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In this article we have summarized the studies on the distribution and genesis of saline soils in Russia
from the early 20" century to the present. Emphasis is placed on the ones carried out by the
V.V. Dokuchaev Soil Science Institute, which will celebrate its 100™ anniversary in 2027. Maps of the
distribution of saline soils of varying chemistry across Russia are analyzed. The factors, sources,
and mechanisms of soil salinization in different regions of the country are considered.
Brief information is provided on the types of saline and solonetzic soils in all administrative units
of the country where they occur, their areas, predominant degrees, depths, and chemistry, as well as
the genesis of salinization. The largest areas of saline and solonetzic soils are found in southern
Russia, due to a combination of an arid climate, poor drainage, and the presence of saline rocks.
This determines the predominantly chloride salinization of the soils of the Caspian Lowland. Further
north in the Volga Federal District, the area of saline soils decreases, with chloride-sulfate salinization
becoming predominantly present. Gypsum appears, and, more often in solonetzic and irrigated soils,
soda also appears. Saline soils form underlain by saline loess-like loams and clays or at close
proximity to mineralized unconfined groundwater. In the Central Federal District, saline soils are
localized, as the area is better drained, and the soil moisture index is close to 1. They are primarily
found in the south and southeast of the district. At higher elevations, sulfate-based saline soils develop
on saline rocks and where mineralized unconfined groundwater approaches the surface, while soda-
based salinization is more common in the lowlands. Significantly fewer saline soils are found in the
Northwestern Federal District, where saline soils are confined to the coast, forming under the
influence of the sea and on marine saline sediments. This determines the predominantly sulfate-
chloride and chloride types of salinization of coastal soils. Saline soils are found in the steppe and
forest-steppe zones of the Ural Federal District. In addition to climate, salinization is facilitated by
outcrops of saline, often gypsum-bearing, rocks and a loamy soil texture. The chemistry of salinization
is predominantly sulfate. Saline soils of the Siberian Federal District are divided into two sharply
distinct regions. The western part of the district, which belongs to the West Siberian Plain, is where
solonetz and solonetzic soils most often form, with sodic chemistry dominating; the salinization type
is continental, associated with climate and poor drainage of the territory. The eastern part of the
district is characterized by smaller areas of saline soils; solonetz is extremely rare, and the chemistry is
predominantly sulfate. Salinization is determined by gypsum-bearing saline deposits and the waters
that erode them, including groundwater. Lake Baikal separates the soils of different salinization types.
West of Lake Baikal, sulfate salinization clearly predominates, while to the east, a significant
proportion of soils exhibit sodic salinization, which is prevalent in eastern Transbaikalia. The causes
of salinization in Transbaikalia are similar to those in Western Siberia. Both regions lack saline rocks,
gypsum, and salt deposits; salinization is primarily continental in origin, and soda-based chemistry or
soda-based chemistry predominates. The chemistry and causes of salinization in the soils of the Far
Eastern Federal District are different. In the Lena Valley, in the absence of saline rocks or deposits,
sulfate-chloride and chloride-saline soils form under permafrost conditions. Permafrost prevents
chloride salts from leaching from the profile. In northern Yakutia, Chukotka, and on the country's
eastern coast, predominantly chloride salinization is determined by proximity to the sea and the
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presence of marine sediments. In Kamchatka, in a zone of increased seismic and volcanic activity, the
presence of saline soils is determined by hydrothermal systems, leading to the formation of alum-type
salinization.

Keywords: soil salinization maps of Russia, salt accumulation factors, chemistry, depth, degree of
salinization, salt genesis, areas of saline soils, administrative units of the Russian Federation.

DOI: 10.24412/2542-2006-2026-1-5-37

EDN: JIPSYX

In this article we describe the distribution and properties of saline soils of Russia, classifying
them based on their depth, chemistry, and causes of salinization. These soils are relevant due to their
worldwide occurrence in arid and semiarid regions, and due to their need for irrigation that causes
further salinization and leads to valuable lands being taken out from agricultural use. Understanding
the parameters and causes of salinization, as well as the locations of such soils, will help minimize
economic investment in their reclamation and enable more rational use, or avoid their agricultural
use in general. For example, finding soils with salinization in the 2™ meter of the soil profile will help
avoid water-intensive irrigation methods that only increase salinization intensity.

