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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 multi-
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-
fyis 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; Ceriiava 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 22 % ?g Omm
'Wavelength 1550nm (invisible); 658 nm (visible)
Scan Rate Up to 1000000 points per second
Field-of-View 360° (Horizontal); 290° (Vertical)

Minimum 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.

-'; ,,a .- 2 : *Scnnningsmtion

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).

e

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. S. 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

10



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.
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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, ¥2), 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;, y;), p2(x2, ¥2), p3(x3, ¥3) can be expressed as:

X—x; Y-y I—x

Xp—Xx) Ye—V¥Vi Zx—E =0 (1)

X3 —X) ¥i—¥1 Z3—E)

The distance conditions between the points are:
Vi —x)2 + yy — y)2 = 0.02 3
g —x3)2 +(yy —y3)2 =002 ; Q)
JGz —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 r; 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 7; until 7; satisfies 0.03 < r; = 0.7.

(2) Based on the k-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 P(x;,y;) is:

n—0.02<Vltllxj,-—aﬂz+fvj-—b1]2<r1 +0.02. )

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;) :

SO —a P+ (v, — b)Y <07Txr,. (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

F =E, (5)

M=45.
where, € is the threshold value of a circle detected for sliced point cloud of trees, §is 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- : 3 i
tion cloud data, based on the hierarchical seg-
mentation of the point cloud, RANSAC was =

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

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

N
A. Benefit as a B. Costas a C. Indirect methods D. Direct methods
proxy proxy (Revealed preferences) (Stated preferences)
Opportunuty Replacement costs Hedonic Contingent
costs price valuation

Cost of substitute goods ]

Defensive expenditures Travel cost Choice
method modelling

Production
function

Damage and insurance costs

| Y E

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 q
forest ES Temperate | Temperate Medi- q
EScosy§ i s ey sub- category Ll Oceanic Continental | terranean AL
ervices
Bioenergy v ) v
production b _d
Provisioning | Timber ‘ P N P’ R )" §
services | production h. 4 h 4 h 4
Non-wood forest v E—
products A
forests carbon v v N D
stocks X h. 4l
Climate Soil carbon v
regulation stocks A -
Albedo V
Pest control VvV v vV v
Regulating Forest fires/ v v
Services wildfires
Natural hazard Erosion, ava- v
regulation lanche, landslide
Flooding v
Water quality v v v v v
regulation
Biodiversity ‘ ‘ Av v n
Recreation Hunting
(ﬁghmg, nature | \wrp picking
enjoyment)
Cultural
Services | Tourism (skiing) v

acter, cultural landscapes)

TREND CONFIDENCE LEVEL
g well established
increasing
A established but incomplete
| Stable established but incomplete
v established but incomplete
decreasing
m well established
o
mixed unresolved
v
NA not enough data

Source: compiled by the authors based on: Allen ef al. (2010);
Beniston (2003); Courbaud ef al. (2011); Cudlin ef 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;
Schréter et al., 2014; Seidl et al., 2007; Kniivilé 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; Hayhi 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 Ddll, 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 (Marusic 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 livelithood 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.
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MOHHUTOPHUHI U3BMEHEHUHN PACTUTEJBHOCTH HA TEPPUTOPUU CPEJTHEN
CUBUPU 3A IEPUO/ 1990-2015 rT. IIO JAHHBIM LANDSAT

E.I'. llIgenos, E.N. [Tapdenosa, H.M. HebakoBa
Wuctutyt neca um. B.H. Cykauesa ®UIL] KHI] CO PAH

Monumopune uzmenenuti pacmumenbHo20 NHOKPOB8A AGNAEMCS 8ANCHbIM INEMEHMOM NPU U3yde-
HUU AHMPONO2EHHLIX U NPUPOOHBIX B030€UCMBUL HA OKPYACAIOWYIO Cpedy U, 8 YacmHOCmU, Nnpu
oyeHKe GIUAHUA KIUMAMUYECKUX USMEHEeHUll Ha nepemeujeHue pacmumenbHblX 30H. [ yenmpans-
HbIX U 10JicHbIX pationoe Cpeoneu Cubupu (Kpacnosapckuil kpau, pecnyoauxu Xaxaccua u Tviea)
npogedena OyeHKa U3MeHeHUs: NAowaoell JeCHblX U HeNeCHbIX 3eMelb HA OCHO8e apXuéa CHUMKOS
cnymuuxa Landsat 3a nepuoo ¢ 1990 no 2015 200vl. Bvidenenue k1accos i1ecHbIX U HeleCHbIX 3e-
Mellb 8bINOIHEHO C UCNONb306anuem npeobpasosanus Tasseled Cap u ynpaenaemoii kiaccuguxa-
yuu. Obwas mounocms kaaccuguxayuu cocmasuia oonee 90%, umo ceudemenbcmeyem o Gblco-
KOU MOYHOCMU PA30eleHUsl IeCHbIX U HelecHblX meppumopui. Ilnowads meppumopuu, Ha Komo-
poti 3a nepuod ¢ 1990 no 2015 200v1 Haba00aANOCHL UZMEHEeHUe MUNA PACMUMETbHO20 NOKPO8A, CO-
cmasuna 6onee 8% om obwel niowaou paiiona uccredosanus. Ilnowaos yuacmkos, eoe npouso-
wina nomeps 1ecHo20 NOKPOGA (UIMEHEeHUs «lec — Henecy), cocmasuia okono 26 meic. KM® uiu
5.2% obweii nrowadu pationa uccreoosanus. B mo oice epemsa necosoccmanosnenue (UsmeneHus
«He Tlec — 1ecy) ommeueHbl Ha meppumopuu okono 15 moic. kM, umo cocmasisem oxono 3.1% om
obweti nrowaou. Cmena pacmumenbHOCmMu 8 HANPABIEeHUU «lleC — He JleC» NPOUCX00Uld, 2a6HbIM
obpaszom, na meppumopuu Pecnybonuku Tviea (na 102e obnacmu uccredosanus), a makyce 6 Ilpuan-
eapve (Ha cesepe obnacmu uccie008aHus) u ObLIA CEA3AHA C 8030€UCMEUEM JECHbIX NOCAPOS.
Haubonvuwiue nrowaou, Ha KOMopuIx pecucmpupo8anuch npoyeccyl 1eCo80CCHMAHOBNEHUS, AGNANUCH
8 OCHOBHOM cmapbiMu 6blpyoKamu. B mo dice apems 6 pationax, He 3ampoHymuIX J1eCHLLMU NOXCAPA-
MU UTU BLIPYOKAMU, He BbISIGNIEHO CYUeCMBEHHbIX USMEHEHUU 2PAHUYbL MENCOY CelbCKOXO3AUCT8EH-
HbIMU 3eMAAMU U TeCaMU.

Knroueswvie cnosa: oucmanyuonnoe 3onouposanue 3emnu, Landsat, npeoopazosanue Tasseled
Cap knaccughuxayus uzoopasxicenuil, pacmumenvuwsiii nokpos, Cubupeo.

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 nccneqoBaHUN U3MEHEHUS KJIUMaTa YKa3blBalOT HA 3HAYUTEINbHOE
Ha0t0/1aeMoe U TMPOTHO3UpPYyEeMOe IMOBBIIIeHHE Temreparyp Ha Tepputopun Cubupu (MIDOUK,
2007; IPCC, 2013). B cBsi3u ¢ KIMMaTU4YECKUMH H3MEHEHHSIMH MPOTHO3UPYETCS MepeMeleHue
necHbIx 6MoMoB (Soja et al., 2007). K KoHIly Beka MpOTHO3UPYETCs TMOJIHAsL MEPECTPOiika pacTH-
TEJNBHBIX 30H, CBSI3aHHAS C MEPEMEIICHUEM TaeKHBIX JIECOB B CEBEPO-BOCTOYHOM HarmpaBieHUU. B
TO K€ BpeMs MpernoiaraeTcsi, yTo Ha Oosblnei yactu Tepputopuu Cubupu OyayT mpeodiaaarh
CTEeNHbIE U JecocTenHble d3kocuctemsl (Tchebakova et al., 2011). B wactHOCTH, IpOrHO3UpyeTCH,
YTO paCIIMPEHUE TIIOMIAIN CTenel OyJIeT MPOUCXOIUTh B IOXKHBIX palloHaX HEeHTpadbHON Cubupu
(pecniyonuku TeiBa u Xaxkaccusi) (Tchebakova et al., 2011).

MOHUTOPUHT TPOCTPAHCTBEHHOW W BPEMEHHOW IMHAMHKHU PACTUTENBHOTO MOKPOBA SIBISETCS
BaXHOM 3a/1adyeil Mpu OleHKEe MOCTEACTBUI aHTPOMOTEHHBIX M MPUPOJHBIX BO3JEHCTBUI HA OKPY-
xarorryto cpeny. MHpopmanust 0 COCTOSIHUM paCTUTETHLHOTO MOKPOBA U €r0 M3MEHEHUsX Heo0Xo-
JUMa JUTSL PEIIeHUs Ps/la HAYIHBIX TTPOOJIeM: TII00aTbHBIA UK YTIIepoaa, BOJHbIN OanaHc, BIIHS-
HU€ U3MEHEHMI KiuMaTa Ha pactutenbHocTh (Wang et al., 2006; Yconbies, 2007; MI'OUK, 2007,
Loboda et al., 2017).

B HacTosmee BpeMs TEXHOJIOTHH JUCTAHIIMOHHOTO 30HAMPOBAHUS IUPOKO HCIIOIB3YIOTCS MPU
pEIIeHNH 3a/1a4 MOHUTOPHHTA B CEITLCKOM XO3SICTBE, YIPABICHUH BOAHBIMU PECYPCaMH H JIECaMU
(bapranés u ap., 2011; Friedl et al, 2002; Hansen et al., 2013; Boucher et al., 2018). B uucno
HamOoJee BaXXHBIX 3a7a4 BXOAWT OOHApYKEHHE W3MEHEHUH PaCTUTENILHOTO IMOKPOBA, BKIIOYAs
KIIacCCU(UKALIUIO TEPPUTOPUU HA JIECHBIC U HEJIECHBIE YJacTKH, a TaK)Ke MOHUTOPUHT TepeMellie-
HUS TPAHUIIBI MEXY ITUMH Kiaccamu. MccnenoBanus B JAaHHON 00JIacTH BEAYTCS JUIS Pa3IMYHBIX
PETHOHOB YK€ Ha MpoTshkeHuu JnurtenpHoro Bpemenu (Cingolani et al., 2004; Vittek et al., 2014;
KypOanos u np., 2016).

B mporecce perieHns 3aja4 MOHUTOPHHTA PACTHTEIBHOTO MIOKPOBA UCTIONB3YIOTCS TaHHBIE KOC-
MUYECKHX cucTeM, nMmeronux kak Huzkoe (AVHRR, MODIS), tak u cpennee / BBICOKOE IPOCTpaH-
ctBenHoe paspemenue (Landsat, Sentinel-2, Kanomyc-B) (Loveland et al., 2000; Friedl et al., 2002;
bapranés u np., 2011; Hansen et al., 2013; Kyp6anos, 2016; I1Iseros u ap., 2016; Bopoodses, Kyp-
6anoB, 2017; Belgiu, Csillik, 2018). B wactHoctn, cHuMku Landsat, apXuB KOTOpPBIX BKJIIOYAET
HaOmoneHus: yxxe 3a 40 IeT, AMUTeNIbHOe BPEeMsI HCIIONB3YIOTCS B Ka4eCTBE OJJHOTO M3 OCHOBHBIX
MCTOYHMKOB JaHHBIX B 3a[a4ax KapTupoBaHus pacturenabHoctu (Kypoanos u ap., 2014).
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[Ipu oneHKe U MOHMTOPUHIE U3MEHEHHUI B PaCTUTEILHOM MOKPOBE HaXOAST MPUMEHEHHE pa3-
JUYHBIE METOJIbl AaHANIN3a CITYTHUKOBBIX M300pa)KEHMIl: BereTalluOHHbIe UHIEKChI, TpaHC(hOopMalus
Tasseled Cap («Koamadok ¢ KHCTOYKO»), METOABI YIPABIIEMOM U HEYIpaBIsieMOil KiaccuuKa-
IIMU, aHaJIN3 CreKTpaibHOU cMmecu (Spectral Mixture Analysis), a Takke cOYeTaHUSI 3TUX METOJIOB
(Gitas et al., 2012; Kyp6anos u mp., 2015).

OcCHOBHOIi 1eJIBI0 TaHHOM paboThl OBIJIO OLIGHUTH TEKYIIHEe U3MEHEHUs IIoIazei Hemec-
HBIX U JIECHBIX 3€MEJb 0 CIYTHHKOBBIM CHHMKAM CPEIHEr0 MPOCTPAHCTBEHHOTO pPa3peIICHUs
(Landsat) na teppuropun Cpenneit Cubupu 3a mocnenHior 4erBepTb Beka (¢ 1990 mo 2015 rr.).
Jiia sToro Obu1 chopMynupoBaH ps 3afad: 1) OUEHUTHh pa3lIeIMMOCTh YYaCTKOB, COOTBETCTBYIO-
HIMX KJaccaM «JIec» U «He Jiec» Mo AaHHbIM Landsat; 2) co3maTh KapThl JECHBIX U HE JIECHBIX TEp-
putopuii o coctossHUIo Ha 1990 u 2015 roas1; 3) MOCTPOUTH UTOTOBYIO KapTy, COOTBETCTBYIOIIYIO
W3MEHEHUSAM PaCTUTEIHHOTO MOKPOBA.

Hcxonnble nanubie 1 MeToabl. O0acTh UCCeTOBAHUS BKIII0Yaia EHTPaJbHbBIE U I0KHBIE
paitonbsl KpacHosipckoro kpasi, a Taxke pecnyonuku Xakaccus U ThiBa, OXBaTbIBasi TEPPUTOPUIO OT
50° 0 58° c.ur. u ot 88° 10 99° B.1. (puc. 1). E& obmas miomaaps coctaBuiaa okoio 500 Thic. KM%,
BKJTIOYAsl TP JIECOPACTUTEIbHBIC 30HBI: TaCKHAs, JIECOCTEIHAs, a TAK)KE F0)KHO-CHOMPCKAsi TOpHAs
3oHa ([Ipukas ..., 2014). CornacHo kapram pacturenbsHoro nmokposa (Friedl et al., 2002; Bartalev et
al., 2003) mutomaap JIECHBIX 3€MeJIb COCTABIISIET OKOJI0 67%.
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Puc. 1. Pacnmojio:kenue 00J1acTu uccjaenopannsi. Ha BcraBke moka3aHbl JiIeCHbIE H HeJIECHBIE 3€MJIH COTJIACHO

kapte pactutejbHoro nokpoa MODIS Collection S global land cover (Friedl et al., 2002). YepHbIMHU TOYKaAMU
OTMEYEHO PACIOJI0KEHNE ITAJOHOB, HCMOJIB30BAHHBIX B MPOIecce KJIACCH(PUKATINT

B pabote ncnosnb30Bauch CIIyTHUKOBBIE JaHHBIE CPEAHETO MPOCTPAHCTBEHHOI'O Pa3pelIeHUs
(30 M), monyueHHble co cryTHUKOB Landsat u Haxogsmipecss B OTKPBITOM J0CTyme. MIcToOuHuKOM
CIyTHUKOBBIX CHHUMKOB JUIsl JAHHOW paOOThI ABISUIMCH apXuBbl ['eomormueckoit ciayxOer CIIA
(United States Geological Survey, USGS), nocTyn kK KOTOpPBIM OCYIIECTBISIETCS uepe3 uHTepdeiic
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Earth Explorer (https://earthexplorer.usgs.gov/). Iy oneHKH pacrupesiesieHus JISCHOW U HEeTECHOU
pacTUTENLHOCTH, COOTBETCTBYIOMIEro 1990 roay, NpuMEHsUIMCh CHUMKH €O CIlyTHUKOB Landsat 4 u
Landsat 5, nonxydennsie B mepuoz ¢ 1988 mo 1992 ron, oGecnieunBaromye nogHOE TOKPBITHE 00JIa-
CTH HcclenoBanus. MiToroBoe pacrnpesesieHne pacTUTEILHOCTH M0 cocTosHuIo Ha 2015 rox BhImo-
HSJTOCh 0 TaHHBIM ciyTHUKA Landsat 8 3a mepuos ¢ 2013 mo 2017 roa. s manbHeiero anammsa
BbIOMpPAIMCh CHUMKH, JIOJIS IUIOIIAAM 00IayHOro MOKPOBa Ha KOTOPBIX cOCTaBisia He Oonee 15%.
Taxxe u3 nanpHeied 06padOTKU UCKITIOYAINCh CHUMKH, COJIEPKaIUe 3HAYUTEIbHOE KOJTUYECTBO
IBIMKH, MO pe3yJibTaTaM BU3yaJlbHOTrO aHanu3a. [Ipu BbIOOpE MCXOIHBIX JAAHHBIX MPEANOYTEHUE
OTJAaBaJIOCh TeM CHUMKaM, JaThl MOJIYYEHHUS KOTOPHIX ObUIN ONMKe K «OMmOpHBIM» rogam: 1990 u
2015. Beero 6bu10 UCIIONB30BaHO 78 CHUMKOB, OJTYYEHHBIX C Masi 10 CEHTSOPb.

K canmkam Landsat ypoBHus 1, 3arpyxaembiM u3 apxuBoB [ eonorndeckoit ciyx0s1 CILA, yxe
PUMEHEHA TeOMETpHUYECKasi KOppeKIus, U oHu nepeseaensl B npoekuio UTM (Universal Trans-
verse Mercator) (https://landsat.usgs.gov/landsat-processing-details). Onnako anas GopMUPOBAHUS
oOyuaronux BbIOOPOK M MPUMEHEHHUS K JaHHBIM allTOPUTMOB KJIacCU(UKALIMKU TOXKE HEOOXOIUMO
MIPOBEJICHUE PAIMOMETPUUECKON KOPPEKIIUH, a TAK)KE UCKIFOUEHUE YacTeld CHUMKOB, COJEPKAIINX
obrnaka u TeHu ot obmakoB (Song et al., 2001; Coppin et al., 2004). IlepBbiM 3Tanom siBIsIACH Ka-
mubpoBka nudposeix orcuetoB (Digital Numbers, DN), conepskammuxcs B qanHbix Landsat ypoBHs
1, B 3HaUEHUSI CIIEKTPAILHOW OTpa)KaTeIbHOM CIIOCOOHOCTH M TEMIIEpaTyphl HA YPOBHE CEHCOpa
(Chander et al., 2009). Ilocne 3TOro K OTKaIMOPOBAaHHBIM JaHHBIM OBUIM MPUMEHEHBI METOIMKH
MacKHUpOBaHMsI 00JIaKOB U MX TEHEHW, a Takke arMochepHoi koppekuuu (Bodard et al., 2011; Zhu
and Woodcock, 2012).

[Tomy4yeHHble 3HAYEHUE CHEKTPATBHON OTpakaTeIbHOW CITOCOOHOCTH MCIOJIB30BAIKUCH JJISI BbI-
NoJIHeHUsl TpaHchopmanuu u3zobOpaxkenus no merony Tasseled Cap («Kosmadok ¢ KHCTOUKOMN»)
(Kauth and Thomas, 1976). Jannblii TOAX0 MUPOKO MPUMEHSETCS B 3aja4yax OLEHKHU JUHAMHUKHU
PacTUTENILHOCTH M HapyLIEHHOCTH JIECOB, pellaeMbIXx ¢ nmomoinbio naHHbiX /(33 (Healey et al.,
2005; Liu et al., 2014). Tpancopmarnus Tasseled Cap pakTuuecku sBIseTCS METOJOM ITpeodpa3o-
BaHUS CIIEKTPAJIbHBIX JIaHHBIX B HOBBI HAaOOp KaHAJOB, CBSI3aHHBIX C XapaKTEPUCTHKAMH CLIEHBI.
Orta TpaHchopMalus IepBOHAYaIbHO Obla pa3paboTaHa JUIsl CIIOJIB30BAHUS C IaHHBIMHM CKaHepa
Landsat/MSS, a no3anee e€ ko3¢ duLneHTsl ObUIM alaliTUPOBAHBI I IPUMEHEHUs ¢ Oosee mo3a-
Humu cerHcopamu (Crist and Cicone, 1984; Baig et al., 2014). Takum oOpa3oMm, B pe3yibTaTe AJIs
Kaxoro cHuMKa Landsat ObUT TOTydeH TpeXKaHAJIBHBIA pacTp, COJAEPIKALIINA KOMITOHEHTBI TPaHC-
dopmaruu Tasseled  cap:  «ipkocth»  (brightness),  «3emeHocTh»  (greenness) W
«BIIAXKHOCTB)» (Wetness).

Hns popmupoBanus oOyuaromeil BHIOOPKH, HEOOXOIUMOM Ui MpoLeAypbl Kiaccu(uKaluu,
MCIOJNIb30BANCh KapThl THIOB pactutenbHOCTH (Friedl et al., 2002; Bartalev et al., 2003), caumku
Landsat, a Take CIIyTHHUKOBbIE CHUMKH BBICOKOTO pa3pelleHHs, JOCTyIHbIe yepe3 cepsuc Google
Earth. B pe3ynbrare ObuTi BBIJENEHBl YYaCTKH, KIACCU(PUIIMPOBAHHBIE KaK JieCc ¢ MpeodiaaHueM
XBOWHBIX BEUHO3EJICHBIX ITOPOJI, JIUCTOIAIHBIX MTOPOJ] WIIM CMEIeHHBIH Jiec. O0yJaromue BEIOOpKH
TakKe OBUIM CO3aHBbI M JIJISl HEJIECHBIX 3E€MENlb — CeNbCKOXO3SIWCTBEHHBIX YTOJWH, CTETed W T.JI.
OO6muit 06beM BbIOOpKHU cocTaBmil 6osee 90 yuyactkoB. Kaxkasiii u3 yyacTkoB nmen pasmep 6 - 10
nukcenei Landsat. HanGomnpiiee KOTUYECTBO ITAOHOB M3 00ydYaromield BRIOOPKH OBLIO Pacroio-
KEHO BOJIM3W TPAHHMIIBI «JIEC/HE JIeC» B IIEHTPAIBHBIX W IOXKHBIX paiioHax KpacHosipckoro kpas u
Pecny6mmku Xakaccus (cm. puc. 1).

Jnis BBIIENIEHUS] HA TEPPUTOPUH MCCIIEJOBAHUS pallOHOB, MOKPBITHIX JIECHOW U HE JIECHOU PacTH-
TEJBHOCTBIO, IPUMEHIaCh aBTOMaTH4ecKas Kiaccugukanus. B pabore ucnosib30Bancs alropurm
ympaBisgeMoil kiaccupukanuu (KiaaccuUKays MO0 METOAY MaKCHMAaJIbHOTO MPaBIONoa00us
(Richards, 2013), KOTOpbIif IPUMEHSIICS K CIO0SM PacTpa, COAEPIKaIIEero KOMIOHEHTHI TpaHchopma-
nun Tasseled Cap. B pesynbprate Ha OCHOBE MOJIYYCHHBIX STAJOHOB BBIMOJHEHA IMOMUKCEIbHAS
Kiaccuukanms n300paxeHU Ha BCIO 00J1aCTh UCCIICIOBAHUS.
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Takum 00pazom, ObuUTH cPOPMUPOBAHBI JIBa KOMITO3UTHBIX M300paXKEHUSsI, COJCPKAIIIE PE3yIIb-
TaThl KJaccu(UKaIUN, COOTBETCTBYIOIINE JIBYM BPEMEHHBIM Cpe3aM, MCIIOJIb30BaHHBIM TIPU aHAJIH-
3e. B kKauecTBE OCHOBHBIX CHMMKOB JIJISl IBYX BPEMEHHBIX CPE30B MPUMEHSUIUCh CHUMKH, CJICJIaH-
Hble cOOTBETCTBEHHO B 1990 m 2015 ronmax. Ecnu Ha kakoil-mubo paiioH o0iacTu WCClea0BaHUs
CHMMKAa HE HaXOJMUJIOCh, €CIM YaCTh CHUMKA ObLIa 3aKpbITa 00JaYHOCTBIO WIIM UMEIIa HU3KOE Kade-
CTBO, TO TaKOH y4acCTOK 3aIlOJIHSUICS JAHHBIMHU 32 APYTHE TOIbI.

J1yist BBISIBIICHUSI U3MEHEHUH B PACTUTEIHLHOM ITOKPOBE C MOMOIIBI0 T€ONH(DOPMAIIMOHBIX CHCTEM
ObLTa paccunMTaHa Pa3HOCTh IBYX n300pakeHui. ChopMHupOBaHBI OCHOBHEIE KIACCHI PE3YIbTHPYIO-
IIeH KapThI: «JIEC» M «HE JIEC» — JUIS CIydaeB, KOTra M3MEHEHUH 3aUKCUPOBAHO HE OBLJIO, a TAKIKE
JIBa KJIacCa, COOTBETCTBYOIIUX MOSIBIICHHIO JIECA U €T0 MOTepE.

Pe3yabTaThl nccjeqoBaHus U uxX o0cyxaenune. OeHKa MoJydeHHOW o0ydaromnieil BbIOOPKH
B IIPOCTPAHCTBE KOMIIOHEHTOB TpaHchopmarmu Tasseled Cap mokasaiia, 4To B IIEJIOM 3TAJIOHBI, CO-
OTBETCTBYIOIIHE JICCHBIM M HEJICCHBIM THIIAM PACTHTEIBHOCTH, JEMOHCTPUPYIOT XOPOIIYIO pa3jie-
TUMOCTH (puc. 2). B mpocTpaHcTBe «IPKOCTH-3€I€HOCTD) JIECHAs! PACTUTEIBHOCT XapaKTePU3yeTCs
Oosiee BHICOKMMH 3HAUYEHUSMH KOMIIOHEHTA «3EJICHOCTH» (pHC. 2a), 0COOEHHO B CIy4ae JIECOB C
npeobasaHieM JHUCTBEHHBIX mopoa. Jleca ¢ mpeoOnaganneM XBOWHBIX BEYHO3EJCHBIX MOPOJ Xa-
pakTepu3yrTcs 00Jiee HU3KUMH 3HAYCHHUSIMH KOMITOHEHTA «SIPKOCTHY», UTO CBSI3aHO C 3aTCHCHHEM
umu mouBsl (Crist and Cicone, 1984); uM COOTBETCTBYET JieBas HUXKHsS 0OJACTh Ha JAUarpaMme
JIECHOM pacTUTENILHOCTHU. TakXe JICCHbIC 3eMJIH XapaKTEePU30BAIMCH 3aMETHO 00JIee BHICOKUMU 3Ha-
YCHUSMU KOMITOHEHTA «BJIAXKHOCTH (pHUC. 20) 10 CPABHEHUIO C HEJICCHBIMH.

Ilo pe3yiibTaTaM KJ'IaCCI/I(bI/IKaHI/II/I a) 03
ObLIH IMOJTYYCHBI KapThbl JIECHBIX U HE- + HenecHas o
o 025 1 pacTutensHocTb Py A
JICCHBIX TeppI/ITOpI/H/I I IBYX BpeMeH- (g@oo s,
0,2 +- enecHas = te@es & B OISR,

HBIX CPE30B, a TAaKXKe Pa3HOCTHAs Kap-
Ta, OTOOpaKaroIias y4acTKH, TJe MpH-
CYTCTBOBAJIO JIECOBOCCTAHOBJICHUE WIIH,
HAa00OPOT, MCUE3HOBEHHE JIECHOM pac-
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0,15 foemormnesonen oo T A SR
we o

01 [~y % ’*;’ ””” LS St
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HBIM T10 CITYTHUKOBBIM CHUMKAaM BBICO- -0.1 ‘ ‘ ‘ ‘ ‘
0 0.1 02 03 04 05 06
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¢ukamuu, pacmonaraauch, TIaBHBIM |
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3eMellb 1o cocTosiHuIo Ha 1990 rox co- “pkocTe

CTaBHITA OKOMO 312 THIC. KM’, HIH OKO-  pye, 2, OueHKa Pa31euMOCTH Y4aCcTKOB, COCTABJISIIOIINX 00Y-

70 62% TEeppUTOPUM HCCIICIOBAHMS. 4YalUIyI0 BHIOOPKY, B MpocTpaHcTBe KomnonenTos Tasseled Cap:

OCHOBHBIC MaCCHBBI JICCOB HAXOSTCS a) KOMIIOHCHTBI «IPKOCTb» M «3€JICHOCTDb»; 6) KOMITIOHEHTbI
CAPKOCTH» U «BJIAXKHOCTDH)»
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TJIaBHBIM 00pa3oM B CEBEPHBIX M BOCTOUYHBIX pailoHax oOiacTu uccieaoBaHus (puc. 3a). 3emiu
CEJIbCKOXO03SICTBEHHOI'0 HAa3HAYEHMsI PACIOJIO0KEHBI B OCHOBHOM B LIEHTPAJIBHBIX U HOKHBIX paifio-
Hax KpacHosipckoro kpasi.

CymMapHas IIIoIaab TePPUTOPUH, Ha KOTOPOH HAOIIOAAOCh H3MEHEHUE TUIIA PACTUTENFHOTO
MOKPOBa, cocTaBmwia Ooiee 8% OT oOmiel momanan paiioHa uccienoBanus. [Lmomanas yq9acTkoB,
rJie IPOMCXO/IMIM M3MEHEHHUs B HAIIPABJICHHH (JIEC — HE JIEC», COCTAaBMIA 25.7 ThiC. KM, WitH 5.2%
obmieit Tomaau. B To jxe BpeMsi M3MEHEHHS 0 TUIY «HE JIeC — JIEC» OTMEUEHBl Ha TEPPUTOPUU
oKo110 15.3 ThiC. KM?, 9TO COCTaBISET OKOJIO 3.1% OT 00ImIeil riomamm.
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Puc 3. Kitacebl pacTUTEJILHOIO NOKPOBAa U UX U3MeHeHus B TeyeHue 1990-2015 rr.: (a) mosryueHHbIe
110 KOCMOCHMMKAM M «rOpsiuMe TOUYKW» U3MEHEHUs «Iec - He Jiec», CMoAeTMpoBaHHbIe (0) M0 Ha0II01aeMbIM
KJIUMATHYeCKUM JaHHBIM 32 1990-2010 rr. u (B) mo 5 naubosaee «cyxum» moaeasasm CMIPS (cMm. TekeT) u3meHe-
HMS KJIMMATa 1o kecTtkomy cueHapuio RCP 8.5 k 2080 r. O0o3nauenus kjaccoB HAa CHUMKe: 1 — mepexoj «Jiec —
He Jiec», 2 — JieCHbIe 3eMJIH, 3 — HeJleCHbIe 3eMJId, 4 — Tepexo/] «He JieC — JIec», 5 — HaceJileHHbIe MYHKThI, 6 — BOJI-
Hble 00bekThl. Ha MogebHBIX KapTax: 1 — mepexon «He Jiec-jiecy, 2 — «Jjiec — He Jjiec», 3 — 0e3 u3MeHeHMil,
4 — onycThIHUBAHHE

CMeHa pacTUTENbHOCTH B HAIIPaBJIEHUHU «JIEC—HE JIEC) NMPOMUCXO0MIa TJIaBHBIM 00pa3oM Ha Tep-
putopun PecniyOnuku TriBa (Ha rore obnactu uccienoBaHus), a Takxke B [Ipuanrapne (Ha ceBepe
oOnactu uccnenoBanusi). CpaBHEHUE OJy4YE€HHOW KapThl U3MEHEHUSI TUIIOB PACTUTENILHOCTH C Kap-
TO JIECHBIX MOXapoB MOKa3ajo, YTO HaHOOJIbIIUE TIIOIIA N, Ha KOTOPBIX MPOHU30IIIa THOelp Jje-
coB, cBs3aHa ¢ noxapamu 2002 rona B Pecniybnuke TriBa u ¢ moxkapamu 2011, 2012 rr. B paiione
ITpuanrapes. OqHako, Kak IMOKa3bIBAIOT PE3YJAbTAThl MOJEIMPOBAHUS U3MEHEHUM PaCTUTEIBLHOCTH
«JIec — He Jec» Mo HabmoJaeMbpIM KIMMaTHdeckuM JaHHbIM 3a 1990-2010 rr., «ropsune TOUKI)
nepexoja JEeCHOW paCTUTENbHOCTH B HeJleCcHYIO (pHc. 30), coBHajarone ¢ OTMEYEHHBIMU Ha KOC-
MocHMMKax B TeiBe u Ilpuanrapbe, roBopsT O TOM, YTO JIECOPACTUTENBHBIE YCIOBHS IS BOCCTaA-
HOBJICHHUE JIeca Ha rapsx M BbIpyOax OyayT HEOMarompHUsITHHIMU Ha 3THX IUIOMIAJIAX U Jieca MOTYT
OBITh YTpaueHBbI MIPH MOTEIIEHUN KJIMMaTa.

[Tporuo3sl U3MEHEHHUI PaCTUTEIBHOCTH «JIEC - HE JIEC» K KOHILY CTOJIETHSI ObUIM TOJTy4YEHBI CO-
MIPSHKEHUEM aBTOPCKOM OMOKIMMaTH4YecKorW monenu cubupckoir pactutenbHoctu (Tchebakova et
al., 2009, 2011) ¢ mpoekuusiMu U3MEHEHHUH KiauMara u3 5 Haubosee Termibix (6-9°C norermienus) u
«cyxux» mMozenei obmeit mupkyssinun armocdeps! u okeana CMIPS (CanESM2, CCSM4(NCAR),
CSIRO-Mk3.6.0, HadGEM2-AO, NorESM1-M) 1o >xecTkoMy clieHapuio u3MeHeHus kimumara RCP
8.5 (puc. 3B). Pe3ynprarel MOenUpOBaHUS TOATBEPXKIAIOT, YTO OYAET MPOUCXOIUTH OCTECIIHEHHUE
(32.5%) u naxe onycteiHuBaHME (B TyBHHCKOI KOTiIOBHHE ~ 1%) Ha TeppuUTOpUHU HCCIEAOBAaHUH,
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OKOJIO IOJIOBHUHBI IIOIIAAA OCTAaHETCA 0€3 M3MEHEHUI, ¥ TOILKO Ha 9% BO3MOXKHO 00JIECEHHE, KO-
TOpPOE, CKOpPEee BCEro, CTAHET MPOUCXOUTh B BBICOTOKOPBSX, TJe OYIyT CO3/aBaThCs OIaronmpHsT-
HBIC YCIIOBUS NIPU MOTEIJICHUH KJIMMAaTa M OOWIIMU OCaIKOB.

[TomMmuMoO MOXapoB, emie OAHOW 3HAYUMOW MPUYUHON MOTEPH JIECOB B CEBEPHBIX palioHaxX 00Jia-
CTH uccienoBaHus OblIH BhIpyOKu. Hanbomnbime o0Onactu, riae Habmonanach CMeHa pacTUTEIbHO-
CTH B HaIIPaBIICHUU «HEJIEC — JIEC)», PACIIONIAralIiCh IJIaBHBIM 00pa3oM B LIEHTPAJIBHBIX U CEBEPHBIX
pailoHax mpu JOCTATOYHOM yBJIaXXHEHHUH. [laHHBIE YYaCTKU SIBJISUIUCH B OCHOBHOM CTapbIMU BBIPYO-
KaMHM, Ha KOTOPBIX MPOUCXOIUT MPOIIECcC JIECOBO30OHOBIEHUS. B TO e BpeMs B pailoHax, He 3aTpo-
HYTBIX JICCHBIMH IO’KapaMU WU BBIPYOKaMU, He HAOII0JAIOCh 3HAUYUTEIBHBIX MIEPEMEIICHUH Ipa-
HUILIBI MEXY CEIbCKOX035UCTBEHHBIMU CTEITHBIMU 3€MJISIMU U JIECAMHU.

3akaodenue. C UCMONB30BAHUEM apXMBHBIX CIYTHUKOBBIX NaHHBIX Landsat BeimonHeHa
OLIEHKa U3MEHEHHUH pacTUTENbHOT0 MoKpoBa 3a nepuof ¢ 1990 no 2015 r. Ha Teppuropun Cpenneit
Cubupu. AHanu3 1okasai, YTO U3MEHEHHS THIa PaCTUTEIbHOI0 IIOKpPOBA UMENIN MecTo Ha 8% Tep-
putopun obnactu uccneaosanud. [lpu stom Ha 5% TeppuUTOpUU PETUCTPUPOBATIACH CMEHA PACTU-
TEJIHHOCTU B HAIPABIICHUU «JI€C — HE Jiecy», a 3a 3% B HANpaBIEHUU «HE Jiec — Jecy. Takum obpa-
30M, MUTOTOBOE HM3MEHEHHE THIIOB PACTUTEIHLHOCTH MOXHO OXapaKTepU30BaTh KaK COKpallleHHe
IJIOIA/IH JIECHBIX 3eMenb NpuMepHo Ha 10 Thic. kM>. OCHOBHBIMU NMPUYNHAMH, TPUBOMBIIAMHU K
TaKUM HM3MCHCHHSM, SBIISUTHCH BBIPYOKH M TOXapbl. DTO MOJITBEPKIACT TOT (PAKT, YTO IOXKAPHI
CIIOCOOCTBYIOT MIEPEXOTY JICCHBIX 3eMEIb B HEJICCHBIE, B YaCTHOCTH, CTEIb. Pe3ynbTaThl MOICTUPO-
BaHMS PACTUTEIILHOTO TTOKPOBa MpH U3MeHeHUH kiuMara K 2080 T. ¢ UCIoJIb30BaHUEM KIIMMaTH4e-
CKHMX Mojeneit Bepcuu ARS moka3pIBaroT, 4TO Ha TPETU TEPPUTOPUU OYAET MPOUCXOJUTH OCTEITHE-
HUE, OKOJIO TIOJIOBUHBI TUIOLIAAN OCTaHETCs 0€3 M3MEHEHHU, a B BBICOKOTOPBhX BO3MOKHO IMPOJIBU-
YKE€HUE BEpXHEH I'paHullbl Jieca B TYHAPY.

Paboma evinonnena npu gunancoeoii noodepicke Poccuiickozo @onoa gpynoamenmanvrplx
uccaeooeanuii (npoexm Ne 16-05-00496).
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VK 528.88

AHAJIN3 CHHEKTPAJIbBHO-OTPAKATEJIbHBIX CBOMCTB HAPYIHIEHHBIX
JIECHBIX 9KOCHUCTEM JIECOCTEITHOU 30HbI HA OCHOBE PASHOBPEMEHHBIX
CITYTHUKOBBIX JAHHBbIX

9.A. Tepexun
benropoackuii rocyaapCTBEHHBIN HAIMOHAIBHBIA UCCIIEIOBATEILCKUI YHUBEPCUTET

AHanuz enuaHUAs HAPYWEHHOCIU TeCHbIX MACCUBO8 HA UX CNEeKMPATbHblU OMKIUK A811emcs 00-
HOU U3 aKMYAIbHbIX 3A0a4 MOHUMOPUH2A 1eCONOKPLIMbIX 3eMelb. B cmamve npedcmasnenvl pe-
3YIbMamovl OYeHKU CHEKMPAIbHO-OMPANCAMENLHBIX C80UCME JIECHBIX IKOCUCTNEM, XAPAKMEPU3YVIO-
WUXCA PA3TUYHOU HAPYUEHHOCMbIO 6epXHUX Apycos. HMccnedosanue npogedeno Ha npumepe Juch-
BEHHbIX JIeCO8 1eCOCMenHoll 30Hbl (meppumopus bencopoockoil oonracmu). Ycmanosnerno, umo xo-
agpuyuenmor cnexmpanvrotl apkocmu 6 onudicreu (0,845-0,885 mxm) u cpeoneii ungppaxpachot
(1,56-1,66 mxm) obracmsax cnekmpa cmamucmu4ecku 00CMOBepPHO PA3IUYHBL 01 PA3HBIX KAme2o-
PpUli HapyuWeHHOCmU JIeCHbIX Maccusos. Pezynbmamul nonyuenvt na ocnoge ananuza oannsix ¢ 605
JIECHBIX apeanos C UCNOIb308aHUEM panee CO30AHHOU Kapmbl HAPYULEHHOCMU NeCHbLX IKOCUCEM U
cnymHuukosvlx oanHvlx Landsat 8 OLI. Kosgguyuenmor cnekmpanvhoi apkocmu 8 060ux cnek-
MPanbHbIX OUANA30HAX YMEHbULAIOMCS NO Mepe CHUNCEHUS HaPYUeHHOCMU NeCHblX dkocucmem. Ha
OCHO8e ananuza pasHospemenHvlx chumkos Landsat 7 ETM~+ 2001 2co0a u Landsat 8 OLI 2018 2o-
0a, npowmeouux paouomMempuiecKyro KaiubposxKy, yCmaHo8ieHo, Ymo KO3P@uyueHmvl Cnekmpaib-
HOU IPKOCMU 11eC08 8 CpeoHell UHPAKpacHOU 001acmu, HAPYUWEHHbIX 8 SMOMm Nepuoo, CMamucmu-
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YecKuU 3HAYUMO OMAUYAIOMCA OM KO3Phuyuenmos ompasxicenus iecos, 8 KOmopulx He Gbls8NeHO
Hapyuienutl eepxnux Apycos. CpeOHee 3HaueHUe UHQPAKPACHLIX KOIDOUYUEeHmMOo8 ompaxrceHus
HapyuleHHbIX JIeCHbIX apeaos 8 7 pa3s eviule, 4emM HeHapyuleHHbIX 1ecos. Hapywennvle nechvle 3K0-
cucmembl xapakxmepuszyromcs 6oee 8biCOKUMU BEIUYUHAMU CIAHOAPTHBIX OMKIOHEHUL 01 CNeK-
MpanbHo-ompajxcamenvhvlx nokazameneu. Ha ocnoee 3navenuii paznocmu Kod¢guyuenmos cnex-
MpanvHou aprocmu 8 ouanazone 1,56-1,66 Mkm noayueHnvl IKCnepuMeHmaibHvle pe3yibmamol Kap-
mozpaghuposanus 1eCHbIX IKOCUCIEM, HAPYUEHHOCMb KOMOPbIX 8blpocid 6 nepuoo 2001-2018 ze.

Knrwoueswie cnoea: necrvle sxocucmemsvl, 1ecocmensb, HaApYuleHHOCMb, OUCAHYUOHHOE 30H-
ouposanue, cnymnukoguvle oanHule, 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. HapymeHHOCTD JIECHBIX DKOCHUCTEM, OOYCITOBJICHHASI BJIUSHUEM CIUIONIHBIX Jie-
COCEYHBIX pPYOOK, IMOXKAPOB WJIM MHBIX (DAKTOPOB, BHICTYIACT OJHHUM W3 KIIOYEBBIX IMAPaMETPOB,
XapaKTePU3YIOIINX COCTOSIHHE JIECOB. B CBSI3M ¢ 3THM aKTyalbHOH CTAaHOBUTCS MpoliieMa ee n3yde-
HUS ¥ KapTorpadupoBaHus, B TOM YHCIE C HCIOIH30BAHUEM CIIEKTPATBHON CITYTHHKOBOM WH(pOP-
Maruu. MHOro30HaIbHbIC JaHHBIC TUCTAHIIMOHHOTO 30HAUPOBAHMS MOTYT OBITH 3PPEKTUBHO TPU-
MEHEHBI JJI1 TPOCTPAHCTBEHHOTO aHaJIN3a JIECOMOKPHITHIX 3eMenb (Baumann et al., 2014; benosa,
Epmios, 2015; Kyp6anos, 2016; Schmidt et al., 2015). Onu Bce mmpe NpUMEHSIOTCS U ISl OLIEHKU
XapaKTePUCTHK, OMUCHIBAIOIINX COCTOSIHHE JIECHBIX MAacCHBOB, BKJItO4as Bo3pacT (Kuusinen et al.,
2014), comxnytocts (Lukes et al., 2013), nonro nmornomEéHHOM GOTOCUHTETUYECKH aKTUBHOU pajIu-
aruu (Hovi et al., 2017), ocoOeHHOCTH BOCCTaHOBJICHHSI TTOCJIC BO3JICHCTBUS HapyIIaromux (paxro-
poB (Loboda et al., 2012; XXupun u ap., 2016; Bopobres, Kypoanos, 2017).

JlecHble HKOCUCTEMBI JIECOCTETHON 30HBI IPETEPIIETH CYIECTBEHHbIE IPOCTPAHCTBEHHbBIE U3ME-
HEHHUs BciencTBre ocBoeHus tepputopun (Yennes, 2008). OneHka COBpEMEHHBIX H3MEHEHHM, TTPO-
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MCXOJAIIMX B JIECaX PErMOHA, BO MHOTOM CBSI3aHA C BBISIBICHUEM TCHICHIMN M3MEHEHHs UX Hapy-
IIEHHOCTH Kak (hakTopa, BIUSIONIETO HA MX OMOQHU3NUecKue mapamerpbl. HapyleHHOCTh JeCHBIX
HKOCHUCTEM SIBIISIETCS OJHUM U3 NapaMeTpoB, OOBEKTHBHAS MPOCTPAHCTBEHHO-BPEMEHHAS OILIEHKA
KOTOpBIX MpobiemaTuyHa 6e3 MpUBICUYEHUS Pa3HOBPEMEHHBIX JaHHBIX JUCTAaHLMOHHOIO 30HIUPO-
Banus (Achard et al., 2006; Borrelli et al., 2014; BopoOseB u ap., 2016)

Panee (Tepexun, 2017) Ha OCHOBE COBMECTHOI'O aHAJIW3a PA3HOBPEMEHHBIX CIYTHUKOBBIX JaH-
HBIX M MaTepuajoB IOJIEBbIX HAOJIIOJEHHI JI€CHbIE SKOCHCTEMBI fora Jiecoctenu CpenHepycckoi
BO3BBIIIEHHOCTH O CTETIEHU HAPYIIEHHOCTU BEPXHETr0 sipyca MPEeAioKEeHO MOAPa3eiaTh CleayIo-
M€ KaTeropuu: HEHApYyIICHHbIE (MPAKTHYECKH HE BCTPEUAIOTCs), caabOHapYIIEHHBIE, CPEIHECHA-
pYLICHHBIE, CUJIbHOHAPYIICHHBIE, pa3pyIIeHHbIE U KyJIbTypHBIE. T.e. HApyIIeHHOCTh KOHKPETHOTO
JIECHOTO MacCHBa, 00YCIIOBJIEHHAs! BIMSHUEM CIUIOIIHBIX JIECOCEYHBIX PYOOK, MOKapOB MIIM yChIXa-
HUI IPEeBOCTOs, MOKET OBITh ONKCaHa Yepe3 COOTHOIICHHE MEPEUNCICHHBIX KaTEeTOPHA.

B 10 ke BpeMs 0CTaroTCsi OTKPHITHIMHA BOIIPOCHI OTJIMYHA CIIEKTPAJIbHBIX MTPU3HAKOB Pa3HBIX Ka-
TEropuil HapyIIEHHOCTH JIECOB, a TaKXKe MpobeMa UX aBTOMAaTU3UPOBAHHOIO KapTorpapupoBaHus
U IIPOCTPAHCTBEHHO-BPEMEHHOI'0 aHAJIM3a.

B necax pernoHa JOMUHHMPYIOT JMCTBEHHBIE JIECHBIE MaccUBBI (1y0, siceHb). B 3HauuTensHO
MEHbILIEH CTEeNIeHH PECTaBICHbI XBOMHBIE Jeca.

Heab uccaeqoBanus 3aKI0YATACh B aHAIN3E CIIEKTPaIbHO-OTPAKATEIBHBIX XapaKTEPUCTHK
pa3sHOHAPYIIEHHBIX JIECHBIX SKOCHCTEM, TUIIMYHBIX IS FOTa JIECOCTEITHOM 30HBI (Ha TpUMepe Tep-
puropun benroposckoil 06macTu), OleHKE BO3MOXHOCTEH aBTOMATU3UPOBAHHOTO KapTorpapupo-
BaHUS M3MECHEHUI B HAPYIIEHHOCTH BEPXHHUX SPYCOB JIECHBIX MAacCHBOB, TUIIMYHBIX ISl PETHOHA,
10 CIIYTHUKOBBIM AaHHbIM B niepuos 2001-2018 rr.

Marepuanbl, 00beKT U MeTOAbI HccIe10BaHusA. B oCHOBY HccienoBaHus OblJI MOJT0XKEH KO-
JIMYECTBEHHBIM aHaJN3 CIEKTPAIbHO-OTPAXKATEIbHBIX XAPAKTEPUCTUK JIECHBIX SKOCHCTEM pa3HOU
CTENEeH! HapYIIEHHOCTH.

Ha nepBom sTane Obla BBIIOJHEHA OLIEHKA 3HAYMMOCTH Pa3Inyuii KO3(GUIIMEHTOB CIIEKTPab-
HOM SIPKOCTH 7Sl pa3HBIX TUIIOB Hapy-
IICHHOCTH JIECHBIX MAaCCHBOB: CHIJIBHO-
HApYIIEHHBIX, CPEAHECHAPYIIEHHBIX U
ciraboHapymeHHbIX. VX mompoOHoe
OIMCaHHWE TPEJCTABICHO B COOTBET-
ctBytouieit crarbe (Tepexun, 2017).
ITo mpuymHe TOro, 4TO HEHAPYIIECHHBIE
U pa3pylIeHHbIE SKOCUCTEMBI JINCTBEH-
HBIX JIECOB B DPErHMOHE IpeJICTaBICHBI
OYeHb HEMHOTOYMCJIEHHO, B HACTOf-
IIEM HCCIIEZIOBAaHUM MX HE aHaJIU3UPO-
BaJIH.

Jnst o0BeKTUBHOTO aHamM3a KOd(- 4
(GUIUEHTOB CIEKTPaJIbHON  SPKOCTU s °

(reflectance) neCHBIX HPKOCHUCTEM HaMU

6 6 Puc. 1. ®parMeHT KapThl HAPYIIEHHbIX JECHBIX IKOCHCTEM
biTa  copMupoBaHa  BHIOOpKA M3 Bearopoackoii 00,1acTH, CO31aHHON HA 0CHOBE PAa3HOBPEMEHHBIX

YYaCTKOB JIECHBIX MAaCCHUBOB, PacIOJIO- cHUMKOB 1986-2015 rr. Jlecnbie 3kocucTembl: 1 — c1aGonapyuien-

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

Cunre3 kanajon landsat OLI: 7-6-4
ro u llleGekMHCKOro aAMHUHUCTPATHB-
HBIX paiioHoB benropopackoit obnactu. s popMupoBanus BbIOOpKH Oblila MCIOJIB30BaHA paHEe
IIOJIy4eHHAasl KapTa HApYLIEHHOCTH BEPXHUX SPYCOB JIECHBIX KOCUCTEM PErMOHa, CO3/IaHHAs Ha OC-
HOBE PAa3HOBPEMEHHBIX CITYTHUKOBBIX JAaHHBIX M XapaKTEPU3YIOIIAsl HAPYLIEHHOCTh JIECOB IO CO-
crostauto Ha 2015 rox (Tepexun, 2017). dparmeHT KapThl MOKa3aH Ha PUCYHKE 1.

