Tocnenyromas ynpaBisiemas KiacCH(pHUKaAIUs JECHBIX 3€MeNb METOJOM <«JIE€PEBO PEIICHUI)»
IIPOBOJIMJIACH Ha OCHOBE BBIJICJIEHHOW BEKTOPHON «MacKu» ¢ UCIoib30BaHuEeM 30-MeTpoBoi 1ud-
poBoii Moxaenu penbeda (manHbie NASA). DTo mMO3BONMMIO YydecTh penbed MECTHOCTH
(3KCHO3MIINIO), a TAaKK€ Ipajlalliio CHEKTPAJIbHOM pa3feMMOCTH Pa3IMYHBIX THUIIOB JIPEBOCTOEB,
MpoM3pacTaroIrX Ha ckioHax. [Tocie nmpoBeneHus mporenyps! kiaccudukanuy ObUT MOTy4YeH Kap-

TorpaduyecKkuii MaTepuall Ha TEpPUTOPUIO HccieaoBaHus (puc. 6).

I Cocrossie HacamneHnt

I [v0ozsbie HacaxACHMA

I Kumapucossie HacamaeHIt

P Cuemambie HacamkaeHus
JpeBecHO-HACAKE HHAA PACTHIEBHOCTD

0 ars 78 15 Kiometes A
L e s ey

Puc. 6. KapTbl Ha TeppuTopHIo paiiona Jlarakus: a) uupponas moaeisb peasepa (GEM, 30 m);
0) TemaTn4eckasi kapta 2018 r. mo pesynbraraM ynpasJisieMoii KJIacCHPUKANMH «IepPeBO pelIeHnii»
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OreHka TOYHOCTH MOJYYCHHOM TEMaTHYECKOW KapThl ObUIAa MPOBEACHA MO MAaTpULE PA3TUIUN
Ha OCHOBE JJaHHBIX I10JIEBBIX MCCIIEJOBAHUM, CHUMKOB BBICOKOT'O Pa3pelIE€HUs] U HKCIIEPTHOIO aHa-
JM3a CIIEKTPAIBHON pa3aenuMocTy B akete (Tabm. 2). Obmas TouHOCTh Kiaccu(uKauu JOCTUTa-
et 0.76, koapurnment Karmma — 0.73.

Tab6muma 2
JlaHHbIe OLleHKH TOYHOCTH TeMAaTHYeCKOr0 KapTorpagupoBaHus CyTHUKOBOIo u3odpaxkenus Sentinel-2
Tounocmo

Kiaacenl C pi | K Cm AK Bcero nonvzoeamenss UA%
C 623 49 2 31 32 737 84,5
pI | 13 216 20 41 78 368 58,7
K 3 4 284 12 2 305 60,3
Cm 71 71 9 301 46 498 45,8
JK 38 12 12 59 511 632 80,9

Bcero 748 352 327 444 669 1935
Tounocme
npoussooumens PA% 83,3 61,4 56,3 51,4 76,4

Jlanee noyry4eHHbIE TEMAaTHYECKHE KJIACChl IPOLUIMA IIpoLeypy reHepanmsanuu B nmakere ENVI
U BEKTOpH3alluu B IporpaMMHOM nakete ArcMap. DKCIEpTHBIM MyTeM U3 TEMaTU4YECKOW KapThbl
WICCHasd pPaCTUTCIILHOCTbH» OBIIM HCKIIFOYEHEI Y4aCTKU HUCKYCCTBCHHOI'O ITPOUCXOKIACHUA
«CeJbCKOXO03IHCTBEHHbIE 3eMJIN» MIIN «caab» (puc. 7, Tabm. 3.)

I Cocuorre HacammeHMA

[ | JyDoBble HACAK IEHHA

[ | Kumaprcossle HacawIeHHA
P Cmemanmble HACAKACHHA
JpeBecHO-KYCTAPHUKOBAA PACTUIEIBHOCTE

Puc. 7. TemaTndeckasi KapTa «JIeCHOH pacTHUTEIbHOCTH» paiioHa JlaTakus: a) mocjie reHepaaTu3anmm;
0) coBMeneHHas ¢ nHM(PoBoii MoaebIo peibeda

PesyabTarsl M BbIBOABI. [0 pesynmpTaTtam kiaccuuKanuy ObUIM MOITYyYEHBI TPOCTPAHCTBEH-
HBIC ¥ KOJIMYECTBEHHBIE XapaKTEPUCTUKN PaCIpeaeIeHUs IPEBECHO-KYCTapHUKOBOW PaCTUTEIHHO-
CTH Ha TeppuTopuu npoBuHIMHU Jlatakus Cupwuiickoit Apadckoit PeciyOmmku.