In the 1970s, saline soils occupied more than 950 million ha worldwide (Szabolcs, 1989).
In the 2020s, according to the “Global Salt-Affected Soil Map”, created by more than 350 experts
from 118 countries, including Russia, and FAO (Global Status ..., 2024), their total area increased
to 1,381 million ha, i.e., 10.7% of the total area of the surveyed territories. In some regions,
every year up to 30% of agricultural land is withdrawn from cultivation due to salinization
(Metternicht, Zinck, 2009), while the area of irrigated soils decreases by 1-2% (FAO, 2002).
Salinization occurs and becomes predominant in arid and semiarid regions, occupying the largest
areas in Australia, China, India, Iran, and Central Asia. In Russia, they are found in 51 of
85 regions, but their area is estimated differently by various sources: from 43.4 million ha
(Stolbovoy, Sheremet, 1997), to 54 million ha (Soil cover ..., 2001), and 66.4 million ha (Unified
state register ..., 2014). For agricultural soils, the area is from 22.1 million ha (Natural and
economic ..., 1986) to 39.7 million ha (State ..., 2016). It was proven that the distribution of saline
soils correlates with the moisture coefficient, while their share’s dependence on this coefficient
is inversely proportional (Kalinina et al., 2016).

Development History of the Saline Soils Mapping

The V.V. Dokuchaev Soil Science Institute was the first one to compile the general maps of soil
salinization of the Soviet Union. This field of science was led by V.A. Kovda, who emphasized in
his work in 1946 that as early as the early 20" century, N.V. Dimo and D.G. Vilensky showed that
the distribution of saline soils of Russia followed a pattern. They discovered that there were sodic
soils in the north, where the chernozem zone was located; in the southernmost regions, the deserts,
there were sulfate-chloride soils; in the dry steppe zone they had a chloride-sulfate salinization.
In 1946, V.A.Kovda published the first schematic map showing the distribution of salt
accumulation processes in the USSR soils, and identified 4 provinces of such accumulation (Fig. 1):
1 — sulfate-sodic, 2 — chloride-sulfate, 3 — sulfate-chloride, 4 — chloride.

Next, a map showing the distribution of saline sodic soils in the USSR was made
(Kondorskaya, 1965; Fig. 2). It was established that sodic salinization was not always associated
with the chernozem zone and occurred locally in the southern regions, i.e., in desert and semi-
desert. However, this information required a further study of the genesis of the saline sodic soils
(Bazilevich, 1965). Researches in the south of Eastern Siberia and the medium-scale maps of
salinization in some regions (Chernousenko, 2022) confirmed that inversion of salinization was
often observed. For example, the dry steppes (Southern Buryatia, Trans-Baikal Krai) mainly
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experienced a sodic salinization, while the northern forest-steppe regions (northern Khakassia) had
a sulfate chemistry and even a predominantly chloride one, widely spread in the forest-steppe and
steppe landscapes of the permafrost zone (Yeravninskaya and Tunkinskaya Hollows in Buryatia,
Central Yakutia).

The “Map of Soil Salinization Types in the USSR” (1 : 2,500,000) was compiled in 1976 by
editors-in-chief V.V. Yegorov and N.I. Bazilevich, and regional editors E.I. Pankova,
V.A. Molodtsov, V.M. Borovsky, V.N. Mikhailichenko, R.V. Kovalev, P.S.Panin, and
T.V. Korolyuk. For the first time, in addition to the main salt composition (its chemistry),
it included the proportion (in %) of saline soils within the soil contour, as well as the salts presence
in the 1% or 2" meter of the profile. In vast areas, however, salts were found only in the 2" meter,
which was previously overlooked and therefore never taken into account in cadastral valuations.

0cme \\
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Fig. 1. Distribution of modern salt accumulation processes in soils of the USSR (Kovda, 1946).
Legend. Salt accumulation provinces: 1 — sulfate-sodic, 2 — chloride-sulfate, 3 — sulfate-chloride,
4 — chloride, 5 —elevations.

Information on the distribution and taxonomy of saline soils, solonetzes, solonetzic soils of
varying hydromorphism degree, their complexes, solonchaks, floodplain and marsh saline soils can
be found in the “Soil Map of the RSFSR” (1 : 2,500,000), edited by V.M. Fridland (1988).