Landsat OLI 13.06.2015 dparmMeHT kapTbl

T~
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OCHOBHBIMHU KPHUTEPUSIMH TTPU (HOPMHUPOBAHUH BBIOOPKU OBLTH CIICIYIOIIUE: MUHUMAJIbHAS TIJI0-
a1k JECHOT0 apeasia — 2-2,5 ra, HOpOJHbIA COCTaB — JINCTBEHHBIM.

MuHuMabHas aHAIM3UpyeMast TI0MAb JECHOro apeana 2-2,5 ra 00ycaoBIeHa OrpaHHYCHHUSI-
MU TMPOCTPAHCTBEHHOT'O Pa3pEIICHUs HCIOIb3YEMbIX CIYTHUKOBBIX JaHHBIX Landsat (McTOYHUK
naHHBIX: https://earthexplorer.usgs.gov/), coctapnstomiero 30 m/muKcens. AHaIU3UpyeMasi BBIOOpKa

BKIIROYaa 605 yecHbIX apeanoB ooOmiel tiomansto 41466,7 ra (tabdm. 1).
Tabuuma 1
Crarucrnueckmne XapaKTEPUCTUKH BblﬁOpKH JICCHBIX MAaCCHUBOB, HCIO0JIb30BAHHOK OJId aHaJIu3a
CIIEKTPAJBbHO-0TPAKATEJbHBIX NIPU3HAKOB HAPYIICHHBIX JICCHBIX 3KOCUCTEM

Tun napymenmocTs Konnq:;:::; (.)]LeCHI)IX Hnoman;,acpezmﬁﬂ, ILromans ;?:MMapHaH,
CuipbHOHApYIIICHHBIE 113 7,9 892,2
CpenHeHapyleHHbIE 206 34,1 7023,5
CrnaboHapyIIeHHBIC 286 117,3 33551,0
Bceero 605 68,5 41466,7

CdopmupoBanHasi BEIOOpKA HATISATHO OTPAXKACT Psifi OCHOBHBIX OCOOCHHOCTEH JIECOB PErHOHa.
CunpHOHApyLIEHHBIE YYAaCTKM JIECHBIX MacCUBOB (BIMSHHE Hapyllaroolux (akTopoB, HalpuMep
pyOOK, MpOSsIBIISIIOCH 3a Tociennue 20 JeT) B peruoHe XapakTEePU3YIOTCs HEOOIBIION TUIOMIAABIO U
00yCIIOBJICHBI TPEUMYIIIECTBEHHO MTPOBEICHUEM CIUIOMIHBIX pyOOK HEOOIBIIOrO pa3Mepa, T.K. Ipo-
MBIIJICHHBIX JIECO3aTrOTOBOK B peruoHe He BeneTcs. [Ipu 3ToM crutomiHble pyOKH BBICTYHAIOT OC-
HOBHBIM (DaKTOPOM HApPYIIEHHOCTH BEpXHUX spycoB. CpeaHEeHapylIeHHbIC Jieca MpPEICTaBICHbI
CTapbIMH CIUIOIIHBIMU BBIpYOKamu, Bo3pacTom Oosiee 25-30 ner. Jlo nHavana 1990-x crutoniabie
pyOKu B 00JIacTH 1O pazMepy ObUIM 3HAUUTENILHO OOJIbIIIE, YeM ceifuac, 4To HarsIHO OTPa3HIOCh
B CpeIHEN IJIOLAAN CPEeJHEHAPYILIEHHBIX JIECHBIX 3KOCHCTEM. Apeasbl cllabOHapYIIEHHbBIX JIECOB
(mocnenHue CruIomIHble pyOKH mpoBoAmIuchk 6osee S50 jeT Ha3a) XapaKTepu3yroTcsl HauOobLIei
KaK CyMMapHOH, T.K. U CpeHEN MIIOIaIbIO.

Bce necnble MaccuBbl ObUIM NIPEICTABICHBI B BUJI€ BEKTOPHBIX KOHTYPOB, YTO MO3BOJIMIIO Y4U-
THIBaTh MX IUIOIIA/IHbIE XapaKTEPUCTUKU M PACCUUTHIBAThH JUISl HUX CHEKTPaJbHbIE IPU3HAKH.

Jlis KaXXJI0ro aHAJM3UPYeMOro apeayia HapyuieHHOCTH (13 605 enuHuIl) OblT BeIYMCIEH HAbOp
CIIEKTPaJIbHBIX MOKa3aTeseil B Buae Kod(pGUIMEHTOB OTpakeHus B OivkHel nHdpakpacHoii (0,845
— 0,885 MKM) U IBYX CpeaHMX MH(paKpacHBIX CHEKTpaibHbIX obmacTiax (1,56-1,66 MM u 2,1-2,3
MKM). 11 ux pacueTa ObUT HCTIOIB30BaH Kocmuueckuii cHuMok Landsat-8 OLI (path 177, row 25),
nostydeHHbI 13 utons 2015 roga, T.€. Ha roj, XapakTepU3YIOLUI HapYIIEHHOCTh BEPXHUX SPYCOB
JIeCHBIX dKocucTeM. Jlyig cHUMKa Oblila BBIMIOJIHEHA paJloMeTpUuecKas KaJTuOpOBKa, B pe3yibTare
KOTOpO OH ObLI MepecunTaH B Oe3pazMepHble KOI(DPUIMEHTHI CIIEKTPAIbHOMN SIPKOCTH, TPUHUMA-
romue 3HaueHus ot 0 o 1. Takum o6pazom, chopmupoBaiy BBIOOPKY, MO3BOJUBIIYIO CTaTUCTHYE-
CK{ MPOaHAIM3UPOBATh CTENEHb PA3IUUMsl CIIEKTPAIbHBIX XapaKTEPUCTHK I Pa3HbIX KaTeropuit
HapyLIEHHOCTH BEPXHETO sipyca JIMCTBEHHBIX JIECHBIX SKOCUCTEM. CTaTUCTUYECKUM aHAIU3 BKIIIO-
Yajl OLIEHKY 3HAYMMOCTH Pa3iINuuil 30HAIBHBIX KOA(PPHUIMEHTOB OTPaXKeHUs JUIsl Pa3UUHbIX KaTe-
rOpHil HApYIIEHHOCTH.

Ha BTOpOoM 3Tamne uccienoBaHus ObUIO BBIIIOJHEHO CpaBHEHHE KO3()(DUIIMEHTOB CEKTpabHON
SPKOCTHU JIECHBIX MAaCCUBOB, HapymeHHbIX B nepuoa 2001-2018 ronos, ¢ koadduunenramMu crek-
TPaJIbHOM SIPKOCTH JIECOB, BEPXHHUE SIPYChl KOTOPBIX HE MPETEepPIENd U3MEHEHUS 32 COOTBETCTBYIO-
WA IEPUO]T BPEMEHHU.

Jlnst 9TOM 11e7TM Ha OCHOBE pa3HOBpeMeHHBIX CHUMKOB Landsat ETM+ u Landsat OLI BeimomnHe-
HO BBISIBJICHHE M KapTorpadupoBaHUE JIECHBIX apeajoB, HapymeHHbIX B epuoa 2001-2018 romos.
OHo OBLIIO MPOBEICHO HA IPUMEPE TPYIIIBI U3 JECHBIX MacCUBOB o0IIeH miomaasto 10112 ra, pac-
MOJIOKEHHBIX Ha Teppuropuu Kopouanckoro u Illebeknnckoro paiioHoB benroposckoil obmactu.
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Cuaumok Landsat 7 ETM+ 6s11 ostyden 17 utona 2001 roma. Caumox Landsat 8 OLI cnenan 21
nroHg 2018 roxa.

Takum oOpa3om, Opl1a chopMUpOBaHa BEIOOPKA, BKIIIOYAIOIIAs IBE KATETOPUH JIECOB: HAPYILIECH-
ueie B iepuox 2001-2018 rr. 1 HeHapyIIEHHBIE 32 3TOT XkKe meproA. B o01ieii ci1oxHoCTH 0TOOpaHo
129 apeasioB J1IeCHBIX MAaCCUBOB, BEPXHHE APYCHl KOTOPHIX OBUIM CYIIECTBEHHO HAPYIIEHBI B TIEPUO]
2001-2018 rr., u 503 necHpIx apeana 0e3 HApyLIICHUH.

O06a cHUMKa MPONLIH PAAHOMETPHUUECKYIO KaTHOPOBKY, B pe3yJIbTaTe KOTOPOH MX MEPecUnuTaIn
B Oe3pasMepHbie KOd(DPHUIMEHTHI CIEKTPAILHOU sipkocTu. JJis aHanmu3a HaMu OBLUTH MCIIOJIb30BAHbI
K03 (ULIMEHTHI CIIEKTPAIbHOM SIPKOCTU cpeaHero uHdpakpacHoro auanazoHa. OH ObuT BbIOpaH B
CBSI3H C T€M, UTO SIBJISICTCS OJJHUM U3 HauOoJiee YyBCTBUTEIbHBIX JHAMA30HOB K U3MEHEHUSIM, IIPO-
UCXOJSIIMM B JIeCax, CBA3aHHBIX C HAPYIICHUSIMH UX BepXHero sipyca. OH COOTBETCTBYET 5-My Ka-
Hainy cencopa ETM+ (1,55-1,75 mxm) u 6-my kanany cencopa OLI (1,56-1,66 mxm). Kanamnsl cen-
COpOB IO OXBATy JUIMH BOJIH HEMHOT'O OTJIMYAIOTCS MEXKIY COOOM, 4TO HAJ0 YYUTHIBATH MPU CPaB-
HEHUU CHEKTPAJIBHBIX XapaKTEPUCTUK, PACCUUTAHHBIX HA UX OCHOBE. B TO e Bpems, Kak [oKa3aau
uccinenoanus (Li et al., 2014), cnexTpaibHbIC TOKa3aTeH, PACCIYMTAHHBIE M0 ceHcopaM ETM+ u
OLI, xapakTepu3yrlTCsi OY€Hb TECHOM KOppENAlUe, B CBSI3U C YEM JIaHHBIE C HUX MOXHO COIIO-
CTaBJIATH Ha KoyimuecTBeHHOM ypoBHE (KypOanos u np., 2015).

Jlns aHanu3a BpeMEHHBIX U3MEHEHHH B CIIEKTPaIbHOM OTKJIMKE HAMH ObLT BHIYHUCIICH PacTp pas-
HOCTH HWH(paKpacHbIX KOA((HUIIMEHTOB CIEKTpabHONW sipkocTH mo cHuMkam 2001 u 2018 rr.,
MpeIBAPUTENILHO MPOIIEIIINX dTal paAruoMeTpudeckoil kanuOpoBku. Ilocie sToro 3nadeHus pas-
HOCTHU KO3((UIUEHTOB CIIEKTPATbHON SPKOCTU METOJOM 30HAIBHOW CTATHUCTUKH OBLIU pacCUHUTa-
HBI JUIsI KQXKJIOTO aHAJTM3UPYEMOro JiecHOro apeana. Takum o6pa3oM, copMupoBaHa BEIOOpPKa, 1M103-
BOJIMBILIAS KOJIMYECTBEHHO CPaBHUTh M IMPOAHATU3UPOBATH CTENEHb Paziuuusi Kod3()PUIMEHTOB
CHEKTPAJILHOM SIPKOCTH JIeCOB 0e3 HapylleHu BepxXxHUX sipycoB B nepuon 2001-2018 rr. u necos, B
KOTOPBIX 3a 3TOT MEepUO/i BpeMEeHU Oblila BBISIBIIEHAa HAPYLIEHHOCTh, 00YCIIOBJIEHHAs B IIEPBYIO O4Ye-
penb BIUSHUEM CIUIOLIHBIX JIECOCEUHBIX pyOok. CraTucTHuecKas olleHKa Ko3((UIIMEHTOB CIeK-
TPaJIbHOM SIPKOCTH ObLIa BHIMOJIHEHA C UCIIOJIb30BaHUEM t-KpuTepusi CThIOEHTA.

Ha 3akmounTenbHOM 3Tare OCYIIECTBICHA 3KCIIEPUMEHTAIbHAS OLIEHKa BO3MOXHOCTH KapTo-
rpadupoBaHMs JECHBIX apeasioB, HAPYILIEHHOCTh KOTOPBIX BbIpocia B nepuoa 2001-2018 rr.

Pe3yabTaTsl nccaegoBanusi. OneHka 3HaueHUH K03 (UIIMEHTOB CHEKTPalbHOM SPKOCTH
JUI pa3MYHbIX KaTeropuil HapyIIEHHOCTH JIECOB METOJIOM JMCIEPCHOHHOIO aHaJIn3a MO3BOJIMIIA
YCTQHOBUTH 3HAYMMOE BIUSHHE HAPYIIEHHOCTH JIMCTBEHHBIX JIECOB HA 3HAUEHMSI UX CIIEKTPaJIbHO-
OTpa)kaTeJIbHBIX XapaKTEepPUCTUK. 3HAUeHUs F-kpurtepus ans Bcex KO3IPPUIMEHTOB CIIEKTPaIbHON
SPKOCTH M3 BCEX TPEX aHAIM3HPYEMbIX JMANAa30HOB OKA3aJUCh 3HAYMTENHHO BBIIIE KPUTHUECKUX
3HaueHul Ha ypoBHe 3HaunMocTu 0,05 mpu uucne creneneit co6oasl 604. [Ipu kputHyeckoil Be-
muunHe F-xputepus 3,84 ero pacuernas BenuuuHa coctaBuwia: 132,7 — ana KCS (koadpdunuenta
CHeKTpaabHOU sipkocTH) B nuamnaszone 0,845-0,885 mxwm; 131,0 — ana KCA B quanazone 1,56-1,66
MkM; 27,8 — ninsg KCSA B quamazone 2,1-2,3 MKM.

YcTaHoBieHO, 4TO KO3 PHUIMEHTH OTpakeHUs B OMkHeW uMH(pakpacHOi obiactu (5 kaHan
cercopa OLI) u cpenneii undpakpacuoit (6-it kanan cencopa OLI) 3HauuMo paznudaroTcs st BCeX
aHAJM3UPYEMbIX KaTeropuil HapyIIEHHOCTH JIeCOB (IO KPUTEPUIO HaUMEHbIIECH 3HAUMMOU pa3Ho-
ctu u kputeputo ledde). Ansa cpeaneit undpakpacuoit odnactu (7-i kanan cencopa OLI) 3Haun-
MBIX Pa3IMuuil MeXy c1a0o0- U CpelHEeHAPYIIEHHBIMH JIECAMH HE YCTaHOBJIEHO.

Paznuuns ko3¢ punreHToB oTpaxkeHus IS pa3HbIX KaTeropuil HapyIIeHHOCTH HATJISIIHO OTpa-
eHbI Ha rpaduke (puc. 2).

OnHOBpEeMEHHO YCTaHOBJIEHO, YTO 3HAUYEHUS KOI()(PUIIMEHTOB CHEKTPATbHOM SPKOCTH BO BCEX
aHAJIM3UPYEMbIX 30HAX CHEKTpa CHMKAIOTCS [0 MEpPE YMEHbILEHUS HapYUIEHHOCTH BEPXHUX SpPY-
COB JIECHBIX dKocucTeM. Ha mpumepe KorpPUIIMEHTOB OTpa)XeHUs B cpeIHe nH(paKpacHOU CIeK-
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Puc. 2. I'paduk 3HaveHuii cpeanero uHppaxkpacuoro guanaszona (1,56-1,66 mxm) 118 pasiM4HbIX KaTeropui
HAPYIWEHHOCTH JIECHBIX IKOCHCTEM

TpanbHOUM oOnacTu (6-i kaHan cencopa OLI) BugHO (Ta0m. 2), YTO CHM)KEHHUE MPOSIBIAETCS KaK B
Cp€aHuX, TaK 1 B MAKCUMAJIbHBIX U MUHHUMAJIbHBIX BCIIMUUHAX KOB(i)(l)I/IIII/IeHTOB CHCKTpaHLHOfI Aap-

KOCTH.

Tab6muua 2
XapakrepucTuku K03¢GpPpuuneHToB CIeKTPaIbHON pKocTH B quana3one 1,56-1,66 mxm
IJISl PA3JIMYHBIX THIOB HAPYIIEHHOCTH JIECHBIX IKOCUCTEM

Tun HapymeHHoOCTH Cpennee Munumym Maxkcumym Cr. oTKIIL.
CuibHOHAPYIICHHBIE 0,176 0,156 0,222 0,011
CpenHeHapyIIeHHbIE 0,164 0,143 0,216 0,013
CrnaboHapyIeHHbIE 0,155 0,103 0,197 0,011

TakuM 00pa3oMm, BBISBICHBI CTATUCTUICCKUE 3HAYMMBIC Pa3indus KOIP(GUITMEHTOB CIIEKTPaTb-
HOU sipkocTy B auamnazonax 0,845-0,885 MM u 1,56-1,66 MKM 117151 pa3HbIX KaTerOpyuid HapyIIEHHO-
CTH JIECHBIX IKOCUCTEM. ITO TOBOPHUT O TOM, 4TO (haKTOP HAPYIIEHHOCTH JIECOB IOCTOBEPHO BIUSET
Ha 3HAYEHUS! 30HAJBHBIX CHEKTPAJIbHO-OTPAXKATEIbHBIX XAPAKTEPUCTUK. B CBSI3M C 3TUM HMENO
CMBICJI KOJTMYECTBEHHO MPOAHAIM3UPOBATh 3HAUEHUSI OTPAKATEIbHBIX XapaKTEPUCTUK ISl JIECHBIX
9KOCHUCTEM, HAPYIIEHHOCTh KOTOPBIX BO3pOCia B aHAIIM3UPYEMBIN MEPUO/ BPEMEHH, T.€. JIECOB, KO-
TOPBIE 10 TPEUIOKEHHON KIacCU(PUKAIIMN OTHOCATCS K KATETOPUU CHIIbHOHAPYIIIEHHBIX.

Pesynbrarel cpaBHeHus BenuuuHbl u3MeHeHus KCH B nmamazone 1,56-1,66 MxkM st Jecos,
HapymeHHbIX B ieprox 2001-2018 rr. n He HapyIIEHHBIX 3a 3TO BpeMsl, 1o t-kputepuro CThrofeHTa
MOKAa3aJi, YTO €ro pacueTHas BeJnurHa (58,6) HAMHOTO BBINIE KPUTHYECKOTO 3HAYCHHMSI, COCTABIIS-
forero 1,967 g cooTBeTCTBYIONIETO Yncia creneHeil cBo0oab! (631). CooTBETCTBYIOMINE PE3YIIb-
TaThl YKa3bIBAIOT Ha 3HAYMMOCTh pa3nuumii cpenuux 3HaueHuid KCS cpemgHero mHppaxpacHOTo
JMana3oHa Jijisi HeHapyIIEHHBIX JIECOB M HApYIIEHHBIX JiecoB B niepuos 2001-2018 rr.

HeobxonmuMo OTMETHUTH, YTO OJHOBPEMEHHO BBISBIICHBI 3HAYUTENbHBIC OTIMYUS B BEITUYHHE
CTaHJIAPTHBIX OTKJIOHEHUH /ISl ITUX KaTeropwuii 1ecos (Tadm. 3).
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Tab6muma 3

XapaKkTepuCTHKH BeJTHYNHbI H3MEeHEeHHA K0 (PHIHEHTOB CIeKTPAIbHOI sipKocTH B Auana3one 1,56-1,66
MKM J1JI51 J1ecOB, HapylIeHHbIX B mepuojx 2001-2018 rr., u JiecoB 0e3 HapylLIeHNii BEPXHUX APYCOB

Tun JecHbIX apeasioB Cpeanee | Yncao gecubix | Cr. oTkione- | Munnmym | Makcumym
apeaJjioB HHe
bBe3 cleioB HapylIEHHOCTH B
e L Sheaon 0.007 503 0,005 20,010 0,040
Hapymennrie B mepuon 2001- | g4 129 0.013 0.018 0.076
2018 rr. > > > >

Takum oOpa3om, pe3yabTaThl CTATUCTUYECKOTO aHATN3a YKa3bIBaIOT HA BO3MOXHOCTh aBTOMATHU-
3UpPOBAaHHOIO BBISIBIICHUS HApPYIICHUN B BEPXHUX Spycax JUCTBEHHBIX JECHBIX IKOCHCTEM ITyTeM
OLICHKH BEIMYMHBI U3MEHEHUI nX KO3(PUIIMEHTOB OTPaKEHUS 32 aHAIU3UPYEMbIH MepHO]] Bpeme-
HU. Ha 5T0 yka3pIBaeT BBICOKas CTENEHb OTIWYMS BETHMUYMHBI M3MEHEHUs uHppakpacHbix KCS
HapYIICHHbIX JIECOB U aHAJIOTUYHBIX 3HAYEHUM JIECOB, HE NPETEPIIEBLINX HAPYILIECHUH.

HcxonHpiMu MaTeprajaMH B 3TOM CIIydae BBICTYMAET pacTp pa3HOCTH 3HaueHHH Koddduumen-
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-
KHM Pa3MaxoM BapbUPOBaHUS 3HAUCHUH KOA(PUIMEHTA OTpa)XCHUs Ul HApYIICHHBIX U HEHapy-
LIEHHBIX JIECOB, U (POPMUPOBAHNE KOJIMUYECTBEHHBIX KPUTEPUEB, MO3BOJISIONINX OTHECTU KOHKPET-
HBIN JIECHOM apeas K ONpeIeNieHHON KaTeropyuH JIECOB, TOTPEOYET JAOMOTHUTEIBHBIX UCCIICI0BAHUMA
WX CIIEKTPATbHBIX MPU3HAKOB.

Knactepuzanusi 3HaueHud moiyueHHOro pactpa BenuuynH u3MeHeHuil KCS wunbpakpacHoro
muanasona B 2001-2018
IT. TO3BOJIWJIA, TEM HE
MEHEE, BBISIBUTH TaKUM
croco0oM apeainbl Hapy-
IIEHHBIX JIECOB HA JKCIIe-
PUMEHTAJBHBIX JIECHBIX
y4acTKax, XOTs U C OIpe-
JEJIEHHOW  IOTPEeNIHO-
cThIO (pHC. 3).

Opnako moapoOHOE
peleHre 3TOW  3aJadu
o0yciaBnuBaeT Heo0Xo-
JTUMOCTh ~ TPUMEHEHUs
METOJIOB MHOTOMEPHOTO
aHaJM3a, 4YTO, B CBOIO
ouepenb, Tpedyer OT-
JeJIbHOTO MCCIe0BaHuUS.

Landsat ETM+ 16.07.2001

Landsat OLI 21.06.2018 Apeanbl HapyLWeHHOCTN

BeiBoabl. Ha ocHOBe
aHanu3a cseime 600 ape-
aJIOB JIMCTBCHHBIX JICC-
HBIX MacCCHBOB, PacIiojo-

Puc. 3. IIpuMep BbIsIBJIeHHS apeaJioB JIeCOB, HAPYIIEHHbIX B NIePHOJ
2001-2018 rr., Ha OCHOBE BeJIMYHUHBI H3MeHeHNs K03(hPUIMEHTOB CIIEKTPaJIb-
HOM sipkocTH B 1uana3one 1,56-1,66 Mxm
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’KEHHBIX B I0)KHOM JiecocTenH (Teppuropus benroponackoit o6mact), ycTaHOBIEHBI CTATUCTUYECKU
3HAYMMbIE Pa3IMyus B 3HAUEHHUSIX 30HAIBHBIX KOY(QQUIHMEHTOB OTpa)XeHUs Ul Pa3HbIX KaTeropui
HapYLICHHOCTH JIECHBIX 3KOCHCTeM. MccienoBanbl CIEKTPaIbHO-OTPAXKaTEIbHBIE XapAKTEPUCTUKA
CIICAYIOIIMX KaTErOpHUi JIECHBIX AKOCHCTEM IO CTETEHH HApYIIECHUH BEPXHUX SIPYCOB: ciaaboHapy-
IIEHHBIC, CPETHEHAPYIICHHbIE, CUIbHOHApYIIeHHbIe. Ko UIMeHThl crieKTpabHON SIPKOCTH H3Y-
4yeHbl Ha OcHOBe cHUMKOB Landsat OLI, npomenmmx pagaoMeTpudecKyro KaauOpoBKy. BeisBieHb!
CTaTUCTHYECKH 3HAUMMBIC PA3IM4Us B BEIMUYMHE U3MEHEHUs MHPPAKpPacHbIX K03(PPUIIMEHTOB OT-
pakeHus IS JiecoB, HapymeHHbIX B niepuoa 2001-2018 rr., u jiecoB 6e3 MPU3HAKOB HAPYIICHHIA
BEPXHHUX SIPYCOB 3a aHAJOTUYHBIN IIEPUOJ BPEMECHH.

Hccneoosanue evinonneno 3a cuem cpanma Poccuiickoco nayunozo gponoa (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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OCHO8e aHAU3A pA0a NOKA3Ameell. IHeP2OeMKOCIU, Y21epo00eMKOCMU, OUHAMUKY nOmpebieHus
YUCMOoU 800bl, OUHAMUKY 00PA306AHUL MEEPObIX KOMMYHANbHLIX OMX0008 U M.N. Buiasnen omuem-
JIUBLILL MPEeHO NOo8blueHUs IPDEKMUBHOCTIU UCTONb308AHUSA NPUPOOHBIX pecypcos. Peanuzyiomces
KOMNIEKCHble NPOSPAMMbL IKOIOSUHECKOU MOOEePHU3AYUL, 8 pe3ylbmame KOmopulx 0y0ym nouyue-
Hbl IKOHOMUYECKUE, COYUAIbHBIE U IKOLOUYECKUEe 8bl200bl, CNOCOOCMEYIOWUe YCMOUYUBOMY PA3-
BUMUIO POCCULUCKOU 9KOHOMUKU. B pe3yromame nposeoenHo20 ananusa 6bis61eHO, YMmo 6 Yelom
Ppoccutickas Mooeib 3e/1eHOl IKOHOMUKU POpMUpyemcs no mpaouyuOHHbIM HANPABIEHUAM C yye-
MOM HAYUOHANLHOU cneyuguku, 20e 0CHO8Hble poau 6yO0ym uzpames NOCMOSAHHO COBEPULEHCMBYIO-
wuecs Mooenu CoyudIbHO OMEEeMCmMEeHH020 OU3Heca U HOBble NOBeOeHYecKUue Mooeau nompeoume-
na. Taxoice ommeyeno eospacmanue GIUAHUSL HEPUHAHCOBOU OMUEMHOCMU HA YPOBEHb KOHKYPEH-
MOCNOCOOHOCMU KOMNAHUU, M.K. IKOA02UYeCKUe PelmuHeU 6KII0UEHbL 8 CUCIEMY OYEHKU HAOeHC-
HOCMU KOMNAHUU U OKA3bI8AIOM CYWECMEEHHOE BIUAHUE HA CIOUMOCTb NPUBTIeYeHUsl pecypcos. B
PAMKAX NOCMPOEHUsL 3eJIeHOU IKOHOMUKU YCUTUBAEMCSL PO 00UeCN8EHHO20 KOHMPOIs 8 IKON02U-
4ecKOM MOHUMOPUHSE PECUOHOB.

Knrwuesvie cnoea: senenas sxonomuka, 3eieHbvill pocm, I9KojocuvecKas MOO@pHLL?ClI/;M}Z,
ycmoﬁuu@oe paseumue, KopnopamueHasi COYyualbHasl omeeniCnmeeHnHocnlo, nogeoenyecKkas Mooeib
COUUATIbBHO OmMEemcCcneerHHo20 nompe6umefz}1.

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, eftc.
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.

Bb130BaMu COBpEMEHHOTO MUpPA CTAJIA CEPhE3HBIE N3MEHEHHS KIIMMaTa M BO3POCIIHU 10 3arpe-
JeTbHBIX 3HAYCHUH YPOBEHb aHTPOIIOTEHHON HArpy3KH Ha SKOCHUCTEMY, YTO CTHUMYJIUPYET MEKIY-
HApOJIHOE COOOIIECTBO K aKTHBHOMY TTOMCKY HOBOM MapagurMbl pa3BUTHA. OTHUM U3 TaKUX MPOSIB-
JICHUH cTaJl HOBOW TPEH/ B TIOCTPOSCHUH YKOHOMHUYECKHUX MOJIENEH Tocy1apcTBa, KOMIIAaHUH, OnU3He-
ca 1 00IIecTBa - ATO 3eJieHast SKOHOMUKA. [IoHsATHE 3e1eH0 SKOHOMUKHU OYEHb IIUPOKO TPAKTYETCS
B TOCJICJIHEE BpPEMSI U OXBATHIBACT Pa3HOOOpa3HbIe cepbl B3aUMOJIECHCTBUS TOCYAapCcTBa, On3Heca
u obmectea (HU®U, 2016; Xyropona, 2014).
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Heabto Hacrosimeld paboOThl CcTano BBISIBJICHHE OCHOBHBIX TPEHJOB Pa3BUTHS «3EJICHON»
HSKOHOMHMKHM B Poccum M MX NepCrneKTUBBI, YTO MPHOOpPETaeT 0COO0YI0 aKTyaJbHOCTb B YCIOBHAX
[IEPMaHEHTHON HECTAaOMIBHOCTU U I'€ONOJUTUYECKON HANpsSKEHHOCTU. 3eJeHas SKOHOMHUKA - 3TO
0COOBI TUT Pa3BUTHS SKOHOMHUKH, IIPH KOTOPOM OCHOBHOM IIETIbI0 OCTAETCS MOBBILICHUE OJ1aroco-
CTOSTHUSL JIFOACH NIpU COOJIIOJICHUH COLMAIBHONW CIPaBEAJUBOCTH B YCIOBHUSX CHIDKEHHS aHTPOIO-
TCHHOM HArpy3KH Ha SKOCHCTEMY. 3€JIEHYI0 SKOHOMHKY HEOOXOJMMO paccMaTpuBaTh B KOHTEKCTE
060pbOBI ¢ TTI00aEHBIM U3MEHEHUEM KJIMMaTa M MEPCIEeKTUBHOTO HAPABJICHUS MPEOIOJICHHS HU-
IIETHI, a TAK)KE KaK BO3MOKHOCTh OOpPBHOBI C MEPMaHEHTHON HECTAOMILHOCTHIO Pa3BUTHSI MUPOBOU
SKOHOMUKH M IJ100aIbHBIX (PMHAHCOBBIX PHIHKOB (XyTOpoBa, 2014).

Poccuiickas denepanns TpaIuLIUOHHO IMPUHUMAET AKTUBHOE y4acCTHE B MEXAYHApOIHBIX HHHU-
[MaTUBAaX, HANPABICHHBIX Ha CHW)KCHHE HETATUBHOI'O BO3JCHCTBHS Ha OKPYXAIOUIYIO Cpely, B
pamKax mepexoja K 3esneHoil 3xkoHomuke. B 2016 rogy Poccus nonnucana Ilapmxckoe cormnare-
nue', paruduKanus KoToporo Hamedena Ha 2019 Tox, u B HacTOAIIEe BPeMs UAYT AKTHBHBIE KOH-
CyJbTallui B MPO(ECCHOHATLHOM COOOIMIECTBE, EJIb KOTOPHIX - MOMCK Hambosee 3(h(eKTHBHBIX
METOJIOB U MHCTPYMEHTOB «03ejieHeHUs1 SkoHOMUKN» (Poccuiickas razera, 2016; Pamounas koH-
BeHIMs. .., 2015). [Ipomeccrr yxe 3amyIieHsl, TPOUCXOIUT (GOPMUPOBAHUE CHCTEMBI OCHOBOIIOJIA-
ralolIUX U MPOTrPAMMHBIX JIOKYMEHTOB, KOTOpPblE (PaKTUYECKU MOTYT CIYKUTh 0a3MCOM IOCTPOE-
HUS 3€JIeHON SKOHOMUKH B Poccuu, cpei KOTOphIX HEOOXOAMMO OTMETUTH CIIeyIOIHE:

1. Crparerus skoHomudeckoi 6e3omacHoctu P® na nepuoa no 2030 roga, moanucannas [pe-
suneHToM Poccun B 2017 rony, rae oTMedaeTcss HEOOXOIUMOCTh KOMIUIEKCHOTO Pa3BUTHUSA
SHEpPreTU4ecKoil MHPPACTPYKTyphl, BHEAPEHUSI IEPCIIEKTUBHBIX YHEPro3(P(PEeKTUBHBIX TEXHO-
JIOTHH, MOBBIMIEHUS S(PPEKTUBHOCTH IEepepaboTKU 3SHEPropecypcoB U JUBEpCUPHUKAILMU
HaIpaBJIEHUH UX 3KCIOPTA C YYETOM MHUPOBBIX TEHACHIMH MEpexoaa Ha HU3KOYITIEPOAHYIO
skoHOMUKY (CTparerus..., 2017) .

2. Crparerus 3Koyiornyeckoil 6esomacHoctu, noanucanHas Ilpesunenrom PO B 2017 roxy, B
COOTBETCTBUHM C KOTOPOH CTPAaTErMuecKOM LEIbI0 TOCYAapCTBEHHOM MOJUTHUKU B 00JacTu
9KOJIOTMUYECKOTO Pa3BUTHSI SIBJISIETCS PEIICHNUE COLUATbHO-IKOHOMUYECKUX 3aJ]1ad, o0ecredn-
BAIOIIMX HSKOJIOTUYECKH OPUEHTUPOBAHHBIA POCT 3KOHOMHUKH, COXpaHEHHE OJaronpusTHOU
OKpy>Karomien cpebl, OMOJIOTHYECKOro pa3HOOO0pa3us U MPUPOIHBIX PECYpPCOB IS yIIOBIIE-
TBOpPEHUs MOTPeOHOCTE HBIHEIIHEro U OyaylMX MOKOJIEHUH, peanu3aluy MpaBa KaxJIoro
YeJI0BeKa Ha OJaronpusATHYIO OKPYXKAIOLIYI0 Cpedy, YKpEIUIEeHHUs MpaBoIopsaka B 00JacTu
OXpaHbl OKpY’Karolle cpelpl U olOecrneueHus sKosorndeckoit 6ezonacuoctu (Crpaterus...,
2017).

3. Pacnopsixenue I[IpaBurensctBa P® ot 18.12.2012 Ne 2423-p «O6 yrBepxkaenun [lnana nei-
cTBUH 1o peanm3anui OCHOB TOCYIapCTBEHHOM MOJUTHUKH B 00JIACTH YKOJIOTHYECKOTO Pa3BH-
st PO Ha nepuon 10 2030 r.», rae npeaycMOTPEHO pa3BUTHE CUCTEMBI HALTMOHAJIBHOW CTaH-
JapTU3alydy B 00JIACTH OXPaHbl OKPYKAIOIIEH Cpelbl C YYETOM MEKIYHApPOIHBIX dKOJOTHYe-
ckux ctangapros (Pacnopspkenue IIpaBurensctea PO..., 2012).

4. TocynapcTBeHHass nporpamma «Hepro3p(eKTUBHOCTb M Pa3BUTHE SHEPreTHKH». YTBEp-
xnenHas [locranoBnenuem [lpaBurensctBa PO ot 15.04.2014 Ne 321 ¢ oObemMoM OrOKET-
HBIX aCCUTHOBaHMHU U3 QenepanbHOro Oropkera B pasmepe 14,15 mupa pyo6raeii. [Iporpamma
COJEPKUT 68 LIENEBBIX MOKA3aTeIe M OKUAAEMBIX pe3ynbTaroB B nepuon ¢ 2013 mo 2020
IT., CPEAH KOTOPBIX B paMKaxX JaHHOU paOOThl 0COOBIN HHTEPEC MPEACTABISAIOT:

e HapalluBaHUE rITyOMHBI IepepaboTku HeTAHOTO chipbs ¢ 71,6 n0 85%);
e YBEJIMYCHHE JIOJM MOTOPHBIX TOILTUB dKoJoTHueckoro kinacca 5 ¢ 40,6 mo 90,8%;
e COKpAIICHHUE MOTEPh AEKTPOIHEPTUH B DJIEKTpUUECKHX ceTsax ¢ 11,6 mo 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

49



e CHIDKEHUE BEIMYMHBI yJEIbHOIO BbIOpOCa 3arpsa3HIONINX BeliecTB B atMochepy Ha 8,8%
(m0 2,9 xr Ha 1 T 7OOBIYM yTJIAA);

o cHmkenue sHeproemkoctu BBII na 9,41% (IlocranoBnenue IlpaButensctBa PO..., 2014;
I'ocynapcTBenHas nporpamma...).

5. Ctpaterust pa3BUTHs MIPOMBILIUICHHOCTH MO 00pabOTKe, YTHIN3AUN U 00€3BPEKUBAHUIO OT-

XOJIOB TMPOU3BOJICTBA U MOTpebaeHus Ha nepuo A0 2030 roga, yrBepxaeHHas PacnopspkeHnem

[TpaBurensctBa P® ot 25.01.2018 N 84. Ctparerust coaep uT psAl LEIEBbIX MOKa3zareneu u

0XKHMJIaeMbIX pe3ynbTaToB Ha nepuoj ¢ 2018 mo 2030 rr., cpean KOTOPHIX B paMKax JIaHHOM pa-

00TbI 0COOBII HHTEPEC MPEICTABIISIIOT:

e YBEJIMYECHHE JOJU YTUIM3UPOBAHHBIX U 00E3BPEKEHHBIX OTXOJOB B 001IeM 00bemMe 0Opa-
30BaHHBIX 0TXOJI0B ¢ 59,6% B 2016 romy no 86% k 2030 roxy;

e YBEIMYEHHE JIOJIM TBEPAbIX KOMMYyHalbHbIX 0TX0/0B (TKO), HanpaBieHHbIX Ha 00paboOT-
Ky, B 001IeM 00beMe OTXOJI0B, BBIBE3EHHBIX ¢ MecT HakormaeHus ¢ 8,9 mo 80% coorBer-
CTBEHHO;

e HapacTaIOUINH €XKETOJHBIN TeMI CHIKEHUS 00pa3oBaHus 0TX010B Ha 3,7% k 2030 roxy;

e CHIDKEHHUE JI0JIM UMIIOpTa 000py0BaHMs JUisl 00paObOTKH, YTUIM3ALUU U 00€3BpEKUBAHUS
otxo0B ¢ 60 10 10% k 2030 roxy (Ctparerus skojgoruyeckoi 6ezonacuoctu, 2017).

6. Konuenmus pa3Butusi myOInuHON HE(UHAHCOBOM OTYETHOCTH, yTBEpKIeHHas: PacropsokeHu-

em [IpaBurensctBa PO 5 mas 2017 r. Ne 876-p, B KOTOpO# 0TMEUYEHO, YTO MyOaruHas HepuHaH-

COBasi OTUYETHOCTD SIBIISICTCS BKHBIM 3JIEMEHTOM CHUCTEMBI yIPABJICHHS, B TOM YHCIIE PUCKAMU,

U pa3BUTHS KOMMYHHKAIMI C 3aMHTEPECOBAHHBIMU CTOPOHAMH, MPEANOCHUIKON MOBBIIICHUS

3¢ (PeKTUBHOCTH M yKpeIJIeHHs] KOHKypeHTocnocoOHocTH opranu3anuii (Konuenimus pa3sutus

ny0IMYHON HepUHAHCOBOW OTUETHOCTH. .., 2017).

Coznian Takxke psJ HOpPMATHUBHBIX JOKYMEHTOB Ha PETMOHAJIbLHOM YPOBHE JUIsl IOATAIHOIO JI0-
CTH)KEHHUS CTPaTeTMYeCKUX 1ieJieil, 0003HauE€HHBIX B BBILIENIEPEUUCIEHHBIX JOKyMeHTaxX. B HacTos-
Imee BpeMs IOKa OCTaeTcs JOCTaTOYHO CJIOKHOM 3ajauell NpOBEJNEHHUsS OLIEHKH Iporpecca
«03€JICHEHMsI» SKOHOMUKH, METOANYEcKas 0a3a ellle TOJIbKO co3JaeTcs, MpudyeM crenuduka oueH-
KM 3aBUCHUT HE TOJIBKO OT CTPaHBI, a €I11€ ¥ OT PETUOHA U €r0 COLUAIbHO YdKOHOMUYECKOTO U reorpa-
¢udeckoro mpo¢uis, CUCTEMbl CTaTUCTUYECKOTro ydera B cTpaHe. Haubonee pacnpocTpaHeHHON
METOJIMKO# OLEHKH MOTYT ABIAThCA paspaboTanHsie ODCP? 26 3eneHBIX HHANKATOPOB, Pa3OUTHIX
Ha 4 IpymnIbl, KOTOPbIE OTPAXKAIOT IIPOTPECC B IOCTPOCHUH 3€JIEHOW SKOHOMUKH, CPEIU HUX:

1) 3KOJIOrMYHOCTh U 3(PPEKTUBHOCTH MCIOJIB30BAHHS IPUPOIHBIX PECYPCOB U IHEPOIP(HEKTUB-

HOCTb SKOHOMMKU;

2) obecrie4eHHOCTh MPUPOTHBIMU PECYPCAMU;

3) PKOJIOTMYHOCTh YCIOBHH MPOKHUBAHUS, OTPAXKAIOIINX KAU€CTBO JKU3HU HACEICHMUS,

4) 5KOHOMHYECKHE BO3MOXKHOCTH U OTBETHBIE MEpPHI B 00JIACTH MOJUTUKHU (3e€JeHble WHIUKATO-

peL, 2016).

OreHKa TEKYILEro COCTOSHUS YPOBHS AKOJOTHYHOCTH M 3()(HEKTUBHOCTH HCIIOJIB30BAHUS MPH-
POJHBIX pecypcoB U 3HEProd3(PeKTUBHOCTh IKOHOMUKH MPOBOJUTCS HA OCHOBE aHAJIHM3a TMHAMMU-
YECKUX PSJ0B B YAaCTH TAKMX IOKa3aTesled, KaKk SDHEPrOEMKOCTb, YIIEPOA0EMKOCTh, JTUHAMHUKA T10-
TpeOsIeHus! YUCTON BOJIbI, AMHAMUKA 00Pa30BaHUs TBEPAbIX KOMMYHAJIBHBIX OTXO/0B H T.II., HCTOY-
HUKaMH HH()OpPMAIMK CIyKaT CTATUCTHUYECKHUE OTYEThl MEXKIYHAPOJHBIX OpPTaHU3allui, JaHHBIC
Poccrata PO, npodriibHBIX BEJOMCTB M OOIIIECTBEHHBIX OPTaHU3AIUH.

B nenom no mupy, B pe3ynbTaTe LEJICHAIPaBICHHbIX ACHCTBUH 10 MEPEXOY K 3€JIECHOH 3KOHO-
MHKE, MEPOIPUSITHSI 110 MOBBIIEHNIO 3()()EKTUBHOCTU UCOIB30BAHUS SHEPTUU MTO3BOJIUIIHN TOOUTh-
Csl COKpaLeHUs] TOTpeOieHus SHepruu Ha 3,1 TMraToHH HEPTSHOTO SKBUBAJICHTA U NMPEAOTBPATUIIN
BBIOpOCHI mapHUKOBBIX Ta3oB (I1I) Ha 7 ruratonH B nmepuoa 2000-2014 rr., 9T0 OTpa’kaeT MO3UTHB-

2Opl"ElHI/BElIII/ISI OKOHOMHYCCKOI'0O COTPYAHNYICCTBA U Pa3BUTUA
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HbI€ TEHJCHIIMH Ha MAaKPOIKOHOMHYECKOM ypoBHE. BasKHBIM TOCTHKEHHEM MOKHO CUUTATh IJIAHO-
MEpPHOE CHI)KEHHE OOILIEero ypoBHS HHEPrOEMKOCTH U YIJIEPOJIOEMKOCTH MHPOBOM 3KOHOMHKHU
(WEF, 2017).

K coxanenuto, nmoka 3HEProéMKOCTb POCCHUMCKOM SKOHOMHMKM IOYTH B 3 pasa IPEBBILIACT
yCpeIHEHHBIN NoKa3aTenb sHeproeMkoctu crpad EC, T.e. Ha 1 ennHuIy Npou3BEAEHHON NPOAYK-
uuu B Poccuu pacxonyercs B 3 paza 6osbine suepropecypcos. B 2017 rogy uHaekc sHeproeMko-
cti BBIT® Bipoc Ha 2,8% 1 coctasua 0,21 mipu cpeasemupoom mokasarene 0,116 (Cadonos, Cre-
1eHko, 2016), 4to oTpakaer, ¢ OJJHOI CTOPOHBI, CJIA0bII Iporpecc B MpoIlecce Mepexoia K 3eJIeHO-
My pOCTY SKOHOMHKHU Poccuu u xapakTepusyeT CTpaHy Kak BBICOKOIHEPIOEMKYIO, a C APYroi cTo-
POHBI - TOCTaTOYHYIO CYOBEKTUBHOCTh JAHHOW OIICHKH, B OCOOGHHOCTH NMPUHUMAs BO BHHUMAaHHE
cHenu(puKy POCCUNUCKON MOJETH SKOHOMHKHU B YCIOBHUSX IMPOJOJIKAIONICHCS JeBalbBallUU Kypca
pyOusi. B To xe Bpems MunsHepro PO naer 6onee mo3utuBHbIe JaHHbIE, Tak B 2015 roay sHepro-
emkocth BBII Poccun no otnomenuto k 2007 rogy cHusmiack Ha 7,5%, B ToM uuciie Ha 5,94% 3a
cueT peanmzanuu l'ocynapcTBeHHON mporpaMmbl «HEprodh(HEeKTUBHOCT U Pa3BUTHE YHEPrETH-
ku». B 2016 rony camxenue sneproemkoctu BBII 3a cuer meponpusituii ['ocriporpamMmMsl coctaBu-
10 7,04% Bmecto 3armuanupoBaHHbIX 5,68% (Cuumxenue sneproemkoctu BBII). Ho nocturnyrsie
pe3ysbTaThl Ja)ke MO CaMbIM ONTHMHUCTUYHBI JaHHBIM MOKa Ha IpeBblaloT 19% or neneBoro
ypoBHS (DHepreTuuecKuii 010JIeTeHb..., 2017).

B Poccun camplii BRICOKHI MOTEHIIMAT MOBBIIIEHUS 3()()EKTUBHOCTH UCHOIB30BaHUS PECYPCOB
MIPUHAJICKUT TMPOEKTaM, HAIMPABJICHHBIM Ha MOBBINIEHUE 3HEProdHEeKTUBHOCTH, MPUMEHEHHE
sHEprocOeperarX TEXHOIOTUH MOXKET CHU3UTh PacXo]l sHepropecypcoB B crpaHe Ha 40-48%.
OKoJ0 TpeTu 3TOro nmoTeHuana 3koHoMuu uMmeroT orpaciau TOK, nopsaka 30% npuxoaurcs Ha
00pabaThIBAIOIIYIO MTPOMBIIIJIEHHOCTh U CTPOUTENILCTBO, CBBIIIE 25% — Ha KOMMYHAJIbHO-OBITOBOM
cexrop (Crparerus..., 2017).

Crnenyronmm BaXXHBIM UHAMKATOPOM 3€JIEHOTO POCTa 3aCIy>KEHHO CUUTAETCS YTIIEPOJOEMKOCTb,
WU KapOOHOEMKOCTH, BBII*. Poccust 3anumaet 4-e MecTo B mupe 1o Beiopocam CO, ¢ moseit oko-
10 5% (1,69 mupa T B 2017 rony). Tpoiika nmunepoB BeITIAauT Tak: Kurtait ¢ goneit 27,6% ot coBo-
KynHoro oosema BbiopocoB CO,, CHIA — 15,2% u Unaus — 7,0%. Kap6onoemkocts Poccuiickoii
SKOHOMUKH OCTa€TCS Ha OYEHb BBICOKOM ypoBHE - 0,481, uto Ha 80% BbIIIe OKA3aTeNs B CPETHEM
no mupy B 2017 rony (Okonornueckuit peitrunr, 2018; ITokazarenu..., 2018). C 2010 roga B Poc-
cun 00bembl BbIOpocoB I1I" 6e3 yuera 3emienonb30BaHusl, U3MEHEHUH B 3€MJIETIONIb30BAaHUH U JIec-
Horo xo3saicTBa (3U3JIX) coxpanstorcs Ha oTMeTke OT 2,6 10 2,7 mupa T CO, - 9KB. € yU4€TOM OT
1,7 no 2,1 mapa T CO,-3kB. B 2016 rogy Gomnbiryto gacts BeiOpocoB I1I" obecnieunn sHepreTude-
ckuii cexTop ¢ noneit 82,3% (Dkomorust u 3xkoHOMHKA, 2018). CoBOKYMHBIN 00HEM BBEIOPOCOB 3a-
TPSI3HSAIONINX BemecTB U abcopO1uu, cBsizaHHbix ¢ 3U3JIX B 2017 roay, Beipoc Ha 1,5% u cocTa-
B 1,69 mupa T CO,-3kB (51,6% smuccun 1990 rona), mpu 3ToMm ynenbHbIe BEIOpocH B 2017 rogy
B cpeanem o Poccun cocrapunu 11,6 T CO, Ha yenoBeka, a 00beM BBIOPOCOB 3arps3HAIOIINX Be-
ecTB B arMocepy TOJIBKO OT aBTOMOOMJIBHOIO TpaHcmopTa cocTaBuin 98,4 kr/uen
(Oxonoruueckuii peuTuHr..., 2018; Breidpocst CO, ., 2018). B nunamuke Beidopocos I1I" B Poccuu B
nepuos 1990-2016 rr. mpou30LUIN CYIIECTBEHHblEe M3MeHeHHs. Tak, oOmui 00beM BBIOPOCOB C
yuerom 3U3JIX cokparuics Ha 48,4%. B paspese cuTyainusi BBIDISIUT CIEAYIOUMM 00pa3oM:
smuccus I1II" ot sHepreruku ynana Ha 28,6 %, OT IpeaNPUATHI IPOMBILUIEHHOCTH — Ha 22,9%, oT
CeJIbCKOro X03sicTBa — Ha 58,6%, a BOT BEIOPOCH! OT (POPMUPOBAHHUS U XPAHEHUS OTXOOB, HAIIPO-
TUB, BbIpociu Ha 42,6%. /luHamuka BRIOPOCOB 3arpsA3HSIOMIMX BEIIECTB OT CTAllMOHAPHBIX UCTOY-
HUKOB M FOJJOBOM MHJIEKC MPOMBIIIJIEHHOTO MPOU3BOACTBA B Poccun HaxonaTcs B TECHOM B3auMO-

3Sueproemkocts BBIT B paMKax JaHHOI paGOThl PACCUMTHIBACTCS KAK OTHOLICHHE COBOKYITHOTO MOTPEGICHNS SHEPT U
B | eaunuiie HeTsiHOTO SKBHBajeHTa K 1 enunnie BBII B noywtapax CHIA mo IIIIC 2015 rona.