[IpuMeHeHre COBPEMEHHBIX METO/I0B KJIACCU(PHUKAIIMU JAHHBIX TUCTAHIMOHHOTO 30HANPOBAHUS
Ha OCHOBE YHHUKAJIBHBIX CIIEKTPAJIBHBIX CUTHATYP ISl KQKJOT0 Kilacca JIECHOTO MOKPOBa, MOITy4eH-
HBIX Ha 0a3e JaHHBIX MOJIEBBIX MCCIIEOBAHUH, IIO3BOJIMIO MOTYYUTh KapTorpaduuecKuii MaTepra
C BBICOKOH TouHOCTBIO (K03 unment Kamma 0,73). beiio ycTaHOBIEHO, YTO OOJIBITMHCTBO JIECOB B
JlaTakuu pacroynoXeHbl B TOPHBIX paiioHax ¢ BHICOKUM YTJIOM YKJIOHA Ha MECTHOCTH (BBICOKHE TO-
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Pacnpeﬂene}me KJIaCCOB JIECHOI'O NIOKPOBa B paifmne JlaTakHsi Ha TeMAaTH4YeCKOoii KapTe

Tabinuua 3

N HaunMeHoBaHmue Kiaacca Kon ILtomans
O JIeTeH/Ie 110 JIeTeH/e MHKCeIH ra %
1 CocHOBBIE HaCAXKICHUS PB 2407300 24073 55
2 Jly6oBbIe HaCaKACHUS Q 443952 4439.52 10
3 KumapucoBrie HacaxqeHHS CS 28599 248.99 1
4 CMelaHHbIe Haca TMO 617640 6176.4 14
5 Jlpeectio-kycTapHkopas SMO 845521 845521 19
pacTUTENBHOCTh
Bcero: 43393 100

PBl U KpYThIE€ CKJIOHBI). XBOMHbIE Jieca B JaHHOM pailoHE MPE/CTaBIEHbl B OCHOBHOM BBICOKOIOJI-
HOTHBIMH HaCaXJACHUSMHU 00IIeH riomanso 24 Teic. ra. [loanecok Takux JecoB MPEACTaBICH pa3-
JUYHBIMU KYCTapHUKAMH M TPaBSHUCTON PACTUTENBHOCTBIO, YTO XapaKTEPHO MJIs JIECOB C MOBBI-
IIEHHBIM YPOBHEM I10>KapoonacHocTH. J[yOoBbIe jieca pacnookKeHbl Ha TeppUTOpuH 4.5 ThIC. TIa,
a cMelaHHbple — Ha 6 ThIC. Ta. J[peBeCHO-KyCTapHUKOBAs PaCTUTEIIBHOCTh 3aHUMACT ILJIOLAAb He-
MHOTMM 0OoJee 8 ThIC. ra.

bnu3ocTh J1€COB Ha OTIENBHBIX YYaCTKaX K CEIbCKOXO3AMCTBEHHBIM YTOAbSM IOBBIIIAET BEPO-
ATHOCTb JI€Tpajalliy JIECOB B PE3YyJIbTaTe€ aHTPOIOTEHHOM NEATENbHOCTH, BKIOYas MoxXkapel. Tep-
putopus JlaTakuu xapakTepu3yercs MOIYCYXUM CPEIU3EMHOMOPCKUM KIMMAaTOM JIETOM M YacThl-
MU NEPUOAAMHU 3aCYyXH, YTO IMPUBOJUT K ONACHOCTU BO3HUKHOBEHUS JIECHBIX M0XKAPOB U CIOMKHO-
CTH UX IPEJOTBPAILICHUS U JIUKBUIAIINH.

CnyTHHKOBBIE AaHHbBIE Sentinel-2 Mpe1oCcTaBIsAI0T HOBbIE BOZMOXHOCTH JJIsl IPOBEJECHMUS J10JITO-
CPOYHOI'O0 MOHHUTOPUHIA HA3€MHOT'0 MOKpOBa B 11esioM Juist Beelt Cupuiickoil ApaOckoit Pecryomnu-
ku. Mcnonb3oBanue naHHbIX criyTHUKa Sentinel-2 B couetanun ¢ 'MC TexHONOTUAMHU MO3BOJISET
MIPOBOJIUTH BBICOKOKAYECTBEHHBI MOHUTOPUHT OKPY’KAIOLIEH CpeJibl ¢ LIeIbl0 OOHAPYKEHHS U3Me-
HEHUH, KOTOPbIE MOT'YT IIOMOYb IIPH OLIEHKE IIPOLIECCA CBEIEHUS U IETPaJalliy JIECOB.

Paboma ovira noooepycana npozpammoit Erasmus + Jean Monnet Eeponeiickozo coroza
(npoexm Ne 574894-EPP-1-2016-1-RU-EPPJMO-CoE). /lannaa nyonuxkayua ompasxcaem mou-
Ky 3penus aemopos, Eeponeiickas Komuccua ne necem omeemcmeennocmu 3a cooepiycanue
OaHHOU nyoOnuUKayuu u ee oanbvHeluiee UCno1b306aHuUe.
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