The most detailed series of maps of Russia (1 :2,500,000) that describes the properties and
processes limiting soil fertility was compiled by A.F. Novikova in 2003 at the Department of
Genesis and Reclamation of Saline and Solonetzic Soils in the V.V. Dokuchaev Soil Science
Institute, and edited by E.I. Pankova, and then published for certain regions in the monograph
“Saline Soils of Russia” (2006). It was based on the “Soil Map of the RSFSR” (1 : 2,500,000)
published in 1988 and includes several layers of information on salinization (Pankova,
Novikova, 2002), such as soil type, the proportion of saline, solonetz and solonetzic soils in the

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1
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contour (in %), the dominant and collateral chemistry of salinization, the proportion of soils with
different degrees of salinization (weak, medium+strong) and salinization depth (solonchakous — 0-
30 cm, solonchak-like — 30-100 cm, deeply saline — 100-200 cm, potentially saline — 200-500 cm)
in the saline contour. It also mentioned the proportion of solonchaks and solonetzes with different
hydromorphism (in %). In Figure 3, a map with salinization depth and percentage of saline soils in
the contour is shown.
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Fig. 2. Distribution pattern of saline sodic soils in the USSR (Kondorskaya, 1965). Legend: 1 —
main areas (> 15-20% of the total area), 2 — limited distribution (< 15-20%), 3 —isolated foci
of sodic salinization (< 2-5%), 4 — isolated cases of sodic salinization.

Later, the researchers of the Department of Genesis and Melioration (E.I. Pankova,
A.F. Novikova, and G.I. Chernousenko) and of the Laboratory of Computer Research of Soils
(E.V. Vilchevskaya, N.V. Kalinina, and P.V. Korolev) under the leadership of N.B. Khitrov and
D.I. Rukhovich, created a digital version of the map (1:2,500,000) and published it in 2017 on
a CD. This new vector map is made of 13 layers:

1) depth of the upper boundary of the 1% (from the surface) saline horizon of the saline soils
predominant in the contour (4 gradations),

2) proportion of soils that are saline in the 0-100 cm layer (7 gradations),

3) proportion of soils that are saline in the 100-200 cm layer (4 gradations),

4) absence/presence (without proportion estimation) of soils that are saline in the 200-500 cm layer,

5) proportion of solonchaks in the contour (5 gradations),

6) proportion of moderately and highly saline soils in the 0-100 cm layer in the contour
(7 gradations),

7) proportion of slightly saline soils in the 0-100 cm layer in the contour (7 gradations),

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1
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8-10) predominant and collateral chemistry of soil salinization (5 gradations),

11) type and subtype of solonetzes (6 gradations),

12) proportion of solonetz soils in the contour (7 gradations),

13) proportion of solonetzic soils in the contour (6 gradations).

The mapping database was expanded to include the contour area and the main components of the
soil cover (from 1 predominant component up to 7 components in case with complex soils). The contour
base of the map was synchronized with the “Soil Map of the Russian Federation™ (1988). In 2021, N.B.
Khitrov, D.I. Rukhovich, and N.V. Kalinina added information about Crimea.

An important milestone in the generalization of mapping and analytical data on saline soils of
Russia was the monograph “Saline Soils of Russia” (2006), which described the areas and
analytical materials, assessed the chemistry, depth, and degree of salinization of saline and
solonetzic soils in various regions. Southern Russia is where saline soils occupy the largest areas
(Fig. 3) due to climate features, such as decreasing annual precipitation, increasing air temperature,
and, consequently, decreasing moisture coefficient.

Figure 4 shows regions with saline soils that can be locally found where the mineralized
groundwater emerges, often sourcing from anthropogenic activities, such as salt mining, wells,
oil and gas exploration. Places like were found in the Rostov Region near Lake Nero (Simonova
et al., 2020), in Perm Krai at potash salt mining sites (Yeremchenko et al., 2020), in the Tyumen
Region in the valley of the Aremzyanka River (Yakimov et al., 2014), and in the Yamalo-Nenets
Autonomous Okrug (Solntseva, Sadov, 2000). Anthropogenic salinization also occurs in cities after
the use of de-icing agents, usually made from rock salt, which is 80-90% NaCl (Chernousenko
et al., 2000, 2003; Nikiforova et al., 2014).