Y TIIepo10eMKOCTh HIlH KapOOHOEMKOCTh PACCUNTHIBACTCS KAK COBOKYITHOM 00beM smuccnn CO? sxBuBaenTa K 1 exu-
aute BBII B momrapax CIIA mo IIIIC 2015 rona.
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CBSI3H, U OTPAJHO OTMETUTH, YTO TEMIIBI POCTA MPOMBIIIIEHHOTO ITpou3BozcTBa B 2017 roay BaBoe
npeBbicin Temnbl pocta smuccud CO,. OO0beMbl BHIOPOCOB CHUJIIBHO PA3HATCA IO PETHOHAM,
HauboJiee CyIEeCTBEHHBINH BKJIAJ B yBEJIMYEHHE BHIOPOCOB 3arps3HSIONINX BEIIECTB OT CTallMOHAp-
HbIX UCTOYHUKOB B 2000—2017 romax BHECIU ChIPbEBBIE SKCIOPTHO-OPUEHTUPOBAHHBIE U CpPEIHE-
pa3BUTBHIE PETUOHBI, IJI€ NMPUCYTCTBYIOT KOMIIAHUU KPYNMHOro Ou3Heca (DKOJIOTMYECKUN PEUTHHT
..., 2018).

Eme ogHMM Ba)KHBIM MHAMKATOPOM COCTOSIHUS 3KOCHUCTEMBI, OTPAXkKAIOIIUM IIPOTrPeCC B IOCTPO-
CHHMHU 3€JICHON SKOHOMUKH, SIBISAETCS OUHAMUKA 3A00pA 800bl U3 IPUPOTHBIX BOAHBIX OOBEKTOB IS
ucnosb3zoBanus. B nepuon ¢ 2000 o 2016 roapl JaHHBINA MMOKa3zaTesnb cokpatuics ¢ 75,9 no 61,3
MIIPJ M, TIPH TOM COpOC 3arpsA3HEHHBIX CTOYHBIX BOX yMeHbimmics ¢ 20,3 o 14,7 mupn M’
(Poccwuiickuii cratucTrueckuii exxerognuk. 2017; 22).

B mexnyHapoaHbIX mporpammax (COTJIaIIeHHsIX) pacTeT 3HAYUMOCTh TaKOro IMOKa3aTens, Kak
CcMoK omx0006 npouzsoocmea u nompeonenusi. B Poccun B nepuon ¢ 2000 o 2106 rr. 3 TOT moka-
3atesib BeIpoc mouTd B 43 pasa (¢ 127,5 mo 5441,3 mun 1) (POoCCHICKHMI CTaTHCT. €KEroJIHUK,
2017). DTo moka3aTenbHbIi MpuMep padoThl «IKOHOMHUKH MOTPEOICHUS» U CEPhE3HBIX MPOOIEM B
cdepe yTHIH3aIMU OTXOJIOB U perukiInara. B cpeqaem B Poccun exeromno obpasyercs okomo 3,5
MJIpPJ T OTX0/0B, 16% M3 KOTOPBIX NMPUXOAUTCS Ha TBEpAble KoMMyHalbHble oTX0Abl (TKO). B
Hacrosiee BpeMs yrunuszupyercst Tonbko 10% u3 Hux (3% cxuraercs, 7% mnocTynaeT B IPOMBIIII-
JICHHYIO IepepaboTKy) u okoio 90% (Goinee 35 MITH T Mycopa) BEIBO3UTCS HA MYCOPHBIC TTOJTUTOHBI
¢ uenbto 3axopoHenus (O63o0p peiHKa ..., 2017). DTta mpobrema mpuodpena OrpoOMHOE 3HAYCHUE
JUIS OLIEHKH YCIIOBHH MPOXKUBAHUS, OTPAXKAIOIINX KAYeCTBO KU3HHU HACENICHUs, U HETaTUBHBIM 00-
pa3oM OTpaXkaeTcsl Ha COLUAIbHO-d)KOHOMHUYECKOM Mpo(duiie perioHOB U BCEH CTpaHbl B LIETIOM.
[Tpo6nems! Hanuu oTpakeHue B CTpaTeruu pa3BUTHs MPOMBIIIICHHOCTH MO 00paboTKe, yTHIIN3a-
LIMU ¥ 00€3BPEKUBAHMIO OTXO0B ITPOU3BOJICTBA U MOTpedienus Ha nepuoA 1o 2030 roaa.

CeroniHs 10 UTOraM MHBEHTApU3ALUU TePpUTOpHUI BbIsBIEHO 340 00BEKTOB HAKOIJIEHHOTO BpE-
Jla OKpYy’Karolle cperie, ABISIOIUXCS HCTOYHUKOM MOTEHIIMATIbHOW YIpO3bl )KU3HU U 310pOBbI0 17
MJIH 4eJioBeK. PacTeT 10715 0TX0/10B, HE BOBJIEUEHHBIX BO BTOPUUHYIO EPEPAOOTKY, YTO MPUBOJIUT
K CTPEMHTEIBHO HapacTaloleMy BBIBOAY MPOAYKTUBHBIX CEIbCKOXO3SHCTBEHHBIX YrOAMil U3 000-
pora (Ctparerus ...., 2017). K Tomy ke (pakTuyecku moka HEBO3MOXXHO OOBEKTUBHO OLEHUTH 00b-
em TBO, T.k. HET eAMHOrO peecTpa U 3HAUUTEIbHAS YaCTh MycOopa CKJIaJUPYETCs Ha «HE3aKOHHBIX)
cBasikax. PaboTa B 3TOM HarpaBlieHHUH BEAETCS, MOTEHIMAJ e NepepadOTKU OTXO0/I0B KOJOCCaeH
U UMEET BBICOKYIO SKOHOMUYECKYIO 3(()EeKTUBHOCTh U MOXKET T€HEPUPOBAThH CYLIECTBEHHBIE JOXO-
Il TSI BIIAJIENbLEB IPEAIPUIATHNA U CYIIECTBEHHO YIYUIIUTh Ka4e€CTBO )KU3HU HACEJICHHUs, IOMOYb
chopMUpOBaTh MOBEACHYECKYIO MOJENb OTBETCTBEHHOro mnorpeburens. Peanmzanus Crparerun
TOJIBKO B 00JacTH mepepaboTKU MakyJaTypbl MO3BOJIUT HAPACTUTh MOIIHOCTH MO mepepadoTKe ¢
3076 no 8100 Teic. T k 2030 romy, 4YTO MOMOKET IOCTUYb SKOHOMUU ApeBecuHsbl 10 40,5 MiH M3,
YpOBEHb 3aMellleHus 1o apeBecuHe ¢ 7,3 1o 12,7%, skoHomMuu noTpedieHus JECHBIX PECYPCOB 10
251,1 MJIH eMHUIL 1ePEBbEB, SKOHOMHH TOTPEOJICHHs BOIBI TTOUTH B 3 pa3a Ha 1620 miH M’ W CHU-
3UTh NOTpedieHue ueKTposHeprun Ha 32,4 mupa kBt-yac (Ctpaterus ...., 2017).

BaykHelmuM MHAMKATOPOM 3€JIE€HOI0 POCTa, BIMSAIOLUIMM Ha Ka4eCTBO JKU3HM HACEJICHUS, SIBIIS-
eTcs TUHAMMKa U3MEHEHUS niowaou u Kayecmea iecos, Tae npoucxoaut abcopouus CO, u aemno-
HupoBanue yriaepona (Kyp6anos, 2007; Kypbanos u ap., 2008). [lepBocTeneHHbIMU 3ajjauaMH B
9TOM HaIPABJIEHUU SIBJISIOTCS COBEPIIECHCTBOBAHWE CUCTEMBI MPOTUBOJEHCTBUS JIECHBIM MOXKapaM
U TOTaJbHBIA MEPEeXo]l Ha MPUHIUIBI YCTOMUNBOrO BeAeHUs jiecHoro xo3siictBa (Bopobres, Kyp-
6anoB, 2017). Baxxnyto posib urpaeT oxBaT BHEJIPEHHs TOOPOBOIBHBIX MEXAYHAPOIAHBIX CTaHIAp-
TOB KOJIOTHYECKOU OTBETCTBEHHOCTH M HEProdPpPeKTHBHOCTH, TakuX Kak yiecHas (FSC), mopckas
(MSC) cepruduxanus, «3eneHble cTaHaapTh», ceprudukanus nomoctpoenus (LEED, BREAM u
ap.) (Hdokman o yenoBeyeckom pazButuu B PD, 2017). B Poccun paspadorana HammonanpHas cu-
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crema secHoi ceprudukannu (PHCJIC), HanpaBiieHHast Ha OIICHKY BEACHUS JICCHOTO XO35HCTBA U
JIECOIOJIb30BAHMSI, BKJIIOUAsl OTCIICKUBAHUE MTPOXOKACHUS JIECHBIX PECYPCOB U MPOIYKTOB (YCIIYT),
BOBJICKAEMBIX B IIPOLIECC JIECHOU CepTHU(PHUKAIUN OT MECT UX 3arOTOBKU JJO KOHEYHOT'O MOTPeOUTENs
(Okonoruueckuit perrtunr ..., 2017). Ceroans, no ouenkam ODCP, B Poccuu nosns necos, ruae
BHEJPEHAa MHTEHCUBHAs MOJEJIb YCTOMUMBOIO BEJIEHUS JIECHOIO XO34HCTBA, HAXOJUTCS MOYTH Ha
YpOBHE MOTPEMHOCTH 0KOJIO0 3%, B TO Bpems Kak B PUHISIHAUU J0Js Takux JjecoB noutu 100%
(KypbanoB, BopooOneB, 2014). Hazpena HeoOXOAMMOCTh BKJIIOUEHHUS TPEOOBAHHH COOTBETCTBHS
IIPUPOIONOJIB30BaHUS MEKIYHAPOJHBIM 3KOJOTUYECKUM CTaHAapTaM IPU IPOBEACHUM ayKIIMOHOB
1 KOHKYpPCOB Ha IPABO PECYPCOIOIb30BAHUS NIPU NMPOJIEHUU apEeH/Ibl JECHBIX YYacTKOB B LEJSX
JIECOIOJIb30BAHMUSI, YTO TAKKE CTUMYIUPYET TpaHCHOPMALIUIO SKOHOMUKH Ha «3€JICHBIE PEIbChI.

B npouecce nepexona Ha 3€JI€HBIA POCT OCHOBHAs POJIb OTBOJUTCS PAa3BUTHIO TOCYAAPCTBEHHO-
YaCTHOI'O NapTHEPCTBA, B PE3YyJIbTaTE KOTOPOIO MOSABISETCA BO3MOXKHOCTh pealn3alui SKOHOMUYe-
CKHX BO3MOKHOCTEMH Juisi OuM3Heca, rocynapcTBa u obmectBa. OCHOBHON Ipy3 OTBETCTBEHHOCTH B
MPOEKTaX MO TMOBBIMEHUIO 3()(HEKTUBHOCTH HCIOIB30BAHHUS PECYPCOB M CHUIKCHHS HETATHBHOTO
BO3JCHCTBUSl Ha KOCHUCTEMY BO3Jlaraercs B IEPBYIO Ouepe/lb Ha KPYNHBIA M cpeiHUil Ou3Hec.
VIMEHHO KOMITaHMM B PAMKax pa3BUTUSA MOJEIEH KOPIOPATUBHOM COLUAIBHOM OTBETCTBEHHOCTH
(KCO)’ ¥ IPOEKTOB T1eIeBBIX SKOJIOINYECKMX HMHBECTHIMH PEalln3yloT HHHIMATHBEI TOCYIapCTBA 1
3anpochl o0mecTBa. Takue MpoeKThl TPEOYIOT CYIIECTBEHHBIX U ATUHHBIX BIOKEHUH, YTO B yCJIO-
BUSX NEPMAHEHTHON HECTAaOMIBHOCTU POCCHICKOW YKOHOMUKHU BBI3BIBAET CEPHE3HbIC 3aTPYTHEHUS
U 3aCTaBJIIET COBEPILICHCTBOBATh MOJIEIN KOPIOPATHUBHOM COLMAIbHON OTBETCTBEHHOCTH, CO3/a-
BaTh M Pa3BHBATh BCE HOBBIE CIIOCOOBI MPUBJICUCHUSI PECYPCOB U CTpaxoBaHHs PUCKOB. OJTHUM H3
unctpymentoB KCO Bo Bcem Mupe ctaja npakTuka He()uHaHCOBOW OTYETHOCTH.

B Poccun npaktuka coctaBneHus HEPUHAHCOBBIX OTUYETOB IOKA €llle c1abo pa3BUTa, COTJIacHO
HCCIIEOBAHUIO (PEUTHHTY) KOPHOPATUBHOW MPO3PAYHOCTU KPYIMHEUIIUX POCCUMCKUX KOMITAaHUN
2017 rona, B BEIOOPKY KOTOPOTro BXOIUT yxke Oosiee 900 kommaHui, TOIbKO 48 KOMIAHUN pacKphI-
BalOT MH(OPMALINIO O CBOEH EATEIBHOCTH Ha YPOBHE MEXKIYHAPOIHBIX MIPAKTHK, TO €CTh C YUETOM
TpeboBanuil Takux crangaptoB, kak GRI (Global Reporting Initiative) u IR (integrated reporting)
(CranmapT conmanbHOM OTYETHOCTH ..., 2018). HeuHaHCcOBas OTYETHOCTH CIIOCOOHA OKa3bIBATh
CYLIECTBEHHOE BIIMSHUE HA COCTOSTHUE KOMIIAaHWH, p€4b MJIET O BO3MOKHOCTH M CTOMMOCTH IIpH-
BJICUYCHHBIX PECYPCOB, BOBMOXKHOCTHU JIOCTYTIAa HA TJ00alIbHbIE PBIHKH JJISl peau3alii CBOEH Mpo-
JOYKLUHU, 00 OTHOILEHHSX C FOCYJapCTBOM B YAaCTH MPENOCTaBIEeHUs MpedepeHnii i HalorOBbIX
JBTOT ¥ O BOCHPUATHH KOMITAHUM OOIIECTBOM B IIaHE (POPMHUPOBAHUS COLIMATIBHO OTBETCTBEHHBIX
MOBEJIEHUYECKNX MOJICIICH.

Cepbe3HbIMHU TOCTHXKEHHEM B IPOILIECCE MEePeXo/1a K 3eJIeHONH SKOHOMHUKE MOXKHO CUHTATh (op-
MUPYIOLIYIOCS PAKTUKY COCTABJIEHUS! PEHTHUHIOB 3KOJOTUYECKON OTKPBITOCTU PA3JIUYHBIX OTpac-
Jeil oTeuecTBEHHOW 3KOHOMHUKHU. OTpacieBoil peMTUHT IKOJIOIMYECKON OTKPHITOCTH — 3D PeKTHB-
HBI MHCTPYMEHT MOBBIIIEHUSI KOPIIOPATUBHON OTBETCTBEHHOCTH KOMIAHUN U co3laHus >Pdek-
TUBHBIX MEXaHU3MOB OOpaTHOW CBSI3M OTpACIM C 3aWHTEPECOBAaHHBIMHU cTOopoHamu. B 2017 roay
cunamu BeemupHoro ¢gonga aukoit npupoast (WWF) 6bu1 cocTaBieH pedTHHT 3KOJIOTMYECKON OT-
KPBITOCTH 1LIEJUTIOJI03HO-OyMaXXHBIX KOMITaHUHM JiecHOro cekropa Poccum. [list pacuera pedTuHra
WCIIOJIb3YIOTCS TPYIIIBI ITOKA3aTeNei, TAKUX Kak: JOJIs UCIIOJIb30BAHHOTO CBhIPBS U3 OTBETCTBEHHBIX
HCTOYHUKOB, YPOBEHb dKOJIOTMYHOCTH MPOU3BOJICTBA, YPOBEHb PAa3BUTHSI 3KOJIOTUYECKOTO MEHEK-
MEHTa, NMPO3PaYHOCTh U OTYETHOCTh KoMmmaHuu. [loka B peilTHre Ha 10OPOBOJILHONW OCHOBE IpPHU-
s yuactue numb 10 komnanuid [IBK JIC P®, Ho B mepcnektuBe ux Oyaet 6onbire. [lenecoo6-
Pa3HO OLIEHMBAThH TAaKXKe€ YHEPro- U pecypcodPPeKTUBHOCTh KOMIIAHUM U CTpaTerH4ecKoe Koprnopa-
TUBHOE IU1aHupoBaHue B 3Toi cepe (Kocrenko, Bopomaes, 2018).

*Toaxo/1 K IOHMMAHHIO COLMAJILHOM OTBETCTBEHHOCTH KaK OTBETCTBEHHOCTH TIEpe]l OOIIECTBOM, €€ CBS3H C YCTOHUH-
BBIM pa3BUTHEM BbIpaXeH B MexayHapoaHoM cTangapTe ISO 26000:2010 «PykoBoACTBO IO COLUANbHON OTBETCTBEH-
HocTH». B PO B 2012 romy yTBepskIeH U BBeeH B AeiicTBue uaeHTHUHbIN crangapt ['OCT P MCO 26000-2012.
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CymiecTBeHHOE HapalyBaHue ycuminii komnanuii B oosactu KCO B mpoeKThl 3HEPro- U pecyp-
cocOepekeHust orpeessieT OCHOBHOU TPEHI pa3BUTHSI 3€JIeHOM SKOHOMUKH B Poccuu.

B mporuecce nepexoja k 3eJ1€HONH IKOHOMHUKE KIIFOUEBYIO POJIb UTPAIOT MHBECTUIIMU B MHHOBALIU-
OHHBIE U HKOJIOTMUYHBIE TEXHOJIOIMH, TIO3BOJISAIONIME MPOBECTH IKOJIOIMUECKYI0 MOJEPHHU3ALMIO, 32
CUeT 4Yero u OyayT ynydIIaThCsi KaUeCTBEHHBIE ITOKA3aTeNId 3€JeHOro pocra. B HacTosiiee Bpems
MBI IM€EM KaTacTpo(UIeCKHil ypOBEHb H3HOCA OCHOBHBIX IMPOU3BOJCTBEHHBIX (POHIOB - 48%, uTO
Takxke 00yCIaBIMBAET BBHICOKYIO SHEPrO- U KapOOHOEMKOCTh POCCHUIICKOW SKOHOMUKH, TEM CaMbIM
CHIDKAsl €€ KOHKYPEHTOCIIOCOOHOCTb.

Jl1s Ka4ecTBEHHOTO MpOphIBa B Pa3BUTHH IKOHOMUKHM KPUTHUECKU Ba)KHO (PUHAHCHpOBaHUE
npoektoB HUOKP, nonst kotopsix momkHa ObITh He MeHee 3-4% BBII, nMeHHO mo3TOMY B OIlEHKE
Iporpecca 3eJeHOro pocTa ATOMY IOKaszaTelo yaensercs ocoboe BauManue. B 2016 roxy B Poc-
cuu pacxonbl Ha HUOKP coctraBunu Tosbko 1,1% BBII, 4to siBHO HEIOCTATOYHO ISl MPOPHIBA.
Jlupepamu o gaHHOMY TokazaTento siBisitorcs M3pauns (4,25%), Pecybnuka Kopes (4,23%) u
[seiinapus (3,42%). B adbcontotHbix 3HadeHusx pacxoapl Ha HUOKP B Poccun cocrasunu 37,3
MJIPJI IOJJIAPOB, 4TO MouTH B 15 pa3 Huke, yem B CIIIA, koTOpbIe 3aHUMAIOT 1-€ MECTO B MUPE, U B
11 pa3 menbe, ueMm y Kuras (Kyp6anos, Bopo6res, 2014).

B Poccun B cpeaHeM B nociiefHUE Io/ibl TOJIBKO 0KO0JIO 2% OT rocy/1apCTBEHHBIX pacXOiOB Ha
HUOKP unyr na ¢unancupoBaHue MPOEKTOB, HAIEIEHHBIX Ha MEPEXOi K 3€JICHON IKOHOMUKE.
[Tporpammbl HUOKP, HanieneHHble Ha MPUHIUIMBI 3€JIEHOM SKOHOMUKH, (DUHAHCUPYIOTCS 32 CUET
OIOPKETHBIX M BHEOIOJKETHBIX CPEACTB, MIPUUEM OCHOBHAS JOJIS JOJKHA MOCTYNAaTh U3 KOpIopa-
THUBHBIX MCTOYHHUKOB, UYTO OyAeT CIOCOOCTBOBATh MOBBIMICHUIO 3()()EKTUBHOCTH HCHOJIB30BaHUS
CPEICTB B paMKaX rocy/IapCTBEHHO-4YaCTHOTO MapTHEPCTBA U obecrednBaTh Oosee ObICTpOe IpUMe-
HEHUE pe3ysbTaToB Ha npakTuke. [loka Mbl BUANM B AUHAMMKE, YTO POCCHIICKUE Pa3pabOTKHU B 00-
JIACTH 3allUThI OKPYXKAIOIIEH cpefibl aKTUBHO NAaTEHTYIOTCS: Tak, B 2013 roay Poccust 3anumana 3-e
MecTo B Mupe ¢ noiiei B 3%, Ho Toabko 0,5% OT MUPOBOTO phIHKA COCTABHIIA JIOJIS 3alaTeHTOBAaH-
HBIX POCCUHCKUX pa3pabOTOK B 00JIACTH 3€J€HOI0 POCTa, KOTOPbIE HAILIM IPUMEHEHNE B TEXHOJIO-
TMYECKUX MpOIeccax Ha MPOU3BOACTBE (3e1eHble HHAUKATOPSI ..., 2016).

B pamkax meponpustuii [IporpaMMsl 1o mpuOpUTETHOMY HampaBiieHHIO «PalnoHanpHOE TpH-
ponomnons3oBanue» B nepuon 2007-2013 rr. ObUIO BBIAETICHO OMOJKETHOE (UHAHCUPOBAHHE
HUOKP B pazmepe 9,68 mupa py0., cobruHancupoBanue U3 BHEOIOIKeTHRIX ncTouHnKOoB HUOKP,
coctasuiio 8,77 mupna py6. (Kyp6anos, 2007). B 2012 roay nHa npoextst HUOKP, cBsizanHbIe € 10-
BbIIIEHHEM 3(()EKTUBHOCTH HCIIOJIB30BAaHUS SHEPTUM M PALMOHAIBHBIM MPHUPOJIOINOIB30BaHUEM,
ob110 oTpavueno 106,6 mupa py06.: 75,06 u 31,57 mupa py0. cooTBeTcTBeHHO. IHBECTHIIMU B OC-
HOBHOM KamuTaj, HalpaBJIeHHbIE HA OXpaHy OKPYXaroIle cpebl U palioHaIbHOE NCIOJIb30BaHNE
MPUPOAHBIX pecypcoB, B nepuos 2000-2016 rr. Beipociu B 6,5 pa3, ¢ 22,33 mupa py6. no 139,67
MJIpI pyO. B TEKYIIUX IIeHAX, TPHUEM TIOJIOBUHA BCeX cpeacTB (67,47 mupn py6.) B 2016 roay mo-
IJIa Ha OXpaHy U paloHaJIbHOE MCIOIb30BaHHE BOIHBIX pecypcoB (Poccuiickuii ctatuctnyeckuit
eXKEeroaHuK ..., 2017).

B ycnoBusix 060cTpeHus reonoMTHYECKON HaPsHXKEHHOCTH, aHTUPOCCUICKUX CaHKIIMN, 3aKpbI-
TUSl BHEIIHUX MCTOYHHUKOB (DOHIUPOBAHMS MPOOJIEMBI IPUBJICUEHHs KaluTana mpuoopeTaiT 0co-
60e 3HaueHue. ['ocy1apcTBO BBIHYX/IEHO MOOWIJIN30BaTh BHYTPEHHUE UCTOUHUKHU JJISl peau3aliuu
MHBECTUILMOHHBIX [TPOIPaMM, B CBSI3H C 9TUM CO3J1al0TCS CIIEUAIbHBIE KOPIIOPALUU PAa3BUTHS, pa3-
pabaThIBalOTCS MHBECTUIIMOHHBIE MporpaMMbl. [IpuMepoM MOXKeT cTaTh WHUIMATHBA rOCyJapCTBa
0 «I06POBOJIBHO MPUHYIUTEIHHOM» WHBECTHPOBAHUH («IOMONHUTENBHBIX»® J0XONO0B OM3HECA B
0OlIEeCTBEHHO BaykKHbIE MPOoeKThl. CO CTOPOHBI rocyAapcTBa Ui OU3HECa Ha CPOK ACHCTBUSI IPOEK-
TOB OyZIyT 3aMOPOKEHBI JEHCTBYIONINE YCIOBUS B YaCTH HAJIOTOBBIX JIBIOT, 00s3aTEIbHBIX ILIaTe-
Kel, TMIEH3UPOBAHUA U CepTU(DUKAIIIH, UCIIONBb30BAHUS IPUPOIHBIX PECYPCOB M OXPAaHbI OKpYKa-

8 TononHUTENbHBIE JOXO0IbI, TIOTYYEHHBIE KOMIIAHUAMH-3KCIIOPTEPAMH B PE3y/IbTaTe JACBATBBALMH PYOIIs.
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IOl cpefbl, TAMOKEHHbIX IpaBuil. i peain3anuy MPOeKTOB IO MOBBIMIEHUIO 3PPEKTUBHOCTU
HCIOJIb30BAHUS PECYPCOB TPEOYIOTCS CYIIECTBEHHBIE BJIOYKEHMS, YaCTh KOTOPBIX MOXET ObITh MO-
OMIM30BaHA Ha PBIHKE 3€JEHBIX OONMrauuii Win MHQPaCTPYKTYpHBIX OOJIMIranuil, KOTOpbIE YyXKe
IIMPOKO UCHOIB3YIOTCS HA MUPOBBIX (PMHAHCOBBIX phIHKaX. [0/ «3eeHpIMIY 0OIUTausIMi TTOHH-
MAalOT IMIUPOKUN KJIACC TOJITOBBIX LEHHBIX OyMar ¢ (PMKCUPOBAHHBIM JI0XO0/I0OM, BBIITYCKaEMBIX IMH-
TEHTOM Ha JUIUTEIBHBINA CPOK Uil (PMHAHCUPOBAHMS MPOEKTOB MO OXPaHE OKPYKAIOWIEH Cpemsbl,
060opb0e ¢ M3MEHEHHEM KJIMMaTa U PalMOHAIBHOMY HCIOJIB30BAHUIO MPHPOTHBIX PECYpCcOB. DMU-
TEHTOM MOTYT OBITh MEXIyHapOAHbIC (PMHAHCOBBIC OPTaHU3AIUK MM KOMIIAHUU U KOPIIOPAIUH,
¢bopmupyroue HeUHAHCOBYIO OTYETHOCTD, TAK)KE MOTYT BBIITYCKaThC MyHULIMIIAJIbHBIE 3€JICHbIE
obnuranuu. «3e1eHble» O0JUraluu colepKaT TOUHO TaKUe K€ MapaMeTpbl pucka, eHooOpa3oBa-
HUS U JI0XOHOCTH, KaK U IIPOYHe KOPIOPAaTUBHbBIE OOJUTallUU, MOTYT ObITh HHCTPYMEHTaMU HHBE-
CTULUI MEHCUOHHBIX GoHA0B. CpeacTBa, NPUBICUEHHBIE OT Pa3MEIICHUS «3€JIEHBIX» OOJIUTralui,
MOTYT HaIlpaBJIATHCS UCKIIOYUTEIBHO Ha IIeJIM YCTOHYMBOIO pa3BUTHS, KOTOpbIE ObUIM OINpeene-
el OOH wu npunstsel rocygapcrBamu-wieHamu B 2015 roxy . KonTponb 3a pacmpeneneHuem
CpeACTB KOMITAHWH B CITy4yae BBIMYCKa «3€JICHBIX» IIEHHBIX OyMar MOXeT OCYIIECTBIIATHCS TOIBKO C
MIOMOIIBI0 HE(UHAHCOBON OTYETHOCTH.

Heo0xonnMo oTMETUTH POCT BIUSHUS OOIIECTBEHHOCTH U OOILECTBEHHBIX OpraHU3aluil Ha CO-
CTOSIHHE OKpYXKaroleil cpeabl. B 3Toil CBs3u BhI3bIBaET MHTEPEC MHUIIMATHUBA OOIIECTBEHHOM opra-
HU3aluK «3elEHbIM naTpysib» B 00JaCTH (GOPMHUPOBAHUS U MYOJIUKAILMHM SKOJIOTHYECKUX PEHTHH-
roB cyObekToB P®. DKxonoruueckuil peUTHHT GopMuUpyeTcss Ha OCHOBE MHPOPMALIMOHHBIX MaTepH-
aJIOB, ITOJIYYEHHBIX U3 PA3JIMYHBIX HCTOYHUKOB, OTPAXKAIOIIUX TEKYIEE COCTOSHHE OKPYKaIOLIEH
CpeZbl B pETHOHE IyTeM aKKyMYJIUPOBaHMs B OaHKe IaHHBIX MH()OPMAIMOHHO-aHAIUTUYECKOH CH-
CTEMbl 3HAYUMBIX KaK HETaTHUBHBIX, TaK U MO3UTHBHBIX COOBITUN C y4e€TOM NPUCBOCHHS Beca B
CBOJHOM JKOJIOTHYECKOM MHJIEKCe. ba3oi i pacuera ciayKar Ipynibl HHIAEKCOB: IPUPOAOOXPAH-
HBIH, MPOMBIIIIEHHO-9KOJIOTUYECKUI U coLManbHO-3Koorndeckuii. K nmpumepy, peWTHHr MOCKBBI
BO 2 xBapTasie 2017 roga BeIrJIsAEN Tak: 7-€ MECTO, 3HaUEHHE CBOJHOTO MHAeKca 55/45. YucnoBoe
3Ha4YE€HHE MHJIEKCA - 3TO HAKOIICHHOE PAHEE U 3a PACUETHBIN NEPUOJ KOJIUYECTBO MOJOKHUTEIBHBIX
U OTpHUILATENBHBIX OLEHOK. Jlunepom B ToM peiitunre crtama TamOoBckas 00JacTb ¢ MHAEKCOM
67/33, a 3amblkaerT pedTuHr CBepiioBckas o0jacTe ¢ MHAEKCcOM 35/65 (3arparbl Ha Hayky,
2007;10). B pe3ynbrare opMupoBaHUs PEUTHUHIOB OyAET BO3MOKHO BBISBICHHE JOJTOCPOUYHBIX
TEHJCHIMM B U3MEHEHUHU HKOJIOTMYECKOTO Clle/la pernoHa. Takoro pona peHTHUHIH CTUMYIUPYIOT
peruoHanbHble BJIACTU U MpeAcTaBUTENeH KpymHoro OusHeca Oojiee BHUMATEIbHO OTHOCHTHCS K
CBOMM 3KOJIOTMYECKHUM MIPOrpaMMaM U pa3BUBATh KOOIEPAIMIO MKy OM3HECOM U BJIAaCThIO.

BoiBoabl. TakuM 00pa3oM, MOKHO KOHCTaTUPOBAaTh, 4TO B Poccun uaer tpanchopmanus
SKOHOMMKH Ha 3€JIEHBIA POCT M0 OCHOBHBIM HAIIPaBJICHUSM:

1. ®opmupyeTcs U akTyaIu3HpyeTCsl CUCTEMA OCHOBOIIONATAOIIMX U MIPOTPAMMHBIX JOKYMEH-

TOB, KOTOpbIE (PaKTUYECKH MOTYT CIIY>KUTh 0a3lCOM MOCTPOEHHMSI 3€JI€HON SKOHOMHKH B Poc-
CHUHU.

2. BbIsiBIIEH OTYETIMBBIA TPEH]| MOBBIMLIEHUS Y(PPEKTUBHOCTH HCIIOJIB30BAaHUS MPUPOIHBIX pe-
CypcoB. PeannsyroTcs KOMIUIEKCHBIE NPOTPaMMBbl 3KOJOTMYECKOW MOJEPHM3ALMM, Halpas-
JICHHbIE Ha CHMXXEHHE SHEPrOeMKOCTH U KapOOHOEMKOCTH SKOHOMHUKH, PA3BUTHE MPOMBIII-
JICHHOCTH 110 00paboTKe, YTHIIN3alUU U 00€3BPEKUBAHHUIO OTXO0B ITPOU3BOJICTBA U TIOTPEO-
JIEHUS, B pe3yJIbTaTe peau3alni KOTOPhIX OyIyT MOJy4yeHbl SKOHOMHUUECKHE, COL[HAIbHbIE U
9KOJIOTMYECKUE BBITOJIbI, CIIOCOOCTBYIOIINE YCTOMUYMBOMY Pa3BUTHIO POCCUHCKON AKOHOMU-
KH.

3. IIpoucxoaut pazsurue mozenein KCO OuszHeca ¢ akIeHTOM Ha co37aHue OJIaronmpusITHON KO-
JIOTMYECKOW OOCTAHOBKHU M IMOBBIIIEHUE KaYeCTBA )KU3HU HACEJICHUS B PErMOHE BEIECHUS XO-
3SIICTBEHHOM JI€ATENbHOCTH, PEAIM3YIOTCSI COLMANIBHO 3HAYMMBbIE IPOEKTHI B paMKax rocy-
JApCTBEHHO-YaCTHOI'O IapTHEPCTBA.
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4. Pacter BausiHME HE(PMHAHCOBOM OTUETHOCTH HA YPOBEHb KOHKYPEHTOCTIOCOOHOCTH KOMIAHHUN
KaK Ha MMPOBOM, TaK U HallMOHAJIBHOM pbIHKaX. DKOJIOIMYECKUE PEUTUHIU BKJIIOYEHBI B CHU-
CTEMY OLIEHKHM HaJIeKHOCTH KOMIIAHMU U OKa3bIBalOT CYIIECTBEHHOE BIIMSHME HA CTOMMOCTD
IIPUBJICYEHHS PECYPCOB.

5. IlocTOsIHHO paciIupsercss CHMCOK (PMHAHCOBBIX HHCTPYMEHTOB U METOJIOB AJIsi MOOMIIN3aLuU
pacrpesieieHus] U UCIOJIb30BaHUS (DUHAHCOBBIX PECYPCOB B PAMKax IMOCTPOCHMS 3€JIEHOU
sKoHOMHMKHU. HeduHaHCOBBIE (QakTOpbI BKIIOYAIOTCA B KPEIUTHbIC PEUTHHIU KOMIIAHUU U
rocyJapcTBa, 4T0 CTUMYJIUPYET Pa3BUTHsI KacTepa 3eJIeHbIX (PMHAHCOBBIX MHCTPYMEHTOB, B
TOM YHCIIe: KPEAUTOB, IIEHHbIX OyMar, HaJOroB, IJIATEXKEH 3a HEraTUBHOE BO3JCHCTBHE Ha
9KOCUCTEMY, MHCTPYMEHTOB CTPAaXOBaHUS IKOJIOTHUECKUX PUCKOB.

6. Pacrer BnusHHE OOIIECTBEHHOTO KOHTPOJIS 32 JKOJIOTMYECKOH OOCTAaHOBKOM B pErmoHax.
dopmupyeTcs MPaKTUKA COCTABICHUS KOJIOTMUECKUX PEUTHHIOB CyOHhEKTOB PO.

7. Ipoucxoaut TpanchopMaiysi MOBEICHYSCKIX MOJENEH COIMAIbHO OTBETCTBEHHOTO MOTpE-
ourens.

B nenom poccuiickas Moienb 3€J1€HOW SKOHOMUKHU (POPMUPYETCS IO TPaJMIIMOHHBIM HalpaBJie-
HUSIM C Y4eTOM HAlMOHAJIbHOHM crneuu(uky, B Ipolecce peanu3aluil KOMIUIEKCHBIX MPOrpamM,
HalpaBJICHHBIX Ha MOBbIIICHNE 3()()EKTUBHOCTU UCIOIB30BAHUS PECYPCOB U yIydIlIEeHHE KauecTBa
KM3HHU HAcCeJICHUs, I7Ie OCHOBHBIE POJIM OyIyT UTpaTh MOCTOSHHO COBEPIICHCTBYIOIIMECS MOJEIU
COIIMAJIFHO OTBETCTBEHHOTO OM3Heca M (hOpMUPYIOMIMECS MO/ BO3ACHCTBHEM HOBBIX TPEH/IOB pas-
BUTHS O0OIIECTBAa M POCTA 3HAUMMOCTH OOLIECTBEHHBIX OPraHU3aIlMil HOBBIE TTOBEJCHUECKUE MOJIe-
JIM IOTpeOUTENSI, OCHOBAHHBIE HAa COLIMAJIbHON U 3KOJIOTUYECKONW OTBETCTBEHHOCTH UHIUBUYyMA.
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. DKOJIOTUS U SKOHOMHUKA: POCT 3arpsa3HCHUA aTMOC(I)CpBI CTpaHbI. bromerens o TEKYIHNX TCHACHUUAX pOCCHﬁCKOﬁ

Kyp6aros, J.A. Yrieponoaenosupyromue Hacaxaenus Kuorckoro mporokona/ J.A. Kypbanos. — Homkap-Oua:
MapI'TY.-2007. - 184 c.

O pesynprarax BemoxaeHnss HUOKP mo mpropnTeTHBIM HalpaBIIeHUSM pa3BUTHSA HAyKW, TEXHUKH U TEXHOJIOTHI B
P® mpu peammzamun O «VccnenoBanus u pa3paboTKH O MPHOPHUTETHBIM HATIPABIICHHUSIM Pa3BHTHS HAYIHO-
TexHoJornueckoro kommuiekca Poccun Ha 2007-2013 romsn.

O030p peIHKAa cOopa W mepepaboTKH OTX0m0B https://www.openbusiness.ru/biz/business/obzor-rynka-sbora-i-
pererabotki-otkhodov/

Tlokazatenu yriepogOeMKOCTH MHpPOBOW 3KOHOMHKH  https://globaldata.enerdata.net/mapping-tool/generic/
co2pib$xxp.html.

PazBuTHe snekTpomMoOmMIBHOTO TpaHcnopra B Poccun u mupe. DHepretnueckuii Oroyuetensb 52, ceHtsiops 2017T.
Amnanurnaeckuii neHTp npu [Ipasurensctse PO http://ac.gov.ru/files/publication/a/14460.pdf

Pamounas xoHBeHmms 00 m3MeHeHnn kimMmata [Ipuasatue I[laprkckoro cormameHus. pekuM goctyma https://
unfccc.int/resource/docs/2015/cop2 1/rus/109r.pdf

Pacniopsokenne [IpaBurenscTBa PO ot 18.12.2012 N 2423-p «O6 yrBepkaennn [lnana neiicTBuit mo peann3aun
OCHOB TOCYIapCTBEHHOI TOJIMTHKUA B 00JacTH 3Koyormdeckoro paszsutus PO Ha mepumon no 2030 r.» http:/
www.consultant.ru/document/cons_doc LAW_139460/0738e49b480ecbc880af56147db35ac2fc4c68a7/
Poccuiickuit cratuctiueckuii exxeromuuk. 2017" / "Russian statistical yearbook. 2017" rus/eng (onnaitn, pdf, rar)
https://nangs.org/analytics/rosstat-rossijskij-statisticheskij-ezhegodnik-2017-russian-statistical-yearbook-2017-rus-
eng-onlajn-rar

Poccust moanucana Ilapmxckoe cornamenue no kimMmaty Poccuiickas razera ot 22.04.2016r pexum poctyna
https://rg.ru/2016/04/22/rossiia-podpisala-parizhskoe-soglashenie-po-klimatu.html,

Cagonos I'.B, A.B.Crenenxko, A.JI.Jopuna, C.JI.Apanmanu, F0.A.Cadonosa, [I.C.becenoBckas Ctparerus HU3KO-
yraepoaHoro pa3sutus Poccun AHO Lientp sxonorudeckux nHHOBarwmi (2016).

Cumxkenue sneproemroct BBIT https://minenergo.gov.ru/node/441

CocrosiHre TI00aILHOW JIHEPreTHUECKOW cucTeMbl_ https://www.enerdata.net/system/files/publications/global-
energy-trends-2018-edition-enerdata.pdf

CpaBHUTENBHBIN aHAIN3 MEXAaHM3MOB (DMHAHCHPOBAHUS «3CNEHBIX» M «TPS3HBIX)» HHBECTHUIMOHHBIX IPOCKTOB.
Amnanutnueckas 3amucka HUP 23 «3enénoe» QuHAHCHpOBaHNE KaK MEXaHWU3M (PHMHAHCOBOH MOIACPIKKH MHBECTHU-
IIMOHHON NESITEIFHOCTH B LIENAX 00ecredeHus cOalaHCHPOBAHHOTO M YCTOIYMBOTO pocTa: BOZMOXKHOCTH aist Poc-
cunm» @I'BY «Hayuno-uccnenoBatenbckuii puHaHCOBBI mHCTHTYT» (HUDW) M.2016r. https://investinfra.ru/
frontend/images/PDF/minfin-green-docs/minfin-green-docs-17.pdf

Crangapt counanbHoit otuetHoct GRI (Global Reporting Initiative) [Daexkrponnsiii pecype]: MHTepHeT-callT
HMHUIIMATHBBI 0 OTYETHOCTH. Peskum moctyma: https://www.globalreporting.org/Pages/default.aspx

Crpaterust pa3BUTHsI IIPOMBIIIIEHHOCTH N0 00paboTKe, yTHIIM3alKU U 00€3BPEKMBAHUIO OTXO/IOB ITPOU3BOICTBA U
MOTpeOIIeHUSL Ha TIePUOT bi(o) 2030 romaa http://static.government.ru/media/files/
y8PMkQGZLfbY7jhn6QMruaKoferAowz].pdf

Crparerust sKoJlorHUecKoi Oe3omacHocTH Yka3 mpesuaeHta PO O Crparerun skomormdeckoi 6e3omacHocTH PD
Ha mepuoxa 10 2025 roga ot 19.04.2017r. Pexxum moctyma: http:/kremlin.ru/acts/bank/41879  Vka3 Ilpe3uaenta
P® ot 19.04.2017 N 176 "O Crparerun skosorndeckoil 6ezomacHoctu PO Ha mepmox mo 2025 roma" http:/
www.consultant.ru/document/cons_doc LAW_ 215668/

Crparerus skoHOMHUYecKor Oe3omacHoct P® Ha mepmoxn no 2030 roma, moamucannyio Ilpesumentom Poccun
B2017 roxy. Yxa3 [Ipesunenta P® ot 13.05.2017 N 208 "O Crparerun s3koHOMHYECKoH OezomacHocTH PO Ha me-
puox mo 2030 roma http://www.consultant.ru/document/cons_doc LAW_ 216629/

XytopoBa H.A. 3eneHas 3KOHOMUKa Kak MHCTPYMEHT CTUMYJIUPOBaHUS 3KOHOMMYeckoro pocra. M: OVII BO
«Tpyn u cormanbabie oTHOIIEHU» Ne 10 2014r. ¢. 35-45 pexxum moctyna http://id.atiso.ru/files/tiso_10_2014.pdf
Ientp mo mpoGieMam 3KOJIOTHH U MPOTYKTHBHOCTH JIECOB POCCHIICKOHN akaJeMUH HayK (LPIUT paH) AKTyallbHBIE
mpo06sieMbl HallMOHANBHOU JecHoi monutuku 2016 http://ekollog.ru/centr-po-problemam-ekologii-i-produktivnosti-
lesov-rossijskoj.html?page=6

Oxonorndecknit pedTHHT cyosexToB PO. UTorm nera 2017 roxma http://www.greenpatrol.ru/en/node/29273 1

sxoHoMuKH 39, mione 2018r. Ananurnueckuit nentp npu [IpasurensctBe P®  http:/ac.gov.ru/files/publication/
a/17409.pdf
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VJIK 630.8 + 502.2
OB UCCJEJOBAHUSIX «JIECHOM MPOAYKLIUN»

B.C. lanaes
MockoBCKuUl TOCYapCTBEHHBIN TeXHUUeCKUi yHuBepcuTeT uMenu H.O. baymana
(MprtumuHCckuit punman)

B cmamve 0ana xkpamxas xapaxmepucmuxa MedxcoyHapoOH020 c0103a JeCHbIX UCCIe008d-
menvckux opeanuzayuii (MIO®PO) u bonee noopoonas — 5-20 omoenenus «Jlecnas npooyk-
yus» (Forest Products). Ilpusedensi ocnoguvie nonsmus npunamou na XXIV Bcemuprnom xonepec-
ce MFODPO 6 Conm-Jletik-Cumu ¢ 2014 200y u oevicmsyroweti Cmpamezuu Mescoynapoonozo co-
1034 JIecHbIX ucciedosamenvckux opeanusayui. Ipu smom Cmpamezua HFODPO «Coedunss neca,
Hayky u noodeiiy na 2015-2019 c2. onpedensiem name YKPYNHEHHbIX HANPAGIEHUL U MPU UHCIUMY-
YUOHANbHBIX yenu pazeumus. Tpu uHCmMumyyuoHanibHulX yenu, aoanmuposanHvle K npeovloyuyell
Cmpamezuu, obecneuusaiom pazgumue UCCIe008aHUL U MEHCOUCYUNTUHAPHOE COMPYOHUUECMBO.
1Isms memamuueckux nanpasienuil: 1. Jleca ons noodeu; 2. Jleca u usmenenus: knumama, 3. Jleca u
JleCHAst npOOYKYUst OISl «3el1eHo20» 0yoyuie2o; 4. buopaznoobpasue, 3xocucmemHule yciyeu u ouo-
uneasus, 5. Bzaumoodelicmsue necos, nougvl u 600vl. Tpemve Hanpasienue noouepKusaem 3Haqu-
MOCMb UCCIeO08AHULL IeCHOU NPOOYKYUU U 8 Haubolee obuem gude onpeoeisiem OUHAMUKY UX PA3-
8UMUSL, 8 NEPBYI0 0Yepedb YUUMbIBAs 2100AbHOCb CIOAWUX Nepeo Yelo8eyecmeom 3a0ay YCmou-
418020 PazeumMus, 8 Mom ducie 3a0ad ycmouyugocmu kiumama. Ommeuena akmyaibHOCMy U 3HA-
YUMOCMb UCCTIE008AHULL PECYNAPHO U30a8aeM020 cOOpHUKA «JlecHble sKOCUCmEMbl 8 YCIOBUAX U3-
MeHeHUsl KIuMamay, Omeeqaoujux mpeHoam uUcciedo8anull Mupogou necHoti Hayku. IIpueedervl
nokasamenu, xapaxmepuszylowjue yposeHb (QUHAHCUPOBAHUS «NeCHOU» HAVKU 6 Hauleli cmpawe.
ObocHosana HeobXo0UMOCmb y8eNudeHls 00beMO8 IECHbIXY UCCIe006aHUl, NPe0Cmasiaemcs ye-
71ecoo0pasHoll OnpeoeneHHas KOOPOUHAYUs 6bINOIHAEMbIX UCCIe008AHUN, NPOSHOZUPOBAHUE UX
HanpagieHHoCmu.

Kniouesvie cnosa: uccneoosanus, HIOD@PO, necnas npodyKkyus, KIUMam, HAYYHO-
ucciredosamenvcxue pabomol.
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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 People» has
identified five research themes and emphasis areas, as well as three institutional goals. The goals
adapted from the previous Strategy have presented the IUFRO’s commitment to research excel-
lence and interdisciplinary cooperation, to better visibility of IUFEQ’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.

Beenenue

[Inpoko wu3BecTeH MeXIyHApOOHBIM COKO3 JIECHBIX HCCIIENOBATEIbCKUX OpraHu3alui
(MIODPO), 00beauHSIONINI YUEHBIX MHPOBOIO Hay4HOI'O JIECHOTO cooduiectBa. B coctaB 3Tol
opranusanuu ¢ 6osuee yem 125-1€THUM ONBITOM pabOTHI BXOIUT B HacTosIIee BpeMs Oonee 15 Thi-
csi9 yueHbIX u3 6omee yem 600 opranmzanuii 126 ctpan mupa. [esteasnocts Coro3a oTpa)kaeT BeCh
CHEKTp «JIECHBIX» uccienoBanuit mupa. Crpykrypa MKODPO B HacTosiiiee Bpems BKIOYaeT 9 ot-
nenenuii: 1. JlecoBoactBo; 2. @usnonorus u revervka; 3. IlpoekTupoBanue U ynpaBiieHUE JIECHbBI-
MU TEXHOJIIOTHSIMH M omepauusamu; 4. JlecHas MHBEHTapu3alus, MOJEIUPOBAHUE U YIIPABICHHUE;
5. Jlecnas mpoaykums; 6. ConnanbHble aCIEKTHI JIECOB U JIECHOTO X03sicTBa; 7. CocTosHME
necoB; 8. JlecHas skonorus; 9. Jlecnas skoHomuka u nonutuka (MKODPO, 2018; Iamaes, 2007,
2014, Johann et al., 2017).

W ecnu B3aMMOCBS3b HCCIEIOBaHUNA MPOOJIEM YCTOMUMBOCTH KiIMMaTa, (QYHKIIMOHHPOBAHHUS
JIECHBIX PKOCHCTEM B YCJIOBUAX MU3MEHEHHMsI KJIMMarta Jjisi OOsbllel YacTu OTJEICHUN HE BhI3bIBACT
COMHEHHUH, HampaBieHHOCTh oraeneHus 5. Jlecnas npoxykuus (Forest Products) Beirmsaut He
CTOJIb OJTHO3HAYHO Ha MEPBbIN B3I/,

AHaJIU3 HAIPABJIECHHOCTH M CCJIeI0BAHUII

B nactosmee Bpems B pamkax 5-ro oraenenus MKODPO chopmupoBanuch u 1eHCTBYIOT pabo-
YHhe U CHelUalbHbIE UCCIIEI0BATEIbCKUE TPYIIIbI, CIEKTP KOTOPBIX OTPaKaeT COBOKYMHOCTh Hay4-
HBIX MCCIIEIOBAaHUIN YUYEHBIX MHUPOBOTO COOOIIECTBA, pabOTAIONIMX 1O pacCMaTPUBAEMOMY HAIpaB-
nenuto (Temnskos, [lanaes, 2015a; Hamaes, 2015; 2016; Kyp6anos, Bopooses, 2014). Utak, 310!