In Russia, saline soils occupy almost 54 million ha, i.e., 3.3% of the total soil area of the
country, or 5.0% of the soil area of its plains (Saline Soils of Russia, 2006). The area of the saline
agricultural soils ranges from 36.0 to 39.73 million ha (Pankova, Gorokhova, 2020). The main areas
of saline soils in the country are soils of solonetzic complexes, the soil cover of which has a
significant share of solonetzes (Pankova et al., 2008).

Among solonetzes in European part of Russia, automorphic solonetzes are predominant, while in
Western Siberia those are hydromorphic solonetzes and meadow-chernozem solonetzic solonchakous
and solonchak-like soils. In general, solonetzes are significantly fewer in Eastern Siberia. They occupy
somewhat larger areas in Khakassia, represented mainly by automorphic varieties (Gradoboev, 1954).
In the Irkutsk Region, automorphic solonetzes and solonetzic chernozems are also more common
(Soil Map ..., 1959). However, the fact of their wide distribution requires further research.

According to the vector map, in the European part of Russia, the total area of soils that are
saline in the 1 meter of the soil profile was 23.344.4 million ha (Khitrov et al., 2009), which is
2.7 times higher than the estimates in the “Qualitative characteristics ...” (1996). In terms of
salinization depth, 50% of the soils are solonchak-like, 27% are solonchakous, 17% are deeply
saline, and 6% are potentially saline. In terms of chemistry, sulfate (49%) and chloride (43%)
salinization is most common, 7% have some soda, including soda in their solonetzic horizon, and
1% are sodic. The total area of solonetz and solonetzic soils is about 25 million ha, where
9.45 million ha are solonetzes, and 15.4 million ha are solonetzic soils. The majority of solonetzes
(63% of the total solonetz area) is located in the dry steppe, where automorphic solonetz soils are
predominant, primarily with neutral salts (Khitrov et al., 2009). In the Ural Economic District
(Chelyabinsk, Kurgan, Tyumen, Sverdlovsk Regions), soils that are salinized at the 1% meter
occupy 4.9 million ha, and 2 more millions are salinized starting from the 2" meter. Solonetzes are
found over an area of 2.9 million ha; they are mainly automorphic (1.4 million ha) and semi-
hydromorphic (1.1 million ha) varieties. In the Kurgan Region, they occupy the largest area of all,
which is 1.8 million ha (Chernousenko et al., 2011).

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1
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Fig. 3. Map of saline soils distribution in Russia, including the depth of salinization and the proportion (%) of saline soils in the contour (2003).
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Fig. 4. Schematic map of saline soils distribution in Russia. Legend: 1 — administrative units where
saline soils are widespread/occur, 2 — list of administrative units: 1 — Arkhangelsk Region, 2 —
Belgorod Region, 3 — Voronezh Region, 4 — Kursk Region, 5 — Lipetsk Region, 6 — Tambov Region,
7 — Astrakhan Region, 8 — Volgograd Region, 9 — Samara Region, 10 — Penza Region, 11 — Saratov
Region, 12 — Ulyanovsk Region, 13 — Republic of Kalmykia, 14 — Republic of Tatarstan, 15 —
Krasnodar Territory, 16 — Republic of Adygea, 17 — Stavropol Territory, 18 — Karachay-Cherkess
Republic, 19 — Rostov Region, 20 — Republic of Dagestan, 21 — Kabardino-Balkarian Republic, 22 —
Republic of North Ossetia, 23 — Chechen and Ingush Republics, 24 — Kurgan Region, 25 — Orenburg
Region, 26 — Sverdlovsk Region, 27 — Chelyabinsk Region, 28 — Republic of Bashkortostan, 29 —
Altai Krai, 30 — Altai Republic, 31 — Kemerovo Region, 32 — Novosibirsk Region, 33 — Omsk
Region, 34 — Tyumen Region, 35 — Krasnoyarsk Krai, 36 — Republic of Khakassia, 37 — Irkutsk
Region, 38 — Ust—Orda Buryat Autonomous Okrug, 39 — Chita Region, 40 — Republic of Buryatia,
41 — Republic of Tuva, 42 — Sakha Republic (Yakutia), 43 — Magadan Region, 44 — Primorsky Krai,
45 — Republic of Karelia, 46 — Nenets Autonomous Okrug, 47 — Yamalo-Nenets Autonomous Okrug,
48 — Chukotka Autonomous Okrug, 49 — Kamchatka Krai.

Factors of Salt Accumulation in Soils

The properties and genesis of saline soils in different regions are determined by a mix of soil-
forming factors that cause salt accumulation; primarily, climate. Such soils are most common
in arid and semi-arid regions with dry and hot climate, where the moisture coefficient is < 1.
In Southern Russia, salinization occurs at the coefficient equal 0.5-0.85, and never at higher values
(Kalinina et al., 2016). Salinization occurs when salts concentrate in surface horizons after
evaporation, when unconfined groundwater solutions are drawn by capillary action into the profile.
However, salinization can also occur at a coefficient > 1, if the profile is constantly refilled with
mineralized water, as observed in coastal areas, for example, on the northern and eastern coasts of
Russia (Chernousenko et al., 2001).

Another important factor is the drainage of the territory, determined by its topography, particle
size, and the presence of impervious layer (including the ice layer of permafrost). The influence of
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these parameters is often stronger than that of the climate. Additionally, it was mathematically
proved by D.I. Rukhovich et al. (2019). It determines the formation of the main areas of saline soils
in depressions that are located in zones of terminal geochemical accumulation, with unconfined
groundwater or perched water close to the surface.

Extremely important are the sources and mechanisms of salt entry into the soil, which can be
divided into 5 following groups.

1) Saline rocks formed during geological periods of history after getting exposed at the surface
after a tectonic lift of the area and/or the destruction and disappearance of overlying, younger rocks,
which then became the parent material for modern soils. In this case, the soil inherits readily soluble
salts from its parent material.

2) Atmospheric entry with the rain and/or solid precipitations, known as “aeolian salt input”
or salt impulsion (Vysotsky, 1903; Pivovarov, 1906; Obruchev, 1911). In their turn, salts enter
the atmosphere with storms and strong winds, transported from the oceans, seas, and salt lakes as
part of water droplets, and are also blown off the solonchaks in deserts.

3) Hydrogenous entry from unconfined groundwater, groundwater and/or perched water, when
water loss through transpiration by plants and/or evaporation from the surface is predominant, and
during flooding sourcing from salt lakes and seas. It helps with the active accumulation of readily
soluble salts over a single season, often causing secondary salinization.

4) With plant litter. Albeit being part of soil formation, these salts are not a key source of
salinization (Pershina, Yakovleva, 1964; Rodin, Bazilevich, 1965).

5) Anthropogenic influences: entry with irrigation water, the disposal/discharge of wastewater,
saline and drilling muds, and other industrial waters, with fertilizers, ameliorants, or any other solid
substances.

The anthropogenic factor that causes a secondary salinization has become one of the main
factors worldwide, increasing the area of saline soils due to irrigation with mineralized waters or
due to the rise of mineralized waters after irrational and exceeding irrigation.

In different regions of Russia, different factors are more prominent, therefore determining the
chemistry, degree, and depth of soil salinization.

Saline Soils of Different Districts of Russia

Below, we will discuss the areas of saline soils, based on calculations from the “Saline Soils of
Russia” map (2006), their chemistry, and genesis in federal districts of Russia, starting with the
largest areas in the Southern, Volga, and North Caucasian ones. The areas of different genetic types
of saline soils, classified by their economic regions, were examined by E.I. Pankova and
A.F. Novikova (2005). Additionally, we describe most of the regions based on the monograph
“Saline Soils of Russia” (2006).

In the Southern Federal District, according to the “Saline Soils of Russia” (2006), the overall
saline area (excluding Crimea) is 14.3 million ha, where 7.6 million ha have moderate to high
salinity, 6.52 million ha are solonetzes, and 9.42 million ha are solonetzic soils. The largest areas
that are saline in the 1¥'meter of their profile were found in Kalmykia (5.38 million ha), followed in
descending order by Volgograd (4.22 million ha), Astrakhan (2.43 million ha) and Rostov
(1.79 million ha) Regions. The smallest amounts were found in Krasnodar Krai (0.43 million ha)
and the Republic of Adygea (0.03 million ha). The largest areas that are saline starting from the
2" meter were found in Rostov (0.52 million ha) and Volgograd Regions (0.19 million ha).
The areas in the remaining regions are insignificant, within 0.003-0.03 million ha.