- KaueCTBO JAPEBECHUHBI U BOJOKHA (MOJEIMPOBAHUE KAUeCTBA JIPEBECUHBI; aHAIIU3 TOJJOBBIX KO-
JIel; WCCIIEJOBAaHNE U3MEHYMBOCTH JIPEBECUHBI; HEpA3pyILIAIOIIas OLEHKA JPEBECHHBI U MaTepHa-
JIOB Ha OCHOBE JPEBECUHBI; (yHIaMEHTAIbHbIE CBOWCTBA APEBECHHBI U MaTEPHAJIOB HA OCHOBE JIpe-
BECHHBI);

60



- 3aIllMTa APeBeCUHBI (OMOJIOTrMYECKOe CONPOTUBIICHUE APEBECUHBI; 3alllUTa IPEBECUHBI B KapaH-
TUHHBIX LEJSIX, MUIIEBOW YIAKOBKU M TOPTOBIIM; 3aIUTA IPEBECUHBI B YCIOBUSIX TPOIUKOB; 3aIlH-
Ta KyJIbTYPHBIX apTe(aKToB; 3alUTa UCTIOIb3YEMbIX IPUPOIHBIX IPOTYKTOB);

- 00paboTKa IpeBeCUHBI (CYIIKa IPEBECHUHBL; KJIEH U CKICHBAHUE; MMUJICHUE U MAllMHHAs 00pa-
00TKa; MPOMBINUICHHBI HHKUHUPHUHT, ONIEPAIIHOHHBIN aHAIN3 U JIOTUCTHKA);

- KOMIIO3UTHAsI U BOCCTAaHOBJICHHAS TIPOJTYKIIHS;

- CBOMCTBA M MCIOJIb30BAHUE TUIAHTAIIMOHHOMN APEBECUHBI (MCIIOIB30BAaHHUE JIPEBECUHBI IIJIaHTa-
IIUOHHOTO THKA; UCIIOJIB30BaHHUE APEBECUHBI ITAHTAI[MOHHOTO ABKAJIUIITA);

- OuonepepaboTKa (1eJuTr0II03a U Oymara; HeOOJIbIIINE TPATUITMOHHBIC YHEPTOCUCTEMBI);

- MApKETUHT U OM3HEC-yIIpaBJIEHUE IPU MTPOU3BOJCTBE JIECHOM MPOTYKIIIH;

- HEJPEBECHBIE JIECHbIE MPOAYKTHI (METUIIMHCKUE JIECHBIE MPOJYKTHI; ChEeIOOHbIE JIECHBIE TIPO-
IYKThI; 6aMOYK ¥ paTTaH; MPOMBIIIIEHHBIE SKCTPAKTHI);

- YCTOMYMBOE KCIOJIb30BAHUE JIECHOW MPOAYKIIUU (aHATU3 KU3HEHHOTO IUKJIA JIECHOW TPOAYK-
UM, CepTU(UIIUPOBAHHBIC JIECHBIC TOBAPHI M YCIYTH);

- KyJIbTYpa JIECHON IIPOLYKIUH.

OueBUIHO, MOHATHE «IECHAsI MPOAYKIUSI» B TOM CITydae UMEET JIOCTaTOYHO IUPOKUN CMBICT,
U B 9TOM €CTb CBOM pe3oH. [Ipu Bce Oobliell OTCTPaHEHHOCTH TOCYAApCTBa OT (PMHAHCHPOBAHUS
«JIECHOW» HayKH (M HE TOJNBKO B HAIlIEH CTpPaHE) CIeAyeT, OUYEBUAHO, JOOUBATHCS JOKHOTO TOHU-
MaHUsl 3HAYUMOCTH 3TOTO0 BOCCTAHOBHMOT'O pecypca. Benb He TOJNBKO YTHIMTAPHYIO MPOIYKIIHIO,
HO ¥ YHUCTYIO BOAY, BO3YX, JIECHYIO (hayHy U (IJIOpY B OMpPEeICHHON CTENEHH BO3MOKHO OTHECTH
K 9TOM 0051aCTH, 00JIACTH «JIECHON MPOAYKIIUU.

Bwmecte ¢ Tem B Hactosiiee BpeMmsi B pamkax MIODPO neiictByer npunsTtas Ha XXIV Becemup-
HoM koHTpecce B Cont-Jleik-Cutu B 2014 roxy Ctpateruss MexxayHapoJHOTO COI03a JIECHBIX HC-
clieIoBaTeNbCKUX opranuzauuid. Ilpu sToM paccMoTpenHas u yrBepxkaeHHas Ctpareruss TIOOPO
«Coenunss neca, HayKy U mojei» Ha 2015-2019 rr. onpenensier naTh yKpyIMHEHHBIX HAlIPaBJIEHUN
U TpU HMHCTUTYHHOHaIbHBIX 1enu paszButus (Temnskos, [Hamaes, 20156; IUFRO 2015-2019
STRATEGY). Tpu HHCTUTYLIMOHATIbHBIE LIEH, aJallTUpOBaHHbIE K Mpenbinyiei Ctpareruu, odec-
MEYMBAIOT PA3BUTHE MCCIEAOBAHUNA U MEXIAUCLMILIMHAPHOE COTpyAHMYecTBO. [Ipu sTom crnexyer
MOYEPKHYTh MATh TEMATUYECKUX HATIPABICHUM:

1. Jleca nis monen.

2. Jleca u u3MEHEHUs KIUMaTa.

3. Jleca u JiecHasi NPOAYKIUSA JAJIS «3€J1eHOro» Oyayero.

4. buopa3zHoo0Opasue, SKOCUCTEMHBIE YCIYTH U OMOUHBA3USI.

5. B3aumojeiicTBrEe 1€COB, ITIOYBBI U BOJIBI.

W B naHHOM cilyyae cliefyeT OCTaHOBUTbCS 0CO00 Ha 3-M HampaBieHHMH, HauOoJiee OTpaXkaro-
LIMM paccMaTpuBaeMoe. JTOT paszen CTpaTeruu COCTOUT U3 TPEX YacTeil.

Cocrosinue npodaembl. OHA TpeTh 3€MHOM CyIIM MOKpbITa Jecamu. Hamu ngeca u Bo300-
HOBJIsIeMasi POAYKIUS, KOTOPYIO OHM MPOU3BOJAT, OYAYyT WUIrpaTh pELIAIOIyI0 pojb B OyaylieM
Onaromnonydnu HacejleHus Mupa. boiee yeTBepTH HaceneHHsI 3eMIIM 3aBUCUT OT JIECOB KakK Cpel-
CTBa K CYILECTBOBaHUIO. bosblas 4yacTh MUPOBOH JIpeBeCHOW OMOMAcCCHI MOTPeOIseTCs HaceIeHu-
€M KaK OCHOBHOE CBhIpbE€ ISl IPUTOTOBJICHUS NMHUIIM U OTOIUIEHUS. TeM He MeHee, jeca JOJKHBI
TaKxke obecreunBaTh MPEeCHON BOJIOM, YMCTHIM BO3AYXOM, OMOpa3HOOoOpas3ue, XpaHeHHE yriiepoaa U
OKa3bIBaThb MHOTHE JIPYTHe IKOCUCTEMHBIE yciayru. CieaoBarenbHO, CIIPOC Ha JIECHYIO MPOIYKIIMIO
u o0ecrieunBaeMble JieCaMH 3KOCHUCTEMHBIE YCIyTd OyAeT pacTd B COOTBETCTBUU C YBEIMUYEHUEM
HaCeJIeHUSI.

O0ocHoBanme. Baxxuelimas poipb JiecoB B 0Jaronoiay4uu HaceleHUs 3eMJId JOCTaTOYHO
ornpezeneHa. Bmecrte ¢ TeM mepcreKkTUBBI YAOBIETBOPEHUs OyAYyIIMX MOTPEOHOCTEH emje He co-
BCEM SICHBI U M3y4eHbl. MBI 3HaeM, 4To Jieca MOTYT UrpaTh Bce 0oJiee BaKHYIO POJIb B yCTONYMBO-
CTH MHUPOBON 3KOHOMHKH, Ha PETHOHATILHOM U MECTHOM YPOBHSX, B 0OJIarOCOCTOSIHUU JIIOJIeH, TPU
dbopmupyromelics Ha OHOJOTUYECKOW OCHOBE SKOoHOMHKe. OmHaKo obecrieueHrne BO3PACTAIOIINX
TpeOOBaHUMN ISl yIOBJICTBOPCHUS WHIWBHUIYAIBHBIX MOTpeOHOCTEN Oe3 yiiepba BO3MOXXHOCTIM
JIECOB SIBJISIETCSI CEPhE3HOM MEKIMCIMUIUIMHAPHON 3aJadei, CTOSIIeH mepes JIECHBIM Hay4dHO-
HCCIIEIOBATENLCKUM COOOIIECTBOM.
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AKUIEeHTbI HanpaBjaeHHOCTH. 1. OTKpbITHE HOBBIX JIECHBIX MPOAYKTOB U YCIYT - OHO3HEp-
UM, OMOMaTepuasoB, HEAPEBECHBIX MPOAYKTOB, COBEPIICHCTBOBAHUS OKpYXarouleil cpeabl u Ona-
rocOCTOSIHUS yesoBeka. Pa3paboTka HOBBIX MPOAYKTOB U3 JIECHOTO ChIPbS B TIOCIEIHUE TOABI OpU-
SHTHpPOBaHA B 3HAYUTEJIHOI CTEIeHH Ha OMOTOILUIMBO U OMOIHEPreTHKy. Bmecte ¢ Tem npyrue Bu-
IIbl TIPOJIYKIIUU TaK)Ke HE MEHEee 3HAYUMBI, Hal[pUMeEpP, HOBBIE CIIOCOOBI UCIIOIB30BaHUS IPEBECUHbI
B CTPOUTENBCTBE, IPEBECHO-CTPYKEUHBIC OMOMATEpHalbl, BKIIOYAss OMOXMMHUYECKUE BEIIECTBA,
OMOMIIaCTUK M muIIeBble 1o0aBku. Kpome Toro, Bce Oospliee MpU3HAHKUE MOTYYarOT pazHooOpas-
HBIE YCIIYTH Jieca, 00eCTIeUNBAIOIINE OKPYKAIOLIYIO CpeAy U OJaromnoiydne yeioBeka. ITH HOBBIC
JIECHBIE TIPOAYKTHI M YCIIYTH JOJKHBI OBITh MCCIICOBAHEI M OIICHEHBI 110 UX BKJIAy B OyayIiee.

2. OnTuManbHOE UCIOJIB30BAHUE JIECHOTO ChIpbi. BaXXHO MakCMMaJIbHO HCIOJIB30BAaTh 3KOHO-

MUYECKHUE, COLUAIbHBIE U IKOJIOTUYECKUE MTPEUMYIIECTBA UCIIOIb30BAaHUS JIECHONW MPOAYKLUU NIPU
o0ecrieueHnr YCTOMYMBOCTH PA3BUTHS M €€ BKJIAJa B «3eleHoe» Oynymee. ObecrieunBaet Jin Jec-
Hasl IPOAYKIHS JICHCTBUTENBHO 0OJIee YCTOWYMBOE Pa3BUTHE, YeM JIpyras KOHKYpUPYIOIIAs Mpo-
IOyKUus (Hampumep, 6eTOH, CTajlb, KOHOIUIS, XJIONOK), 0COOEHHO MPU LEJIOCTHOM MOJIXO/I€ U OLIEHKE
BO3/CHUCTBUS HAa OKPY’KaIOLIYIO cpeay?

3. Bxuiaz j1ecoB M UX 3KOCHCTEMHBIX YCIyr B TpaauuuoHHbiil BBII n «3enenyro/Ha 6moocHoBe»
HSKOHOMHUKY. Jleca n mpeaocTaBisieMble MU YCIYTH SIBIISIOTCSI HEOJHOKPATHO M ITOCIIEI0BATEIbHO
HE/0O0LEeHEeHbl. B pe3ynbTare, cpey Mpodero, Mbl UMEEM MPOLECCHl 00€3JIeCeHUs U Aerpafaluu
JIecoB. YUMTBHIBasA, YTO B OJmKaiilliee BpeMsl HE MPOrHO3UPYETCS U3MEHEHHUS] IKOHOMUYECKOU CH-
CTEMBI B MUPE, CMOKEM JIM Mbl B COOTBETCTBUU C TEKYIEH CUTyallueil pa3paboTaTh CUCTEMBI OLIEH-
KM, KOTOPbI€ MTOATBEPAST UCTUHHYIO LIEHHOCTD JIECOB, 0COOEHHO B COIIOCTABIIEHUU C KOHKYPHUPYIO-
el npoyKIiuen?

OTUMH TOJO0XKEHUSAMHU OJ0OpEHHass MEXIYHapOJHBIM JIeCHBIM cooOuiectBoM Ctparterust Ha
2015-2019 rr. nogyepkuBaeT 3HAYMMOCTb PACCMaTPUBAEMBIX HAIPAaBIEHUI UCCIEIOBaHUM JECHON
MPOAYKIMH U B Haubosee o0111eM BUjie onpeaesseT TMHaMUKY X pa3BuTHs. [Ipu 3ToM HamnpaBieH-
HOCTB JaHHOTro paszzaena CTpaTeruu oTpakaeT He CTOJIBKO MPUKIAJAHYI0 OCOOEHHOCTh MCCIIEI0Ba-
HUI «IECHOW MPOAYKIUHN», CKOJIBKO I100AJBHOCTh CTOSIIIUX MEpPe]] YeJIOBEUECTBOM 3ajad yCTOM-
YUBOT'O Pa3BUTHA, B TOM YHCIIE 337a4 YCTOMYUBOCTH KIMMaTa.

B sTOM cnyyae akTyallbHOCTh M 3HAUUMOCTH IPOOJIEeMaTHKH, TogHUMaeMon LlenTpom ycroitun-
BOT'O YNpaBJEHUS M JUCTAaHIIMOHHOI'O MOHMTOpPUHTraA JiecoB [10BOMIKCKOro rocyJapcTBEHHOTO TeX-
HOJIOTUYECKOTO YHUBEPCUTETA B PETYJIIPHO U3/1aBaeMoM cOOpHHKE «JIecHble 3KOCHCTEMBI B yCIIO-
BUSAX M3MEHEHUs KJIMMaTa: OMoJorudeckast IpoAYKTUBOCTh U JUCTAHLIMOHHBIH MOHUTOPHUHI» OTBE-
YyaeT TpeHJaM HuccliefoBaHuil mupoBoll siecHoi Hayku (Tikina, Kurbanov, 2012; I'yGaeB u np.,
2012; Loboda et al., 2012; Kyp6anos, 2016).

OObembl Hay4yHO-MCCIEI0BAaTEIbCKONH pPAabOThl B MHTEpecax JIECHOTO KOMILJIEKCa B Hallen
CTpaHe, B TOM YHCJIE UCCIIEI0BAaHUI JIECHOM MPOIYKIMH, HAXOJATCS HAa BECbMAa HU3KOM YPOBHE:
«Pacxoaet Ha HUOKP cocrasnsitor okono 0,01% ot BBII oTpacnu, 4to CymiecTBEHHO HHMXKE Cpeli-
Hero 3apyOexHoro ypoBHs (1,4% BBII) u ypoBHs ctpan-nuaepos (Punnsnaus 2%; Hopserus
3,1%)»'. Jlaxe eclm 3TO M HEAOCMOTp YHOMSAHYTOrO JOKyMeHTa (Ha cTp. 13 mpoexrta CTparernu
3TOT MoKa3aTelb «...He npesbimaet 0,1% ot BBII, coznaBaemoro B 1eCHOM KOMIUIEKCE.»), YPOBEHb
pacxonoB Ha HUOKP sBnserca HegonmyctuMo HU3KUM. [[ns cpaBHeHus:: B Poccuu B 1esioM mo
CTpaHe BHYTPEHHHUE 3aTpaThl Ha UCCIe0oBaHus U pa3zpaboTku coctasmsuiu 1,1% x BBII B 2016 ro-
ny (Muauxaropel Hayku, 2018). Ecnu ke yuuThIBaTh COJEP>KATENbHYIO CTOPOHY INPOBOAMMBIX
HAyYHO-HMCCIIEI0BATENbCKUX pabOT B MHTEpECax JICCHOTO KOMIUIEKCA, KOJMYECTBO M HAIpaBJIeH-
HocTh oTpaciieBbix HWU, MokHO HaBepHsKa MPEaIoIoKHUTh, YTO B MHTEPECAX «IECHOM MpPOIYK-
UMY ITOT MOKa3aTelb elle Hke. BoinoiaHsembie paboThl B OOJBIIMHCTBE CBOEM COOTBETCTBYIOT
MHUPOBBIM TEHJICHIUSAM PAa3BUTHUS, OJJHAKO MPAKTUYECKHU MIOJTHOCTHIO OTCYTCTBYET JOJDKHASI KOOPAU-
HalMsl 1 HeoO0XouMasl HallpaBJIEHHOCTb UCCIIE0BAaHHM, BOIPOCHI TPOrHO3UPOBAHMSI B 3TOM Cllydyae
HE BOCTPEOOBaHBI U HE PACCMATPUBAIOTCS JOJDKHBIM 00pa3oM.

'Tpoekt Crparernn pasBuTHS JIeCHOT0 KOMILIeKca Poccniickoit dexeparmu 10 2030 roxa, c. 95 (mapr 2018 1.)
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HpI/I OTOM OTpaciieBas CHCI_II/I(bI/IKa I/ICCJ'IGIIOBaHI/II‘/'I, COBCPUICHHO HEAOCTATOYHAA 3aMHTCPECOBAH-
HOCTh OM3HECa B OTOM, OTCTPAaHCHHOCTh I'oCyaapCTBa JUIIb IIOAJYCPKUBAIOT, IIOATBCPKIAAIOT HeOa-
TOIoOJIYYHOCTb CUTYyalluH.

3akiroueHue

COBOKYIHOCTh HANpPaBICHUN HCCIEIOBAHUS JIECHOW MPOIYKIMHUY», Oa3upyromascs Ha JOCTa-
TOYHO 3HAYMMOM M PENpPEe3eHTATUBHOM 4YHCJEe paboOT YYEHBIX JIECHOTO COOOIIecTBa B paMKax
HNIO®PO, MOKET CIy>KUTh OOBEKTUBHOW OCHOBOM JJISl OLEHKH €€ CYLIECTBYIOIIETO COCTOSHUS, B
TOM YHCJIE U B HAILIEH CTpaHe.

[Tonoxenus Crparerun MFO®PO na 2015-2019 rr. nogyepkuBaroT 3HaYUMOCTh paccMaTpuBae-
MBIX HamnpaBJIeHUIN MCCIETOBaHUM JECHON NMPOAYKIMU U B Hanbosiee o01IeM BUe OMpeeiseT Au-
HaMUKy UX pa3BuTus. [Ipu 3TOM HanpaBieHHOCTh COOTBETCTBYIOIIETO pa3aena CTpaTeruu oTpaxa-
€T HE CTOJBKO MPHUKIAIHYI0 OCOOCHHOCTh UCCIIEOBAHUI «JIECHOM MPOAYKIIUUY, CKOJIBKO II100alb-
HOCTb CTOSILIUX IIE€pPEJ YEI0BEUECTBOM 33a7au YCTOMUMBOIO Pa3BUTHUS, B TOM YMCIIE 33]1a4 yCTONUN-
BOCTH KJIMMATa.

HanpaBieHHOCTh MCCTIEIOBaHUNA MHPOBOTO COOOIIECTBA, MPOTHO3HBIE OIEHKH B TOM CIydae
UMEIOT COZEpKATEIbHOE U BaKHOE 3HAYEHUE, JTOJKHBI aHAJIM3UPOBATHCSI M YUUTHIBATHCS IIPH IUIA-
HUPOBAHUU U BBIIIOJHEHUH OTEYECTBEHHBIX JIECHBIX HCCIIEOBaHHM, 0COOEHHO B Pa3BUBAIOLIEMCS
Mpoliecce UHTErpaluu POCCUUCKON HAYKH B MUPOBOE HAYyYHOE IPOCTPAHCTBO.

B ycrnoBusix Hamieidt ctpaHbl HEOOXOIMMO CYIIECTBEHHOE YBEIHMYEHHE O0OBEMOB <JICCHBIX» HC-
CJIEIOBaHMM, 11erecoo0pa3Ha ornpeieieHHass KOOPIAUHAIMS BBINOIHIEMbIX UCCIEIOBAaHHM, IPOTHO-
3UPOBAHME UX HAIIPABICHHOCTH.

Paooma evinonnena npu unancoeoit noooeprcke Munucmepcmea o0pazo6anun U HAyKu
Poccuiickonu @edepayuu, npoexm Ne 37.8809.2017/8.9.
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MU3MEHEHUE TEMIIEPATYPbBI IIOYBbI HA TEPPUTOPUUN
PECITYBJIMKHN MAPUMH 3J1 3A ITOCJIEJTHUE ITOJIBEKA

10. I1. Jlemaxos" 2 A.B. Ucaes>>, T. A. Borganos®
'TToBOMXCKMIT TOCYTApCTBEHHBIH TEXHONOTHUECKHIT YHUBEPCHTET
ZFOCYIlapCTBeHHLIﬁ MpUPOAHBIN 3anoBeqHUK «bonbiias Kokiiaray
*Mapuiickuii rocy1apCTBEHHBIH YHHBEPCUTET

IIpueedenvl pesyromamel cmamucmu4eckot 0opabomKu Mamepualos Habaooenutl 3a memne-
pamypoti pazusix croeg nougvl (om 20 00 320 cm) 3a 1963-2013 20061 na I'MC Howrxap-Ona, onpe-
OefleHbvl npedenvl U 3aKOHOMEPHOCIU ee Ce30HHbIX U3MEHeHUl. Ycmanosieno, umo ee cpeoHss 2o-
dosas memnepamypa, KOmopas npaKmuiecku He UsMeHsemcs ¢ 2nyouHoll, gvliie cpeoHell 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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SBIIAIOTCS. TEMIEpaTypa M BIAXHOCTh, MPUHAAICKUT oTedecTBeHHbIM yueHbIM [I.A. KocTbiueBy,
B.B. JlokyuaeBy, A.A. U3maunsckomy, C.C. Heyctpyepy, A.W. BoeiikoBy, K.I1. 'opmiennny, C.I1.
KpaskoBy, M.M. ®unaroBy, [1.1. KonockoBy (LLlynerun, 1967), koTopble OTMEUYaIH, YTO OH, XOTS
U 3aBHCUT OT KJIMMara atMoc(hepbl, HO He TOXIECTBEHEH €My, UMes MHOTHE crielu(puIecKue yep-
ThI, KOTOPBIE TOJIKHBI SBJIATHCSA IPEIMETOM IIPUCTAILHOTO BHUMAHUS UCCIIEI0BATENEH.

K nacrosimemy BpeMeHU HAaKOIUIEH OIPOMHBINA MaTepHhall U BbISBIECHbl OCHOBHBIE 3aKOHOMEPHO-
CTH €r0 U3MEHEHHs B MpOocTpaHcTBe U BpeMeHu (Zhang et al, 2000; Mellander et al., 2007; Apxan-
renbekast, 2012; butiokoB, 2012; [ecsatkun u np., 2012; Hemakos, Mcaes, 2013; Tarapunies,
2015). Tak, k npuMepy, YCTAHOBJICHO, YTO CYTOYHBIE U CE30HHBIE KOJIeOaHUsI TEMIIEPATYpPbl TOYBbI
3aBUCSIT OT UX TPAHYJIOMETPUYECKOTO COCTaBa M BIAXHOCTH, a Takxke (PU3MKO-reorpapuiecKux
YCIIOBUH MECTHOCTH, KJIMMAaTa U XapakTepa MOKpbIBatolei pacTuTebHOCTH. Cyxue 1 XOpo1Io Jipe-
HUPYEMBIE [TOYBBI BECHOI U JIETOM SBIISIOTCS TEIJIBIMU, a TSKETIbIE MePeyBIaKHEHHbBIE — XOJIOAHbI-
MU. B BeceHHMIT nepuo/1 IIMHUCTHIE TOYBBI XOJIOHEE, a MeCYaHbIe TEIUIee, OCEHbIO e TTTUHUCTHIE
IIOYBbI, HAO0OPOT, Temiee necyanbixX. [lepuon konedanuil TemMnepaTypsl OUBbI B TEYEHHUE CYTOK U
roja, Kak Imokasan BenuKui ¢paniy3ckuii Matematuk Kan baruct @ypoee (1768-1830) B pabdote
«Ananutudeckas teopus teruiay (1822), He U3MEHAETCs C pOCTOM €€ TIyOWHBI, a UX aMIUIUTYyJa
YMEHBIIAETCS B FeOMETpUUecKoi nporpeccuu, nocrenenHo 3aryxas (Iynerun, 1967). ['myOuna
MOCTOSIHHOM CYTOYHOW M TOJIOBOM TeMIepaTypbl COOTHOCSTCS MEXIY cCO0OW Kak KOPHH KBaapat-
HbIE U3 MEPHOJI0B KojeOaHui (rmyOrHa 3aTyXaHUs TOAOBBIX KOJIeOaHH, COrIaCHO 3TOMY MHOJIOXKe-
HUto, B 19 pa3 mpeBsllaeT rIyOUHY 3aTyXaHHUsl CyTOYHBIX KosieOaHuil). Bpems HactymieHnus mak-
CUMYMOB 1 MUHUMYMOB TE€MIIEPATyphl 3aMa3/bIBaeT MPONOPIMOHATIBHO TIIyOnHEe MOYBHL. ['010BOI
XOJI TeMIIepaTyphl MOYBBI B YMEPEHHBIX MIUPOTAX XapaKTepU3yeTcss OOBIYHO OHUM MAaKCUMYMOM B
UIOJIE WM aBryCTe€ M OJIHUM MMUHMMYMOM B sIHBape WiH (eBpasie. AMILTUTY/a FOJJOBOIO X0/1a TEM-
nepaTypbl MOBEPXHOCTU OrOJICHHOW MOYBBI HE 3aBUCHUT OT reorpapuueckoi MUPOThl U COCTABISAET
okoyio 30°C. B ceBepHBIX MIKMpOTax INTyOMHA MPOHUKHOBEHHUS I'0I0BOTO X0J1a TEMIIEPATyphl TOUBbI
COCTaBJISIET IPUMEPHO 25 M, B cpeaHux — 15-20 M, a B 105)kHbIX — okoJi0 10 M. Huske 3T0# TiryOnHBI
JISKUT CIION MOCTOSTHHOW T0JI0BOM TeMIrepaTyphl, Iie HE TOJbKO CYTOYHbIE, HO U I'0JIOBbIE KoJjieha-
HUS TeMIlepaTtypsl He HabmogaioTcs. M3MeHeHne Temmeparypbl MOYBBI C TIyOMHON B OTJENbHBIE
NepUoJIbl rojia pa3uyHo. Tak, 0OCeHbI0 Ha HEKOTOPO riTyOrHe MOoYBbl HaOIr01aeTCst Hauboee Ter-
JBIA CJIOHM, OT KOTOPOTO TeMIlepaTypa yObIBaeT Kak B IIyOb IOYBBHI, TaK U K €€ MOBEPXHOCTH. Bec-
HOM ke, Ha000POT, MEXy OoJiee TEIIBIMHU CIOSMHU CBEPXY M CHH3Y HaXOJUTCS Hambosee XO0Jo/-
HBIU CIION.

CucremaTnueckre HaOJIOJIEHUS 3a TEMIIEpaTypHBbIM DPEKUMOM IIOYBBI MPOBOJATCS B Hallel
CTpaHe ceThl0 CTaHUMU ['mapomereociyxObl yKe aBHO, OJIHAKO OIPOMHBIE MAaCCUBbI HAaKOIUIEH-
HBIX JaHHBIX [0 MHOTOJIETHEW €ro AMHAMUKE OCTAIOTCS MOKa MPaKTUYeCKH He 00paboTaHHBIMU U
c;1a00 BOBJICUEHHBIMU B HAY4YHBIH 000POT, XOTSI OHM MOTYT JaTh MOJE3HYI0 MHPOpMaIIo 00 0co-
OCHHOCTSIX AMHAMHKH cOCTOsiHUs OuoreoneHo3oB (bansiouna, Tpodumona, 2013), aBnusasch Bax-
HBIM JIOTIOJTHEHUEM K BPEMEHHBIM PsiIaM METEOPOJIOTUYECKUX JTAHHBIX.

Ienp padoThl 3aKiir0Yanach B BBISIBICHUM 3aKOHOMEPHOCTEH CE30HHOM M MHOTOJIETHEU
JMHAMUKU TeMIIepaTypbl HOYBBI Ha TeppuTopun Pecrybnuku Mapuii O:1.

Marepuan u meroabl. [lj1s paboThl UCIIOJIB30BAH MACCUB CYTOYHBIX JAHHBIX O TeMIIEpaTy-
pe mouBk! Ha rry6une 10 320 cm o I'MC Momkap-Ona 3a mepuox ¢ 1963 mo 2013 roasl, Haxons-
nuiics B cBoOomHOM noctyrie B cetu MuTepHer (http:/meteo.ru), a Takke MaTepHalibl COOCTBEH-
HBIX HAOIIOJAEHUN Ha JAEBSATH MOCTOSHHBIX MPOOHBIX MIIOMIAISNX, 3JI0KEHHbBIE B PA3JINYHBIX IKOTO-
nax 3anoBegHuka «bonbmas Kokmara», boranmueckoro cama-uncrturyra [II'TY u necomapkos
r. Momkap-Onbl. 3aMepbl TEMIIepaTypsl BBIIONHSIN B 3-5-KPATHOH TOBTOPHOCTH HAa TTyOHHE
5, 10, 20, 40, 60 u 80 cM 3IEKTPOHHBIM TEPMOMETPOM «MHHU-3aMEP», UMEIOIIUM MOTPEUTHOCTh
+0,1°C. Hudposoii marepran o0pabOTaH HA KOMITBIOTEPE C UCIIOJIB30BAHUEM CTAHIAPTHBIX METO-
JI0B MaTeMaTHYECKOM CTATUCTHKHU U MPUKIAAHBIX nporpamM Excel u Statistica.
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Pe3yabTaThl Hccile10BaHUil M UX 00Cy:KAeHHe. AHATNU3 MOJIYYEHHBIX JaHHBIX TTOKa3aJl, YTO
CpedHsid rofoBas TeMmrepaTrypa MmouyBbl cocTaBiisgeT 6,8-7,1°C, 4To Bblllle CpeAHEN TOI0BOM TemIie-
patypsl Bo3ayxa Ha 4,2-4,5°C, u npakTHUeCKH He u3MeHseTcs ¢ rimyounon (tabin. 1). ['ogoBoit ke
MUHHMYM TE€MIEpaTypbl MOYBBI Ha TyonHe 20 cM BbIlIe, YeM BO3ayxa, Ha 42°C, a MakCUMyM U
amIuTyzaa (pa3smax), Haobopot, Huxke Ha 12,6 u 53,6°C coorBercTBenHo. [louBa, Takum oOpaszom,
XapakTepusyercs 0oyiee CriIaKeHHBIM TEMIIEPATypHBIM PEXKUMOM IO CPABHEHUIO C TPU3EMHBIM
cioeM aTMoc(hepsl, XOTsS KOJICOaHHsSI MEXY TOJAOBEIM MAaKCUMyMOM H MHHHMYMOM TIPOCIICKHBA-
I0TCS BIUIOTH 70 r1yOonHbl 320 cM. MUHUMAaNIbHAS ¥ MaKCUMAJTbHASI TEMIIEPATYpPhI, a TAKIKE pa3zMax
Mexay ux 3HadeHusMHU (Y, °C) u3MEHSIOTCS o TpaaueHTy rryounsl (h, cM) cTporo 3akOHOMEPHO
U annpOKCUMUPYETCS CISAYIOIUMHU YPaBHEHUSIMHU PErPeCcCHu:

tmin = 10,3'[1 — exp(-14,73710~'h)] — 8,64; R*=10,984;
tmax = 17,97exp(-9,18'107"'h) + 11,3; R*=10,995;
Y =27,8"exp(-11,14'107"h) + 10,0; R*=0,997.

Tabmuua 1
Cpenusisi, MUHHMAJILHAS ¥ MAKCHMAJILHAS T00Basi TeMIIepaTypa no4ssl no JanubiM I'MC Momxkap-Ona
3HayeHUe TeMIepaTypbl HA pa3Hoii riyoune, °C
Temneparypa

20 cm 40 cm 60 cm 80 cm 120 cm 160 cm 240 cMm 320 cm
Cpennsist ronoBas 6,9 7,1 7,0 6,9 6,9 6.9 6,8 6,8
MuHanMansHas -6,0 -39 -2,8 -1,6 -0,2 0,9 2,0 1,0
MakcnmanpHas 26,4 23,2 21,7 20,1 17,5 14,9 13,6 12,1
AmiuuTyna 32,4 27,1 24,4 21,7 17,7 14,0 11,6 11,1

['omoBoii X0/ TeMmepaTypbl MOYBBI Ha KaXJIOM OTMETKE IIyOMHBI MMEET CBOM OCOOCHHOCTHU
(Tabin. 2, puc. 1), oTpaxkaeMble COOTBETCTBYIOIIMMHU ypaBHEHUSIMU perpeccuu (Tadut. 3). Ce30HHBIN
MUHHMYM Ha riyouHe 20 cM oTMedaeTcs Jallle BCEro B KOHIIE TpeThell JeKaibl 1eKadps HIU B ce-
peauHe TIepBOM JIeKaabl SIHBaps, CABUTAsCh HA 5-7 nHeW Ha kaxnable 10 cM riiyOuHBI (Ha TIIyOHHE
320 cMm OH oTMedaeTcs yXe B KOHIe ampess). TemmnepaTypHblii MakcuMyMm Ha TiyOuHe 20 cm
HACTYIaeT B OCHOBHOM B cepe/lMHe MIoJid, a Ha TiyouHe 320 cM — B KOHIIE aBryCTa UM JJaXke CEeH-

TOpsi.

CpeaHsisi MHOTOJIETHSISI TEMIIEPATYPa MOYBHI B NMOCJIEIHMIT 1eHb Mecsina nmo fanasiv 'MC ﬁom:;%ﬁa ?
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
v 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
vl 19,6 19,0 17,5 16,3 14,5 12,7 10,4 8,9
VII 15,4 15,4 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. 'onoBoii xoa Temneparypbl Ho4Bbl HA r1youHe 20 1 320 cM B pa3Hble roabl

Tab6muma 3
IMapaMerpsbl pyHKIMM FOAUYHON JTMHAMMKHU CPeJAHell MHOT0JIeTHel TeMIepaTyphbl OYBbI
3Hauenue napamerpos GpyHKuK Y=A'[sin(2p't/11,5 + j) + 1]° + ¢ [u1st pasHoii rTyGHUHBI TOUBBI
[TapameTtp

20 c™m 40 cMm 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

Pacuersl mokasanu, 4to Io4Ba 00jamaeT 0ojiee BBICOKOM CIIOCOOHOCTBIO K ITOIJIOIICHHIO COJI-
HEYHOU 2HEpruu, 4em armocdepa, U ee Temreparypa Ha riayoune Bcero 20 cM B TeUeHUE JCBATU
MecsleB Trofa (SHBapb-MapT U HIOJIb-JIeKaOpb) BBILLE CPEAHEH MecSYyHOW TeMIepaTypbl BO3JyXa
(puc. 2a). Ha rmy6une ke 320 cM ¢ anpesnst o ceHTs0ph OHA yXe, Ha000poT, Huxke. CBA3b MEXKAY
MHOT'OJIETHUMHU pAJIaMU 3HAYEHUN CpeHEN MECSYHOM TeMIlepaTypbl BO3AyXa M MOYBHI B 3UMHHM
NepUoJT JOBOJILHO ciabasi, YTO CBA3AaHO C BapHallMel TOIIIMHBI CHEKHOT'O MTOKPOBA B pa3HbIe TObI,
a c arpess Mo oKTs0pb, HA000pOT, oueHb TecHas (Tabi. 4). OueHb TecHa TakKe CBSI3b MEXY Cpell-
Hell rooBoil Temmeparypoil mouBbl Ha riiyouHe 20 cM M BO3[yXa, OLEHEHHas MO MaTepuaiam
HaOJTI0ICHUH pa3IMIHBIX MeTeocTaninii Poccun (puc. 20).
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Mecsr Temneparypa Bo3ayxa, °C

Puc. 2. CooTHOIIEHHE MEKAY CPeIHel MeCSTYHOH TeMIepaTypoii BO31yXa U MO4BbI
Ha 'MC Homkap-Oua (A) u cpeaHeii ronoBoii B pa3au4yHbix peruonax Poccuu (b)
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ITapameTpbl JIMHEAHOI CBA3M MEKIY PAAAMH CPeIHEil TeMIepaTypbl BO31yXa H NOYBbI
Ha riryouHe 20 ¢M o MaTtepuajgaM MHoOroJeTHux udmMepenuii Ha 'MC Homxkap-Oaa

Tab6muua 4

3navenus napamerpoB ¢pyukuuu Y = a’X + b a5 pa3usIx MecsineB roga*

IMapamerp

byHKn | 11 I v A% VI VII 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. 3. lnnamuka cpeaHeii TeMneparypbl o4Bbl Ha riryouHe 240-320 cM B JieTHe-0CEHHHU I NePHO.
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Puc. 4. JIUHAMAKA MAKCHMAJIBLHOI TeMIIepaTyphbl OUBbI Ha Tayoune 20 u 320 cm o 'MC Momkap-Ouia
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Temreparypa, °C

Puc.

y = 0,003x - 2,89
R*=0,007

y =-0,05x+ 95,1
R*=0,15
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5. lMHAMHUKA MHHEMAJILHOH TeMIepaTypbl H04BHI Ha ray6une 20 u 320 cm no 'MC Momxkap-Oaa
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Puc. 6. Junamuka rayGunbl npomep3anusi nousbl 1o I'MC Momxkap-Ouna
. Tabnuua 4
CraTHCTHKA IAapaMeTPOB H3MeHeHHUs TeMnepaTypHoro pe;kuma noys Ha 'MC Homkap-Oaa
n 3HayeHNs CTATUCTUYECKUX MOKA3aTe/ el Ha pa3Hoi riIy0rHe U3MepeHusl IapaMeTpoB
oporu
TemIepary- I'nyouna 20 cm I'nyouna 60 cm
pbl
M, min max Pa3max M, min max Pa3max
IIponomkuTenbHOCTh NEPUOJA C PA3IUYHON 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 BBIIIE ONpeieleHHOTo 3HaueHws, °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. lnHaMuka pa3HOCTH MeKAY cpedHeli HIOHbCKOH TeMIepaTypoii Bo31yXa M MOYBbI

[ToBblIeHNE TemrepaTypbl MOYBBI NMPUBOJIUT, Kak OoTMevaroT ucciepoBaTenu (Opros, 1953;
[ynerun, 1967; anenko, 2013; Maxkapsiues, [TactyxoB, 2013), k ycuIeHHIO NESTENBHOCTH MOY-
BEHHOI OMOTBI, KOTOpas, pa3jiarasi OpraHNYECKOe BELIECTBO, BBLACIAET B aTMOChEpy YriIeKUCIbIN
ra3 1 MEeTaH, YBeJIU4MBasl MapHUKOBBIA 3PPeKT. ITO, B CBOIO OUEPE/Ib, CIIOCOOCTBYET yIYyULICHUIO
YCIIOBUH pOCTa pacTeHUH, OJJHAKO HACKOJBKO COaJaHCHPOBAHBI 3TH MPOLECCH], TOKa HEU3BECTHO,
TaK Kak peryjsipHble HaOIIOACHUS 3a TEMIEPATYPHBIM PEKUMOM TOYBBI U COCTOSTHUEM OHoOreorie-
HO30B MPAKTUYECKU OTCYTCTBYIOT.

TepMuueckuil pexuM IOYBBI 3aBUCUT, KaK MOKa3aHO MHOTMMHU uccienoBarensimu (ILlynsrun,
1967; KynbkoBa, [llaBanuesa, 2011; Hecsatkun u np., 2012; lemakos, Ucaes, 2013; [lemakoB u Jp.,
2016, 2017; Makapsiues, Jlebenesa, 2016), OT UX rpaHyIOMETPUUYECKOTO COCTaBa M BIAKHOCTH, a
TaK)K€ XapaKTepa PacTUTENBHOIO TOKPOBA U XO3SMCTBEHHOTO MCIIOJIb30BAHUS 3eMeEIb. PerynspHbie
COTpsiKEHHbIE HAOJIO/IEHUS 32 TEMIIEpaTypoil BO3lyXa U MOUBHI B Pa3IMUHBIX SKOTOIMAX MPOBOAST-
csl, K COYKaJICHUIO, JTUIIb dNu3oandecku. [IpoBeieHHbIe HaMu HAOJIOIEHUS TTOKa3alM, YTO TeMIepa-
Typa pa3HbIX CJIOEB MOYBBI M3MEHSAETCS Ha OOBEKTAaX HCCIEAOBaHUS B TEUEHHE BET€TAllMOHHOIO
NeproJia B J0BOJBHO OOJBIIMX IpeAesax, ONpeAeIsieMbIX KakK MOTOJHBIMU YCJIOBHSIMHU TOTO WU
MHOT'O IoJla, TAK 1 0COOEHHOCTSIMH HKOTOINOB (IIOJHOTHI U COCTaBa JPEBOCTOEB, TUIIA MOYB, IIyOuU-
HBI 3QJIETaHUs TPYHTOBBIX BOX U T.11.). Tak, k npumepy, B 2017 rony Hanbosee BbICOKON OHa Oblia
Ha ayry Bosie nepesHHu lllanTyHra, a camMoii HU3KOHW — B COCHSIKE YEPHUYHOM CO BTOPBIM SIPYCOM

71



enmu (Tabn. 5, puc. 9). Paznuna 3HaueHnit MeXay SKOTONAMH COCTABIIsUIAa B Mae B CaMOM BEpXHEM
cinoe nouBsl 3,0°C, a Ha OCTANIbHBIX TIyOWHAX M3MeHsachk oT 2,2 o 2,4°C. B urose pazHuIia craia
MEHee 3HaYuTeIbHOU 1 u3MeHsu1ach oT 0,9 no 2,3°C. B ceHTsa0pe TemmepaTypa MOYBBI 10 TIYOUHBI
20 cM OblIa caMOM BBICOKOM B COCHSKE JIMIIIAMHUKOBOM, a HanOoJIee ke XO0JI0QHON OHA OcTaBaiach
B COCHSIK€ YEpHUYHUKOBOM. PazHuIla TeMIepaTypbl MKy SKOTONIAMU B 3TOM MECSIIE COCTaBIIsLIa
B caMOM BepxHeM cioe mouBbl 1,9°C, a Ha octanbHBIX TiyonHax m3meHsuack ot 0,5 no 1,0°C. Pasz-
HUIIA MKy BEPXHUM M HUKHHM CJIOSMHU B MpeesiaX KaKJoro dKOToma Obuia Takxke cyrybo cre-
nupuyaHoi. B Mae oHa cocraBisuia B cpenneM 2,6°C, uzmensisick ot 1,9 mo 3,5°C (maubosee BbICO-
KO OHa ObLjIa B COCHSIKE OPYCHUYHHUKOBOM, @ CaMOH HU3KOH — B COCHSIKE YSPHHUYHUKOBOM), B HFOJIC
—4,7°C, uamenssich ot 2,3 10 6,4°C (caMoii HU3KOHM OHa ObLJIa B HATOPHOM JIMIHSKE boTaHn4ecko-
ro cana [II'TY, a Hanbosiee BBICOKOW — B COCHSIKE JTUIIAHUKOBO-MIITUCTOM). B ceHTsA0pe paznuuus
TEMIIEPATYpPhl MEXKIY Pa3HBIMU CIOSIMH MOYBBI COCTaBWIH B cpeqHeM 1,5°C, Bapbupys MEXKIY KO-
tonamu ot 0,6 1o 3,1°C (MakCUManbHBIMH OHU OBUIM B COCHSIKE JTUIIAWHUKOBOM, a MUHUMAJIbHBI-
MU — B COCHSIKaX OpYCHHYHHKOBOM M YepHUYHUKOBOM). Jlerom 2017 roxa Temmneparypa no4YBbI Obl-
J1a 3HAYUTEIBHO HIDKE, 4eM B 2016 romy, OCEHbBIO K€ MOJ0KEHHE KapAUHAIBHO U3MEHHUIIOCH.

Tabnuma 5
Temnepatypa nmoussl B 2017 rogy Ha o0bexTax B 3anoBeAHuke «bouabsmasa Kokmara» u apyrux OOIIT
oTON Nlara Cpennsist TemMneparypa no4sbl Ha pa3Hoi riyoune, °C
ytiera 5cm 10 cm 20 cm 40 cm 60 cm 80 cm
24.05 7,8 7,4 7,1 5,3 5,0 4,8
1. 3amoBeTHUK, COCHSIK
A HAKOBEI 12.07 14,8 14,0 13,3 11,1 10,5 10,1
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. 3ANOBEIHAK, COCHAK 12.07 15,1 13,5 12,8 10,6 10,1 9,7
JIMIIaHHUKOBO-MIIHCTBIH
13.09 12,5 12,0 11,8 11,9 11,6 11,5
23.05 7,6 7,1 6,8 5,1 4,9 4,6
%‘ 3anoBeHuK, COCHAK- 12.07 13,8 13,1 12,5 10,1 9,5 9,0
PYCHUYIHUK
13.09 12,2 12,0 11,8 11,8 11,6 11,3
23.05 5,6 54 53 3.8 34 3,3
4. 3anoBeHHUK, COCHSIK-
YEPHUIHUK 12.07 13,6 12,8 12,0 9,7 9,0 8,6
BJIQXKHBIH C €JIbI0
13.09 12,5 12,3 12,0 12,1 11,8 11,6
5. 3anoBeHUK, COCHSK- 24.05 5,7 5.4 5,2 3,7 3,6 -
YEepHUIHUK
CBIPOH C €JbI0, OCHHOH M Oepe3oii 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. 3anosepmm, Hlantymrexoe 12.07 14,8 13,7 13,1 11,5 11,3 10,3
Hone . b b b b bl >
13.09 13,2 12,8 12,5 12,7 12,7 12,3
7. Jleconapk «CocHoBast poiiay, 12.05 6,6 6,2 3,9 4.8 4,5 4,3
TIOMMCHHBIM JIyT 21.09 11,2 11,2 11,4 12,5 12,3 12,0
8. Jleconmapk «CocHoBas poray, 12.05 6,0 3,7 3,3 3,9 3,7 3,6
HOHMEHHbII CMeIanHbili J1ec 21.09 11,1 113 11,5 12,4 12,3 12,0
11.05 6,0 5,5 4,9 3,0 2,8 -
9. boranuueckuii cag [1II'TY,
JIUIHSK CHBITEBBIN HATOPHBIH 11.07 11,0 10,5 9.8 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. U3menenue TeMIepaTypbl INOYBLI IO 'PAAUMECHTY l"JIyﬁI/lH])l B Pa3/IMYHBIX IKOTOIIAX 3aII0BEC/IHUKA

3akiouenue. [IpoBeeHHbIE HAMM HCCIIEIOBaHUS MO3BOJMIN, TAKUM 00pa3oM, ONpeAeIUTh
IpeJesibl U 3aKOHOMEPHOCTH M3MEHUMBOCTH TEMIIEPATyphl MOYBHI B ycioBusxX Pecrybnuku Mapuit
On. YCTaHOBIIEHO, YTO TOYBA XapaKTepHU3yeTcs 0oJiee CTIIaXEHHBIM TEMIIEPAaTYPHBIM PEXKUMOM, T10
CPaBHEHHIO C MTPU3EMHBIM CIIOEM aTMOC(Eepsl, U €e CPeIHssl roIoBas TeMIIepaTypa, KOTopas Impax-
TUYECKU HE U3MEHSETCS C TUIyOMHOH, BBIIIE CPEIHEH TOIOBOM TeMIleparypsl Bo3ayxa Ha 4,2-4,5°C.
Ha rinyOune Bcero 20 cMm TeMieparypa MOYBbl B TEUEHHUE JIEBSITU MECALEB (SHBApb-MapT U HIOJb-
nexalOpb) BBIIIE CPEHEH MECSYHOM TeMIiepaTypsl BO3ayXa, a Ha Tayonne 320 cM ¢ ampens 1o ceH-
TA0ph OHa, HA000POT, HIbKE. CBA3b MEXy MHOTOJIETHUMHU PsJIaMH 3HAYEHUH CpeaHeld MecsuyHOU
TeMIepaTypbl BO37yXa M MOYBBI B 3UMHHUI NEpUOJ JOBOJIBHO cilabasl, 4TO CBS3aHO C Bapualuen
TOJIIIMHBI CHE)KHOTO MTOKPOBA B pa3HbIe TO/IbI, a C allpes 10 OKTAOph — oueHb TecHas. OueHb TeCHa
TaKXe CBA3b MEXJy cpe/lHell ro1oBOM TeMiepaTypoil mo4Bsl Ha riyOouHe 20 ¢M M IPU3EMHOTO €105
aTMocQepsl, OLleHeHHas TI0 MaTepHragaM HaOIOAeHUH pa3IMuHbIX MeTeocTaHuit Poccun.

['onoBoit X0 TemMnepaTyphl MOYBBI HAa Ka)KJI0M OTMETKE TJTyOHHBI UMEET CBOM OCOOEHHOCTH, OT-
pakaeMble COOTBETCTBYIOIIMMH ypaBHEHUSIMU perpeccuu. Ce30HHbI MMHUMYM Ha riryouse 20 cM
OTMEYaeTcs Yyallle BCEro B KOHILIE TPEThEeH JeKaibl IeKaOpsi UM B CEpeNHE MEPBOM IeKa bl SHBApS,
caBurasch Ha 5-7 aHelt Ha kaxxaple 10 cM rmyOunsl (Ha riayoune 320 cM OH oTMeUaeTcsl yKe B KOH-
e ampesns). TemneparypHblii MakcuMyM Ha rayOuHe 20 ¢cM HAcTymaeT B OCHOBHOM B CEpEIIUHE
uI0JIs1, a Ha riryouHe 320 cM — B KOHIIE aBrycTa WM Aaxe ceHTAO0ps. TepMuyeckuil pexuM MOYBBI
3aBUCHUT OT UX I'PaHYJIOMETPUYECKOTO COCTaBa M BIAXKHOCTH, a TAKXKE XapaKTepa pPacTUTEIBHOIO
MOKPOBa M XO3SHCTBEHHOT'O HCIIOJIb30BAaHUS 3eMellb (Ha CEMUTEOHBIX TEPPUTOPHUSIX U CEITbCKOXO-
3SIICTBEHHBIX YTO/bSIX TEMIIEPATypa MOYBHI BBILIE, YEM B JIECY).