Saline and solonetzic soils are most common in the dry steppe and semi-desert, within solonetz
complexes of various origins: they are solonetzic chernozems, dark/light chestnut solonetzic and
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solonchak-like soils, brown solonetzic and solonchak-like soils, and solonetzes. In the river valleys,
there are floodplain, meadow saline soils and solonchaks. Among the soils with moderate and high
salinity the chloride and sulfate-chloride ones are dominant (4.48 million ha), followed by sulfate
salinity (2.57 million ha), soda participation (0.25 million ha), and soda salinity (0.02 million ha).

Soil salinization genesis in the Astrakhan Region, Republic of Kalmykia, and the southeastern
Volgograd Region is determined by the arid climate, poor drainage of the Caspian Lowland, and the
formation of soils on saline marine sediments. Unconfined groundwater depth is usually 5-10 m,
rising to 0.5-1m in depressions; their composition is mostly sodium chloride, and their
mineralization is 10-15 g/l. The rise of Caspian Sea in 1978 intensified hydromorphism and
salinization in those soils of the Astrakhan Region that were subject to flooding, i.e., in the delta
and around the Baer mounds and ilmenites, as well as in Kalmykia. In 1996, the sea level started
dropping, falling below negative 29 m by September 2025, or negative 29.5 m on the Baltic Height
System (Bulletin ..., 2025). In the future, this change may lead to desalination of some light-
textured soils whose unconfined groundwater level has dropped.

In the Volga-Akhtuba floodplain and the Volga River Delta, soils form on layered alluvial
deposits with mineralized unconfined groundwater close to the surface. In the Volga-Ural
interfluve, salt domes are formed very close to the surface (Doskach, 1979). In the coastal belt of
the Caspian Sea, especially in its lagoons, there are marsh saline soils formed on sandy-shell
deposits whose salinization is associated with seawater surge, salt impulsion, and the influence of
mineralized unconfined groundwater. Their salinization is highly sodium sulfate. In the Volgograd
Region, specifically, inthe Syrtovoye Zavolzhye, Yergeni, and Volga Upland, saline soils and
solonetzes are formed primarily on Quaternary saline deposits, such as loess-like loams, Scythian
and Syrt clays; their composition is mostly chloride-sulfate, with occasional gypsum. Some
researchers believe (Kovda, 1946; Slavny, 2001) that salinization in the region is caused by the
aeolian transfer of salts from the sea.

In the 1970-1990s, unconfined groundwater levels rose in many irrigation systems, leading to a
secondary salinization. The following significant reduction of the irrigated lands contributed to the
drop of the unconfined groundwater level, gradual desalination and alkalization of the surface
horizons of secondary salinized soils, both of which are currently progressing (Gorokhova et al.,
2020). The area of secondary salinized irrigated soils has significantly decreased by now
(Gorokhova, Pankova, 2022). In a number of areas where solonetzic complexes were previously
widespread, they are no longer recorded (Gorokhova et al., 2018).

In the Rostov Region, saline soils and solonetzes are mainly found in the southeast of the
region, while their salinization is associated with the presence of saline loess-like rocks, primarily
of chloride and chloride-sulfate composition. In the Sal-Yergeni Plain, they often contain gypsum,
and the mineralized unconfined groundwater is close to the surface. In the floodplain and delta of
the Don River in the Bagaevsky District, in addition to predominantly chloride-sulfate soils, there
are some with soda or sodic salinization.

In Krasnodar Krai and the Republic of Adygea, saline soils were found on the Azov-Kuban
Plain, formed on loess-like loams that are underlain by saline Scythian clays; by estuary clays
onthe Primorskaya Plain, by Tertiary clays on the Taman Peninsula and Zakuban Plain.
The salinization on the Azov-Kuban Plain is mainly sulfate-chloride, while sulfate on the peninsula
and plain, and sodic on the second terraces of Kuban.

In the Rostov Region, Krasnodar Krai, and Adygea the deeply and potentially saline soils are
quite common.