3HaueHus CpeHel TeMepaTypbl OYBbI B JIETHE-OCEHHUN MEpUO/I U TOA0BOI0 MaKCUMyMa UMe-
0T YEeTKYI0 TEeHJCHIMIO K YBEJIMYEHHIO, CBSI3aHHYIO C IVIOOATbHBIM MOTEIUIEHHEM KiIuMaTa, 4To
ITOATBEPKJIAIOT JTAHHBIEC HCCIEN0BaTeNeH o IpyruM peruoHam Poccun. He ocraercs Takxke mocro-
SITHHOM BO BPEMEHHU INPOJIOJKUTENIHOCTh MEPUOJIOB € PAa3IMYHON TeMIlepaTypoi MOYBBI U CyMMBbI
HAKOIUIEHHOTO TEIUIa, BEIMYMHA KOTOPHIX MENJIEHHO, HO HEYKJIIOHHO BO3pacTaeT OT roja K ropay,
YTO NMPUBOAUT JIETOM K BO3PACTAHUIO PA3HOCTH MEXIy TEMIIEPATYpOil MOYBBI U BO3ayxa. I'onoBoi
KEe MUHMMYM TeMIIepaTypbl W TIyOWHA NpOMep3aHHs MOYBBI TPEHJA NMPAKTHUYECKH HE HMMEIOT,
GIyKTYyHpys BOKpYT HEKOTOPOTO cpeaHero ypoBHs. IloBblmeHre TeMnepaTypbl HOYBBI IPUBOJUT K
YAYYIIEHUIO YCIOBUI pocTa pacTeHUH M YCWJICHHIO AEATEIbHOCTH MOYBEHHOH OMOTHI, KOTOpasi,
pasnarasi OpraHu4ecKoe BEIIECTBO, BBIACISACT B aTMOC(Epy YITIEKUCIBIN ra3 U MeTaH, yBeTU4nBas
MapHUKOBBIN A (PEKT.

Jliis r1y0OKOro MOHMMaHUS POJIM MUKPOKIMMATA MOYB B (DYHKIIMOHUPOBAHUHU JIECHBIX OHOreo-
LIEHO30B HEOOXOMMO BO BCEX 3allOBEJHHKAX, HALIMOHAJIBHBIX MApKax U OOTaHUYECKUX cajax opra-
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HHU30BaTh PEryIAPHBIC COIPSAKCHHBIC Ha6J'IIO,I[eHI/I$[, KOTOPBIC IMOMOI'YT BBIABUTL CYILICCTBYIOIIUE
TECHACHIUU €0 USMECHCHUA U OLCHUTH PCAKIIUIO HA HUX OUOTEL.
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MNPOU3SBOAUTEJBHOCTb XBOU U KAMBUA CPEJHEI'O IEPEBA
B KYJIbTYPAX COCHBI PA3HON UCXOJHOM I'YCTOTBI

10O. II. Iemakos, T. B. HypeeBa
[ToBOMKCKMI TOCYTApCTBEHHBIA TEXHOJIOTUUECKUN YHUBEPCUTET

Bruanue eycmomul Opesocmos Ha nPou3so0UMenbHOCHb X60U OPEBECHbIX PACMEHU U3YYeHO NOKA
He00CmamoyHo, OMCcYmMCcmeylom ceedeHus 0 Npou3eooumeIbHocmu kamous. B pewenuu oannoi
npoobremvl NepCneKmueHbIM HANPAasieHuem Modcem Cmams umumayuonHoe mooenupoganue. Ilpu-
6e0eHbl pe3yIbmamvl MOOEIUPOBAHUSL OUHAMUKY NPOOYYUPOBAHUS MACCbL CMBON080U OpesecuHbl
ACCUMUTAYUOHHBIM ANNAPAOM U KAMOUeM CPeOHUX No pasmepam 0epesbed COCHbl 8 KYIbMmypax
COCHbL PA3HOU HAYATLHOU 2YCMOMbl, CO30AHHBIX 8 YCI08UAX cyxo20 bopa Pecnybnuxu Mapuii On. B
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0pesoCcmosix ¢ 2ycmomou nNOCaoKu 5 molc. 3K3./2a buomacca xeou sopacmaem 00 40-nemueco 603-
pacma, nocie yezo 0Cmaemcst Ha HeusMeHHOM yposHe. B pedxux Kynibmypax npupocm gumomaccsyl
CMBOI0BOTL OPeBECUHDL YBETUUUBACMCS NOCIENEeHHO, 00CMU2as MAKCUMYMA Tullb 8 o3pacme 60-
65 nem. YcemanosineHo, umo npouzso0UumenbHOCHb X60U U Kamobus cpeOHux no noxkazamenim oepe-
8be6 CHUICAENCsL NO Mepe VBeIUdeHUs UX 603paAcma U 2yCmomsl KyJabmyp, YeeiuueHue Komopou
gvlute 3 moic. 3K3./2a 6 sozpacme 20 nem HeyenrecooOPaAs3Ho, NOCKOILKY MO NPUBOOUM K CHUICE-
HUI 3¢hGexmusHocmu pabomsl ACCUMUIAYUOHHO20 ANNAPaAma u Kamous depesvbes, 6 pe3yibmanme
Ye20 OHU NPOU3BOOSIM MEHLULYIO MACCY CMBO0JI080U Opedecunbl. B bonee dce pedxux Kyrvmypax
CpeoHue no pasmepam 0epesvs Hauboee NOIHO OeNOHUPYIOM YeleKUCcIomy, 3¢ dexmusHo ucnov-
3Y5 CONHEUHYI0 IHepeuio 0l 00pazoeanus buomaccol. /s nosviwenus d¢ppexmusnocmu pabomol
X60u u Kamousi 0epesbes HeoOXO0OUMO ONMUMUSUPOBAMb HE MOJbKO HAYAIbHYIO, HO U MEKYUVIO
2ycmomy Kyaibmyp, C80e8peMeHHO nposoos pyoku yxooa. Ha ocrnose nposedennozo ucciedosaruis
OJ1sL YCNIOBULL CYXUX U C8EHCUX OOPO8 pazpaboman HOPMAmMuE ONMUMAILHOU MeKyujell 2yCcmonvl
KYIbmyp, npu Komopou, drazooaps naudonee 3¢hghekmugHol pabome accCuMUuIAYUOHHO20 annapa-
ma u kamous oepesbes, 00ecneyu8aencs HausblCuULl 200UYHbLL NPUPOCH CMBOJI0B0L OPEeBECUHDL.

Knrwueesvie cnosa: COCHA, JleCHble K)YJlbmypbl, ¢M7’I’ZOMCICCCZ, aC’CMMM]lﬂl/;MOHHbZZ:Z annapam,
KaM6u12,' cmeosiosat OpeeecuHa; npouseodumeﬂbﬂocmb; umumayuoHHoe Modeﬂupoeaﬂue.

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.

BBenenue. JlecHble s5kocucTeMbl HEMPEPBIBHO U3BIMAIOT U3 aTMOC(ephl yriepo, mpeodpa-
3ys ero B mporecce (POTOCHHTE3a B OPraHMYECKOE BEIECTBO, OJaroiaps 4eMy BBIIOJIHIIOT BaX-
Heilmyo QyHKIuo B OMOC(epHBIX IMpoleccax M cTabuiau3aluy KiIMMara Ha Halled IUIaHeTe.
HapaBHe ¢ eCTECTBEHHBIMU IPEBOCTOSIMH 3TY POJIb BBIIOJHSAIOT MOCAKEHHBIE YEIIOBEKOM Jieca,
IIOUIa/lb KOTOPBIX B MUPE U3 TO/A B TOJ1 yBEIMYMBAETCS U cocTaBisieT 277,9 M ra, wim 6,95% ot
obmeit uomanu necos (Payn et al., 2015). JlecHbie 3x0cHCTEMBI BaKHBI KaK UCTOYHUKU H TIOTIIO-
tutenu atMocepHoro CO,, a Takke Uil XpaHEHMs yriepoja B (puromacce, MOACTUIKE U MOYBE
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(Kyp6anos, 2002; Kurbanov et al., 2007; Hall, 2008). Bennurna moriomnieHus yriepoia 3aBUCUT
IIPU 3TOM OT JEATEIbHOCTH aCCUMIIISIIMOHHOTO amnmnapara U kamOus JepeBbeB, 00pa3yrollux eiu-
HYIO CUCTEMY, YCTOHYMBOE (YHKIIMOHUPOBAHUE KOTOPOU PETyIUPYETCS MEXaHU3MOM OTPULIATEINb-
HOW OOpaTHOM CBs3U. ACCHMMIISIIMOHHBIN ammapaTr oOecliedrBaeT BCEe OpraHbl JepeBa SHEpPrHeH,
MPEBpaIEHHON UM B Iporecce (JOTOCHHTE3a B OPraHUYEeCKOE BEIIECTBO, KOTOpOEe KaMOMil ¢ BOJ-
HBIM TOKOM JIOCTaBJISIET K KOPHSM.

[To3HaHneM 3aKOHOMEPHOCTEH M3MEHEHHUsI MPOU3BOJUTEIHLHOCTH JIUCTBBI U KaMOUs IEpEBbEB B
IIPOLIECCE UX POCTa MCCIIEOBATENN 3aHMMAIOTCS, KaK IO0Ka3ajl B CBOEM JeTalbHOM 0030pe B.A.
Ycombies (2017), yxxe gaBHO. Y CTaHOBJIEHO, K IPUMEPY, UYTO Macca U MPOU3BOJAUTEILHOCTh aCCH-
MUJISIIIMOHHOTO afapara CBsi3aHa HE TOJbKO C TOJAWYHBIM MPUPOCTOM CTBOJIA, HO TAaKXKe C BO3pac-
TOM, BBICOTOM, JUAMETPOM U PAHTOBBIM ITOJIOKEHHEM JiepeBa B 1ieHo3e (Harumos, 1987; Vconbries,
1988, 1997). [TokazaHo Tak»e, YTO Macca XBOM WM JINCTBBI IEPEBbEB HE MOXKET MPEBBIIIATH HEKO-
TOPOTO IpeJieNa U ee MPUPOCT B BEPXHEH 4acTU KPOHBI cOATaHCUPOBAH OTMUPAHUEM B HIKHEH Ya-
CTH BCJICZICTBHE HEXBATKH COJHEYHOW paamanuu. P. Vanninen u A. Mékeld (2000) nzydanu Bius-
HHUE BO3pacTa, pa3Mepa U cTaTyca KOHKYPEHTOCIOCOOHOCTH JIEPEBBEB HA JIMCTBY M MPOU3BOACTBO
JpeBeCHHBI 43 epeBbeB COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.) Ha rore @unnsaann. CoriacHo
UX MCCIIE0BAaHUSAM, OTCTaBLIME B POCTE JE€PEBbS MPOAYLUPYIOT OOJIbIIE IPEBECUHBI, YEM JOMHUHHU-
PYIOLIHE IePEBbs, U POCT UX CTBOJIA HA €AMHHUILY MACChI IUCTBHI ObUT OOJIBIIIE, @ IEPEBhs B HACAK-
JeHUSIX ¢ 0oJiee BHICOKOHM IIIOTHOCTBIO OTJIMYAIOTCS 00Jiee MHTEHCUBHBIM POCTOM CTBOJIA JIEpeBa B
BBICOTY, YeM JIEPEBbs B peaKux apeBoctosix. ['pymmoil yuensix (Innes et al., 2005) Obuta HalineHna
CBSI3b MEXIy MHIEKcoM Tuiomaau nucta (LAI) u yBenuuenuem 3amnaca npeBoctosi. McnonszoBanue
LAI kak vHCTpyMeHTa JUIsl Jy4YIlIero MOHHMMaHHUS POCTa APEBOCTOS M €ro HMCIHOJIb30BaHUS MPHU
yIpaBJICHUH POCTOM HACAKIEHUH, MO UX MHEHHIO, SIBISETCS BaXHON O0JIACTHIO MCCIIEIOBAHUM.
Bnusinue e Ha MPOM3BOAUTEIBLHOCTD JUCTBBI (XBOU) AEPEBbEB PA3IMUYHBIX KOJOTHYECKUX (PaKTO-
POB, B TOM YHUCJIE€ TYCTOTHI IPEBOCTOSI, U3y4EHO MOKa KpaiiHe ciabo.

OnHUM M3 MEpCNEeKTUBHBIX MyTEH pelleHus 3TOW 3aJayu, KOTopas COIpsiKeHa ¢ OOJIbIIUMU
TPYAHOCTSMU METOAMYECKOI0 XapakTepa, SBISETCS MMUTALMOHHOE MOJIEIMPOBAHUE, OCHOBAaHHOE
Ha 3aKOHOMEPHOCTSX M3MEHEHHUs MapaMeTpoB JIEPEBBEB W MAcCChl UX (PPaKIUii, BHIPAKCHHBIX B
(dbopMe perpecCHoHHBIX ypaBHEHUH. MaTemMaTH4ecKue MOJIENU BBICTYMAIOT MIPU 3TOM HE TOJBKO Kak
CPEICTBO ONMMCAHUS KOHKPETHBIX SMIIMPUUECKUX JAHHBIX, HO U KaK METOJ] O3HAHUS aHATU3UPYEMBbIX
SIBJICHUM.

Heas padoThl 3akiroyanach B OIEHKE BIMSAHUS MCXOJHOW T'yCTOTHI KYJIbTYp COCHBI Ha
MIPOU3BOIUTENILHOCTh XBOM M KaMOUSI CPEIHUX 110 pa3MepaM JAepeBbEB, YTO HEOOXOIUMO I BBIOO-
pa ONTHUMAIBPHOTO PEKHUMA UX BBIPAITUBAHHMS.

Marepuan n Meroauka. OObEKTOM HCCIEIOBAHUS SABISAIUCH KYJIbTYpbl COCHbI OOBIKHO-
BEHHOI pa3Ho# HauanbHOU T'ycTOTHI (0T 0,5 10 10 ThIC. 5K3./Ta), co3nanHble B 1977 roay Ha 1uioma-
o1 7 ra, pacuMUIEHHON OT MOTHOIIero B pe3yibTare mokapa 50-JIeTHEro COCHOBOTO JAPEBOCTOS
€CTECTBEHHOT'O MPOoUCXoxkIeHHs. Penbed yuacTka poBHBIi, OYBa IEPHOBO-CIIA00IO[30IUCTAs T1EC-
YaHasi, TUI YCIOBUN mpou3pacTaHus — A, , TUI Jieca — COCHSK JIMIIaiHUKOBBIA. Ha oObekTe B
1988, 1991, 1996, 1999, 2003, 2008, 2011 u 2018 ronax npoBeaeHa OLEHKA COCTOSIHUS APEBOCTOS
C TIOJHBIM TIEpEeUeTOM JIepeBbeB U 00MEPOM MX BBICOTHI y 15...20 cpeHuX MO pa3Mepam 3K3eMILIs-
poB. [Ipon3BOAUTENBHOCTh ACCUMUIISIIUOHHOTO alapaTta JIEPEBbEB, SABISAIOMIASCS OAHOW U3 BaX-
HEHIIMX XapaKTePUCTHK MPOAYKIIMOHHOTO MPOIecca, PAaCCUUTHIBAIU KAaK OTHOIICHHWE BETUYHMHBI
TEKYIIEro roJIMYHOro MPUPOCTa aOCOMIOTHO CYXOH Macchl CTBOJIOBOM JIpEeBECHHBI K Macce XBOU B
MPEIIIECTBYIOLIEM TO/y, & IPOU3BOJUTENILHOCTh KaMOUsI — KaK OTHOIIEHHWE TOJUYHOI0 MPHUPOCTa
MacChl CTBOJIOBOH JAPEBECUHBI K TUIOMIAAN MTOBepXHOCTH J1yOa. [{udpoBoit smmupudeckuii MaTepuat
o0paboTaH OOUIENIPUHATHIMU METOJAaMH MaTemaThueckoi cratuctuku Ha [IK ¢ ucnonszoBanuem
MAaKeTOB CTaHJAPTHBIX MPUKIAAHBIX IporpamMM Excel u Statistica.
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PesyabTaTsl 1 uX 00cy:kaeHue. MccnenoBanus noka3aiu, YTO BIAUSHUE UCXOIHON I'yCTOTHI
KYJIbTYp Ha COCTOSIHHE M TaKCAI[MOHHBIE MapaMeTphl APEBOCTOs OoJiee UM MEHEE OTYETIUBO IPO-
SBUJIOCH YK€ B BO3pAacTe ISATH JIET U IO MEpe €ro YBEIMUEHUS Pa3Inyusi CTAHOBUIIMCH Bce Ooliee
BoIpakeHHbIMU ([lemakoB, Kanunun, 1997; JlemakoB u ap., 2002, 2016). 3menenue cpenHeii Bbl-
COTBI M CPEJIHETO TMaMeTpa JPEBOCTOEB C X BO3PACTOM OIMCHIBAIOT COOTBETCTBYIOIINE YPABHEHUS
perpeccun (Tabdn. 1). O600mEeHHbIE MATEMATUYECKHUE MOJICNIN, 00SCIICUNBAIOIINE HE TOJIBKO OYCHb
BBICOKYIO TOUHOCTb aNIIPOKCUMAIMK UCXOIHBIX JaHHBIX (p < 0,001), HO U yunThIBarOIIME YCUIINBA-
olieecss ¢ Bo3pacToM (A, JeT) BIMSHUE MCXOAHOM rycToThl ApeBocTosl (N, THIC. 3K3./Ta), HUMEIOT
CIEAYIOUIUI BU;

Hep = (24,82 - 0,174'N)" {1 —exp[-(27,46 — 0,656'N ) 107" A ]} 1°10 X C0022N) "R2 — 0 972;
D = 1,816:(A — 5)%707ex(0047N). R2 — 0935,

[To 3nauenusim cpeanero quamerpa (D, cm) u BeicoTsl (H, M) 1peBOCTOSI MOKHO Ha OCHOBE BbI-
SIBJICHHBIX HaMu 3aBucumocteit (emakos, 2014; [lemakos, IlypsieB, 2015; JIlemakoB u ap., 2016)
oreHHTh 066eM (V, M), Maccy (M crponss KT) H TOBEPXHOCTB (S, M) CTBOJIA CPEIHETO IEPEBa, a TAK-
&e Maccy ero XBoU (Mo, KT'), HCTIONB3YS CIEIYIONINI HAOOp pEerpecCHOHHBIX ypaBHEHHI, obec-
MEYUBAIOIINX HA/ICKHYIO allMPOKCUMAIINIO HCKOMBIX JTaHHBIX:

V=5,1810""H** (D +1)*, v,
Memsona = 20,137 107 "H*®" (D + 1) «r,
S camons = 20,64 107 (D + 1) 'H*”, w7,

M on =22,317107"(D + 1), k.

Tabnuna 1
IMapamMeTpbl ypaBHEHUI AMHAMHKH POCTA JePEBbEB B KYJILTYPaX COCHbI PA3HOIl HCXOHOM I'yCTOTHI

IMapamerp 3HayeHus NapaMeTPOB YPaBHEHUI 1Jisl PA3HOM HAYAJBHOM I'YCTOTHI KYJIbTYP
YPaBHCHHHA 5005k3./ra | 10005k3./ra | 30003k3./ra | 50003k3./ra | 10000 5K3./ra
Cpennsis BeicoTa nepeBbeB, H =K'[1 —exp(-a 10°°X)]1°, M

24,7 24,6 243 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

Cpennuii quametp aepesbeB, 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

Pacuersl nokazanu, 4To TEKyIIUW FOJWYHBIN PUPOCT MACCHI CTBOJIOBOM JIPEBECHHBI B KYJIbTY-
pax rycroToit 3-5 ThIC. 9K3./Ta M0 25-30-m€THErO BO3pacTa caMblii BBICOKHM W mocturaet 2,0-2,5
T/Ta, a 3aTeM Ha4MHAET CHIDKAThCA. B pekux KyJabTypax mpupocT GUTOMACCHI CTBOJIOBOM IpeBeCH-
HBl YBEJIMYMBAETCS TOCTENEHHO, JJOCTUras MakCUMyMa JIMb B Bo3pacte 60-65 ner (puc. 1A). B
JPEBOCTOSIX € TYCTOTOM MOCAIKU 5 ThIC. 9K3./Ta Onomacca XBou Bo3pactaet 10 40-1eTHEero Bo3pac-
Ta, IIOCJIE Yero OCTaeTcsl Ha HEeM3MEeHHOM ypoBHe (puc. 1b). /lunamuka ¢uromaccsl acCUMHUIISAIN-
OHHOTO armapaTa JIepeBbeB UMEET HHOU XapaKTep, UTO CBUAETENbCTBYET O pa3HOU APPEKTUBHOCTH
ero paboThl B TYCTHIX U PEKUX KyIbTypax. I'paguuecku oTroOpa>keHo, 4To 3a UCCIeAYyeMbIi epu-
ol ¢ 15-neTHero Bo3pacra NPOU3BOAUTEIBLHOCTh XBOH, OTpaXkarolas ee paboTy IO MPOU3BOJICTBY
JPEBECHHBI, TIOCTENEHHO CHUXKAETCSI, MPUYEM B HACaXJIEHUSX COCHBI C 0ojee BBICOKOM TI'yCTOTOM
1 Kr XBOM CpPEIHUX IO pa3MepaM JIePEBhEB MPOU3BOIUT MEHBIIYIO MacCy ApeBeCUHBI (puc. 2A).
C yBennyeHHeM HadaJlbHOM T'yCTOTHI B KYJIbTypax CHHUYKAETCS JEATEIbHOCTH KaMOUs CpellHuX Jie-
PEBBEB IO TIPOM3BOJCTBY €KETOJHOT0 MPUpPOCTa (GUTOMACCH ApeBecHHbI (puc. 2b), mpuuem mio-
113 KaMOUsl COCHBI Ha TeKTape HanboJiee BeMuKa B TYCThIX KylbTypax (puc. 3A). OTHOIIEHHE K€
Macchl XBOM K IJIOLIAIM KaMOMsI CHHKAETCS TI0 MEpe YBEIMUYCHHS BO3pacTa KyJIbTyp U UX TYCTOTHI
(puc. 3b). Takum 00pazom, B peAKUX KYJIbTYpax CpeIHHE MO pa3Mepam AepeBbs 0ojiee MOIHO Je-
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Puc. 1. luHaMHKa TeKylIero roiM4YHoro NpupocTa Macchl CTBOJI0BOII IpeBecHHBI (A) H HATUYHOIO 3amaca
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Puc. 2. lunaMuka Npou3BoAUTEeIbHOCTH XBoM (A) u kam0Oust (b) cpeanux no pasmepam
JiepeBbeB COCHBI B KYJIbTYPaX Pa3HOH HAYAJIbHOM I'yCTOThI, CO3AaHHBIX B CYXOM 00py
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Puc. 3. lnnaMuKa I1010A/IM IOBEPXHOCTH KaMOHs JepeBbeB (A) M ee OTHOLICHHSA
K Macce xBou (b) B KyJ1bTypax cocHbI pa3Hoii HA4aJIbHOM I'yCTOTbI

MOHUPYIOT YIJIEKUCIIOTY, () (HEKTUBHO MCIIONB3YS COTHEUHYIO SHEPTHUIO IS 00pa3oBaHHs Onomac-
CHI.

st moBbItiieHUs1 3G HEKTUBHOCTH PaOOTHI XBOW M KaMOMS IEPEBbEB HEOOXOIMMO ONTHMHU3HPO-
BaTh HE TOJIBKO HaYaJbHYIO, HO M TEKYILYIO T'YCTOTY KYJIbTYp, CBOEBPEMEHHO IIPOBOJS PYOKH yXO-
Ja. PvaCTLI, OCHOBAHHBIC Ha NPUBCACHHLIX BBIIIC SMIIMPUYCCKUX MOICIAX, IMOKa3ajliu, 4YTO OHa
HKCHOHEHIIMAJIBLHO CHIXKAETCS C BO3PACTOM KYJIBTYpP, MOCTENICHHO BBIXOJs Ha miaro (tadi. 2). Oty

79



3aKOHOMECPHOCTD OIMHMCBIBACT CIICAYIOIICC YPAaBHEHUE PErPECCUN:

Nom. = 3500 exp (-29,52" 107" A**?) + 500, R* = 0,984;
B KOTOPOM N ;. — ONTUMAaNIbHAS TEKYIasi TyCTOTa IPEBOCTOsI, oOecreunBaromias Hanboiee 3 dek-
TUBHYIO pa0OTy acCCUMMIJIALIMOHHOTO arnapaTa JIepeBbeB U HAUBBICIIUI TEKYIIUH TOAWYHBIN MpH-
POCT CTBOJIOBOM APEBECHUHBI, 9K3./Ta; A — BO3PACT IPEBOCTOS, JIET.

Tabauma 2
3HaveHUs MapaMeTPOB IPEBOCTONA B KYJIbTYPaX COCHbI ONTHMAJIBLHON I'yCTOTHI B CYXUX U CBEKHX 60pa]3_;l
MMapameTtp 3HayeHNs NapaMeTPOB IPEBOCTOs B PA3JINYHOM BO3pacTe, JieT

APEBOCTOsI 20 25 30 35 40 45 50 55 60
I'ycrora, 3K3./Ta 3000 2500 1900 1500 1100 830 670 580 530
TTonHOTa, OTH. €IWH. 0,43 0,52 0,60 0,67 0,73 0,78 0,82 0,86 0,90
3amac, m/ra 41 75 110 140 162 181 204 237 284
CpeHsisi BRICOTA, M 6,5 8,3 10,0 11,5 13,0 14,3 15,5 16,6 17,7
Cpennuii tuameTp, cM 6,2 8,7 11,3 14,0 16,7 19,5 223 25,2 28,2
IIpoekIus KpoHHI, M 3,6 53 7,2 9,1 11,0 12,9 14,6 16,3 17,8

3HaueHusl napaMeTpoB IPEBOCTOSI B KYJIbTYpax COCHbI ONTUMAIbHON T'YCTOTBI, CO37aBacMbIX B
CyXHX ¥ cBexxux Oopax Pecny6nmku Mapuii D1, mpu KoTopoii, 6iarogapst Hanbomee 3 hekTuBHOM
paboTe acCCHMUWJISIIIMOHHOTO armapara u KaMOus JepeBheB, 00€CIIEUNBACTCS HAUBBICIITNI T'OINYHBINA
IIPUPOCT CTBOJIOBOM JIpeBeCHHbI, IpUBE/eHbI B Tabauie 2. B Bozpacrte 20 jer onTuManbHas rycTo-
Ta KynbTyp cocHbl coctaBiseT 3000 sk3./ra, k 60-1eTHEMy Bo3pacTy oHa cHIbKaercs 10 530 sk3./ra.
OTHOocHTeNbHAs [TOJHOTA IPEBOCTOS B HAUaJIbHBIHM NepHOA pocTa KyJIbTyp OUY€Hb Majia, HO B IOCIIe-
JYIOLIEM OHa PE3KO YBEIMUYUBAeTcs, JocTuras K Bo3pacty 60 net 0,9 OTHOCUTENbHBIX eAuHuULL. 3a-
Tac APEBOCTOS TIPU ITOM 3HAUEHHH COCTaBIseT 284 M°/ra.

3akirouyenue. Pe3yabTaThl IPOBEIEHHOIO UCCIIEA0BAHUS MOKA3bIBAIOT, YTO B CYXUX U CBE-
xux 6opax PecniyOonuku Mapuii On ontumanbHas rycrota B 20-J1€THEM BO3pacTe KyJIbTYp COCHBI
0OBIKHOBEHHOM Om3ka K 3,0 ThIC. DK3./Ta. YBenWYeHUE TYCTOTHI BRIPAIIUBAHUS CBBIIIE 3 THIC. 9K3./
ra B JaHHOM BO3pacTe Helleaecoo0pa3Ho, MOCKOJIbKY 3TO MPUBOAMT K CHIXKEHUIO 3()()EKTUBHOCTU
paboThl aCCUMIJIILIMOHHOTO anmnapaTa U KaMOusi CpeHMX IO pa3MepaM JIepEBLEB, B PE3yJIbTaTe
Yero OHU MPOU3BOIAT MEHBIIYIO Maccy CTBOJIOBOHM JipeBecuHbI. B Gosee peakux KyabTypax Jaepe-
Bbs CO CpPEJIHHUMH IOKa3aTelsIMU HauOoyee MOJHO JETMOHHPYIOT YIIEKHCIOTYy, 3()(EeKTUBHO HC-
MOJIb3YsI COJTHEYHYIO SHEPTuio A oOpa3oBaHus Ouomaccsl. /11 noBbimeHus 3p(EeKTUBHOCTH pa-
00TBI XBOM U KaMOUs JepeBbEB HEOOXOAMMO ONTHUMU3HUPOBATH HE TOJBKO HAyaJIbHYIO0, HO U TEKY-
IIYI0 TYCTOTY KYJbTYp, CBOEBPEMEHHO MPOBOJSA PYOKH yxona. Pe3ynbTaThl MpoBEAEHHOIO UCCIe-
JIOBaHMSI MO3BOJIMIIM pa3paboTaTh JUIsl YCIOBUH CyXMX M CBEXKUX OOpOB HOPMATHUB ONTHUMAJIbHOM
TEKyIeld TyCTOThI KyIbTYyp, IPH KOTOpPOH, Oiaronapsi Haubosee 3P hekTuBHON paboTe acCCUMUIIS-
LIMOHHOTO amnmnapara U KamOus CpelHUX M0 pa3MepaM JepeBbeB, 00eCreUBaeTCsl HaUBBICIIUN T0O-
JUYHBIN TPUPOCT CTBOJIOBOM APEBECHUHBI.
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OLEHKA UBSMEHYUBOCTH IJIOA/IA YYACTKOB OCTPOBHOI'O
MECTOHAXOKAEHUSA COCHBI KEAPOBOU CUBUPCKOU B CBsA3U C UX
I'EOI'PAOUYECKHUM ITOJIOXKEHUEM B PECIIYBJIUKE KOMU

B.B. Ilaxyuwuii, JI.M. Ilaxyuas
ChIkTBIBKapcKuii JecHOM HHCTUTYT CaHKT-IleTepOyprckoro rocyaapcTBeHHOTO
necorexHuueckoro ynusepcurera uM. C. M. Kuposa

B cmamvbe uznodtcenvi pe3yiomamol u3y4eHus 0OCMpOoSHbIX Y4acmKkos Keopa cubupckozo (Pinus
sibirica Du Tour) ¢ Pecnyonuxke Komu. Takue nacaxcoenuss omaudaromcs 602amcmeom 8U008020
PA3H000pasus, Xapakmepuszyiomcs BbICOKUMU 3aNaAcamu OpesecuHvl U AGIAIOMCA XPAHULIUWAMU
PECUOHATILHBIX 2eHEeMUYECKUX JeCHbIX pecypcos. TeMHOX80lHble ¢ KeOPOM HACANCOeHUs Cla2aiom
0e6cmeenHble JleCHble MACCUBbL U BKIIOUEHbL 8 CUCEM) 0C000 OXPAHAEMbIX NPUPOOHBIX MEPPUMO-
puii pecnyonruxu. Hacasxcoenus ¢ kedpom cubupckum ¢ Pecnyonuxe Komu xapaxmepusyiomcs 8bi-
cokum os3pacmom (00 340-480 nem), oocmamouno vicoxou npouzgooumenvrHocmoio (I11-1V knacc
6onumema), sanacom 0o 350-385 m’/2a. Ecmecmeennoe 60306n06nenue kedpa ommeueno na 88%
NpoOHLIX naoWadeu. Dmo ceudemerbcmeyem o0 Henpepbi6HOCMU 80300HOBUMENbHO20 Npoyecca
Mot NOPOObl. 3a epanuyamu CRJIOUHO20 apeaa YYacmKu OCmpo8Ho20 Kedpa ommeydeHvl om 61,76
00 66,46 epadyca cesepnoul wiupomul, u om 49,75 0o 62,33 epadyca socmounou doreomwi. Ha ka-
yecmeeHnom (25%,) yposHe 3HAUUMOCMU COBOKYNHBIM GIUAHUEM WUPOMHO20 U MEePUOUOHATLHOO
nooxcenus onpeoensiemcs okono 15 % uszmenuusocmu niowaou y4acmkos OCmMpOBHO2O Keopd.
Omo noomeepoicoaem npedcmasgienue 0 KIUMAMUYECKOU 00VCI08IeHHOCMU CeB8EePHOU PAHUYbL
apeana keopa u yKaswvléaem Ha mo, 4mo npu 000CHOBAHUU NOJIONHCEHUsL 3ANAOHOU ePAHUYbL apeand
Haps0y ¢ AHMPONO2EHHLIMU PAKMOPAMU OONHCEH YYUMBIEAMbCL MAKHCe U 6KAA0 KIUMAMUYECKOU
cocmasnsaowel. /[na popmuposanus epanuy apeana Kkeopa 8axcHoe 3HAYeHuUe umeem ecmecmeeH-
HbLLL OpeHadc meppumopuu. Imo uzeecmuoe noaoHceHue noOmeepHcOaemcs O0CMOBEPHOU CE53b10
MedHcoy 2ycmomotl 60300H061eHUs KeOpa HA NPOOHBIX NIOWA0SX U PACCMOSIHUEM OM 9MUX npoo-
HbIX naowjadel 00 OIUNHCHEe20 KaHANA HA 00beKkmax ¢ uckyccmeeHuwvim operasicem (R = 0,80, Rygs =
= 0,71). Ilo oannvim memeocmanyuil Pecnybonuxu Komu, 0oneo8pemennas meHOeHyusi NOBbIUUEHUS
memnepamypbl MOMCem umMems nPOMUEONON0NCHYI0 00U EeNPUHAMBIM NPeOCMAIeHUAM HANPAG/IeH-
Hocmb. B céazu ¢ amum, npu oowjeri meHOeHyuy nomenieHus Kiumamad, 6 OmoelbHblX PatloHax pec-
nyonuKy He 0653amenbHO cledyem 0HCUOAMb CMeUjeHUsl CeGEPHOU 2PanUlybl 1eCHOU PACMUMENTbHO-
cmu, 8 m.y. OCMPOBHBIX YUACMKO8 KeOpd, 8 CeBEPHOM HANPABIEHUU.

Knroueswvie cnosa: xedp cudbupckuil, Pecnyonuxa Komu, apean, ocmpognoe mecmonaxodxicoe-
Hue, KIUMAam, eCmecmeeHHblll U UCKYCCMBEHHbIU OPEeHAXC.

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.

Beenenune

B Pecniy6nuke KoMy mpoxonsT rpaHuIbl apeajoB MHOTMX BUIOB CUOMPCKUX JIPEBECHBIX, KY-
CTapHUKOBBIX U TPABSIHUCTBIX pacTeHui. Hanbomnee 1IEHHBIM M MOJIE3HBIM M3 HUX SIBISETCSA KeJlp
cuOupckuii (cocHa kenpoBasi cubupckas — Pinus sibirica, Du Tour — «cyc-my» Ha koMu s3bike). O
3HAYEHUH Kepa CUOUPCKOTo A (POPMHUPOBAHMS Ta€KHBIX JIaHAIA(TOB, €ro MOJIE3HBIX CBOMCTBAaX
Y 3HAUEHUW JJI1 HApOJHOTO XO34HCTBA, PAcpOCTPaHEHHMM TEMHOXBOWHBIX C KEIPOM JIECOB, MX
MIPOMCXOXKACHUM U JUHAMMKE TpaHUI] apeana umeercs oOmupHas nuteparypa (Hemomuiyesa,
1974; KpbutoB u ap., 1983 u np.). ABTOpEl OTMEUAIOT, YTO JUIsl KeApa CUOMPCKOro XapakKTepHa
(dbparMeHTapHOCTh apeana (OCTPOBHOE MPOM3PACTAHME) HA €ro TPaHUIlAX, YTO XapPaKTEPHO TaKKe
Ui IpYTUX MOpoJi, Hampumep enu, U pernoHoB Poccum (KpsutoB u ap., 1983; Callaghan et al.,
2002).

N3y4yeHne oCTpOBHBIX MECTONPOM3PACTAHUN KEpa MPEICTABISIETCS NHTEPECHBIM C TEOPETHYE-
CKOW M BaKHBIM C MPAKTUYECKON TOUYKHM 3pPEHHUS HANpPaBIEHUEM HCCIENOBAHUN. DTO OOBSICHACTCS
TEM, YTO OCTPOBHBIE MOMYJSAILMH Kepa OTIMYaroTcs 00raTcTBOM BHAOBOTO pa3HOOOpasus, 4acTo
BKJIIOUEHBI B MO3auKY J€BCTBEHHBIX JecHbIX MaccuBoB ([Taxyuuit, 1999), moryt xapakTepus3oBaThb-
Csl BHICOKMMHU 3aracaMu JIpeBECUHBI U SBJISIOTCS 00bEKTaMH BBISIBICHUS M COXPAHEHMS] UMEIOUINX-
Csl B PETMOHE T€HETUYECKHUX JIECHBIX pecypcoB. M3yueHne yqacTkoB OCTPOBHOIO KeJpa BaXKHO IS
MIPOrHO3a COXPaHHOCTH BHUJIOB B 0CO00 OXpaHsIeMbIX NMpUpoAHbIX Tepputopusx (Kosybos, Jlerresa,
1996). I'panuirsr apeana pa3IUYHBIX MOPO/I, B T.4. U KeAPa, BO MHOTUX CITy4asx 0OYCIOBIICHBI KJIH-
matnueckumu ycnousamu (Kucenes, 2005 u np.). OcTpoBHON XapakTep MPOU3PACTaHUs APEBECHBIX
opoJ1 0OOBIYHO OOBACHSETCS yXYAIIEHHEM YCIOBHM Mpou3pacTaHUs Ha Kpasx apeaja IO CpaBHe-
HUIO C ero HneHTpanbHoi yacThio (Kpbutos u ap., 1983). IlosTromy u3yueHre n3MeHYMBOCTH ILIOIIA-
JIM Y9aCTKOB OCTPOBHOT'O KeZpa MO Mepe yJaJIeHUs OT TPaHMIIbI CIUIOIIHOTO apeajia MOXET OBITh
MOJIE3HO C TOYKH 3PEHHS KOJIMYECTBEHHON OLEHKU KIMMATHUECKOW 00yCIOBICHHOCTH apeaa.

[Tpy u3ydyeHuu rpaHull ¥ MO3auK PaCTUTENIBHOIO, B T.4. IPEBECHOTO MOKPOBA, B MOCIEIHUE -
CATUJIETHUS IIUPOKO MCIOJB3YIOTCS KOCMHUYECKHE TEXHOJIOTUH IUCTAHIIMOHHOIO 30HAMPOBAHUS
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3emmn (Kyp6anoB u np., 2015; Kyp6anos, 2016). B cBsizu ¢ 3TUM HEOOXOAUMO OTMETHUTH, UYTO CO-
IJIACHO METOJAMYECKUM PEKOMEHIAIUsIM IO MPOBEICHUIO TOCYAAPCTBEHHOM HHBEHTAPU3AIUH JIECOB
P® kenp BKIIIOYEH B CBETIIOXBOWHBIE JIECHBIE CTPAThl BMECTE C COCHOM U JINCTBEHHUIIEH, TOT/1a KaK
TEMHOXBOWHBIC JIECHBIC CTpPAThl OOBECIUHSIOT €Illb, MHUXTY H MOXIKEBEIbHHUK J[PEBOBHIHBIN
(Metonuueckue pekomeHaanuu. .., 2011). BoamoxxHo, 00beIMHEHHS Kelipa CHOMPCKOTO CO CBETJIIO-
XBOWHBIMU MTOPOIAMHU BBITIOJIHEHO TI0 ()OPMATBHOMY MPU3HAKY — €r0 HA3BAHHUIO «COCHA CHOHMPCKAS
KeZpoBas». B To e BpeMst 3T0 MOXKHO pacCMaTpUBaTh KaK CBHJIETEIBCTBO HEIOCTATOYHON U3YUCH-
HOCTH BOTIpOca 00 MCIOJIB30BaHUU METOJ/OB JUCTAHIIMOHHOTO 30HIMPOBAHUS IJIS IIeJIeii HHBCHTA-
pHU3alMU TEMHOXBOWHBIX C KEAPOM HACAXJEHUN ¢ TUIMHYHBIM IpeobiajaHieM B X COCTaBe €I U
nuXThl. [lepcreKTUBHBIM 7151 peleHus 3TOi MpodaeMbl MOTJIO Obl OBITH HCIOJIB30BAHNE HAPAOOTOK
Mo JemupUpOBaHUI0 KOCMHUUYECKHX HW300paKeHHH (PparMEHTHPOBAHHOTO JIECHOTO IIOKPOBa
(Kyp6anos u ap., 2011, Bopo6seB u ap., 2016) u ucnoiab30BaHUE CHUIMKOB BBICOKOTO Pa3pelIeHHs.
B nocnennem ciaydyae BO3MOKHO MOTy4E€HUE KOIMUYECTBEHHON OIEHKH MOP(OIOrHUecKoi Xxapakre-
PUCTHKHU KPOH KeJpa, CJIAraroliero BEpXHUH sIpyc HaCaKICHUN.

MeTtoabl 1 00bEKTHI HCCIEA0BAHUSA

TakcanuoOHHOE OINMCAaHUE HACAKIACHUM U €CTECTBEHHOIO BO30OHOBJIEHHUS BBIIOJIHUIN OOIIE-
IPUHATHIMU B JIECHOM TaKcallMu U JIECOBOJACTBE MeTojgamu (Meroauueckue peKOMEHIALuH...,
2011). Tumsr neca npuHaTel o tunonoruu B.H. CykaueBa (Cyxaue, 1972). Knaccel Gonutera
onpenensu no mkaie M.M. Oprosa.

Bospact enu, nUXThl 1 TOHKOMEPHOTO Kepa OMPEeIIsU C MOMOIIBI0 BO3pacTHOro Oypasa. [l
TOJICTOMEPHBIX JEPEBBEB KeJpa C CEPJLIEBUHHON THUJIBIO BO3PACT PACCUMTHIBAJICS HA OCHOBE JaH-
HBIX O IIMPUHE TOAUYHBIX KOJIEl )KUBOM JipeBecuHbl. [Ipn MaTeMaTH4eCcKOM ONMCAaHUU B3aUMOCBSI-
31 MCIOJIb30BAJIA PEIPECCUOHHBIN aHAIIN3.

Kenp 006s1uHO HE GOpPMUPYET YUCTHIX IPEBOCTOEB U BXOJIUT B COCTaB TEMHOXBOWHBIX HacaX]ie-
HUH ¢ npeoOajlaHueM B UX 3arace eIu U MUXTHl. B cBsI3u ¢ TeM, 4TO pasjeneHne apeana Keapa Ha
CIUIOIIHOM M pa30pBaHHBIN JIOCTATOYHO YCJIOBHO, MPU OLIEHKE B3aUMOCBSI3U IUIOMIA/IM yYacCTKOB
OCTPOBHOI'O KeJlpa B CBSI3U C MX reorpadUyeckuM IOJIOKEHHEM HCMOJIb30BAIN XapaKTEPUCTUKU
reorpaUyecKoi MUPOTHI U JOJATOTHI TEOMETPUUYECKOTO IIEHTPa YYaCTKOB.

B ocHOBY paboThI MOJI0KEHBI MaTepHalIbl COOCTBEHHBIX MCCIEOBAHUI B MACCUBAaX TEMHOXBO-
HOTO Jieca ¢ yJacTHeM KeJapa CHOMPCKOTO M €ro OCTPOBHOTO MpomspacTaHusi B KoMcoMOIbCKOM,
Tpounko-ITesopckom, Byktbuibckom u  KopTkepocckom necHuuecTBax PecryOnuku Komu
(ITaxyuaas, 2000a, 20006, 2005, 2014; [Taxyuuii, 1997, 1999), Bxoasmux B CeBepo-TacKHbIHN paii-
oH eBpomnerckon yactu P®, CeBepo-Ypanbckuil, JIBUHCKO-Bbrueroackuii u 3amaaHo-Y palbCKun
taexHbIi paiionsl (IIpukas ..., 2016). Taxxe ucrnonb3oBaHbl JaHHBIE, IPEICTABICHHBIE B KaJacTpe
0c000 oxpaHseMbIX MpupoHbIX Tepputopuil Pecnyonuku Komu (Kagactp..., 2014), nundopmanu-
ouHbix Marepuanax caiita MAC «OOIIT Poccuny» (MudopmanmonHo-aHaIuTHYECKAsT CUCTEMA. . .,
2018), marepuanax reonoprana Pecryommku Komu (pazmen «Ocobo oxpaHsemMble PUPOTHBIE TEP-
PUTOPHUMY).

B Ttabnuie 1 npuBeaeHbp HANMEHOBAHUS KEAPOBBIX 3aKa3HUKOB U MAMSTHUKOB MIPHUPOJIBI, B Ta0-
muIe 2 — o01as XapakTepucTUKa HacaXACHU ¢ IpeoOaJaHieM B UX COCTaBe Keapa CHOMPCKOTo B
rpanunax crjomHoro apeana (Bykreuibckoe, Tpouniko-Iledopckoe u KoMmcomomnbckoe necHue-
CTBa) U €ro octpoBHoro mnpouspacranusi (KopTkepocckoe JeCHUYECTBO — KEIPOBBIM 3aKa3HHUK
«JlecHoit maccuB Ha Bojopazzeine pyubs Cycka-Enb u pexu [TbsHKOY).

Pe3yabTaThl Hccie10BaHUA
B mHacrosimiee BpeMmsi NpUHATO, YTO CEBEpHas TpaHUIA apeana KeApa KIMMaTH4ecKas

(Henommnyesa, 1974). Keap ycneniHo BO30OHOBIISIETCSI B OCTPOBHBIX MECTOIPOM3PACTaHUX, y/Ia-
JIEHHBIX OT CIUIOIIHOTO apeajia Ha paccrosinue 10 150 kM Ha ceBep. AHAIM3UPYS yCIIOBUs, oOecte-
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Tab6muma 1
KenpoBble 3axka3zHnku U naMATHUKH npupoasl Pecny6amnku Komu

Mromans HInpora, Jouarora,
OOIIT (HaumeHoBaHHe) rI: 8> | pecsirmumble | pecaTmamble
rpaa.CIII rpaa.BJl

Bboranndeckuii (kenpoBbIif) TAMSTHUK TPHPOIBI «Kenp Ha 0.1 66,46 52,42
oCTpoBe MenBexuil»

Boranndeckuii (keIpoBbIi) TaMATHUK IPUPOJIBI 25 66.37 62.33

«HOHBAXATHI»

KommnnekcHsiit 3aka3znuk «[loHbro-3aocTpeHHas» 7020 66,30 58,94

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

Kenpossrit maMsaTHHK pHpoIsl «COKOIOBOY» 100 65,33 56,94

Borannyeckuit (keapoBBIif) TMAMATHAK PUPOJIBI 13 65.16 56,52
«KpemeHbeIbCKHil»

Boraandeckwnii (KeIpoBBIiA) TaMATHHUK PHPOIsl «KenpoBkay 1424 64,83 57,75

Boranndeckuit (keIpoBbIit) MaMATHUK NpUpoas! «Kenpbenby» 25 63,17 50,20

Buonornueckuit (keqpoBsiit) 3aka3HUK «CycKUH-Eb 2931 62,95 54,18

Kenposslit mamsaTHUK Npupo sl «Iloposkckuii» 35 63,90 53,83

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

Kenposebiii 3akaznuk «Iloguepckuii» 1665 63,83 57,65

Borannyeckuit (keapoBBIif) TMAMATHAK PUPOJIBI 25 62,03 49.75

«Koumacckuii»

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

Kenposeiit 3aka3Huk «IToTBOAETHEXKT» 740 62,41 52,87

JlecHott 3axka3HuK «JlecHOM MaccHB Ha Bozopasele py- 2013 61,59 51.85

ybsi Cycka-Einb u peku [IpsgHKO»
Borannueckuii (KGHROBLIH) TMAMSATHHK IPUPOIBI 13 62,20 54,12
«BoiBOXKCKUI»

BoTtanndecknit maMATHHK NpHPOIb! «I abrropckuii» 25 62,20 54,19

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

Borannueckuil naMsaTHUK IpUPOAbI «JIyHBOXKCKUI» 84 61,40 52,86

Boranndeckuit (KeapoBBIii) TMaMATHHK PUPOIBI 8 61,20 54,17
«HuxHeBoueBCKU»

Bbuonorudeckuii (0oTaHUYeCKMii) 3aka3HUK «CONBUHCKHID 2350 62,75 55,83

JlecHoii 3aka3uuk «Pacbroy 400 62,14 56,60

KoMiutekcHbIM 3aKa3HUK «Y HBHHCKUI)Y 32600 61,76 57,90

YHBAOIIME BO3OOHOBJICHUE Ke/Ipa MPH HEAOCTATKE TETIa, aBTOPhI OTMEUAIOT, YTO KEAP JIydIle BO3-
oOHOBIIsIETCST Ha OoJiee MPOTPEBAEMBIX, CYXHX TECYaHbIX, CYIECUaHbIX U JIETKOCYTIIMHUCTHIX IOY-
Bax, MPEIMOYUTAst CKIIOHBI I0XKHBIX SKCIIO3UIHMNA. B Takux ycIOBHAX HacaXJIeHUsS C KeJIPOM CHOUP-
ckuM B Pecrybnmnke Komu xapakTepusyroTcst BBICOKMM Bo3pacToM (110 340-480 ner), cpenHeil npo-
u3BoauTensHocThio (ITI-IV kimace GonuTera), 3amacom 10 350-385 m’/ra. EcrecTBeHHOE BO30GHOB-
JIeHHE KeJpa OTMeUYeHO Ha 88% MpOOHBIX IUIONIA/IEH, YTO CBUJETEILCTBYET O HEMPEPHIBHOCTH BO3-
O0OHOBUTENBHOTO Tporiecca (Tabm. 2).

DKCIepTHBIE OLEHKH O KIMMaTHYECKONW 00YCIIOBIIEHHOCTH CEBEpHOU IpaHUIIbl KeJpa, Mo Halle-
My MHEHHIO, MOTJIH OBbI OBITh TIOATBEPKICHBI HATMYUEM OTPHIIATEIBHON B3aMMOCBSI3U MEXY IIJI0-
a0 YYaCTKOB OCTPOBHOTO Kenpa (Y, Ta) U IMUPOTON PACTIONOKEHUSI TEOMETPUIECKOTO LIEHTpa
aTuX y4acTkoB (X, necstuunbie rpai. CII) (tadm. 1) (ypaBHenue (1):

Y =-700,32X + 47026 (R* = 0,0413; R = 0,20; Rg 5= 0,40; Ry 10 = 0,34) (1)
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OO0mast XapaKTepuCcTHKA HACAKICHUH ¢ peodiajaHnueM Keapa

Tabmuma 2

H I'ycrora ecrecTBen-
omep Kaace 6
npooHo# IIpeobJa- 3 Kaace | Gonurtera Tun Jeca no HOTo BO30bHOB.IC-
amac, HHS KeJpa ¢ mepeBo-
IJIOIIA/TH, Jmaonias w/ra BO3- no M.M. B.H.CykaueBy 110M B KpyIHEI
JIECHUYeCTBO nopoaa pacra OpJioBy >
THIC.IIT./TA
4, Bykr. Kn 223 VI v KenpoBauk yepHUYHO- 1,35
3€JICHOMOUIHBIN
6, Bykr. Kn 370 VIII V-V KenpoBHuK XBOI1IEBO- 0,7
charHoBbII
12, Bykr. Kn 283 X v KenpoBHuK pa3HOTpaB- 0,8
HBIN
15, Bykr. Kn 276 VIII v KenposHuk xBo1ieBo- 0,56
charHoBbIi
2, BykT. Kn 150 VIII v KenposHuk xBoI11E€BO- 0,88
c(arHoBbIi
1, Tp.-Ileu. Kn 137 X vV KenpoBuuxk- 0,4
JTOJITOMOIITHUK
2, Tp.-Ileu. Kn 52 VIII A" KenpoBHuk- 0,4
JIOJITOMOIIIHUK
2, Koprk. E 385 VIII Va EnbHUK-4yepHUYHUK 0,2
BJIQYKHBIN
13, Koprtk. E 257 VI Va EnbHUK-4epHUYHUK 0,2
BJIQXKHBIN
12, Komc. Kn 300 XVII III KenpoBHUK-uyepHUUHUK 0,64
BJIAYKHBIN
14, Komc. Kn 350 X1V v KenpoBHUK-uYepHUUHUK 0,64
BJIAYKHBIN
28, Komc. Kn 226 XII vV KenpoBHUK-uepHUYHUK 0,25
BJIQXKHBIN
34, Komc. Kn 231 XXI III KenpoBHuK KpymHO- 0
MarOPOTHUKOBBIHN
43, Komc. Kn 264 XXIII III KenpoBHuK KpymHO- 0
IAIIOPOTHUKOBBII
5, Komc. Kn 210 X1V 1\ KenpoBHUK-uepHUYHUK 0,9
BJIQXKHBIN
1(1), Komec. Kn 208 XII v KenpoBHUK-uepHUUHUK 0,9
BJIQYKHBIN
1(2), Komc. Kn 229 XVI v KenpoBHUK-uepHUUHUK 1,1
BJIYKHBIN
1(3), Komc. Kn 215 X1V v KenpoBHUK-uyepHUYHUK 1,0
BJIQXKHBIN
1(1-4), Komc. Kn 216 X1V v KenpoBHUK-uepHUUHUK 1,0
BJIYKHBIN
Ipumeyanue: 1. Bykr . — BykTbiibckoe necHudecTBo, Tp.-Iled. — Tpourko-Iledopckoe necandectBo, KopTtk. —

KopTtkepocckoe necanuectBo, Kome. — Komcomonsckoe secandectso; 2. IIpogomknTeIbHOCTh Kilacca BO3pacTa A
kezapa npunsrta 20 set; 3. Ha npoGHbIx mnomansx 2 u 13 B KopTkepocckoM JIeCHHUYECTBE COCTaB HacaXXJeHUH COOTBET-
crBeHHo 6E4Kn+b, en. I1x u 6E4Kn, en. I1x, b, Bo Bcex apyrux ciaydasx Kexup sBiseTcs npeodianaonmei mopooi.

CornacHo HOJIy‘-ICHHOﬁ 3aBUCHUMOCTH TaKasd HAIIPAaBJICHHOCTH CBS3U Ha6moz[aeTc;1, T.C. TCHACH-
ougd YMCHBIICHHUA IUIOIIAAN «OCTPOBOB» KCpa C NPOABUIKCHUCM B CCBCPHOM HAIIPABJICHUU I1O/I-
TBCPIKAACTCA, XOTA CBA3b ciabas u HEAOCTOBCpHAs.

O1eHrBas BO3MOXKHOCTH KIMMaTHYCCKH O6YCJ'IOBJ'IGHHBIX W3MEHEHHI IT0JIOKCHMS ceBepHoﬁ

TPaHMIIBI apeasia Keapa B OTJAJICHHON U ONMKHEH MepCreKTHBE, HEOOXOIMMO YUUTHIBATh TCHICH-
LIMU U3MEHEHUs Kiaumarta U ero ¢aykryanuu B peruone. C Hayana XX Beka B EBpone HaOmogaercs
MOTEIJIEHNE, OXBATHBILIEE I1aBHBIM 00pa3oM ee CeBEpHbIE TeppUTOpUU. B CBSA3M ¢ 3TUM, BUAMMO,
MIPOTHO3 TMHAMHKHN CEBEPHOM IrpaHUIlbl Taru B Pecriyonuke KoMu, B T.4. ¢ ydacTrem kenpa, MOX-
HO CBS3BIBAaTH C ATOH TeHHeHHHCﬁ U3MCHCHUA KJIIMMara. OI[HaKO HGO6XOIII/IMO YUYUTBIBATH, 4YTO
HapsAay € KIIMMAaTOM CYIICCTBCHHOC BJIIMSAHUC Ha AWMHAMHUYCCKUC TIPOLCCCHI HA TpaHUIIC JIeCa U
TYHAPBI MOKET OKa3blBaThb aHTPOIIOT€HHOE BO3aeicTBHE. [Ipy 3TOM BKIaa aHTPOIIONEHHOTO BIIMS-
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HUS B TMHAMUKY IPaHULBI MEXAY JIECOM U TYHAPOU MPOTUBOMOJIOKEH OOIIECIPUHSITHIM MPEICTaB-
JICHUSIM O HAIpPaBJICHHOCTH CMEILEHUS I'paHUIbl B pe3yibTare mnoteruieHus kiumara (Vlassova,
2002). Kpome aToro, mist oTAeIbHBIX TeppuTopuii Pecriydonuku Komu qonroBpeMeHHast TEHISHIINS
MOBBIIICHUS TEMIIEPATyphl (MOTEIJICHHS KIIMMaTa) BhIpaKeHa CJ1a0o, WM JTaKe HaOJIF01aeTCsl CHU-
KEHUE CPEIHET010BOM TeMITepaTyphl BO3yXa.

CornacHo naHHbIM (ATiac o KiuMary..., 1997) na reppuropun Pecriyonuku Komu nzmenenus
CpeIHMX T'0JIOBBIX TeMIiepaTyp Bo3ayxa 3a nepuoj 1881-1990 rr. no cpaBHeHuto ¢ nepuoaom 1881-
1935 1T. B pa3iM4YHBIX YacTAX PECHyONHMKU ObUIM pa3nuyHbl. Tak, MOBBINICHUE TEMIIEPATYPHI 3a
CpaBHUBAEMBIC IIEPHOBI B CEBEPHBIX paiioHax cocraBuio 0,4°-0,9°, B uenrpansubix — 0,2°-0,4°, a B
10kHBIX — 0,1°-0,2°. B meaoM HanOosIbIee MOTEIUIEHHE OTMEYAETCS B CEBEPHBIX palilOHaX peciyo-
JIMKH, a B FOXKHBIX MOTEIUICHUE yMeHbmaeTcs (Atnac ..., 1997). OnHako, Mo JaHHBIM KOHKPETHBIX
METEOCTaHIUH, TeHICHIINN U3MEHEHHS TEMIIEpaTypbl MOTYT HE COTJIACOBBIBATHCS C YCPEAHEHHBIMU
JaHHBIMU JUIS BCeM TeppuTopuu pecnyOnuku. Tak, mo JaHHBIM MeTeocTaHIuU B T'. CBHIKTBIBKape,
PaCIOJIOKEHHOM B FOTO-3aIa{HON YacTu pecryonauku, s nepuoaa 1899-2005 rr. otmevaercs mo-
BBIIIICHUE CPEIHET010BOM TeMIiiepaTypsl Bo3ayxa (Tepmorpad ..., 2018) (ypaBHenue 2):

Y =+0,0066X — 12,178 (R* = 0,0232; R = 0,1523; R (05 = 0,22), (2)

rae X —roael ¢ 1899 no 2005 rr.; Y — cpennsis rogoBas TeMiieparypa Bo3ayxa, rpai. C.
B To e Bpemsi, 110 TaHHBIM CEBEPHOW METEOCTAHIIMH, PACIOJIOKEHHOU B 1. YcTb-Llnibma, s
nepuoga 1913 — 2005 rr. HaGnrogaeTcs MPOTUBOMOIOKHAS TeHISHIUS (YpaBHEeHHE 3):

Y =-0,0003X — 1,036 (R* = 0,00004; R = 0,0063; R 405 = 0,22), 3)

rae X —roasl ¢ 1899 mo 2005 rr.; Y — cpennsis rooBas TeMieparypa Bo3ayxa, rpai. C.

OrnieHKa B3aMMOCBSI3M MEXY TUIOMIABI0 YIaCTKOB OCTpOBHOTO Kenpa (Y, ra) u JoJIroTou pac-
MIOJIOXKEHUS TEOMETPUYECKOTO IIEHTpa 3TUX y4dacTkoB (X, aecsituunblie rpaa. BJI) (cm. tabin. 1) mo-
Ka3aJia, 4To IUIONIA/lb OCTPOBHBIX YYAaCTKOB KEIpa YMEHBIIAETCS MPU JBHKEHUU OT Ypaina B 3amaji-
HOM HarpaBiieHuH (ypaBHeHHE 4):

Y =+ 388,42X - 18822 (R>=0,0309; R = 0,18; Ro,05= 0,40; Ry 10 = 0,34 ). 4)

B nanHOM cilydae Tak ke, Kak U IpU OLICHKE W3MEHEHNUs IUIOIAAN y4aCTKOB OCTPOBHOIO Kepa
IIpYU JBUKEHUH B CEBEPHOM HAIPABIIEHUHU, MOKEM OTMETUTh, YTO JIaHHAs CBsI3b ciabas, HelT0CTO-
BepHasi. MOXHO FOBOPUTH O TEHJEHIIMN K YMEHBIIEHUIO «OCTPOBOBY Ke/pa ¢ MPOJBUKEHUEM B 3a-
nagHoOM HampaieHuH. [103ToMy, MOXKHO JTONMYCTUTh, YTO MOJIOKUTENbHAS. HAIIPABIEHHOCTDb CBSI3H,
OTMCHIBAIOLIAs H3MEHEHHE TUIOIIAU OCTPOBHOTO KEIpa B MEPUANOHATHHOM HANPABICHUH, MOXKET
ObITH 00YCIIOBJIEHA YXYALICHUEM JIpeHaXka MPHU JBMXKEHUH B 3alalHOM HAIMPABICHUU OT FOPHBIX U
MPEIrOpHBIX PaiOHOB Ypasa, Mepexo oM OT MECTOMOIOKEHUH ¢ OONBIIMMH YKIOHAMH MTOBEPXHO-
CTHU K TEPPUTOPUSIM C MEHBIIUMH yKJIOHaMHU. OIHaKO HEOOXOAUMO YYUTHIBATh, UTO 3amajHas rpa-
HUIIA CIUIOLIHOIO apeajia KeApa U MOJIOKEHHE €r0 OCTPOBHBIX MECTOIIPOU3PACTAHUM B 3HAYUTEIb-
HOM cTeneHu chopMUpPOBaHBI B pe3ysIbTaTe aHTPOIIOT€HHOT0 BO3AeUCTBH (pyOOK, M0XKapoB U JIp.).

J171s1 O1IeHKH COYETaHHOTO (COBMECTHOTO0) BIMSHUS IIMPOTHOTO U MEPUIUOHAIBHOTO MOJI0KEHUS
Y4acTKOB Ha IJIOLIA/Ib YYaCTKOB OCTPOBHOTO Ke/pa BBHIITOJIHUIN MHOXKECTBEHHBIN perpecCUOHHBIN
aHaJIM3 JAHHBIX, XapaKTepU3YIONINX U3MEHEeHHE momaan «octpoBoBy (Y, ra) B oT mmpotsl (LAT,
necsitnunbie rpai., CII) u monroter (LON, necstuunsie rpas., BJ1) (ypaBHenue 5):

=—1673LAT + 935LON + 57160 (R2 =0,15; R=0,39)
(F2,21)=1,.85;F 0,05 — 3,5 F 0,10 = 2,6; F 025 = 1,5). ®)
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Takum oOpa3oM, B pe3ysbTaTe PErpecCCHOHHOIO aHajIM3a MOATBEPKACHO BIUSHHUE reorpaduue-
CKOTO T0JIO’KEHHSI Y4aCTKOB OCTPOBHOI'O KeJpa Ha MX Iulomaipb. [lnomans yyacTKOB OCTPOBHOIO
KeJpa YMEHBIIIAETCs NPU JABM)KEHUM B CEBEPHOM HAlpaBJIECHUHU U IO MEpe yJIaJEeHUs B MEpUIHO-
HaJIbHOM HampasiieHuu oT Ypaya. CTaTUCTUYECKH J1I0Ka3aHa JOCTOBEPHOCTh OLIEHKH, XOTs U Ha He-
BBICOKOM (25%) ypoBHe 3HauuMocCTH. [Ipu 00bsicHEeHNH CpaBHUTEIHLHO HEBBICOKOTO BKJIaJa reorpa-
(uUecKoro MoJI0KEHUsI YYaCTKOB B M3MEHYMBOCTh MX pasMepoB M Iuiomaau (oxoio 15%) neobxo-
VMO YYHUTHIBAaTh cienyrolee. BriroueHHbIe B MaCCUB JUII COBMECTHOM 00pabOTKH OOBEKTHI Mpe/I-
CTaBJICHBI PA3JIMYHBIMH KAaTETOPHSIMH 0CO00 OXpaHSIEMbIX MPUPOTHBIX TEPPUTOPHH (OOTaHHUECKUE
«KEIPOBBIE» MaMITHUKU NPUPOJIbl, OMOJOIMUECKHE «KEIPOBBIE» 3aKa3HUKH, KEIPOBbIE 3aKa3HUKHU,
KOMILIEKCHBIE 3aKa3HUKH, JIECHbIE 3aKa3HUKU, OOTaHMYECKUE MAMATHUKU NPUPOAbI). Pasnuunble
KaTeropuu 0co00 OXpaHsIEMbIX MPUPOIHBIX TEPPUTOPUN OPUEHTUPOBAHBI HA COXPAaHEHHUE HE TOJIb-
KO KeJpa CUOMPCKOro, HO IPYTUX BUAOB PEAKHX U MCUE3AIOIIUX PACTEHUN M MpeACcTaBUTENCH KU-
BOTHOT'O MHpa. DTO CHI)KAET TOYHOCTb OLIEHKH pa3MepoB U IUIOIIAAN YYaCTKOB, 00€CIEUNBAIOLINX
COXPAaHEHHUE TOJIKO Ke/ipa CUOMPCKOIo, U BEJET K OCIA0JICHUIO TECHOTHI CBSI3U MEXAY paccMaTpu-
BaeMbIMU TOKa3aTesaMu (ypaBHeHue (5). Takum oOpa3zom, BUANMO, aKLIEHTUPOBAaHUE BHUMAHUS Ha
KJIMMaTH4€ECKYIO0 O0YCIIOBIEHHOCTh TOJILKO CEBEPHOM I'paHUIIbl KeJpa CUOMPCKOro HE BIOJIHE Ipa-
BOMEpPHO. 3ama/iHasi TpaHuIa apeana Kkeapa cuobupckoro B Pecny6iimke Komu mpoctupaercs ¢ cese-
pa Ha tor 6osee, yeM Ha 500 kM, TO3TOMY IpHU 0OOCHOBAHHUHM €€ MOJIOKEHHSI Hapsily C aHTPOIOreH-
HbIMU (aKTOpaMM JOJDKEH YUYMTBHIBAThbCA TaKXKe M BKIJIAJ KIMMaThdeckod coctasisitouiei. [Tpu
3TOM IpU (HOPMUPOBAHUM CEBEPHOI I'paHMIIBI apeajia CYIIECTBEHHBIM SBJISIETCS BKJIAJ TaKOro (hak-
TOpa, KaK €CTECTBEHHBIN JIpeHax, OnpeensieMblil OJIM30CThIO K BOJOTOKAM M IMPUYPOYEHHOCTBIO K
CKJIOHaM.

C yka3aHueM Ha 3HaA4€HHE €CTECTBEHHOIO JpEHa)ka /Ul POcTa KeJpa COrjacyloTcsl pe3yibTaThbl
HaIIMX HCCIIEeIOBaHUI BIMSHMS Ha POCT U BO30OHOBJIEHHE TEMHOXBONHBIX HACAXKIEHHUM C MCKYC-
CTBEHHBIM JpeHupoBanueM B Huxue-OMpuHCcKkoM yyacTkoBoM JecHuuyecTBe Tpoutko-Ilevopckoro
necunyectBa ([Taxydas, 20000, 2005, 2014). B tabnumax 3, 4 npuBeaeHbl TaKCAIIMOHHBIE XapaKTe-
PUCTHKHU HAaCaX/I€HUN U OLIEHKH €CTECTBEHHOI'O BO30OHOBJIEHHUS HA OIMBITHBIX yYacTKax. Y HUKalb-
HOCTh OOBEKTOB, MPEXKIE BCEro, 3aKJIIOYAETCS B TOM, YTO 3TO JPEBOCTOM C CUOMPCKUM KEIpOM, a
TaK)X€ B TOM, YTO 3TO CaMbleé BOCTOUHBIE Ha €BPOIEHCKON TEPPUTOPUM Poccum ydacTku ¢ MCKyc-
CTBEHHBIM JIPEHUPOBAHUEM.

Bo3oOHoBneHHne kenpa oTMedeHo Ha 87,5% ONBITHBIX y4acTKOB. AOCOJIOTHasl TycToTa Bo300-
HoBIeHUs Keapa uzmensiercs ot 0,1 1o 1,8 Teic.uT./ra. CpaBHEHHE T'YCTOTBI €CTECTBEHHOI'O BO300-
HOBJICHHS Ha y4acTKaX, PaclojOXEHHBIX Ha Pa3IMYHOM YAAJIEHUU OT KaHaJOB, ITOKa3bIBAaET, YTO
M30bITOYHOE YBIIAXKHEHUE TOYBBI IEHCTBYET Ha €CTECTBEHHOE BO30OHOBJIEHHE KeJpa CHOMPCKOTO
oTpuiatenpHo. I'ycToTa ecrecTBEHHOro BO30OHOBJIEHMs Kelpa BONM3M KaHaloB ( B cpenHeM 1,1
TBIC.IUT./Ta U1 MPOOHBIX Tutomanent 1, 2, 7, 8) CylecTBEHHO BbIIIE€ T'YCTOTHI €r0 BO30OHOBJICHUS
Ha cepeanHe Mexay Humu (0,1 Thic.mT.ra A1 npoOHBIX Twiomazaei 3-6). B 75 % ciy4aes npeo0:a-
JaeT MEeJKUU moapocT keapa (Beicota A0 0,5 M), MOSBUBIIMICSA B OCHOBHOM I1OCIJIE€ UCKYCCTBEHHOTO
JPEHUPOBAHHUS.

3aBUCUMOCTh MEX]y I'YyCTOTOM BO300HOBIEHHs Keapa (Y, THIC.IIT./Ta) U PacCTOSTHUEM JI0 KaHa-
na (X, M) MOeT OBITh OMKCcaHa ypaBHEHUEM (6):

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

Takum 00pa3oM, HCKYCCTBEHHBIN JPEHAXK, TaK JK€ KaK M €CTECTBEHHOE JPEHUPOBAHUE, TTOJIOKH-
TEJIbHO BIUSET HA BO3OOHOBJIEHHUE KeIpa.
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Tab6muma 3

TakcannoHHasi XapaKTePUCTHKA HAcaKIeHUI Ha 00beKTax ucciaenoBanusi B Huskne-OMpuHCKOM
y4yacTKkoBOM JiecHnuyecTBe Tpounko-Iledopckoro Jsecuuyecrsa

Homep Cpennuii | Cpennss OTHocH- 3anac Knace
. DjaeMeHT o Knacc |OonmTeTa
NnpooHoH AuaMeTp, | BBICOTA, CocraB TeJIbHASL | OOIIMIi,
- Jeca oM M HOJTHOTA ™ Bo3pacra | mo M.M.
OpaoBy
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 110K 0,10 52 VIII \%
Kn 36,0 17,8 11 5E5b en.Ilx 0,88
b 8,7 9,0
TIx 4,0 4.5
3-1999 E 11,3 9,5 1 4Kn;6b 0,23 123 1X Vo
b 17,1 15,0 II 10E en.Kny; 0,60
K 28,0 16,0
KZ[H 6,4 5,0
4-1999 K 24,2 15,0 1 10K 0,15 84 VIII Vo
Ky 4,0 4.0 11 8E2b en. Koy 0,43
E 9,2 9,0
b 13,1 11,0
5-1999 E 12,1 11,0 1 5SKJ15b 0,25 202 IX Va
Kn 22,2 14,5 II 10E 0,88
b 21,4 16,5
6-1999 E 10,8 9,5 19E1b en.Kn 0,99 136 1X Vo
Kn 6,0 5,0
b 9,6 9.5
7-1999 E 11,4 9,5 1 862C 0,29 132 1X Vo
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 11 9E1 K+ 1x 1,6
b 15,4 14,0
TIx 10,1 9,0

Ipumeuanue: 1. E - enp; C - cocHa; b - 6epesa; [1x - muxrta; Kn; - keap neporo (crapirero) moxonenus: Ky - kemp
BTOPOTO (MJIa IIero) moxkoneHus; 2. [IpogomknuTeIbHOCTh Kilacca Bo3pacTa Juls Kepa npuHsiTta 20 Jer.

Tabnuna 4
XapaKTepucTHKA eCTeCTBEHHOI0 BO300OHOBJIEHNS HA ONMBITHBIX y4acTKAaX
I'ycroTa no mopoaam, Teic.luT./ra Oomasn
Ne Tun rycrora,
n/n Jeca Cocras ThIC.IUT./
eJib nuxra Keap Oepe3a ra

1 E- nonrom. 7E1K12b 3,6M 0,8m 1,0k 5,4

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

3 E-oc.-c. 9E1Kng 0,8¢c 0,1m 0,9

4 E-carnos. 6E1I1x2Kn1b 0,5k 0,1m 0,1k 0,1m 0,8

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

6 E- nonrom. 7E1TIx1Kn1b 1,3¢ 0,1m 0,1m 0,2m 1,7

7 E- oc.-c. SE4Kn1b 1,3¢ 0,9m 0,3k 2.5

8 E- moarom. 4E1T1x4Kn1b 2,1m 0,6¢ 1,8m 0,6m 5,1

Ipumeuanue: 1. E — enp; K — kenp; IIx — nmuxra; b — Gepesa; 2. onromM. — TOJITOMOIIHUK; OC. — €. — OCOKOBO-
carHoBbIil; carHoB. — charHoBbId; 3. M — MeKui moapoct (Bbicota 10 0,5 M), ¢ — cpeaunii moapoct (Beicora ot 0,51
1o 1,50 m), x — KpymHBIi moapocT (BbicoTa 6omee 1,50 m).

3akioueHue
Hacaxnenus ¢ kenpom cubupckum B Pecriydnuke KoMu xapakTepusyroTcss BLICOKMM BO3PacTOM
(mo 340-480 ner), cpenueii npousBoautenbHOCThIO (III-IV kmacc Gonmrtera), 3amacom m0 350-385
m’/ra. EcrecTBeHHOE BO30OHOBIICHHE Kenpa orMedeHo Ha 88% mpoOHBIX TUIOmAAe. DTO CBUE-
TCJIBCTBYCT O HCIIPCPBIBHOCTU BO306HOBI/IT€J'H>HOI‘O mnmponecca I[ElHHOﬁ IOpOABI.



3a rpaHMIlaMH CIUIONIHOTO apeaja y4acTKU OCTPOBHOIO Keapa OTMEYeHbl oT 61,76 no 66,46
rpajyca ceBepHOM mUpOTHl U oT 49,75 no 62,33 rpamgyca BOCTOUYHOM J10ATOTHl. Ha kauecTBeHHOM
(25%) ypoBHE 3HAUMMOCTH COBOKYITHBIM BIMSHUEM IIMPOTHOTO U MEPUIUOHAIBLHOTO MOJIOXKEHUS
onpenensieTcss okojgo 15 % M3MEHYMBOCTH IUIOMIA M YYAaCTKOB OCTPOBHOTO Keapa. ITO MOATBEP-
KJIaeT TPEJCTABICHUE O KIMMATHYECKOW OOYCIIOBICHHOCTH CEBEPHOW TpaHUIIBI apealia Keapa U
YKa3bIBa€T Ha TO, YTO MPU OOOCHOBAHUU TOJIOKEHUS 3allafHOM T'paHUIIbl apeana Hapsly C aHTpO-
MOTEHHBIMH (DAKTOpPAMHU JTOJKEH YUUTHIBATHCS TAKKE U BKIJIA]] KJIMMATHYECKON COCTABIISIOIICH.

[Tpu GpopmMupoBaHUYU TPAHUI] apeaia CYIeCTBEHHBIM SIBIISICTCS BKJIAJl TAKOTO (aKTopa, KaK ecTe-
CTBEHHBIN JpEHaxk, ONMpeesieMblii OJU30CThI0 YUACTKOB K BOAOTOKAM M MX MPUYPOYEHHOCTHIO K
MOJIOKUTEIBHBIM 3JIeMeHTaM penibeda MecTHOCTH. [lonTBepKIeHuEM 3TOr0 U3BECTHOTO IOJIOXKE-
HUS B YCIIOBUSIX €CTECTBEHHOTO APEHUPOBAHUS TEPPUTOPHIL SIBIISIETCS YCTAaHOBJICHHAS! IOCTOBEPHAs
CBSI3b MEXKY T'YCTOTOM BO30OHOBIICHUS Kellpa Ha y4acTKaX ¢ MCKYCCTBEHHBIM JIPEHAXKEM U PaccTo-
SIHUEM OT 3TUX y4acTKOB 10 OmkHero kaHana (R = 0,80; Roos=0,71).

B cBsi3u ¢ moTerieHneM KiuMaTa IpOrHO3UPYETCS CMEIIEHUE CEBEPHOM T'paHUIIbI JIECHOW pac-
TUTEILHOCTH, a 3HAUYUT U TEMHOXBOWHOTO Jieca ¢ KeapoM, Ha ceBep. OaHako HEOOXOAMMO YUUTHI-
BaTh, YTO HAPANY C KJIMMATOM CYIIECTBEHHOE BJIMSHUE HA JUHAMHUYECKHE MPOIIECCHl HA CEBEPHOM
TpaHMIIEC JIeca MOXKET OKa3bIBaTh aHTPOIIOTeHHOE BO3nercTBre. Kpome 3Toro, s OTAEIbHBIX Tep-
putopuii Peciyonuku KoMy goaroBpeMeHHbIN TpeH I MOBBIIMICHUS TEMIIEPaTyphl (MOTETIICHUS KIH-
MaTa) MOXKET MMETh IMPOTHUBOMOJIOXKHYIO OOIICTIPUHSATHIM NPEICTABICHUSM HaIpaBIEHHOCTh. B
CBSI3H C 3TUM, MPHU 001l TeHIEHIINH MOTEIUICHUS KIIMMaTa, B OTACIbHBIX pailoHax pecrnyOiInKu He
00513aTeNBHO CIIEAYeT 0KUJATh CMEIICHUS CEBEPHOM TpaHUIIbl IECHOW PACTUTENBHOCTH, B T.4. OCT-
POBHBIX Y4aCTKOB KeJlpa, B CEBEPHOM HAIPABIICHUU.
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VJIK 634.09

3KOHOMMYECKAS OIIEHKA 3KOJOTMYECKNUX ®YHKIIUA JIECOB
PECITYBJIMKHU BAIIKOPTOCTAH

M.B. MaptsiHoBa, P.P. CynranoBa, A.K. I'abnenxakos
balmkupckuii rocy1apCTBEHHBIN arpapHbIi YHUBEPCUTET

B cospemennbix 9KOHOMUUECKUX YCIOBUAX BANCHOU 3A0ayell AGNAemcst ONPedeieHe OCHOBHbIX
HanpasieHuil 3hGexmueno2o pazsumus u GoOpMUPoOSaArUs NOAUMUKY 6 0OIACTIU OXPAHbL U 3AUjU-
mbl, UCNONb308AHUSL U BOCNPOU3BOOCMBA 1eC08. B 0CHO6E IKOHOMUYUECKOU OYEHKU NeCO8 OONNCEH
JIeANCamv. MAKCUMATILHO 803MONCHBIU PDEKm Noab306anUs npu ONPeOeieHHOM YPOoGHe 3ampam,
3a6UCSWYULL OM YCLOBULL PA3GUMUS IECHO20 XO3UCmea 8 yeiom. MnoeoyHkyuonaiproe 3Havenue
J1ecos 6bi3vleaen HeoOX0OUMOCb UCNONb308AHUS CNEYUDUUECKUX NPUEMO8 IKOHOMUUECKOU OYeH-
KU PA3IUYHbIX NPUPOOHLIX Onae. B pabome npugedervl OanHble IKOHOMUUECKOU OYEHKU IKON02UYe-
CKUX (DYHKYUIL 1eco8, MAKUX Kax 80000XPAHHO-8000pe2yIUPYIOUAs, NOY8000paA3yIowds, NO4803a-
WUMHASL U KIUMAMOpe2yIupyroweli poiu, a maxdice 6vbl0eieHue HACANCOSHUAMU GUMOHYUOIO8 U
KUCI0p0Oad, UOHU3AYUSL 8030YXd. B 0CHOBY ucciedo8anull Noi0i#ceHa MemoouKa OyeHKU Koaocuye-
cKkux ¢ynkyuu neca, paspabomannas ¢ Poccuiickoii akademuu nayk (Ypanvckoe omoenenue). Boi-
SBNEHO, YMO 9KOJI020-IKOHOMUYECKASI OYEHKA 3eMelb JIeCHO20 (hoHOa onpeoensiemcsi cO80KYNHO-
CMbIO KAYeCMBEHHbIX U KOJIUYECTNBEHHBIX XAPAKMEPUCTNUK, OMPANCAIOWUX 3HAYEHUe TeCHbIX pe-
CYpCo8, COYUATbHBIX U CPedoobpasyouux GyHkyuil tecos. B xooe nposedenus uccredosanuti onpe-
Oejler 0owuLl SIKOHOMUYECKUll 3¢hghexm om 3K0102u4ecKUxX PYHKYULl  1eco8,  PACCUUMAHHBIL  C
Vuemom npupoOHO-KIUMAMUYECKUX noKazamenei (ammocgeprvle 0caoku, peyHol CmoK, NOY6eH-
Hasl Xapakxmepucmuxa, peiveqh, 3a60104eHHOCb MeppUmopuu, NOO3eMHbIIl CMOK U opyeue), 1eco-
800CMBEHHO-MAKCAYUOHHBIX XAPAKMEPUCUK HACANCOeHUSI (ROPOOHBIUL cOCmAg (¢ 8blOeneHUeM
npeob.aaoarowell OpegecHoll Nopoosbl), B03PACHL IECHBIX HACANCOEHULl, NOIHOMA, OOHUmMem, 3andac u
m.d.), 3ampam Ha 80CNPouU3800cmeo 1 cexkmapa neca, a makce GeIUYUHBL IECHBIX MAKC 3d Opese-
cumny. B pezynomame nposedennuix ucciedosanuii onpeoeneno, umo oouas CmoumMocms 3Koa0cuye-
ckux @yurkyuti necos Pecnyoruxu bawkopmocmarn cocmasuna 433,34 muic. py6./2a, u3 HUX 8000-
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OXPAHHO-B000PESYIUPYIOWAsL POIb JIeCHbIX AaHowagmos — 261,8 muic. py6./ea, nougoodbpasyowast
poab neca — 8,08 muic. pyo./2a, nousozawumuas poiv aeca — 150,8 moic. py6./ea, Kiumamope2ynu-
pyiowas poiv aeca — 7,6 molc. pyb./ea, uonusayusn eozoyxa — 0,25 muic. pyo./ea, obocawenue Kuc-
J10pooom — 4,6 meic. pyb./ea, evloenenue pumonyudos — 0,21 moic. pyo./ea.

Knroueewvie cnosa: necroii oo, sooopezyiupyouias poib, SKOHOMuUuveckui sghgexm, pu-
MOHYUOBL, KIUMAMOPESYTUPYIOWAsL POlb, NOYEO3AUWUMHAS POJIb, IKOHOMUUECKAS 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 — 0.21 thousand rubles/ha.

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

BBenenue. B cOBpeMEHHBIX 5 KOHOMHUYECKHUX YCIOBUSX BAXKHOU 3aJjaueil ABJIAETCS Oonpee-
JIeHMEe OCHOBHBIX HarpaBieHUH >PQPEKTUBHOTO pa3BUTUSA U (HOPMUPOBAHUS MOJUTUKU B 00IacTU
OXpaHbl M 3alIUTHI, UCTIOIB30BAHMS U BOCIIPOU3BOICTBA JiecoB. OlleHKa MOTEHITMAIa PeCypCoB Jieca
BO MHOTOM OMNpeJeseT crpaTerndeckuil nmoaxon k ux ucnonszoBanuto (IUFRO ..., 2018). Herou-
HOCTh OILIEHKH 3HAYMMOCTH JIECHBIX PECYPCOB MOXKET NMPUBECTH K BHIOOPY HEBEPHOW CTPATETHUU MX
ucnons3oBanus (IInak, 2014; Buongiorno, Johnston, 2018).

[Tpr SKOHOMHYECKOH OIlEHKE JIECOB HEOOXOAMMO YYHMTHIBATH JBOWCTBEHHOCTh WX HApOIHO-
X03sHCTBEHHOTO 3HAYCHHMSI, a TAKXKE DKOJOTHUECKHe U conuanbHble acniekThl (Fiihrer, 2000; Canti-
anil et al., 2010). Bo-niepBbIX, IEGHHOCTH JIECOB OMPECNACTCANX POIbI0 KaK UCTOYHUKA TPEBECHOMN
Y HEJIPEBECHOU MPOIYKIIMH, & BO-BTOPHIX, UX cpeao3amuTHeIMU QyHKIMsaMu (JIebene u ap., 2003;
Loboda et al., 2017). KommnuiekcHas oreHka jieca — 370 cymma 3G (eKTOB OT HCIIOIb30BaHUS BCEX
BHUJIOB PECYPCOB M MOJE3HOCTEH 32 HEOTPAHUYEHHBIN MEPHO]I OJIb30BaHUs. B 0CHOBE 3KOHOMUYE-
CKOI1 OLIEHKH Jieca TOJIKEH JIeKaTh MAaKCUMAJIbHO BO3MOKHBIN 2P PEKT MOIb30BaHUs MIPH 33JaHHOM
YpOBHE 3aTpart, 3aBUCSIIUN OT YCIOBUM pa3BUTHS JIeCHOTO Xo3sicTBa B 1iesom (Hoogstra-Klein et
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al., 2017). MHoro¢yHKIIMOHAJILHOE 3HAYECHHE JIECOB BBI3BbIBACT HEOOXOJUMOCTh HCIOJIb30BAHUS
cHelu(pUIEeCKUX MPUEMOB SKOHOMHYECKON OLIEHKH Ppa3lIMYHBbIX HpUpOIHBIX Oyar (MakapeHko,
1996; Kurbanov et al/, 2007).

AHamn3 paboT MO HCCIeayeMOl TeMe TO3BOJICT CHeNaTh BBIBOJ O TOM, YTO 3KOJOTO-
YKOHOMHYECKAs OIIEHKA JIECHBIX JaHAMAPTOB U CONMATBHBIX (DYHKIMH, KaK MPaBWIIO, HE paccMar-
pHUBaIOTCS. 3a4acTyIO MPOU3BOJAUTCS OLIEHKA TOJIBKO JIECHBIX PECYPCOB, TPUPOIHBIN MOTEHIIUAT Jie-
COB OIpeensieTcs 4yepe3 3aaanable KodpGuirueHTrsl. BoIbIIMHCTBO MOJIE3HBIX (YHKIIUH JIECOB, KO-
TOpBIE€ CJIOKHO OIIEHUTh C AKOHOMHYECKOW TOUYKHM 3PEHHS, HANPSIMYIO 3aBUCST OT KOMIUIEKCHOM
npoayktuBHocTH HacaxaeHu (Kyp6anos u ap., 2008). B 3Toii ¢Bsi3u Npu pelIeHUH 3a/1a4 MOBBI-
HICHHSI YKOJIOTUYECKUX M COLUAIbHBIX (DYHKIUH Jieca MOKHO MPUMEHATH TPAIUIIUOHHBIE JIECOBOI-
cTBeHHbIe MeTOIbl. [Ipu 3TOM 0coOoe 3HaUeHHE JOHKHBI UMETh MEpPONPUSTHUS, HAlpaBICHHbIC Ha
COXPAaHHOCTh YHUKAJbHBIX KauecTB Jdanamadta (Janunun u ap., 1998)

Leab ncciaenoBaHusi — YJKOHOMUYECKAs OIICHKA CPE000Pa3yIONINX, 3alIUTHRIX U UHBIX TOJIE3-
HBIX (DYHKIUH JIECOB.

OO0bekTOM MHCCIeI0BAHUA SIBISIIOTCS JICCHBIE HACAXIEHHS, PACIOJOKCHHBIE Ha 3eMIISX
necHoro (onna Peciybnuku bamkoprocran (PB).

Metoauka. B ocHOBY ucciaenqoBaHui MOJI0KEHAa METOJUKA OLEHKH IKOJOTHYecKuX (PyHK-
uui neca, pazpadorannas B Poccuiickoit akagemun Hayk (Ypanbckoe otnenenue) (Jlebenes u ap.,
2002), BeIACIeHHE (DUTOHIIUIOB PACCUYUTHIBAIOCH 1O MeToauke, npemnoxkennon B.Jl. [Ipsxunoit u
B.T. Huxonaenko (1981).

Pecny0Onuka BamkopToctaH, 3aHMMasi BHITOJHOE TE€OMOIMTUYECKOE MOJIOKEHUE, 00lagaer Jo-
CTaTOYHON pPecypcHON 00eCHeYeHHOCThIO U BBHICOKMM HHTEIUIEKTYalIbHBIM MoTeHnuanoM (JlecHoi
mnaH, 2008). JlecHoit ponn Pecnyonuku bamkoproctan coctaBisier Oonee 1/3 Ttepputropuu, uTo
MO3BOJISIET COCYIIECTBOBATh Pa3HO0Opa3HbIM cooliecTBaM. Ha Teppuropun pecrnyOavuKu Bhleme-
HO TPHU JIECOPACTUTEIBHBIX palioHa:

- paiiOH XBOMHO-IIMPOKOJIMCTBEHHBIX JIECOB €Bponerckor yactu Poccuiickoit denepanuu;

- FOxHO-Y panbckuil tecocTenHou paiioH;

- JIECOCTEIHOM pailoH eBponerckoit yactu Poccuiickon denepannu.

[Tnomans 3emens necHoro ¢onna Pecnyonuku bamkoprocran cocrasnser 5,74 miH ra. Jlec-
HbIE 3€MJIM 110 TUIOUIAJN COCTABISIIOT mopsiaka 92,4% oOrieit ecHo# 1uomany, jgeca B Oonbliei
CTETIEHH MMEIOT €CTECTBEHHOE MpOoUCXOoXAeHue. JlecucTocTh TeppuTOopuu KojebieTcss B 3HAUU-
TeNbHBIX Ipenenax: ot 6,2-9,1% (Crepnutamakckuii 1 Kyroprasunckuit paiionst) no 81,2-92,0%
(benopernkuit paiion). Jleca mo 1eaeBoMy Ha3HAYCHHUIO pa3/ieleHbl HA 3alIUTHBIE M DKCIUTyaTallr-
oHHBIC. Pe3epBHBIC Jleca HE BBIICIICHEI.

Cepimie 75 % mimomaayd mpeacTaBIeHbl TOPHBIME JIECAMHU, BBITIOJHSIONIMMHU TTOYBO3AIIUTHEIE,
BOJIOPETYJIUPYIOLINE U BOJOOXPaHHbIE (PYHKINHU (CM. PUCYHOK).

Kaxk ciencTtBre ropu30HTaIbHON 30HAIBHOCTH M BEPTUKAIBHOW MOSICHOCTH MOPOJHBIN COCTaB
JIECOB MPE/ICTABIEH XBOWHBIMHU, TBEPAOJMCTBEHHBIMU, MITKOJMCTBEHHBIMA U CMEIIAHHBIMU JIECa-
Mu. Pa3HoOOpaszue THIIOB II€COPACTUTENBHBIX YCJIOBUN, OOraThlii acCOPTHUMEHT JPEBECHO-
KYCTapHHUKOBBIX OO (POPMUPYIOT CIOKHBIE 10 COCTaBY HacaxeHUs. ECTeCTBeHHbIE JIECHBIE CO-
obmectBa Pb mpencrasnenst 20 npeBEeCHBIMU MOpOJaMH, OONbIAs 9acTh U3 KOTOPBIX SIBISETCS
IIEHHBIMU KaK B XO35SHCTBEHHOM, TaK M B 3KOJIOTMYeCKOM oTHomeHuu (JlecHoi maH. .., 2008). Oc-
HOBHBIMU JIeCOOOpa30BaTeIsIMH SIBIITFOTCSL Oepe3a, Jinma, COCHa, OCHHa, eb u ay0. [Ipu aToM exe-
TOJIHO HAOJFOZIaeTCsl CMEHA XBOWHBIX IMOPOJT HA JTUCTBEHHBIE. B cocTaBe HacakaeHui nmpeodaagaroT
Criesible U IePECTOMHBIC APEBOCTOM, HA UX JIOJIIO MPUXOAUTCS mopsiaka 46%.

Hcnonp3oBanne BCeX MOJE3HBIX (YHKIIUN JIECOB — OJIHA M3 OCHOBHBIX 3aJ1a4 JIECOXO3SMCTBECH-
Horo npousBojacTBa. CornacHo JlecHomy konekcy Poccuiickoit deneparun BoiensoT 16 BUAOB
WCI0Ib30BaHUs J1ecOoB. OCHOBHBIMU HMCTOYHUKAMH JOXOJOB OT HCIIOJIb30BAaHUS JIECOB SIBIISIETCA
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Kapra pacrureasnoctu Pecnydsinku bBamkoprocran (Jlecnoii nian, 2008)

UIaTa 3a X ucrosib3oBanue. HanbomnpIias 4yacTh NOCTYIUIEHUH PUXOAUTCS HA JOXOABI OT HCIIOJIb-
30BaHMsI JIECOB JIJIs 3aTOTOBKHU JIPEBECHUHBI.

B cootBerctBuu ¢ @eaepanpHbiM 3akoHOM 0T 10.01.2002 No 7-D3 «O06 oxpaHe OKpyXKaromiei
Cpezbl» MPaBOBBIE OCHOBBI NMOJUTHKN IOCYAAPCTBA B 00IACTH OXPaHbI OKPY)KAIOIIEH CPebl T0MIK-
Hbl o0OecreunBaTh COXpaHEHHE OJArOMpPUITHON OKpY»Karouleil cpenbl, 6MopazHo0Opa3ue MpUpPO-
HBIX PECYpPCOB JUIS YAOBJIETBOPEHUS MOTPEOHOCTEN HACETCHNUS, a TAK)KE YKPEIUIATh ITPABOIOPSIOK
B 00J1aCTH OXpaHbl OKpPY’KaIOLIEH cpelibl 1 00ECIIeYeHUs SKOJIOTNYECKON 0€301aCHOCTH. DKOHOMHU-
YyecKasi JKe OIIEHKA SKOJIOTHYECKUX (DYHKINI IeCOB BKITIOYACT:
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OLICHKY BOJIOPETYIUPYIOLIEH POJIN JECOMOKPHITHIX YUaCTKOB;
OLIEHKY ITOYBOOOPAa3yIoIIel PoJH Jieca;

OLICHKY ITOYBO3alIUTHON POJIH Jieca;

OLIEHKY KJIMMAaTOPETYJIUPYIOIIEH POJIH JIECa;

BbIJIETICHUE (PUTOHIUIOB;

MOHM3ALMIO BO3AYXa;

BBIJIEJICHUE KUCIIOPOAA.

B kauecTBe XapakTepUCTHKH BOAOPETYIUPYIOLICH POJIH JIECOB OOBIYHO MCIIOIB3YETCS CPETHETO-
JOBOM MPHPOCT MOA3EMHOTO (IPYHTOBOTO) CTOKA, KOTOPBIH 3aBHCUT OT Pa3jIMYHBIX MapaMeTpPOB
pacxoaHOW 4yacTu BojaHOro OamaHca. [Ipu pacdere BOAOpEryIHMPYIOLIEH POJIU JIECOB HEOOXOIUMO
YUUTBIBATH PsiJ] IOKA3aTeINeH:

1) atmocdepHbIe OCaaKu;

2) pEYHOM CTOK;

3) penbed 1 3a00I09EHHOCTD TEPPUTOPHUH;

4) nopoAHbIN COCTaB;

5) BO3pacT JieCOHACAXKIEHNUS, TTOJIHOTA, OOHUTET;

6) XapaKTEepPUCTHKA TPYHTOB.

Cmoumocms  80000XpAHHO-8000pe2yIUpYIOWell pPOoaU JNeCHbIX JIAHOWAPMO8 oTpe/esi-
€TCsl 10 BEJIMYMHE CPETHEr0J0BOr0 MIPUPOCTA MOA3EMHOr0 cToKa AS Kak pa3Hulla MexXay (paktude-
CKUM CTOKOM Ha JIECOMOKPBITOM BOJOCOOPE U TEOPETUYECKUM TOA3EMHBIM CTOKOM Ha 0e3JIeCHOM
TeppuTopuu ¢ yueroMm kodpdunmenta 3adbonouennoctu (Hekmonos, Anydpues, 2014; Jlebenes u
ap., 2003). IIpu pacdyere CTOMMOCTH BOJOOXPAaHHO-BOJOPETYJIUPYIOIICH POJIM Jieca MCIOJIb30Ba-
JUCH CIEAYIOUE MOKa3aTelNu:

cyMMapHas BesinuuHa ocaakoB (st PB) — 550 mm;

ko3¢ dunmeHT peqroro ctoka — 0,14;

kod(purmeHT mpupocta ocankos 6marogaps secam — 0,10;

KO3 (HULHEHT MOI3EMHOI0 CTOKA: C YYETOM IPOLIEHTA JECUCTOCTH — AJisl XBOMHBIX 0,55; nis
ymctBeHHbIx 0,50;

kodpuuneHT 3adomoueHHocTH Teppuropun — 0,003.

CyMMapHbIi 5KOHOMUYECKUH 3P PEKT BOTOOXPaHHO-BOIOPETYIUPYIOIIEH POJIH Jieca COCTAaBUIL:

JUISL XBOMHBIX HacaxaeHuu — 174,5 Teic.py0./Ta;
JUIS. TUCTBEHHBIX HacaxaeHu — 87,2 Teic.py0./ra.

[Tpu pacdere CTOUMOCTH n04680006pazyoujeli poiu Jeca UCTIOIb30BATUCH CIeIyIOIUe T0Ka3aTe-

JIN:

3arac JIpeBeCHHbl Ha 1 ra B CesioM MOoJIalbHOM HACaKACHWUHM, TaHHBIM MoKa3aTelb ObUl Mpu-
HST paBHBIM 250 M°/ra;

CpEIHEB3BEIICHHAS BETIMYMHA JISCHBIX TAKC 32 APEBECUHY — 32,3 pyo6./m;

K03 (ULIMEHT, XapaKTepU3YIOLINI CHIYKEHHE 3amaca JPEBECHHBI MPU OILIEHKE I0YBO0Opasy-
o1en ponu jueca, — 1,29;

KOA(QPHUIMEHT, XapaKTepU3YIOLUN CHIDKEHHE TOBAPHON LIEHHOCTH JPEBECHHBI NPH OLIEHKE
noyBooOpa3yromeit ponu neca, — 1,31.

CymMapHas CTOMMOCTB TOYBOOOpa3ytoliel ponu jeca coctasuia 8,08 Teic. py0./ra.
Cmoumocmb karumamopezyaupyowei poau OIpPeAeIeHa 3a MepHoJ OJHOro 0060po-
Ta pyOKH C yueTOoM:

3aTpar Ha MEPONPHUSITHS TI0 BOCIIPOU3BOCTBY 1 ra eca — 5756 py0./ra;

KO2(pPUIMEHT, yUUTHIBAIOIIUN 3aTPaThl HA OXPaHy U 3aIlIUTY JiecoB, — 0,5;

HOPMAaTHB PEHTA0EILHOCTH B JIECHOM X03siicTBE — 0,2;

JIOJISI 3aTpaT JIECHOTO XO035MCTBa, OTHECEHHAS HA KIIMMATOPETYJIMPYIONIYIO poJib Jieca, — 0,5;
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e kodbdunueHt, nuddepeHIUPYOUINI 3HAUSHHS KIUMATOPETyIUPYIOLIE poiu Jieca B 3aBU-
CUMOCTH OT XapaKTepPUCTHUK, — 1;

e K03 (UIUEHT TUCKOHTUPOBAHUS, KOJMYECTBO MEPONPUITUN TPU BOCIIPOU3BOJICTBE JIECOB.

CymMmapHasi CTOMMOCTh KJIMMaTOPETyIUPYIOIIEH poin jJeca coctaBuia 7,6 ThIC. pyo./Ta.

Cmoumocmsb novgosawumuoi poiu ieca Oblila pACCUUTAHA C YUETOM:

e IIEHBI TOYBOOOpa3yroIel poiu jeca — 8,08 Toic. py0./Ta;

e CcyMMa cTomMOCTel cpenodopmupyromux GyHKIu neca — 263,3 Toic. py0./Ta;

e K03 ¢unueHT, mudpdepeHIUPYIOMNN 3HAYSHUE TOYBO3AMUTHOM poiu jieca — 0,53.

CyMMapHasi CTOUMOCTh TTIOYBO3AIIUTHON PoJin jieca coctaBuia 150,8 Teic. py0./ra.

Boioenenue ¢pumonyuoos. JIpeBecHbie BUABI BBIACISIOT ()HUTOHIUIBI, KOTOPhIE YOMBAaOT 00-
JIE3HETBOPHBIX OakTepuii. BeIsiBIEeHO, 4TO 1 ra JIMCTBEHHOTO Jieca BBIICISAET B CYTKH 2 KT JICTYUHX
OpraHMYEeCKUX BEIIECTB, a XxBoiHoro — 5 (Ctenenn, Cobonena, 2016).

Ha ocHoBe paccuntaHHOl CTOMMOCTH (PUTOHIIUIOB, KOTOPbIE OBUIM MOTYyYEHbl UCKYCCTBEHHBIM
MyTeM C MOMOIIbI0 YcTaHOBKU «Apedur» (30 py6./kr) Oblia paccunTaHa CTOMMOCTh (PUTOHIUIOB,
KOTOpas BbIensercs ¢ 1 ra neca Ha npoTshkeHuu ce3oHa, — 0,21 Teic. py0./ra.

Honusayua 6030yxa NnecoM yCTAaHABIMBACTCS YCTaHOBKOW «Ps3aHby». CTOMMOCTh MOHHM3ALUU
Bo3ayxa cocrapisieT 250 py6. Ha 1 ra/rox. CToMMoCTh MOHU3AaNKUK Bo3ayxa cocraBmia 0,25 TeIC.
py6./ra (boimakosa u mp., 2002).

Buvioenenue xucnopooa. CtoumocTh 1 T TOJIy4aeMOro MPOMBINUICHHBIM ITyTEM KHCJIOPOJa CO-
crasisieT 230 py6. (Cnunun u ap., 2003). CTouMoCTh BbIACIICHUS] KUCIOpoaa cocTaBuiia 4,6 ThIC.
pyo0./ra.

OO0mue paccuMTaHHBIC JaHHBIE YKOHOMHUYECKOW OIEHKU Cpenoo0pa3yrolIuX, BOJAOOXPAHHBIX,
3aIIUTHBIX, CAHUTAPHO-TUTUEHUUECKUX M UHBIX MOJIe3HbIX (PyHKIMH tecoB Pecny6nuku bamkopTo-
CTaH MpE/ICTaBICHBI B TAOIUIIE.

JKoHOMHUYECKAS OICHKA 3KOJOTHYCCKHUX (l)yHKlIPlﬁ JIeCoB PeCl'IyﬁJ'll/IKl/I Ba[[lKOpTOCTa]—[

Ne HaumenoBanue BUIa M0J1e3HBIX GyHKIMIA OneHKAa PKOJOrH4eCKHUX
Enununa usmepenust .
nn J1ecoB (yHkumii aecon
1 BomooxpanHO-BOAOPETYIUPYIONIAs POJIb JIECHBIX ThIC. py0./Ta 261,8
2 [TouBooOpa3zyromas pois jeca THIC. py0./Ta 8,08
3 [TouBo3amuTHas poJib Jeca THIC. py0./Ta 150,8
4 Knumaroperynupytomiast poJis jeca THIC. py0./Ta 7,6
5 Honwnzanus Bo3ayxa THIC. py0./Ta 0,25
6 Oo0orarmienue KUcIopoaoM TBIC. py0./Ta 4,6
7 Brienenue GuTOHIUIOB THIC. py0./Ta 0,21
Hroro TBIC. py0./Ta 433,34

B pe3ynbpTare nMpoBeICHHBIX UCCIIEIOBaHUI OBUIO BBISBICHO, YTO OOIIasi CTOMMOCTD BBITIOJTHSIE-
MBIX JiecoM 3koJjiorndeckux GyHkuui B Pecnyonuku bamkoprocran cocraBuia 433,34 teic. py6./
ra, U3 HUX BOJIOOXPAHHO-BOJIOPETYJIUpYIOIIasi posib JecHbIX JaHamadToB — 261,8 Teic. py0./ra,
nmouBooOpa3yroias pois jeca — 8,08 Teic. py0./ra, moYBO3aMMUTHAS POk jeca — 150,8 Tric. py0./ra,
KJIMMAaTOperyJupyomas poib jeca — 7,6 Toic. py0./ra, noHuzanus Bo3nyxa — 0,25 Toeic. py0./ra,
oborareHne Kuciaopoaom — 4,6 Teic. py0./ra, Beyaenenne putoHuaos — 0,21 Teic. py0./ra.

[Tony4yeHHbIE BHICOKHE CTOMMOCTHBIEC MOKA3aTeIH SKOJIOTMYECKHX (YHKIMN JECOB 00YyCIIOBIIE-
HBI:

e BBICOKHM IPOIIEHTOM JIECUCTOCTHU Tepputopuu (6o1ee 39%), mpu 3ToM B TOPHO-JIECHON 30HE

NaHHBIN noka3aTenb qocturaet 81,2-92,0% (benopeukwuii paiion);
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e pa3HOOOpa3HeM IPEeBECHBIX MOPOJ (€CTECTBEHHBIE JIECHBIE cooOIiecTBa MpeacTraBieHs 20
JPEBECHBIMH TOPOAAMHU), OCHOBHBIMHU JIECOOOPA3yIOIIMMHU NOPOJAaMHU SABISAIOTCS Oepesa, JH-
11a, COCHa, OCHHa, eJib 1 1y0;

e ONTHMAJIBHOM BO3PAaCTHOM CTPYKTYPOM HaCaXACHUM;

e BBICOKOU NMPOAYKTUBHOCTHIO HACAXKICHHUIA;

o ONMAroONMpUSATHBIMH MPHUPOTHO-KIMMATUHIECKUMHU YCIOBUSIMH;

e 0OraTCTBOM IIOYB;

e HU3KUM KO3PPUIIMEHTOM 3a00JI0YCHHOCTH TEPPUTOPHH U JP.

[TpoBeneHHBII aHaIU3 MO3BOJIAET 3aKIIOUUTh, YTO POJIb IKOJIOIHYECKOT0O (haKkTopa OnpeaessieTcs

HE TOJIBKO KJIMMaTHMYECKUMH YCIOBHUSAMH, HO U HAIIPSIMYIO 3aBUCHUT OT COCTOSIHUS JIECHBIX HKOCHU-
CT€M, a MMEHHO: OT IIeJIEBOIO0 HA3HAYEHHUS U KAaTErOpUM 3aIlUTHBIX JIECOB, MOPOJHOIO COCTaBa
HACaXJAECHUH, BO3PACTHON CTPYKTYPbI JPEBOCTOS], IPOLIEHTA JIECCUCTOCTH TEPPUTOPHH. JKOJIOTHYE-
CKUIl acCHeKT HampsMYIO0 OIpeNeNseTcsl YCIOBHSIMHU HCIIOJIb30BaHMS JIECOB, TaK HANpuMep, MpH
OIlpe/ieJIEHUU MOYBOOOPA3yIoLIel POJIM Jieca YYUTHIBAETCS IIaTa 3a JPEBECHUHY Ha KOPHIO, IpU
OLIEHKE KJIIMMAaTOPETyIUPYIOLIEH pojiu — CTOUMOCTh BOCIIPOM3BO/ICTBA JIECOB.

Hcxons u3 BBILIEU3I0KEHHOIO, MOKHO CENaTh BbIBOJ, 4TO Jjeca PecnyOnnku bamkoprocran
UMEIOT BBICOKHE TEXHUYECKHE XapaKTEPUCTHKH, HO IMPH ITOM CIEIYET OLIEHUBATh HE CTOJBKO
UX ChIpbEBOE 3HAYEHME, CKOJIBKO BBINOJHIEMbIE CPEl00Opa3yrolue U Cpeo3aliuTHbIe (QYHKIMH.
DKOHOMHUYECKasl OLIEHKA HKOJIOTMUECKUX (PyHKIM JecoB OyneT CTUMYIUpOBaTh yCTOHUMBOE pas-
BUTHE JIECOIIOIb30BAHNE B PEIHOHE, HUBEJIMPOBATh YCIOBHS JIECO3arOTOBUTEIBHOTO ITPOU3BOICTBA,
U3BATHE JIECHOTO J0XO0/a, KOTOPbI MOXeT ObITh HAlpaBJieH HE TOJIbKO Ha JIECOBOCCTAHOBJIECHHUE,
OXpaHy M 3alIUTy JIECOB, HO U HA PEAIN3aLHUI0 SKOJIOTHYeCKUX MpoekToB. [losyuennas uapopma-
L[1s1 MOXET UCIOJIb30BaThCS MPU KOMIUIEKCHOM OILIEHKE CTOMMOCTH JIECOB PECIyOJIUKH, KOTOpasi, B
CBOIO OYepelib, He00xoauMa i 3P (HEKTUBHOCTH HCIIOIb30BaHUS UMEIOIINXCS JIECHBIX PECYpPCOB.
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KAPTOI'PA®UYECKHUE METO/Ibl UCCJEJOBAHUM OB BbEKTOB ITPUPO/IbI

3.3. Paxmarymmn', MI.P. Paxmarymmna®, A K.I'a6aenxakos'
'Bamkupckuii rocy1apCTBEHHBIN arpapHbli yHUBEPCHTET
*BalIKUPCKHii TOCYIapCTBEHHBII TIEIarOrHUeCK i YHIBEPCUTET UM. M. AKMYIIBI

Kapmoepaghuueckuui memoo uccnedosanus 6 yciousax 601oui020 06vema OaHHbIX 0 COCIOAHUU
NPUPOOHLIX 0OBEKMOEG U 3HAUUMENbHO20 YCIOHCHEHUSA MeopemuyecKux npooiem, mpeoyrouux npo-
CMPAHCMBEHHO20 peuleHus, npuobpemaem éce Ooavutee 3nauenue. Kapmoepaguposanue npupoo-
HbIX CUCTeM NO0360.JIAem NPo8ecmu 8CeCMOPOHHUL, CUCMEMHbIT AHANU3 U CUHME3 YNOPAOOUEHHbIX 6
NpOCMpancmee U 8peMeHU OAHHbIX O HAcCeleHUu, IKOHOMUKe, COYUANbHOU cgepe, NPUpoOHO-
KAUMAMUYECKUX, IKONOSUHECKUX U OpYeUX pasHoobpasHulx ghakmopax. MHozue sxonocuieckue He-
Onazonpusimusie paxmopvl 603MOHCHO NPEOCKA3AMb ULU NPEOOMBPAMUMb, UCNOIL3Y meMamuye-
cKue Kapmul npupoosl (Kiumamudeckue, 2UOpoiocudecKkue, 2e0102uieckue, 2eomopgonocuieckue,
eeobomanuveckue, noueenuvie u 0p.). Ilpu 3mom 3HAUUMENLHO YAPOWAEMC U NOBLIUACMCS MOY-
HOCMb pacuemos cuopopaguieckux u 2UOPOI0SULeCcKUX XapaKkmepucmux pex u ux oacceinos, no-
BbIULACTNCA KAYECE0 KAPMOMempUYecKux pabom no paciemy KoOpOUHAM, JUHEUHbIX U NIouao-
HbIX NApamempos BOOHLIX 00BEKMO8 U UX OAccelno8 (OIUHA, U3BUIUCMOCTIL 8000MOKA, NIOWAOb
8000ema, 86000coopa u e2o yenmpa msdxcecmu). B nocreonue 200wl Ha codelicmeue uzyueHuro u pe-
WEHUIO DKOJLO2UYECKUX NPOOIIeM MAKIHCe OPUESHMUPYEMCSL 2e0MOpPoaocutecKkoe Kapmozpapuposa-
Hue. K Hum omHnocumcs uzyuenue 00HO20 U3 21ABHLIX NoKazamenell dKOI02UUecKoli 06CMaHO8KU,
(axkmopos akmueuzayuu ONACHLIX NPOYECCO8 (SPABUMAYUOHHBIX NPOYECCO8 HA CKIIOHAX, HABOOHE-
HUs1) — penvbehoodbpazyiouwux npoyeccos.

IIpu oyenxe cospemeHHO20 COCMOAHUSL PACMUMENILHO20 NOKPOBA U NAPAMEMPO8 €20 OUOPA3HO-
obpaszus, a makdice npu GblAGIEHUU 3AKOHOMEPHOCTEN €20 NPOCMPAHCIEEHHO-8DEMEHHON OPeaHU-
3ayuu 8 YClo8UAX PA3HOU CMenenu AHMPONO2EHHO20 B030eUCMEUs 8 MUPOBOL NPAKMUKE UWUPOKO
UCNONb3YemMCcsl UHPOpMayUus OUCMAHYUOHHBIX U300PANCEHUl O CMPYKMype U C80UCMEAx pacmu-
menvHocmu. Paznuunvlie cenemuyeckue munvl nou8, ux epamyioMempuyeckull CoCmas, coCmosHus
U  MmeHOeHyuu  uUMeHeHutl  (8videjlenue  CMbIMBIX U HAMBIMBIX  NOYB), MAMeEPUHCKUe
(nousoobpazyrowue) nopoosvl MpaouyUOHHO OMOOPANCAIOM NOYBEHHble Kapmbl. B pamvkax sxonoeu-
3ayuu nouY8eHHoe Kapmozpagpuposarue mpanchopmupyemcs 8 MOHUMOPUHS 3eMENbHbIX PeCYPCos,
8 3a0auu KOMopo2o 6X00um Omciedxdcusanue usmeHeHull. B acnexme ycmoudugoeo pazeumus co-
YUO-IKON020-IKOHOMUYECKUX CUCIEM MAaKue Kapmvl NO360JAI0M OYeHUBAMb IKO02uYecKue pax-
MOopbl U AHMPONO2EHHOE B030eUCmaUe Ha NPUPOOHbBLE CUCTNEMBI.

Knwouesvie cnosa: memamuueckoe kapmoepaguposanue, Kiumamudeckue, 2u0poiocuye-
cKue, eeomopghonocuyeckue, 1aHOwapmuvle Kapmol, 6000COOPHBIL Oaccelin, Yugpposas mooenn

penveda.

CARTOGRAPHIC METHODS OF NATURE OBJECTS RESEARCHES

Z.Z Rakhmatullin', I.R.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.

Beenenne. Kaprorpaduueckuii MeToa uccieoBaHus B YCIOBUSAX O0JbIIOro oObeMa JaH-
HBIX O COCTOSIHMM IPUPOJIHBIX OOBEKTOB U 3HAUUTEIHHOI'O YCIIOKHEHHSI TEOPETUYECKUX MPOoOIIeM,
TpeOyIOLMX MPOCTPAHCTBEHHOTO pelIeHus, npuodperaeT Bce Ooubliee 3HaueHue. Kaprorpadupo-
BaHUE MPUPOAHBIX CUCTEM IO3BOJIIET IPOBECTH BCECTOPOHHUM, CUCTEMHBIN aHAJIU3 U CUHTE3 YIIO-
PSIOUYEHHBIX B MPOCTPAHCTBE M BPEMEHM NAHHBIX O HACENICHHH, SKOHOMHKE, COIMAIbHOU cdepe,
MIPUPOTHO-KIMMATHIECKUX, IKOJIOTHYECKUX U IPYTrUuX pazHoodpaszueix (akropax (Kypdbanos u mp.,
2018). Ilpu »TOM OHM omMparoTcs Ha JOCTHKeHus oOuieil kaprorpadpuu, ['MC-rexHonoruii, au-
CTaHIIMOHHOTO 30H/IMPOBAHUS, MATEMAaTUKO-KapTOrpauyeckoro MoJIeIMpoOBaHUs U OCOOEHHO — Ha
JOCTUKEHHS] CHCTEMHOT0 TeMarudeckoro kaprorpagpuposanus (Kypbanos u ap., 2015; BopoOnen
u ap., 2016, Loboda et al., 2017).

B T0 ’xe BpemMsi BO3HUKHOBEHHE MHOT'MX HKOJIOTHUECKH HEOJIaronpHusITHHIX (haKTOPOB BO3MOXKHO
npeacKa3aTh WM NPEJOTBPATUTH, UCMOIb3YysSd TEMaTHYECKUE KapThl MPUPOAbI (KIMMAaTHYECKHUE,
THJIPOJIOTUYECKHE, T€0JIOTHYECKUE, FeoMOp(OIOrHuecKue, re000TaHuYeCKHe, TOYBEHHBIE U JIp. ).

Hesn u 3agaun. [IpoaHanu3upoBaTh CyIIECTBYIOUIME BUABI TEMATHYECKOro KapTorpadu-
poBaHMsI 0OBEKTOB MPUPOBI — KITUMATHUECKHUE, THIPOJIOTUYECKHIE, T€0JIOTUYECKUE, PACTUTEIbHBIE,
MTOYBEHHBIE ¥ TPUPOJIOTIONB30BAHUS; BBIIEIUTH OCHOBHBIC HAIIPABIICHUS, BHISIBUTH JOCTI)KEHUS B
naHHOU o0jacTu KapTorpadupoBaHusl.

PesyabTaTsl uccienoBanusa. KiimMmaruyeckue BOIpochl JaBHO CTOAT Ha MOBECTKE JHS HE
TOJIKO Halllel CTpaHbl, HO U YEJIOBEYECTBA B LIEJIOM, UTO MOJATBEp:kaeHO [lapukckuM cornarieHu-
em o kiumary (https://unfecc.int/resource/docs/2015/cop21/rus/109r.pdf). B nannom acnekre me-
TOJbl KJIMMAaTHYECKOTO aHalM3a MOTYT OBITh PEaJM30BaHbl C HCHOJIb30BAHMEM KIMMATHYECKHX
KapT, Ha KOTOPBIX IMOKa3bIBAE€TCsl pacrpeeieHne MoKaszarenei, XapakTepu3yIoIuX KIUMar B Mpo-
CTPaHCTBE, a TAKXKE UX U3MEHUMBOCTH, IEPUOJINYHOCTD TTOBTOPEHUN M B3aUMOCBS3H KOMIIOHEHTOB
(KypOanog, 2016). [IpenMy1iecTBOM KIMMAaTUYECKUX KapT ABISETCA TO, YTO OHU COCTABIISIIOTCSA I10
JTAHHBIM CUCTEMATUYECKUX MHOTOJIETHUX HAOJIOJACHUI U WX CTaTUCTHYECKOM oOpaboTku. Kak mpa-
BUJIO, KJIMMATHYECKHE TIOKAa3aTeNId TOKAa3bIBAIOTCS LIBETOM, /ISl XapaKTEPUCTUKU SBJICHUH € MOJI0-
KHUTEITHHBIMHI TEMIIEPaTypaMH HCIOJB3YIOTCS TEIIIbIE [BETA, U OTPUILIATEIBHBIX TEMIIEpaTyp —
XOJIOJHBIE.

B nocnennue rospl B OTKPBITOM AOCTYIE B ceTH VIHTEpHET MOSIBUIIOCH MHOYKECTBO CATOB C Me-
TEOPOJIOTHUECKUMH U3MEPEHUSMH U KIMMAaTHYECKUMH JaHHBIMHU, TOCTYITHBIC JJIs1 CKAYMBAHUS U C
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yCIIEXOM HCIOb3yeMble B KapTorpadupoBannu (Bopoodser, Kypbanos, 2017). Cpenn HUX KIuMa-
trueckas 6a3a manHbix WorldClim — HabGop 3 19 nmpou3BoIHBIX OMOKIMMATUYECKHX XapaKTepH-
ctuk BioClim 1 1106anpHbIX KIMMATHYECKUX JAHHBIX, BKIIIOYAIOUIMX MUHUMAIbHYIO, MAKCUMaJIb-
HYI0O U CPEIHIOI0 TEMIIEpaTypy, OCaIKH, BBICOTY HaJ ypoBHEM Mops (puc.l), a Takxke JaHHBIE O
KJIMMaTe MPOLUIOTO U OYAyIIEero.

MakcumansHas
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Haud.mennozo
mecsaua,°C

4Konuyecmbo
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Puc. 1. KapTocxeMbl Npon3BOIHBIX KIMMaTHYecKUX Noka3aTeneii WorldClim Ha TeppuTopuio
ByryiabMuncko-besiedeeBckoii BO3BbILIEHHOCTH B npeaenax Pecny0auku bamkoprocran

JlaHHBIE TTOKPHIBAIOT BCIO TOBEPXHOCTH CYIIH (32 HCKITIOYCHUEM AHTAPKTH/bBI) U JOCTYITHBI JUIs
MOJIyUYEHHUsI B PasHbIX (popMarax M ¢ pazIU4HbIM MPOCTpaHCTBEHHbIM paspemeHueM (WorldClim,
2018). National Centers for Environmental Information — o6ecieunBaeT OTKpbITBIN JOCTYI K OJTHO-
My u3 Hauboyiee BaXKHBIX apXWBOB JaHHBIX 00 OKpyxkawmei cpene Ha 3emue (https:/
www.ncei.noaa.gov/). European Climate Assessment&Dataset cogepkut Habop Mo TaKUM IMOKa3a-
TEeJSM, KaK CPEIHSISI CKOPOCTh, MAKCUMAIIbHBIE TIOPBIBHI, HAPaBIEHUE BETPa MO CTaHIMsIM EBpormb
u Cpenn3eMHOMOpBs, KaKk MakCUMallbHas, MHHUMAaJbHas, CPe/IHsAS TeMIepaTypa, OCaJKH, JaBlie-
HUE, 00JIaYHOCTh, BIAXKHOCTh, TIyOMHA CHera, IUIMTEeNbHOCTh cBeToBoro aHs, (http://eca.knmi.nl/
dailydata/index.php). Ilo Poccuiickoii ®enepanuu nannyro uHdopmanmio obdecreunBaer Beepoc-
CUICKUI Hay4yHO-MCCIIEI0BATENbCKUI HHCTUTYT FHAPOMETEOPOIOTHUECKON HH(OpMAaIIUK, ITpeaMe-
TOM JIESTEIFHOCTH KOTOPOTO SIBJISIFOTCS HAydYHBIE WCCIEAOBAaHUS W Pa3pabOTKH, HAYyYHO-
TeXHUYECKHE padOThl B O0JACTH CO3/JaHHS M BHEIPEHUS WH(POPMAIMOHHBIX TEXHOJIOTHH cOopa,
KOHTpPOJISI, 00pabOTKU U XPaHEHUS THAPOMETEOPOIOTHIECKON MHPOPMAIINH; CO3JJaHUE METO/IOB U
TEXHOJIOTUH BepeHus: EanHoro rocynapcTBeHHOTO (POHAA TAaHHBIX O COCTOSTHUW OKPYKaIOIeH cpe-
Ibl, €€ 3arps3HEHUM; BBINOJIHEHHE Pa0OT M OKa3aHHE YCIYr B OOJACTH THIPOMETEOPOJIOTUH U
CMEKHBIX ¢ Hel 00IacTsIX; BeIpabOTKa MPEIOKESHHH JIJIsl TOCYJapCTBEHHBIX CTPATETHil, IPOTHO30B
U TPOTPaMM Pa3BUTHS; HCCIEIOBaHUS N3MEHEHUI KIIMMaTa Ha OCHOBE BHICOKOKAUECTBEHHBIX Mac-
CHUBOB THIPOMETEOPOIIOTHYECKON MH(POPMAIIH U HCIIONBb30BAHUS IMIIUPUKO-CTATUCTUIECKIX Me-
TOJ/IOB aHAJIM3a JJAHHBIX; UCCIEAOBAaHUS M0 SKOHOMHIYecKoi MeTeoposoruu (http://meteo.ru/data).

DBoONUs KIIMMAaTHYECKOTO KapTorpadgupoBaHusi MPOMCXOTUT B HANPABICHHH OTOOpPaKECHUS
METEOPOJIOTHIECKHUX (PaKTOPOB IKOJIOTUIECKON 00CTaHOBKH, pa3BUBaEMOM Ha OCHOBE METOJIOB Ma-
TEMaTHYECKOTO MOJICTHMPOBAHUS PACCEHBAIOIIECH CIOCOOHOCTH W TOTEHIIMANIA 3arpsi3HEHHUS aTMO-
cdepsl. [IyTéM HHTEpPHOIAINN KOMIUIEKCHOTO MOKAa3aTelsl, YUUTHIBAIOIIETO KIMMAaTHYECKHE OCO-
o6ennoctu Tepputopun (paspadorad B I'TO um. A.U. BoeiikoBa nmon pykoBoactsom JO.10. be3yr-
JIOK) IO METEOCTaHIUAM C MOCIEAYIOIIUM BhIY€PUNBAHUEM H30JMHUN MPOU3BOAUTCS KapTorpadu-
pOBaHUE KJIMMATHUYECKOTO MOTEHIMaa 3arpsi3sHeHus atMocgepbl. OOBIYHO BBIMOIHICTCS B BUC
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MeJIKOMAcIITa0HBIX KapT, YTO MO3BOJISET JaTh PEKOMEHAALUY 110 IPeAYIPEKICHHUIO 3arpsI3HEHUH ¢
YUETOM BBISIBICHHUS BIUSHUS KPYHNHBIX (hopM penbeda U LUPKYISILUOHHBIX OCOOCHHOCTEH aTMO-
cepHOro Bo3ayXa ri100ajIbHOTO U PErHOHATIBHOIO MacIITaba.

MeTeoposiorn4eckuid MOTeHIMAI 3arpsi3HeHUs aTMoc(epsl co3AaeTcsl B BUIE KapT B CPEAHEM U
KPYITHOM MacHiTabe, u4To MO3BOJISIET KOJIMYECTBEHHO OXapaKTepU30BaTh PasziMuus B YpPOBHSX 3a-
IPSA3HEHUS MPU OJHOM M TOM JK€ BBIOpOCE B 3aBHCMMOCTH OT MECTa pa3MEIICHUs MCTOYHHUKA
(HampuMep, Ha BOJOpA3/elie WIK B JIOJIMHE PEKH), HCIOIB3YIOTCA MapaMeTphl, OnpeensieMble Ha
3HAYUTENBHO OOJbIIEM YHCIE METEOCTaHUUH ¢ TNpPUMEHEHHEM (OPMYIbI, MPEIOKEHHON
T.I'. Cenereit (Ctypman, Cemakuna, 2014).

Ha ocHOBe aHHBIX MHBEHTApHU3aLMU M CTATUCTUYECKON OTUETHOCTHU MPOBOAUTCS KapTorpadu-
poBaHue 3arpszHeHust atMocdepsl. [Ipu nokase Ha kapTax IUIAHOBOTO MOJIOXKEHUS HCTOYHUKOB BbI-
OpocoB aTpuOyTaM NMpPUCBaMBAETCS pa3IMyHas UH(GOpMAIMs B 3aBUCUMOCTH OT MaciiTadba: B KpyI-
HOM MacuTabe — pexuM padoThl UCTOYHMKA, yJEJIbHBIE BBIOPOCHI OTAEIbHBIX WHIPEIUEHTOB; B
CPeIHUX U MEIIKHX MacIITadax — CyMMapHbIe BEIOPOCHI OT TOPOJIOB M UX CTPYKTypa. s kapTorpa-
(bupoBaHHs ypOBHEW 3arps3HEHUS MPUMEHSETCS CIIOCO0 KOJIMYECTBEHHOTO (hOHA, B KOTOPOM IIBE-
TOBasi raMMa 3aKpacKy MO0UpaeTcs JIO0 MO MPUHIUIY YCUIICHUSI MHTEHCUBHOCTH IIBETA, JINOO 1O
MIPUHIUITY «CBETO(OpPa»: Mepexoa OT 3eNEHBIX Yepe3 )KENThIE K KPACHBIM I[BETaM M0 Mepe M3MEHe-
HUS Ipajalliy B COOTBETCTBUHM C OLIEHOYHOM IIKAI0H 3arpsi3HeHHUS.

YcpenHeHHble IPOCTPAHCTBEHHbIE paclpeieieHus ¢ OOJbIIOW NeTaabHOCThIO Haubosee pac-
IPOCTPAHEHHBIX 3arpsA3HSAIOLIMX BELIECTB C PA3BUTHEM METOAOB JUCTAHI[MOHHOI'O 30HAMPOBAHUS
CTaJI0O BO3MOXKHBIM T0Ka3aTh C IIOMOIIbIO M30JIMHEHHbIX KapT. Hanpumep, ['eiinens6eprekum yHu-
BepcuteToM (I'epmaHMsl) Ha OCHOBE HUCHOJIb30BaHUS CKAaHUPYIOLIET0 a0COPOLIMOHHOTO CIEKTPOMET-
pa, YCTaHOBJIIGHHOTO Ha HCKYCCTBEHHOM CITyTHHKE 3emMiii EBpOmeiickoro KOCMHYECKOTO areHTCTBa
ENVISAT, coznana mupoBasi CHOYTHHUKOBas KapTa 3arpsi3HEHUs aTMocdepbl OKCHUAAMM a30Ta
(earthhabitat.wordpress.com/2010/02/23/air-pollution-hotspots-world-map/), ArenrctBom National
Aeronautics and Space Administration — NASA (CILA) pa3paboraHa ciyTHUKOBasi KapTa 3arpsi3-
HeHust arMmocepbl B3BemieHHbBIMH dactumamu  PM2.5  (https://www.treehugger.com/clean-
technology/new-map-shows-air-pollution-throughout-the-world.html).

['maponornyeckre KapThl, K KOTOPHIM OTHOCSATCS HanboJiee 4acTo MCIOJIb3yeMble Ha MPAaKTUKE
KapThl PEYHOM CETH, KapThl cI0s (MOJYJIs) CTOKA 3a pa3IUYHbIe MEPHOABI BPEMEHHU, KapThl CPOKOB
Hayaia M cpeiHel MPOJ0JKUTEIBHOCTH JIEI0CTaBa, KapThl CPOKOB Haualsa Je10Xo0/1a U CpeHel u3
HauOOJIBIIMX TONIIMH JIbAA, KaPThl MYTHOCTH BOJBI PEK, KapThl CPEJAHEr0JI0BOTO CTOKA B3BELICH-
HBIX HAaHOCOB PEK, KapThl XMMUYECKOTO COCTaBa MPHUPOIHBIX BOJ, KAPTHl HOHHOTO CTOKA U JIPYTUe
OTpaXKaroT pacrpeie]ieHre BO Ha 3eMHOW TOBEPXHOCTH.

['unponorudeckoe kapTorpadupoBaHUe COOTBETCTBEHHO MPHOOPENO HAIEIEHHOCTh Ha O0TOOpa-
’KEHHE COCTOSHUS BOJHBIX PECYPCOB, B T. U. B aCMIEKTaX UX UCTOMICHUS M 3arpSI3HEHUS. DKOJIOTHYe-
CKO€ COCTOSIHHE BOJIOEMOB CKJIQJIBIBACTCS B PE3YJIbTAaTE B3AUMOICHCTBHUS (PaKTOPOB CAMOOUYHUIIICHUS
Y TEXHOT€HHOM Harpy3kH. Y CIIOBHbIE JTJMHEWHBIEC 3HAKU JJIS PEK U apeaibl JJis BOJIOEMOB (C HCIIOJb-
30BaHMEM Ha IIBETHBIX KapTax «IpPUHIMINA CBETO(Opa», HAa YEPHO-OENBIX — UCHOIB3YIOTCS HITPH-
XOBKa, TYCTOTa KOTOPOH YBEIMYUBAETCS MO MEpe YXY/IICHUS YCIOBUI) MPUMEHSIOT JJs H300pa-
KEHHUS Ha KapTaX XapaKTepUCTUK CAaMOOYHILEHUS.

KapTbl pa3Hbix MacmTaboB MCIONIB3YIOTCS B METOJUKAX KapTorpagupoBaHUs 3arpsi3HEHU I0-
BEPXHOCTHBIX BOJ. Ha MemkomacmTaOHBIX KapTaxX KJIacChl KAauecTBa BOJBI XapaKTEPH3YIOTCS JIH-
HEHHBIMU 3HaKaMU (JUUIs peK) U apeajiaMu (JUIs 03ep U BOJAOXPAHWIINIL), YPOBHHU U COCTaB 3arpsizHe-
HUS, 00BEMBI U COCTaB COPOCOB — CTPYKTYPHBIMH 3HAKaMHM, TEXHOTEHHAsI HArpy3Ka Ha peuHble Oac-
ceitHbl — kapTorpamMmami. [Ipu Gosiee nerambHOM KapTorpadupoBaHUU JTUHEHHBIC 3HAKU, XapaKTe-
pHU3YIOIIHE Ka4eCcTBO BOMABI, AU PepeHInpyroTes Mo BemecTBaM. JlaHHbIe 1ieaecoo0pa3Ho J0MoJ-
HATh PACYETHBIMU XapaKTEPUCTUKaMU U PY3HOTO 3arps3HEHUS C UCIOIb30BaHUEM KO3 (UIeH-
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Ta pa30aBICHUS MIPU CPEAHE- M KPYITHOMACIITAOHBIX HCCIeOBaHUIX. B 3TOM ciydae kaprorpadu-
pyemasi TEppUTOPHS TTOIPA3EIIeTCs Ha BOJOCOOPHBIE OacCeiHbl, B Ipe/enax KOTOPIX ONpeens-
IOT BCE JCHCTBYIONIME MCTOYHHUKH 3arps3HEHMS] MTOBEPXHOCTHBIX BOJ M NOTCHIUAIBHO ONACHBIC
o6bexThl (Ctypman, 2003).

BopmocOopHsiii 6acceiiH B pakTUKe KapTorpapupoBaHUs BHICTYNAeT B KayeCTBE OJHOW M3 OC-
HOBHBIX ONEPAIMOHHBIX TEPPUTOPUANBHBIX eauHuIl. Hambonee mepcnekTHBHO pemath mpooieMbl
OpraHU3aINH, PAMOHAIN3ALNH, ONITUMHU3AINH, PAaHOHUPOBAHUS, MOJCTUPOBaHU, KapTorpadupo-
BaHUS MPUPOAONOIH30BAHUS U YIIPABICHHS €T0 MPOLECCaMH, a BOJOCOOPHBII OacceiiH paccMaTpu-
BaTh B KaYECTBE OCHOBHOW €IMHMIIBI JUI PAacyeTOB OaJaHCOB M MOJEIMPOBAHHS Iepepacipeaese-
HUSI 3arPS3HSIONINX BEIECTB, CAMOOYHIICHUS TPUPOAHBIX CPEll, MUTPAIMA TOKCHUECKHUX JJIEMEH-
TOB C HCIIOJIb30BaHHEM BOJOCOOPHOTO OacceitHa — 0co00i MPUPOTHON T€OCUCTEMBI, 00IaTaroIIei
[EJIOCTHOCTBIO C MO3UINUU THAPOJIOTHH, TeOMOP(OIOrur, ONOTEOIICHOIOTHH, TEOXHUMHUY JTaHamad-
Ta U T.J., TIPH 3TOM I'PaHUIBI 0acCEHHOB (BOIOPa3Aeibl) MOT'YT YETKO U OOBEKTHBHO BBIIEIIATHCS HA
MECTHOCTH M KapTe, B paMKax 0acCeHOBOW KOHIICTIIIUH.

Bce Gonpiryto monyssipHOCTh C Pa3BUTHEM METOJIOB JUCTAHIIMOHHOTO 30HIUPOBAHHS M TE€OWH-
(OpMaMOHHBIX TEXHOJOTUH NPHOOpETaeT reonH(OPMAIMOHHOE MOJEIUPOBAHUE BOJOCOOPHBIX
OacceifHOB Ha ocHOBE IM(poBoW Mozaenu penbeda. ['maporpaduueckas mpousBoaHas nU(POBOI
MOJIETIH penbeda — MOJENb CTOKAa COCTaBJIIET OCHOBY MOJICIHPOBAaHMS BOJOCOOPHBIX OacceitHOB
(puc. 2). OcraBasicb 00bEKTOM aKTHBHOW JMCKYCCHHM B HAYYHOM COOOIIECTBE, 33 CUET TaKHX dJe-
MEHTapHBIX XapaKTEPUCTHK, KaK BOJOCOOpHBIC OacCeiHbI, CETh BOJOTOKOB, HAIPABICHUE U aKKY-
MyJALus cToka opmupyeTcs Mozienb cToka. B HacTosiiee BpeMsi pa3paboTaHo OO0JbIIOe KOIHYe-
CTBO Pa3IMYAIOLIUXCS 1O CIOXHOCTU U cdepaM MPUMEHEHHs aJrOPUTMOB pacyeTa HarpaBJIeHUIN
croka (Komens, Otun, 2016).

ER===l 6acceiiH peku YceHb
[T cy66acceitHbl
(6acceitHbl NpUTOKOB)

= e0n0ToKM (Tanbseru)
WUCTOKH
BBl TOUKM CAMAHKA
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Puc.2. BonocGopHslii 0acceiin peku Y ceHb, IOCTPOCHHBIH HA 0cHOBe M(poBoii Mogenu peabeda SRTM
(PaxmatyauHa u ap., 2017)
3HAYUTEIBLHO ypomacT U MOBBIIIACT TOYHOCTH PAaCUCTOB I‘I/IIIpOFpa(I)I/ILIeCKI/IX " TUAPOJIOTHUYC-
CKUX XapaKTEPUCTHK peK M uX 0acceiHOB, MO3BOJIAET MPOBOIUTH KapTOMETPUUYECKHE PabOTHI IO
pacueTy KOOpAMHAT, JTHHEWHBIX U IUIOMAJHBIX MMApaMETPOB BOJHBIX OOBEKTOB M HX OacCEeiHOB
(mMHA, W3BUIIMCTOCTh BOJIOTOKA, TIJIOMIAIL BOJOEMa, BOJIOCOOpA M €ro IEHTPA TSHKECTH) BHEApE-
HUE TeOMH(OPMAIMOHHBIX TEXHOJIOTHH, UCIOJIb30BaHNE MU(PPOBBIX KapTorpaduuecKux mMaTepua-
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70B ¥ 1U(poBBIX Mojenel penbeda. i BelUKMCISHHS MapaMeTPOB BOJHBIX 0OBEKTOB U UX Oacceii-
HOB 10 OTHOUICHHIO K JPYTUM BOJHBIM OOBEKTaM M UX OacceiiHaM Ha OCHOBE OBEpPJICHHBIX Omepa-
Ui U Kaptorpapudeckoil anredpbl (KodDPHUIIMEHTH JECUCTOCTH, 03€PHOCTH, 3a00JI0YEHHOCTH,
KapcTa, pacnaxaHHOCTH, B TOM YHUCIIE JONOJHMUTEIbHBIX XAapaKTEPUCTUK, TAaKUX KaK [1OKa3aTelu
TOPU3OHTAIILHON U BEPTUKAJIBHONW PACUIICHEHHOCTH, IIOPSAIKU PEK, TYCTOTAa PEYHOM CETH U JPYIUX
npumMensiercs mudposoe kaprorpaduueckoe mogenuposanue (Kammuun, [Tesakos, 2013).

Takue mokaszaTesn, Kak BO3pacT, COCTaB, XapaKTep 3ajJeraHusl TOPHBIX MOPOJ, MOJE3HbIE UCKO-
naeMble 0TOOpaXKaIOTCsl Ha TeOJOTMUECKUX KapTax. Bce 3Ty maHHbIE U1 KOHKPETHON TEPPUTOPUN
OTpaXaloTCsl Ha HECKOJNbKUX KapTax. (OCHOBHasi TeoJIOTMYeCKas KapTta — 3TO TIe0Joro-
cTpaTurpaduyeckasl KapTa KOPEHHBIX MOPOJ, Ha KOTOPOHl OTpa)kaloTCs XapaKTEPUCTUKH TOPHBIX
MOPOJ IO TIPOUCXO0KIEHUIO, BO3PACTy M cocTaBy. Bo3pacTHoe pacuiieHeHue BBIJENIAETCS [IBETOM B
YCTaHOBJICHHOM IIKalie (CHCTEMBI, OTAENbI, SPYChl, CBUTHI). Jleopmalus reosiornueckoil cpeabl
BBI3BIBACTCS PA3JIMYHBIMUA BUIaMU TEXHOTEHHOW NesATeNbHOCTH. Kaxablil BUJ TEXHOT€HHOTO BO3-
JEMCTBUS M €r0 MOCJIEACTBUS MOTYT ObITh OTPa’KE€HbI Ha KapTax. B paMkax 3Koj0ru3anuu reojioru-
94eCKOTro KapTorpadupoBaHMs NMOBHIIIEHHOE BHUMAHHE yJENsAETCs MOKa3y Ha KapTaxX TEeXHOTECHHO
00pa30BaHHBIX, TEXHOTEHHO TMEPEOTIIOKEHHBIX U TEXHOT€HHO U3MEHEHHBIX TIOPOJI, a TAK)XKE CYITHO-
CTH (U3MYECKUX M XMUMUYCCKUX M3MeHeHUH B HuUX. CriocoOoM apeasioB wid (IIPH MOBCEMECTHOM
pacnpocTpaHEHUH U TePPUTOPUATBHO-AU(PHEPEHIIUPOBAHHOM XapaKTepe) CocoO0M KaueCTBEHHO-
ro oHa 0OBIYHO U300PAXKAIOTCS TEXHOTEHHBIE OTIIOKEHHUS, a CIIOCOOOM M30JIMHUMN MepeIaeTcs Ko-
JTUYECTBEHHAs XapaKkTepucTuka usmeHenuit nopoxa (Ctypman, 2003).

B nmocnegnue rosipl Ha CoIeWCTBUE U3YUCHUIO U PEILICHUIO HKOJIOTMUYECKUX MPOOIeM OPUEHTUPY-
eTcsl Takke U reomopdoruoruyeckoe kaprorpadupoBanue. Croa OTHOCSATCS M3Y4YEHHUE OJHOTO M3
TJIaBHBIX TOKa3aTesiel SKOJIOrMYecKOl 0OCTaHOBKH, (DAKTOPOB aKTMBU3AIMM OIMACHBIX MPOLIECCOB
(rpaBUTALIMOHHBIX MPOIECCOB HA CKJIOHAX, HABOJAHEHUs) - penbed0oo0pa3yroIuX MPoIecCcoB, pas-
paboTka KpUTEpPHEB OIIEHOK IPU 3KOJOT0-reoMOp(OIOrHYeCKOM KapTorpadupoBaHUU HA Pa3HBIX
MEPApPXUUECKUX YPOBHIX, METO/BI M NMPUHIUIBI COCTABICHUSI KapT dTOW TEMAaTHUKU U TIOCTPOCHUS
nerena (Acosix, 2009).

BBuny Toro, 4ro penabed XOopouo BOCIPUHUMAETCS 3pUTENbHO U OMUCHIBACTCA MaTeMAaTHYECKU-
MH  MOJENAMH, CGHOPMHPOBAJIOCH II€J0€ HAayyHOe HamlpaBleHue — reoMopdoMeTpus
(geomorphometry, digitalterrainanalysis), 3aHnMaromeecss HUPPOBBIM aHATU30M pelbeda MeToaa-
MU auddepeHnnansHoi reomeTpu. OOBIYHO MU3MEPSIOT a0COMIOTHYIO U OTHOCHTEIBHYIO BBICOTY
OTAENbHBIX (OpM penbeda, YIibl HAKJIOHA, SKCHO3MIMIO CKJIOHA, BBINYKIOCTh U BOIHYTOCTbH IO-
BEPXHOCTH, IJIOLIA/IN, 3aHATHIE MTOJIOKUTEIBHBIMU U OTPULATENbHBIMU (hopMaMu penbeda.

CniocoObl U30JIMHUI U 3HAYKOB TPAJULMOHHO MPUMEHSIOTCS Ha Tomnorpaduyeckux Kaprax Uit
n3o0paxenus penbeda. OgHako Ha reoMopOIOTUYECKUX KapTax i u3o00paxeHus Gpopm pelnbe-
(a IpUMEHSIOT CIIOCOOBI KAYECTBEHHOTO (DOHA U apeasioB.

B unTepecax GMO3KOIOrMUECKOT0 U T€0IKOJIOMUECKOT0 HaIllPaBICHUN KOJIOTUN paccMaTpuBa-
IOTCSl KapThl pacTUTENLHOCTH. Bo BTOpOM ciydae BaskHa MHGOpMaLUs O 3arpsA3HEHUU U HapyIlIeH-
HOCTH PACTHTEIBHOCTH, a TAKXK€ O MOTEHIHAIBbHOW YyCTOMYMBOCTH (HUTOIEHO030B. COBpeMeHHas
reoboTaHUYECKas KapTa — 3TO CI0KHOE IMPOU3BEACHUE, HHTETPUPYIOILEE BCE CBOMCTBA paCTUTEIb-
HOCTH U OTpaxkarolee ee (pIOPUCTHUECKUI COCTaB, (PUTOLIEHOTUUYECKUH CTaTyC, TMHAMUYECKOE CO-
CTOSTHHE, YKOJIOTHUECKUE U Teorpaduyeckue CBsA3H.

s uccnenoBaHusl CTPYKTYphl paCTUTENBLHOTO MOKPOBA HAa Pa3HBIX YPOBHSAX €ro OpraHU3aluu
KapTa sIBJIsSIeTCs 3aMeyaTebHbIM HHCTpYyMEeHTOM. KapThl KpynmHOro mMacuitaba coCTaBiIsSIOTCS M aHa-
JU3UPYIOTCA JUISl IETaIbHOTO M3YYEHHUS! CTPYKTYpPhl Ha TOMOJOTHYECKOM WJIM JOKAJIbHOM YPOBHE.
Ha pernonanbsHOM ypoBHE TaKUM 3aJladaM CIIyXaT cpeaHemaciiTaOHbie kapThl (puc.3). [Ipumeya-
TeJIbHA POJb MEIKOMACIITAOHBIX KapT U MEJIKOMAcHITaOHBIX 0030pHBIX B aHAJIU3E CTPYKTYPHI pac-
TUTENFHOTO MOKPOBa OOLIUPHBIX TEPPUTOPHI: MUPa, KOHTUHEHTOB, CYOKOHTUHEHTOB, OT/IEIbHBIX
cTpaH. SIpKO MPOSBIAIOTCS IIMPOTHBIE U PETHOHANBHBIE 3aKOHOMEPHOCTH PACTUTEIBHOTO TTOKPOBA,
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€ro Makpo- U ME30CTPYKTYpa, OCHOBHBIE JHHA-
MHUYECKHE U (PYHKIMOHAIbHBIE CBSI3U TOJBKO Ha
MenkoMacmTaOHbIxX kaptax (FOpkosckas, 2007).

[Ipu o1ieHKE COBPEMEHHOT'O COCTOSIHUS PaCTH-
TEJIBHOTO TOKPOBA M MapaMeTpoB ero OMopasHo-
o0pasus, a TakKe IpU BBISIBJICHUU 3aKOHOMEPHO-
CTEH €ro ImpOCTPaHCTBEHHO-BPEMEHHOM OpraHu-
3allUM B YCIIOBUSIX Pa3HOM CTENEHM aHTPOIIOTEH-
HOT'O BO3/IEHCTBHS B MUPOBOH IPAKTUKE IIUPOKO
UCHONb3yeTcsl HMHGOpMANUs  IUCTAHLUOHHBIX
M300paXKeHUH O CTPYKTYype M CBOMCTBAX pacTH-
TenbHOCTU. OCYIIECTBIATh I7100aIbHbIE HAOIIO-
JIEHUs PACTUTENBHOI'O IOKPOBA B LIMPOKOM JHa-
[Ia30HE JUIMH BOJIH 3JIEKTPOMAarHUTHOTO H3Jlyye-
HUS, BEJIMYUH IPOCTPAHCTBEHHOTO U BPEMEHHOTO
paspellieHuss MO3BOJSIOT TEXHUYECKHUE BO3MOXK-
HOCTU COBPEMEHHBIX CITyTHHKOBBIX CHUCTEM JIU-
CTaHLIMOHHOTO 30H/IUPOBAHMS.

CriekTpanbpHasi OTpaxareibHas CIOCOOHOCTh —
SIBIIETCSA XAPAKTEPHBIM NPU3HAKOM PACTHTCIh- s
HOCTU U €€ COCTOSHHUS, XapaKTepU3yHoILasics
OOJIBLIMMHU Pa3IUYUSIMU B OTPAKEHUH U3ITyUCHHS
pa3HbIX JUIMH BOJH. Mcnonb30BaTh a3pokocMuye-

CKHE CHUMKU AJIs1 KapTorpaupoBaHus U UACHTH- Puc. 3. BeposiTHOCTD NOAXO/ISIMX YCIOBHI
(¢uKauyU TUIOB PacTUTEIBHOCTU M UX CTPECCO- ﬂﬂ;ir?;sp;?vg(s);?s]{ Ilf;: zzﬁc}fﬁﬁfﬁ ?cg;g:::;:&cﬁgﬁgfa-
BOT'O COCTOSHUSI MO3BOJIAIOT 3HAHUS O CBSI3U HbI pAKTHYECKHE «TOUKH NPHCYTCTBHS.
CTPYKTYpPbl M COCTOSIHMSI PAaCTUTEIILHOCTH C €€

CIIEKTPAJIbHO OTPa’kKaTeJIbHBIMU CIIOCOOHOCTSMU. HacTo mpuleraroT K CO3JaHHIO TaK Ha3bIBAEMBIX
«UHJAEKCHBIX» M300pakeHUH i paboThl CO CIeKTpaabHOM mHpopmanueil. Ha ocHoBe koMOuHa-
IIUM 3HAYEHUH SPKOCTHU B OIpPEJENICHHbIX KaHallaX, MH()OPMATUBHBIX JUIs BBIJCIECHUS UCCIEAyeMO-
ro o0beKTa, ¥ pacyera 1o 3TUM 3HAYEHUSM «CIEKTPAIBbHOTO MHJIEKCa» 00bEKTa CTPOUTCS U300pa-
KEHHE, COOTBETCTBYIOLIEE 3HAUEHUIO MHJIEKCA B KAKIOM IHKCEJNE, YTO U MO3BOJISET BBIIACIUTD HUC-
clleyeMblil 00BEKT WM OLEHUTh €ro cocTosiHue. Vcnonap3yemble sl H3Yy4eHUs U OLIEHKU COCTOSI-
HUS PACTUTEIBHOCTU CHEKTPaIbHbIE MHIEKCHI TOIYYMIN OOIIEPUHITOE HA3BaHNUE BEreTallMOHHBIX
WHJIEKCOB, B HACTOsIIEe BpeMs Ux okoJio 160 BapraHTOB.

Pacuer Gasupyercs Ha AByX HauOosiee CTAaOMJIBHBIX (HE 3aBUCSAIIMX OT MPOYUX (PaKTOPOB)
y4acTKax KpHUBOM CHEKTpalIbHOM OoTpakaTeabHOW crocoOHOCTH pacTeHHil. Ha kpacHyto 30HY criek-
tpa (0,62-0,75 MKM) NPUXOAUTCS MAKCUMYM TOTJIOLIEHUS COJTHEYHOU pajHaluy XJIOpopHUIoM, a
Ha OmkHIO HH(ppakpacHyto 30HY (0,75-1,3 MKM) MakCUMallbHOE OTPa)KEHUE SHEPTUH KIETOUHOU
CTpyKTypoil jucra. T. e. BbIcokast (POTOCHHTETHYECKass aKTUBHOCTH (CBs3aHHAs, KaK MPaBHJIIO, C
60sb1I0H (PUTOMACCON PACTUTEIBLHOCTH) BEJET K O0Jiee HU3KUM 3HaYeHUSAM KOA(PPHUIIMEHTOB OTpa-
KEHUs B KpPAaCHOH 30HE CHEeKTpa U OOJIbIIMM 3HAYeHUsAM B OnmkHel mH(pakpacHoil. OTHOLIEeHHE
ATUX IMOKazaresiel Ipyr K APYry MO3BOJSET YETKO OTAEISATh PACTUTENIIBHOCTh OT MPOYMX MPUPOJI-
HbIX 00beKTOB (Uepenanos, Jpyxununa, 2009).

Paznuunble reHeTHYECKHE TUIBI MTOYB, UX TPAHYJIOMETPUUECKUN COCTaB, COCTOSHUSA U TEHICH-
U U3MEHEHUH (BBIJCIICHHE CMBITBIX M HAMBITBIX TIOYB), MaTEPUHCKHE (TOYBOOOPA3yIOLIHE) TTOPO-
Il TPAJUIIMOHHO OTOOpakaroT MOYBEHHBIE KapThl. B paMkax sKojoru3anuy NOYBEHHOE KapTorpa-
¢dupoBanue TpaHCcHOPMHUPYETCSI B MOHUTOPHHT 3€MENbHBIX PECYpCOB, B 33a4l KOTOPOTO BXOJUT
OTCJIE)KUBAHUE MU3MEHEHMI: IPOAUPOBAHHOCTH IIOYB, COJAEP)KAHUS T'yMyca, MUKpPO3JIEMEHTOB, pH,
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OCTaTOYHBIX KOHILEHTPALUN MECTUIUAOB, 3arpsi3HEHUS TSKENBIMU METallJIaMH M HepTenpoayKTa-
MU. OOBEKTOM MOUYBEHHOTO KapTorpadupoBaHMsI CTAHOBSATCS AHTPONOTEHHO MPEoOpa3OBaHHbBIE
nouBbl. CBOMCTBa MMOYB HEMOCPEJCTBEHHO BJIHUSIOT HAa MHTEHCHUBHOCTH MPOLIECCOB MUTPALIUU 3a-
IPSAZHAIONIMX BEIIECTB M CaMOOYMIICHUS, KOPPO3UOHHYIO aKTUBHOCTh. [loaTOMy moiy4mio pac-
MPOCTPAHEHUE CO3JIaHHE CIENHATbHBIX MOYBEHHBIX KapT, HA KOTOPBIX JAE€TCS MHTEPIPETALUs TH-
OB U Pa3HOBUIHOCTEH MOYB C TOUKH 3PEHHS UX BIUSHHUS HA MUTPAIIUIO TIOJTIOTAHTOB.

Pa3Butne moyBeHHO-KapTOrpauIecKux MCCIENIOBAaHUN B HACTOAIIEEC BPEMsI TECHO CBSI3aHO CO
CTaHOBJIICHHEM H(poBoi mouBeHHOU KapTorpaduu (Digital Soil Mapping). I[Ipu 3Tom 1udpoBoe
KapTorpadgupoBaHUE MOYB ONPENENSIeTCS KaK CO3[aHUE U Pa3BUTHE MPOCTPAHCTBEHHBIX IOYBEH-
HBIX HHPOPMAIIMOHHBIX cucTeM — spatial soil information systems. [ToguepkuBaercs, yTo pacuupe-
HUE BO3MOXKHOCTEH COBPEMEHHBIX MH()OPMAIIMOHHBIX CHUCTEM IMO3BOJISET MEPEHTH OT XpaHEHUS U
UCIOJIb30BaHUs OLM(POBAHHBIX MOYBEHHBIX KapT K HEMOCPEIACTBEHHOMY IPOU3BOJICTBY MOUYBEH-
HBIX KapT, YTO U SBJSETCS OCHOBHOHM LIEJbI0 IHU(PPOBOTO IMOYBEHHOTO KapTorpadupoBaHUs
(Copokwuna, Koznos, 2009).

Takoe nudpoBoe MOYBEHHOE KapTOrpadupoBaHHE IMPEAIONaraeT Co3/JaHue MUPPOBBIX KapT,
KOTOpBIE MPEACKA3bIBAIOT [TOUYBBI HA OCHOBE (PAKTOPOB MOYBO0OpazoBaHus. Mcronb3yoT Tak Ha3bl-
BaeMbIii MeToJ| scorpan-SSPFe (soil spatial prediction function with spatiall autocorrelated erros) —
METOJ Pa3pabOTKH MOYBEHHOW MPOCTPAHCTBEHHO-TPEACKA3bIBAIONICH (YHKIIMH C MIPOCTPAHCTBEH-
HO-aBTOKOPPEIMPOBAHHBIMU OIIMOKaMU Ha 0aze uHQopmMmaIiu o GpakTopax scorpan, T1ie s — M0YBa,
M3MEpEHHbIC MPU3HAKHU MOYB B KaKOH-IMOO TOYKE; ¢ — KJIMMAT; 0 — OPTaHU3MBbI, BKJIIOYAs €CTe-
CTBEHHYIO U KyJIbTUBUPYEMYIO PACTUTEIBHOCTD; 7 — pelibe(, BKIIOUas TEPPUTOPUATILHBIC ITapaMeT-
PBI U KJACChl; p — MOYBOOOPA3yOIIUN MaTepua, BKIIIOUas JIMTOJIOTHIO; a — BO3pacT, (GakTop Bpe-
MEHH; 71 — IPOCTPAHCTBO, MPOCTPAHCTBEHHOE UJIN reorpaduieckoe mnojgoxenue (Xurpos, 2012).

Buzyanu3zainuio Bcex BUOB MPUPOIONOIb30BAHUS PEANONAraloT KapThl IPUPOIOIIOIB30BaAHMS,
OJTHaKO M3-3a OOILIEH WX JOKaJIM3alMU U MEPEeKPHITUH caenaTh 3TO ObIBaeT JOCTATOYHO 3aTPYAHU-
tenbHO. [ToaTOMy HcTonb3yeTcst 11emas cepust KaprTorpaduuecknx u300peTaTesIbCKUX MprUeMoB: (o-
HOBBIE BHJIBI TPUPOIONONB30BAHUS U KPYITHBIE MPHPOIOOXPAHHBIE TEPPUTOPUH ITOKA3BIBAIOTCS
CTIIOCOOOM KayecTBEHHOTO (poHa, TPaTUIIMOHHBIMH 3HAUYKAMHU W300paXKAIOTCS TPEATIPHUITUS JOOBI-
Barollel, 00pabaThIBatOLIel TPOMBIIIIIEHHOCTH, JHEPTETUKU U TPAHCIIOPTA, a TAK)KE OOBEKTHI CIie-
[IUAIEHOTO TIPUPOJIOTIONB30BaHus. Bennuiaa 3HauKOB U3MEHSETCS B 3aBHCUMOCTH OT MacIITaOHO-
CTH OTOOpakaeMoro siBIEHUs. XyJA0KECTBEHHbIE 3HAKU MCIIOJB3YIOTCA NIl OOBEKTOB MPHUPOTHO-
KYJIBTYPHOT'O Hacieaus U pekpeannu. KonndecTBo xuTeneil B HaCeNeHHbBIX MMyHKTaX OTpa)kaeTcs B
pasmepe KpykKa o cTyneH4aTol mkaine (3eHruHa u np., 2014).

Ha npoTspkeHn# JUIMTENbHOTO BpEMEHH CYMTABLIMECS TPAJUIIMOHHBIM Pe3yJbTaTOM HCCiel0Ba-
HUH naHAma@THeIE KapThl B HACTOSIIEE BPeMsl CTAHOBATCS OTIPaBHOM 0a30il 1isl reoskonornye-
CKOTO aHalln3a, SKOJOTMYECKHX H3BICKAHUH 110 IMPOTHO3WPOBAHUIO TMPHPOIHBIX M MPHUPOIHO-
TEXHOTEHHBIX KaTacTpo(, ONTHMH3AINN HCIIOBL30BaHMS, OXPaHbl M MTPE0Opa30BaHUs KyIbTYPHBIX
nanamwadToB. J{o HACTOAIIEr0 BpEMEHH OTCYTCTBYET OOIIETIPUHATAS METOIMKA COCTABJICHUS JIaH/-
maTHBIX KapT. B cnokuBmMXCS B Hallel cTpaHe JIaHJIIa(pTOBEYECKUX MIKOJIAX — MOCKOBCKOM,
CaHKT-NeTepOyprckoi (JISHWHIPAJCKOM), BOPOHEKCKOMU, UPKYTCKON U JIpyruX — c(hOPMHUPOBAIINCH
COOCTBEHHBIE MOJXOABI K CO3JaHHIO JAaHAA(THRIX KapT. BcieacTBue 3Toro ux cojepkaHue U
KapTorpaguueckoe opopMIeHHE CYIIECTBEHHO PAa3IUYalOTCs.

OpHako OOJBIIMHCTBO MCCIEOBATENEH NMPU3HAET, YTO MACIITA0y KapThl JOJKEH COOTBETCTBO-
BaTh TAKCOHOMHUYECKUI paHT KapTorpapupyemoil npupoaHoi reocucremsl. Jlanamadraoe kapTo-
rpadupoBaHHE PABHUHHBIX TEPPUTOPHUHN Ha (paMaibHOM YPOBHE BO3MOIKHO JIMIIH B CBEPXKPYITHBIX
MacmTabax — ot 1:100 mo 1:500. [Toxypouunia u ypouuia kaprorpagupyroTcs B KpYITHOM Mac-
mTabe, B uaTepBaie ot 1:5 000 mo 1:50 000. I'eorpaduueckre MECTHOCTH W KPYITHBIE YPOUHUIIA —
IJIaBHBIA 00BEKT cpemHeMacmTadHoi nanamadTHol chemku — oT 1:100 000 mo 1:500 000. I'eocu-
CTeMbl PETHOHAJILHOM Pa3MEPHOCTH — Y17 METKOMACIITaOHOTO KapTorpapupoBaHusl.
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[Tockonpky nanamadTHas kapTa oObIYHO WH(GOPMALIMOHHO HACKIIIEHA, TO Hanboyiee ONTUMAlIb-
HOM (popMoOii opraHu3alyy U NPEACTABICHUS €€ JIETeH bl CIIY)KUT MaTPUUYHBIA BUJ, B KOTOPOM I10
CYTH TIOKa3bIBaeTCs FreHepaIn30BaHHas CHCTeMaTHKa JaHIIa(ToB.

JlanmmagTHRIE KapThl MPEACTABIAIOT COOOW CIIOKHBIE «MHOTOCIOHHBICY» KapTorpaduueckue
MOJIENIN, OTPAXKAIOIIUE Pa3HOOOPa3HbIE 0COOCHHOCTH MPUPOAHON CPEbl, XapaKTEPHU3YIOUIHE MPH-
POIHO-TEPPUTOPUAIbHBIE KOMIUIEKCHI. TpaguIIMOHHO MPU 3TOM HCIOJIB3YETCSI METOJ] HAJIOKEHHUS.
I'eonHpOpMaIIIOHHBIE CUCTEMBI TIO3BOJIAIOT HE TOJBKO YIPOCTHTh TPYAOEMKHUI Ipo1ecc moJo0HOo-
ro HaJIOKeHHsI MH(OpMaIK, HO U HAa KAYeCTBEHHO OoJiee BHICOKOM YPOBHE MPOBECTH MPOCTPaH-
CTBEHHBIN aHAIN3 JTAaHAMA(THON CTPYKTYPhI TEPPUTOPHH.

BoiBoabl. TakuM 00pa3oM, pacCMOTPEHHBIE OCHOBHBIE TEMAaTHYECKHUE KapThl MPUPOJIBI
XapaKTepU3yIOTCsl OOraThIM OMBITOM U YCTOSBIIMMHUCA TpPAAUIMSIMH UX co3laHus. B acmekre
YCTOMYMBOIO Pa3BUTHUS COLMO-IKOJIOI0-d)KOHOMUYECKUX CHUCTEM TaKHe KapThl MPHOOPETAIOT Halle-
JIEHHOCTh Ha OTOOpa)K€HHE SKOJOTHUYECKHUX (DAKTOPOB U aHTPOIIOT€HHOTO Bo3zAekcTBUs. C pa3BUTH-
eM 'MC-texHONMOTHI M TUCTAaHIIMOHHOTO 30HAMPOBAHUS KapTOrpadUuecKuii METO] TO3BOJISICT HE
TOJILKO OTOOpaxaTh Ha KapTax pazHOOOpa3Hyo WH(OPMAIHIO, HO U IaeT BO3MOKHOCTh aHAJTU3UPO-
BaThb U I03HABATh SIBJICHUS, YCTAHABJIMBATh B3aMMOCBSA3M U IPOrHO3MPOBATH MPOCTPAHCTBEHHBIE
IIPOLIECCHI.
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_KIIACCUO®UKALUSA JTECHOI'O IIOKPOBA MYXA®A3A' TATAKHA
CUPUUCKOU APABCKOU PECITYBJIMKHU 11O JAHHBIM CITYTHUKA SENTINEL-2

O.H. Bopo6seB, M.C. Anu
[ToBomKCKMI TOCYAAPCTBEHHBIA TEXHOJIOTHYECKUI YHUBEPCHUTET

Baosicnocms mounoii u ceoespemennoti ungopmayuu, xapakmepuszyroweu cocmosiHue u OUHaAMu-
Ky JIeCHO20 NOKP08d, 803pacmaem ¢ medyeHuem epemenu, 0cobeHHo 6 2opHulx pationax. HMccnedosa-
HUs JIeCHO20 NOKPO8a NO OAHHbIM CHYMHUKOBOU CbeMKU 0CODEHHO aKmyaibHbul Ol CPeOU3EMHO-
MOPCKUX 1ec08, KOMopble XapaKmepuzyiomcs npocmpaHcmeenHo-8peMeHHOU pa3HOpOOHOCMbIO,
umo 00yCcn081eHO 0COObIM KIUMAMOM, (ropucmudeckum 6uopasHoodbpazuem u monozpagpuueckou
usmenuusocmoio. Llenvro uccnedosanus aensiemcs oyeHka 1ecno2o nokposa paiouna Jlamaxuu Cu-
putickou Apabckou Pecnybnuxu ¢ ucnonvsoeanuem cnymuukosvix oanuwix Sentinel-2 u pezynvma-
moe noaesvlx uccieoosanull. Ha meppumopuu ucciedosanusi o6vinu 3anodxcenvt 115 mecmoswvix
Y4acmkog, Komopvle NO380NUIU ONPedeumsbcsi ¢ 5 Klaccamu HA3eMHO20 NOKpO8a U Nposecmu
OYEHKY MOYHOCMU pa3pabamsiéaemo2o kapmozpaguiecko2o mamepuana. Hccnedosanue npogoou-
JIOCb 8 HECKONIbKO 29Manos, 8 pesyivmane Komopwix oviia noayuena kapma NDVI (Becemayuonnuiii
uHOexc pacmumenbHocmu) pationa Jlamaxuu, 8b10e1aHa MACKA «1€CHOU pacmMUmenrbHOCmuy U npo-

! AIMEHHECTpaTHBHO-TEppHUTOpHaTbHas eanHnia B Cupriickoii ApaGekoii Pecriy6iike. Myxahassl B CBOIO 0depeb
JIEISITCSI HA MaHATUKY (palioHBbI).
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eedena ynpasisemas kiaccuguxayus cuumka Sentinel-2. B pabome makoice ucnonvzosanacey 30-
Memposas yugposas moodenv peivegha (Oannvie NASA), umo nozeonuno ywecms penved mecmHo-
cmu (3KCnoO3uyuio), a maxdice epadayuro CHeKMpaIbHOU paz0eumMoCcmu pa3iudHblX Munos Opeso-
cmoes, npouspacmarowux Ha ckionax. Obwas moyHoCms memamuyeckol Kiaccupukayuu cocma-
suna 0.76, a koagpgpuyuenm Kanna — 0.73. Bviio ycmanosieno, Ymo XeoliHble 1eca 6 2OPHblX patio-
Hax Jlamakuu npedcmasiiensbt 8 OCHOBHOM 8blCOKONOTHOMHBIMU HACANCOCHUAMU 00Well N10Waobio
24 moic. ea. /[ybosvie neca pacnonodcenvl Ha niowaou 4.5 meic. ea, a cmewanuvle — Ha 6 molc. ea.
/pesecrno-xycmapnuxoeas pacmumenbHOCMb 3aHUMAaem niowaosb yyms oonee 8 muic. 2a. Pe3yno-
mamol UCCIeO08AHUSL MO2YM CNOCOOCMBO8ANMb NOBLIUEHUIO MOYHOCMU OYEHKU KOJIUYeCMBEeHHbIX
Xapakmepucmux u OUHAMUKU PACMUMENbHO20 NOKPO8A, a MAaK#Ce Pa3eumuio MOHUMOPUHad OKpY-
arcarowyeti cpeowl.

Knrouesvie cnosa: Sentinel-2, nazemnuiti noxpos, Cupuiickas Apabckas Pecnyonuka, memamu-
yeckoe kapmoepaguposarue, pacmumenvuuiil nokpos, 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 mnocrnennue roapl BO BceM MHpPE 3aITyCKaeTcsl BCe OONBINIOE KOJUIECTBO HOBBIX CITYTHHUKOB, a
TaKk)xe pa3paldaThIBalOTCS MpOrpaMMHBIE CpeICTBa, oOecreunBaroniie JaHHble U 00paboTKy M300-
paXeHU Mo HcciIeloBaHUI0 Ha3eMHOro nokposa riaHeTsl (KypOanos, 2016). CiyTHHKOBBIE AaH-
HBIC IIMPOKO MCIIOJIB3YIOTCS HCCIIEIOBATEISIMHU ISl OLIEHKH M MOHUTOPUHTA PACTHTEIHHOTO TIOKPO-
Ba, MPOTHO3MPOBAHUS MOXAPHOW OMACHOCTH JIECOB, BIUSHMS KIMMaTa Ha Jieca, IpOoIecCoB Jerpa-
nauuu U omycteiHMBaHus Tepputopuit (Loboda et al., 2017; Tepexun, 2017; Bopooses, Kyp6aHos,
2017).
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Pemennie 3Tux BOpOCOB OOBIYHO MPOBOJUTCS HA OCHOBE PA3IMYHBIX METOJOB KJIacCHU(PUKAIUU
n300pakeHU# aucTaHIonHoro 3oHaupoBanus (Noi, Kappas, 2017) ¢ nenpro moyrydeHus: TeMaTH-
YECKUX KapT HazemHoro mokposa (bapranes u ap., 2016). Kitaccudukamnms, ocHoBaHHas Ha BbIJe-
JIeHUH OOBEKTOB HAa 3€MHOW MOBEPXHOCTH I10 PA3IMYHBIM CIIEKTPAILHBIM OTPAXKATEIBHBIM XapaK-
TEpUCTHKAM, sBJsieTCs 3(PPEeKTUBHBIM crocoOOM M3BIEUEHHUS MH(POPMAIMKA O PACTHUTEIHHOM IIO-
KpOBE C M300pakeHUU TUCTAaHIMOHHOTO 30HmupoBanus (Jwan, 2013; Puletti et al., 2017). Ilpu
3TOM MOJAXOABI K KJIacCU(UKAINKN CITYTHUKOBBIX M300pakeHUI MOTYT OBITH pa3zefieHbl Ha BE 00-
e Kareropuu: 1) kiaccugukanus Ha OCHOBE IMHUKCeENeH, 2) 00beKTHO-OPHEHTUPOBAHHAS KIIACCH-
¢dukamus (Blaschke et al., 2014; Kyp6anos u ap, 2014; Chen et al., 2018).

Pa3BuTre METONOB MUCTAHIIMOHHOTO 30HAMPOBAHMS B OJIMKailllike oAbl MO3BOJHUT MOBBICUTH
TOYHOCTH PAacCHO3HaBaHUs CTPYKTYPHI JECHBIX HACAKACHUN U MPOBOAUTH OLICHKY UX OHOpPa3HO00-
pasus (Fassnacht et al., 2013; Pouteau et al., 2018). boyiee neranbHas kinaccudukalys JIECOB C BbI-
JIeIEHUEM OTAENbHBIX JIPEBECHBIX MOPOJA U THUIIOB Jieca, OTIUYAIOIIMXCS CBOEH (peHOnIornueckoi
JTMHAMUKOM, MOXXET OBITh JTOCTUTHYTA 32 CYET HCIIOJIB30BAaHMS DPAa3HOBPEMEHHBIX CITYTHUKOBBIX
n3zobpaxxenmii (XKapko, bapranes, 2014; Karasiak et al., 2017; Kyp6anos u ap., 2018). CymecTBy-
0T HCCIICIOBAHUS, UCTIONB3YIONINE METO (DBIOXKH (CIIMSHUS) IBYX CHUMKOB (Hanpumep, Landsat-8
u Sentinel-2) 17151 MOBBIIIEHUS! TOYHOCTH BBIICICHUS JIPEBECHBIX MOPOJ IPU TEMAaTHUECKOW Kiac-
cudpukanuu (Wang et al., 2017; Wang, Atkinson, 2018). Takxe uHTepec npeacTapiseT NoaydyeHue
0oJsiee TOYHBIX MOJelNeH, MPeCKa3bIBAIOIUX OyIyIIUe CABUTH apeaioB MPOU3PACTaHUs APEBECHBIX
MOpoJ1, B paMKax MccienoBaHuil usmeHenus kiumara (Sheeren et al., 2016; Wang, Lu, 2017).

HccnenoBanuss Ha3eMHOTO MOKPOBA IO JAHHBIM CIYTHUKOBON CHEMKH OCOOCHHO aKTyallbHbI
VIS CPEM3EMHOMOPCKHUX JIECOB, KOTOPBIE XapaKTePU3yIOTCs IPOCTPAHCTBEHHO-BPEMEHHOM pa3Ho-
POHOCTBIO, YTO OOYCJIOBJIIEHO OCOOBIM KIMMATOM, (DIIOpHCTHYECKUM OHMOpa3HOOOpa3ueM U TOIIOo-
rpadudeckoit m3amMeHunBoCThIO (Asn, 2017). Beicokoe pazHooOpaszue u pparMeHTUPOBAHHOCTh pac-
TUTEILHOTO TIOKPOBA, CYXOCTh MTOYB, U3BECTHSIKU M BBICOKAsl OTpa)kaTeilbHast CIOCOOHOCTh B ATOM
pETHOHE SBISIOTCS OTPAaHUYMBAIONIMMH (PAKTOPaMH, BIHMSIONIMMH Ha TOYHOCTH KapTorpadupoBa-
HUs JlecHbIX HacaxaeHu# (Pignatti et al., 2009; Etteieb et al., 2013; Gomariz-Castillo et al., 2017).

Jns ycTpaHeHHs] TaKUX OTPaHUYEHUN M TOBBIIICHHUS] TOYHOCTH KAapTUPOBAHMS PACTUTEIHHOTO
MIOKpPOBa CJIelyeT UCIOIb30BaTh CIIYTHUKOBbIE JaHHBIE BBICOKOTO pa3pelieHus Sentinel-2, koTopsle
MIPEIOCTABIISIOT HOBbIE BO3MOXHOCTH JJISi CO3/IaHUS TOUYHBIX HAOOPOB MYIbTHUCIEKTPAIbHBIX JaH-
HBIX B FOTOBOM K MCIIOJIb30BaHMIO BeKTOpHOM ¢opmare (Belgiu, Csillik, 2018). Sentinel-2 — sto
CIYTHUK HOBOTO TOKOJIEHUS, pa3paboTaHHbIii EBponelickiM KOCMUYECKIM areHTCTBOM, ISl 00ec-
MEYEeHNs] Ha3€MHOT0 MOHUTOpHUHTa U npojoikeHue muccuid Landsat u SPOT (ESA introducing..,
2018). DTOT CIyTHUK coYeTaeT B ceO€ BBHICOKOE MPOCTPAHCTBEHHOE M BPEMEHHOE pa3pelieHue, Ho-
BbIC CIIEKTPAJIbHBIE BO3MOXKHOCTH ¥ IIMPOKUH OXBAT, YTO AT OOJBIIE MPEUMYIIECTB TepPe]T CITyT-
Hukamu Landsat B 00macTy pernoHaJbHOTO 3€MJIETIONB30BaHUS U KiIacCU(UKAIMA HA3€MHOTO T0-
kpoBa (Immitzer et al., 2016; Zheng et al., 2017). CnytHukoBsle cHUMKH Sentinel-2 oOianarot
OOJBIIUM MTOTEHIIUATIOM IS TTOBBIIIEHUS! TOYHOCTH KJIAaCCH(PUKAIIUU THUIIOB Jieca U X MOPOJIHOTO
cocrasa (Puletti et al., 2017).

Heap padorsl — kiaccupukanus W OIEHKA JIECHOTO TIOKpOBa TeppuUTOpur Myxadasza
(ammMunucTpatuBHas enuHuna) Jlatakus Cupuiickoit Apabckoit Pecnyonuku (CAP) mo maHHBIM
CIIYTHHKOBOH cheMKH Sentinel-2.

Jnst mocTrKEHUs TaHHOW 1eNTi ObUTH PEIICHBI CIeIYIONINE 3a/1a4u:

e T1OA00paH CIyTHUKOBBIN CHUMOK Sentinel-2 Ha TEppUTOPHUIO UCCIIETOBAHMUS;

e paspaboTaHa JiereH/a K1accoB JIECHOTO MOKpoBa Ha Myxadas JlaTtakus;

e TIpOBeNEHA Kiaccudukamms CleHbl Sentinel-2, momydyeHa TemaTudeckas KapTra Ha paiioH HC-

CJIETOBAHMUS;
e TPOBEJCHHI OIIEHKA TOYHOCTH KapTorpadupoBaHus U aHAIIU3 JIECHOTO MOKpoBa Mmyxadasa Jla-
TaKUSs.
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MaTepI/IaJ'[LI H ME€TO/JbI

Oovexm uccineooséanus. OOLEKTOM HUCCIENOBAHUN SIBUJIMCH JIECHBIE HACAX NEHUSA B MaHATH-
ke (paiione) Jlarakust Ha Tepputopun Mmyxadasza Jlarakus CAP, pacnonokeHHOM Ha BOCTOYHOM T10-
oepexpe Cpenuzemuoro mops (puc. 1). I'opubie nenu B CAP TaHyTCS ¢ ceBepa Ha OT CTpaHBI U
BKJIFOYAIOT XOJIMUCTYIO MECTHOCTb, PACIIOIOKCHHYIO MapaJuIeNIbHO TpaHuIle modepexbs CpenuzeM-
HOTO MOpS, Pa3JeNSIFONIeT0 CTPaHy Ha BIAXKHYIO, 3alaJHYI0 9acTh U 3aCYILIUBYIO, BOCTOYHYIO.
JlecHble TEpPUTOPUU PACIIOJIOKEHBI B OCHOBHOM B MPUOPEXHOM 30HE (A3usi — reorpaduyeckuii

atinac, 2018).
—

Paiton (manatuka) Jlatakust .

180 Kilometers

o 3R

Puc. 1. I Paiion (manaTuka) Jarakus, sxoasmas B [ myxadas Jaraxua [ CAP

(Pecypc -Yandex Kapra)

Memoouxka u mamepuanvt uUccied06aHus.
Pabora co cHMMKamMM Benach B INPOrPAaMMHBIX
komriekcax ENVI 5.2 u ArcGis 10.3. Ha teppu-
TOPHUIO HMCCIEOBAHUS ObUT MOJYYEH CITyTHHKO-
BBIN CHHUMOK Sentinel-2 (S2B_TILE
20170903T1 _T36SYE) ot 03.09.2017. CHumok
Sentinel-2 mporien paguoMeTpUUECKy0 U aTMO-
chepHyI0 KOPPEKIIHIo, ¢ ypoBHeM o0padoTku 1C
(Level-1C, Top of atmosphere reflectance). B
pesyabTare Obul cHOPMUPOBAH MYIBTHUCIEK-
TpajbHBIM KOMIO3UT Ha OCHOBE KaHajoB 2,3,4,8
B crnekTpanbHoM auanazoHe (RGB u NIR) u ¢
MIPOCTPAHCTBEHHBIM paspemeHueM 10 wm/mkc.
JlJis OLIEHKH JIECHOTO TOKpOBa HCIOIb30BaNICA
TOJIbKO (hparMeHT clieHbl Sentinel-2 1o rpaHune
TEPPUTOPHUH UCCIIeJOBaHUS (pHC. 2).

Ilonegwvie uccneoosanusa. B 2018 r. acnupan-
ToM [loBOMKCKOTO rOCy1apCTBEHHOTO TEXHOJIO-
rudeckoro yausepcurera M.C. Anu ObIH 3ai10-
KEHbl TECTOBBIE YUYaCTKH (ITaJOHBI) B pailoHe
uccnenoBanus. [logbop TECTOBBIX YYacTKOB
OCYUIECTBJISUICS ISl TOCIEAYIONIEH BaJluIaluu
U OLIEHKH TOYHOCTH pa3pabaThiBaeMOro KapTo-
rpaduyeckoro marepuana JECHOro IOKpOBa
paiiona Jlatakuda. [{ns 3TOro HMCHosib30BAIHCH
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Puc. 2. ®parMeHT MyJIbTHCHEKTPATbHOTO
uzo0pa:xenusi Sentinel-2 (RGB u NIR)
o rpaHuie paiona Jlarakus




CYUIECTBYIOIINE KapThI JIECHBIX HACAXKICHUN HA TEPPUTOPHIO UCCIECOBAHUS U MaTepuaibl CIyTHU-
KOBOM cheMKH BbhIcOKOro paspemieHus (Yandex, Google, SAS Planet, Sentinel-2). 'maBHBIM yci10-
BHUEM MpU MOAO00pPE TECTOBBIX YYAaCTKOB ObUIa MX PENpe3eHTATUBHAS MPEACTAaBIEHHOCTh BO BCEX
KJIaccax Ha3eMHOTO MOKPOBAa M PaBHOMEPHOE paclpe/ieiieHue 10 TePPUTOPHH ucciepoBanus. Jlis
UICHTH(UKAIIMN HA CITyTHUKOBOM CHUMKE Sentinel-2 miomaapr TECTOBBIX Yy4aCTKOB HAa MECTHOCTHU
cocTaBisia Ha MecTHOCTH He MeHee 0,5 ra. OueHka IpeBOCTOEB MPOBOANIACH METOIOM HA3eMHOM
IJ1a30MEPHO-MU3MEPUTENbHON Takcauu. [ BEIOPAaHHOTO TECTOBOTO y4acTKa OIMPEEIIsICs COCTaB
(ne menee 70% riaBHOM MOPOJIbI), BEJIMUMHA MTPOCKIIMOHHOTO MOKPBITUS, CPEIHUE BHICOTA U JIHA-
METp HacaXXJIeHHUs, a Tak)Ke BO3pacT Ipeobiafaromiell mopoasl IpeBoctos. B TeueHue moseBoro
ce30Ha ObUIO HccaenoBaHo 115 TeCTOBBIX y4acTKOB, MPEACTABICHBIX CICAYIOIIUMU KilaccaMH Jpe-
BECHBIX MTOPOJI:

Jlpesocmou ¢ npeobraoanuem cocuvi karadbpuiickou (Pinus bruita) — Hanbojee MMUPOKO pacipo-
CTpaHéHHOU JpeBecHOil mopoasl Cupuu, MpouspacTaroniel B CyOryMUIHBIX M IOJIY3aCyIUTHBBIX
OMOKIIMMATHYECKHUX 30HaX OT modepexbs JlaTakuu B rOpHBIX paiioHax. JlepeBbs 3TOM MOPOIBI MO-
T'YT OCTUTATh cpeaHen BhICOTHI 20-22 M. B 3aBUCUMOCTH OT YCJIOBUN MECTONPOU3PACTAHUS B MO~
JIeCKe JJPEBOCTOS BCTPEUAIOTCS Pa3InYHbIE KyCTApPHUKH.

Jlpesocmou ¢ npeobnadanuem 0yba ascmpuiickoco (mypeykoeo) (Quercus cerris) 3aHUMAIOT
YYaCTKM B 3allaJHBIX Ipearopbsax Ha BeicoTax oT 900 go 1250 m u mexay 900 u 1100 m Hax ypos-
HEM MOpS Ha BOCTOYHBIX CKJIOHaX. BreicoTa mepeBbeB MoxkeT jgocturath a0 40 m. HacaxmeHws,
MIpeJICTaBJICHHbIE JYOOM aBCTPUHCKHUM, MOTYT MPOU3PACTaTb COBMECTHO C HEKOTOPHIMH APYTUMU
JPEBECHBIMH TOpoAaMu: 1y0 MHGPEKTOpHBIH/my3uTanckuit (Quercus infectoria), Tpad BOCTOUYHBIM
(Carpinus orientalis), xmenerpad oObikHOBeHHBIH (Ostrya carpinifolia), 6arpSHHUK €BpOMEHCKUit
(Cercis siliquastrum), sicens 6enslii (Fraxinus ornus).

pesocmou ¢ npeobradanuem kunapuca geurnosenénozo (Cupressus sempervirens), Ipou3pacta-
IOIIET0 Ha CUPHICKO-TypelKoi rpanuiie. JlaHHbIE IPEBOCTOM TOBOJIBHO YACTO UMEIOT B MOJIPOCTE U
MOJITIECKE CIEYIOIINE IPEBECHO-KYCTAPHUKOBBIE TOPOIbI: AyO KepMmecoBblil (Quercus calliprinos),
LIEpaTOHMS CTPYUYKOBas Wi poxkkoBoe nepeBo (Ceratonia Siliqua), naBp Onaroponubiit (Laurus
nobilis), ducramka nanectunckas (Pistacia palaestina). Takue ApeBOCTOM B TOCIEAHEE BpeMs
HaXOJSITCS B HAPYIICHHOM COCTOSTHUH.

Cmewannvie neca omkpvimozo muna (noaHota meHee 50%) mpeacTaBisiOT co00M IPEBOCTOH,
COCTOSIIIIAE U3 JIBYX THUIIOB APEBECHBIX MOPOJI — JTUCTBCHHBIX M XBOWHBIX. JINCTBEHHBIC TTOPOJIBI MO-
T'YT OBITH MPEACTABICHBI JINCTOMATHBIMHA TTOPOJAMH, HAIPUMED, JITABPOM OJIaropoJHBIM, JIUCTBEH-
HBIMU BE€YHO3EJIEHBIMH, HAIIPUMED, LIEPATOHUEN CTPYYKOBOM M IPYrUMHU. XBONHBIE IIOPOJBI MPE-
CTaBJICHbI COCHAMU KallaOpUIiCKOW M UTaNbSHCKOUN (Pinus pinea), IMEIOIIMMU KaK €CTECTBEHHOE,
TaK ¥ UCKYCCTBEHHOE MPOUCXOXKIeHUE. Bce cMelanHbie IPeBOCTOM MOTYT UMETh 0OJIee CIOKHBIN
MOPOJHBIN COCTaB 3a c4eT OOJBIIOTO Pa3HOOOpPa3us B COCTABE JIPEBOCTOEB JPYTUX JPEBECHBIX U
KYCTapHUKOBBIX MTOPOJI.

pesecno-kycmapHukoeas pacmumenbHoCcms NPEACTaBICHA JEePEBbIMHU BBICOTOM /10 3 M, BKJIIO-
Jasi MPAKTUYECCKH BCE BBINICTICPEIHCIICHHBIC TIOPOJIBI JICPEBHEB, a TAKIKE MOMOKEBEILHUK KOIFOUNN
(Juniperus oxycedrus), po’xKoBO€ JI€peBO, KIICH CUpUICKUH (Acer syriacum) W Ipyrue MOpoibl, KO-
TOPBIC XapaKTEPU3YIOTCSI HEBBICOKOH MTPOU3BOIUTEIIBHOCTBIO, YTO CBSI3aHO C XYAIIUMHU YCIOBUSIMHA
MecTa mpou3pactaHus. B 3ToM Kitacce mpencTaBieHbl B OCHOBHOM 3aCyXOYCTOWYHBBIE PaCTCHUS.
Kpome Toro, pacTteHust 3TOro Kiiacca OOBIYHO SBISIFOTCS MMOHEPAMH ITOCIIE JISCHBIX TT0kapoB. Cme-
IIIAHHAS C JCPEBbSIMH KyCTAPHUKOBAS PACTUTEIBHOCTH MPEJICTABICHA CICAYIOMUMHU ITOPOAAMH BbI-
COTOM 110 2 M: pakUTHUK MOXHaThIl (Calycotome villosa), Tpok komo4eBeTBUCTbIN (Genista acan-
thoclada), nanannuk (Cistus villosus). Hanuaue B cocTaBe Takoi pacTUTEIHPHOCTH Y€PHOTOJIOBHUKA
komrouero (Poterium spinosum) yka3bIBaeT Ha CYXOCTh IOYBBI, YTO MOXKET CKa3aThCs HA YXY/IIIe-
HUU OOIIETO COCTOSHUS JICCHBIX HACAXKICHUH.
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TecToBble y4acTKU OBUTH TAK)Ke 3aJI0’KEHBI M Ha HEJIECHBIX 3€MJISIX: TPABSIHUCTHIN TTOKPOB, Hace-
JICHHBIC TTYHKTHI, BOJHBIC O0BEKTHI, YIaCTKH, HE TIOKPHITHIE PACTUTEIILHOCTHIO.

Jlist mpoBenieHusT KiIacCU(PUKAIMU CITYTHUKOBBIX JaHHBIX OblIa chopmupoBaHa JiereHaa Ha 5
TEMAaTUYECKUX KIIACCOB JICCHOTO MOKPOBA, MPEJICTABICHHBIX B IMpE/esiaX IPaHUI] TEPPUTOPUU HUC-
cnenoBanus (Tadm. 1).

Tab6muma 1
Jlerenga TeMaTH4ecKoil KapThl HA3eMHOI0 MOKPOBa /i1 cueHbI Sentinel-2
HauMenoBanue Kon Kunace doto
KJacca KJacca

OCHOBHO# sipyC MIPEACTABIIECH CO-
MKHYTBIM JPEBOCTOEM XBONHBIX
BEYHO3EJIEHBIX TTOPOJI BEICOTOM 00-
XBOWHBIE C jee 3 M U COMKHYTOCTBIO T10JI0Ta
HaCaXJACHUS 6omee 70%. bonee 7 enunuil B co-
ctaBe Hacaxaenus. [IpeoOnanaro-
11ast mopoja — CocHa Kanuopuiickas

OCHOBHOM SIpyC NPEICTABIIEH CO-
MKHYTBIM JJPEBOCTOEM JIMCTBEHHBIX
IIOpO/JI BBICOTOM Oojiee 3 M, COMKHY-
TOCTBIO T0J10ra 60s1ee 75%. bonee 7
JlucTBeHHBIE B €/IMHUI] B COCTAaBE HACAXKJICHUSL.
HaCaXKICHUS [IpeobGanaromniye mopoasl — 1y0
ABCTPUICKUM U IICEBAOCUPUNCKUI
(Quercus cerris sp. Pseudocerris)

OCHOBHOMH SIpyC MOJ BEYHO3ETEHBI-
MU JepEeBbIMHU BHICOTOM Oonee 3 M
U COMKHYTOCTBIO Mojiora 6oJee
50%. Ilpeobnamaromas mopojaa co-
Hacaxnenus CS ctaBisiet 6onee 70% ot cocraBa

KHITapuca HaCaXICHUSI.
Kunapuc BeuHO3€eEHbBIN

[IpencraBieHb! 1epEBbSIMH BBICOTOM
Oonee 3 M, IJIe HU JIUCTBECHHEIC, HUA
BEUHO3€JIEHBIC XBOWHBIE TTOPOIBI HE
cocTaBistioT > 60% ot cocraBa
CMeraHubie TMO | nacaxnaenus. COMKHYTOCTh TIOJIOTa
HacakJCHUS coctaBiseT 15-60%. OcHOBHBIE T10-
POJIBI — COCHA KamOpuiickasi, 1y0
AaBCTPUNCKUH U IICEBIOCUPUNCKUI

PacTUTEILHOCTE BRICOTOM 10 3 M,
C TUIOIIABIO IPOEKTUBHOTO
nokpbITus 6onee 50%. [pencrasie-

JpesecHo- Ha HA3KOPACTYIIUMH JIEPEBbIMU
KyCTapHUKOBasI TS BBICOTOM JI0 3 M: COCHA KaJTuOpHii-
PacTUTENTHHOCTh CKasi, 1yO aBCTPUNCKUMN U TICEB-

JIOCUPUKCKUNA, MOYKKEBEIBHUK KO-

JTOYUi, poxkKoBoe AepeBo. Cpenu

KyCTapHUKOB BCTPEYAIOTCS: PAKUT-

HHUK MOXHATBI{, APOK KOJIIOUYEBET-
BUCTBIN U Ap.
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Temamuueckas knaccuguxayus cHuMKa Sentinel-2 MpoBOAMIACH B HECKOJILKO 3TAroB (puc. 3).

IIpenBapurenbHast
MOJITOTOBKa U300pa-
JKSHUH

TToneBnie
JaHHBIE, CHUMKH
BBICOKOTO pa3pelie-
HUS

O1eHKa TOYHOCTH

Puc. 3. Biok-cxema TemaTHyeckoii kjaccuukanuu (pparmenta cuensl Sentinel-2

Ha nepBom stane 6s1a nostyuena kaprta NDVI (BererannoHHbIi MHIEKC paCTUTENBHOCTH) paii-
ona Jlatakusi.

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

rre: NIR - ommknss uadpakpacHas 30Ha criektpa, RED - kpacHast 30Ha cnekTpa. J{nana3oH 3Have-
HUN UHJEKca oT -1 10 +1, JuIsi pacTUTENHFHOTO MOKPOBA 3HAUYCHUs MHACKCAa HaunHatoTes oT 0,2 u
BhI1IIE (puc. 4).

Histogram: Band 1: BAND4328_Lattakia_NDVI

400000
300000

200000

Histogram Count

100000

0 y 7 f y n =y n
0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Data Values

Data: 0.261691

Puc. 4. TemaTnueckasi kapta NDVI (cieBa) 1 1Mana3oH noJy4eHHbIX J1aHHBIX (cnpaBa). [Toka3arenas 0,6-0,9
NDVI yka3bIBaeT Ha BBICOKYIO ILIOTHOCTh HACAMXKIACHHIA JJIsl 16COB YMEPEHHBIX IIMPOT H TPONHKOB
(Pettorelli, 2013)
Ha ocHoBe l'[OJIy‘-ICHHOﬁ KapThbL NDVIc NPUMCHCHUCM MCTOAUKH GI/IHapHOFO réoOKOAUpPOBaHUA B
nakere ENVI Obu1 BbIZIeNIeH TeMaTHYeCKHiA CI0i co 3HaYeHUsIMH BhIiie (.65, 94TO MO3BOIHIIO TTOTY-
YUTb B BUAC MACKU BCKTOPHOI'O CJIOS MOJUTOHAJIBHBIC 'PAHUIILI KJIaCCa «JICCHAAd PACTUTCIIbHOCTbY

JUIS TIOCTIETYIOIIETO IETaIbHOTO KapTorpadgupoBanus (puc. 5).
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Puc. 5. BexTopHblii c/10# «JlecHasi paCTUTeIBHOCTH» Ha 0a3e cHUMKa S2, paiioHa JlaTakus

ITocnenyromas ynpasisiemas KiIacCH(UKALUSA JIECHBIX 3€MEIb METOIOM «IEPEBO PEIICHUII»
MIPOBOJIMIIACH Ha OCHOBE BBIJICJICHHOW BEKTOPHON «MAacKW» C MCIONb30BaHHEeM 30-MeTpoBO IH -

poBoii Moxaenu penbeda (manHbie NASA). DTO mMO3BONMMIO yYecTh peinbed MECTHOCTH
(9KCTO3UIINIO), a TaK)Ke TPajlalliio CHEKTPATIbHON Pa3feNMMOCTH Pa3IMYHBIX TUIIOB JIPEBOCTOEB,
MPOM3pacTalONINX Ha CKIoHax. [locne mpoBeaeHus mporuenypsl Kiaccuukauy ObUT MOTYYEH Kap-

Torpaduyeckuii MaTepuai Ha TEPPUTOPUIO HcciaenoBaHus (puc. 6).

I Cocrosrre HacaxTenm
I 1v6oBbie HacakAEHMA
I Kimaprcossie nacaker

I Cucmarmbie HacamacHnA
JlpeBecHO-Hacake HHAA pacTHIEbHOCTD

0 375 75 15 Kilometers

/
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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OneHka TOYHOCTH MOJYYEHHOW TeMaTH4eCKOW KapThl OblIa MPOBEIEHA MO MATPUIE PA3IUYU
Ha OCHOBE JJaHHBIX IOJIEBBIX MCCIIEJOBAHUM, CHUIMKOB BBHICOKOTO Pa3pelIeHUsI U IKCIEPTHOTO aHa-
JIU3a CIIEKTPaIbHOMN pa3fenuMocTy B nakere (Tadm. 2). O6mas TOUHOCTh KiIacCu(PUKAUU JOCTUTa-
et 0.76, ko3 punment Kanma — 0.73.

Tabmuua 2
JlaHHBIe OLIEHKH TOYHOCTH TEMATHYECKOr0 KapTorpadupoBaHus CIIyTHHKOBOro u3odpaxenns Sentinel-2
Tounocmyp

Kaaccst C bl | K Cm JAK Bcero nonvsosamens UA%
C 623 49 2 31 32 737 84,5
Pl | 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
JAK 38 12 12 59 511 632 80,9

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

[Janee nosy4eHHble TEMATUYECKHE KIIACCHI IPOLUIM IIpoLenypy renepanusannu B nmakere ENVI
U BEKTOpHU3allMU B IporpaMMHOM nakere ArcMap. DKCIEpTHBIM MyTEM U3 TEMATUYECKOM KapTbl
«IeCHasT PACTUTEIBHOCTHY» OBUIM MCKIIOYEHBI YYaCTKH HCKYCCTBEHHOTO IPOHMCXOXKICHUS
«CeJbCKOXO03AUCTBEHHbIE 3eMJIN» WU «caabl» (puc. 7, Tadm. 3.)

I Cocuobrie HacawaeHMA
B v60Bbe HacaxneHMm
B Kiumapucossie HacammeHma
P Cuvemanmbie HacawTeHHA
JpeBecHO-KYCTAPHHKOBAA PACTHIENIBHOCTE

Puc. 7. TemaTuueckasi KapTa «JIeCHOW PacTUTeILHOCTH» paiioHa JlaTakusi: a) mocJje reHepaJn3anmnu;
0) coBMeIneHHasi ¢ HH(PPOBOI MOJeJIbIO penbeda

PesyabTaTsl U BbIBOABL. [lo pe3ynpTaTam kmaccudukanuy ObUTA MOTyYEHBI IPOCTPAHCTBEH-
HbI€ U KOJIMYECTBEHHBIE XapaKTEPUCTUKU PACIIPEICIICHHS IPEBECHO-KYCTAPHUKOBON pacTUTEIbHO-
CTH Ha TeppuTopuu npoBuHIMH JlaTakus Cupuiickoit Apadckoii PecriyOmuku.

[IpumeHeHne cOBpEMEHHBIX METOJIOB KiIacCU(PUKAIIMK TaHHBIX AUCTAaHIIMOHHOTO 30HIUPOBAHUS
Ha OCHOBE YHHMKAJbHBIX CIIEKTPAIBHBIX CUTHATYP JJI KaXJ0T0 KJacca JECHOr0 MOKPOBa, MOJyYEH-
HBIX Ha 0a3e JaHHBIX MOJEBBIX UCCIIEOBAHMMA, TO3BOIMIIO OTYYUTh KapTorpaduyeckuii MaTepuan
C BBICOKOM TOUHOCTHIO (KoahurmenT Kamrma 0,73). beuto ycraHOBIIEHO, UTO OOJIBITUHCTBO JIECOB B
JlaTakuu pacmosioXeHbl B TOPHBIX paiioHaX C BHICOKMM YIJIOM YKJIOHA Ha MECTHOCTH (BBICOKHE TO-
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PacnpenesieHue KJ1acCcoOB J1eCHOI0 NOKPOBa B paiioHe JlaTakusi Ha TeMaTH4YecKOl KapTe

Tabmuma 3

N HauMeHoBanue Kiacca Kox ILltomann
1O JIeTeH/1e 1O JiereHjie MHKCETH ra %
1 CoCHOBBIE HaCaKICHUS PB 2407300 24073 55
2 J1yOoBbIC HAaCAKIACHUS Q 443952 4439.52 10
3 KunapucoBsie HacaxxneHus CS 28599 248.99 1
4 CMmernranHbIe Haca TMO 617640 6176.4 14
5 JlperecHo-KyCTapHIKORas SMO 845521 8455.21 19
PacTUTENLHOCTh
Bcero: 43393 100

PBl M KpYyThI€ CKJIOHBI). XBOWHBIE Jieca B JAHHOM PaliOHE NPEACTABICHbI B OCHOBHOM BBICOKOIOJI-
HOTHBIMU HacCaXACHUAMU 0O1Iel miomaasio 24 Teic. ra. [Toyecok Takux JIECOB MPEJCTABIEH pa3-
JMYHBIMU KYCTapHMKaMM U TPaBSIHUCTOM PACTUTENIbHOCTBIO, YTO XapaKTEpHO VISl JIECOB C IOBBI-
LIEHHBIM YpOBHEM I0kapoonacHocTu. J[yOoBble jieca pacnosoKeHbl Ha Tepputopuu 4.5 ThIC. Ta,
a cMellaHHble — Ha 6 ThIC. Ta. J[peBecHO-KyCTapHUKOBAsl paCTUTEILHOCTh 3aHUMAET IJIOLAAb He-
MHOTUM OoJiee 8 ThIC. Ta.

bnu3ocTh 1€COB Ha OTNEIBHBIX YYacTKaX K CEIbCKOXO3MCTBEHHBIM YTOAbSIM MOBBIIIAET BEPO-
ATHOCTb JIETpaJalliy JIECOB B pe3yJbTaTe aHTPOIOTEHHOM JIeATENbHOCTH, BKIOYas Moxapsl. Tep-
puropus JlaTakuu XapakTepusyeTcs MOJyCyXUM CPEAN3EMHOMOPCKUM KIMMATOM JIETOM M YacThl-
MU NEPUOAAMHU 3aCyXH, YTO MPHUBOJUT K OMACHOCTH BO3HUKHOBEHHMS JIECHBIX M0KAPOB U CIIOXKHO-
CTH UX NPEJOTBPALICHUS U JIUKBUALNH.

CrniyTHUKOBBIE 1aHHBIE Sentinel-2 npeocTaBiIsiFOT HOBbIE BO3MOKHOCTH JJISl IPOBEICHUS IOJTO-
CpPOYHOT0 MOHUTOPHMHIA HA3€MHOI'0 MOKPOBa B IesioM s Beelt Cupuiickoil Apabekoit Pecriy6uiu-
ku. Mcnonb3oBanue naHHbIX cnyTtHUKa Sentinel-2 B couetanuu ¢ I'MC TexHOMOTUSAMU MO3BOJISIET
IIPOBOAUTH BBICOKOKAUECTBEHHBII MOHUTOPUHT OKPY)KAIOIIEH Cpe/Ibl C LEIbI0 0OHAPYKEHUS U3Me-
HEHU, KOTOpbIE MOT'YT IIOMOYb IIPH OLIEHKE MpoLiecca CBE/ICHUS U IeTpaJalliu JIECOB.

Pabooma ovina noooepucana npozpammon Erasmus + Jean Monnet Eeponeiickozo cowsa
(npoexm Ne 574894-EPP-1-2016-1-RU-EPPJMO-CoE). /lannasa nyonukauus ompasxicaem mou-
Ky 3penusn aemopos, Eeponeiickaa Komuccua ne necem omeemcmeenHoCmU 3a cooepicanue
OaHHOU nyOnuKayuu u ee OaapHelluiee UCnO1b306aHUe.
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