The Republic of Crimea is considered part of the Southern Federal District of Russia since
2014. The saline and solonetzic soils are widespread, occupying the center, northeast and east of the
peninsula (Fig. 5). They are saline in the 1 (Fig. 5a) and 2™ m of the soil profile (Fig. 5b).
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c) d)

Fig. 5. a) Prevailing depth of the upper boundary of the 1% (from the surface) saline horizon, cm; b) proportion of saline soils in the 1-2 m layer, %;
¢) prevailing chemistry in the 0-1 m layer, d) 1%collateral chemistry in the 0-1 m layer.
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Saline soils are most common in the dry steppes of the North Crimean Lowland along Sivash and
Karkinitsky Bays on loess-like loams and clays, and in the Kerch Peninsula on Tertiary swelling clays
of Oligocene-Miocene. In the lowland, salinization is influenced by mineralized unconfined
groundwater. On loess-like saline loams and clays, there are southern solonetzic chernozems and dark
chestnut solonetzic complexes, with dark chestnut solonetzic and non-solonetzic deeply solonchak-
like and deeply saline soils, meadow chestnut solonetzic solonchak-like and solonchakous soils of
moderate/high salinity, solonchak-like and solonchakous meadow-steppe chestnut solonetzes.

Severe salinization and solonchaks are typical for the coasts of the Black Sea and Sivash Bay.
On the Kerch Peninsula, salinization is caused by highly saline swelling Tertiary clays
(e.g., Maikop, Sarmatian). There, soils are solonetzic solonchak-like vertisols, solonchak-like vertic
solonetzes, meadow-chernozem vertic solonchak-like soils, meadow-chestnut vertic solonetzic and
solonchak-like soils. The peninsula’s ravines are where solonchaks can be found. Soils in the higher
part of the Central Crimean Plain are saline in the 2" meter of their profile, lying on the saline
loess-like loams and red-brown clays.

At the forest-steppe foothill, deeply vertic solonetzic chernozems are formed on the Lower
Cretaceous clays; meadow-chernozem solonchak-like and solonetzic soils are formed on the loess-
like saline loams of floodplain terraces; meadow saline soils are formed in depressions. Brown
solonetzic soils can be found on the southern coast of Crimea, specifically, in the mountainous sub-
Mediterranean landscapes. They are saline by seawater and wind-blown salts.

Despite the peninsula being surrounded by the sea, having the Sasyk-Sivash table salt deposit
and 13 small/medium occurrences of chloride salts on the lakes, e.g., Kiyatskoye, Krasnoye,
Sakskoye and Aigulskoye, its soil salinization is still mainly sulfate and chloride-sulfate (Fig. 5c¢).
In the solonetzic horizon of the solonetzic complexes, soda occurs (Fig. 5d), and soda salinization
is detected under irrigation. In coastal areas, a collateral type is chloride salinization that can be
dominant in some cases.

From the 1960s to 2014, irrigation through the North Crimean Canal played its part in partial
desalination of solonetzic complexes down to 1-2 m in the grain and forage fields, as well as in the
orchards, and down to 3-4 m in rice fields. In 2015-2022, after water supply through the canal
stopped, the formerly irrigated soils remained predominantly desalinized. However, secondary
salinization still took place at the coast (1-3 km from the sea) at less than 2-3 m above sea level.
At higher altitudes, salinization reoccurred only down at 3-5 m.

Later, irrigation was done with low-mineralized water from rivers and unconfined groundwater
sources, which caused a gradual accumulation of salts, and led to secondary salinization in some places.

In the North Caucasus Federal District, according to the “Saline Soils of Russia” map (2006),
saline and solonetzic soils occupy 3.94 million ha. The largest areas are in Stavropol Krai
(2.05 million ha) and Dagestan (1.69 million ha). It is noteworthy that previously, Stavropol Krai
had significantly fewer saline soils (Saline Soils of Russia, 2006). In the mountainous region,
the saline area is significantly smaller, around 0.001-0.18 million ha. The saline soils there are
mainly solonetzic chernozems, solonetzic and solonchak-like chestnut soils, solonetzes,
meadow and floodplain solonchakous and solonchak-like soils, and solonchaks.

In Stavropol Krai, the soils are primarily solonchak-like and solonetzic chernozems, deeply
saline soils of chloride-sulfate and sulfate salinity, often with gypsum (0.48 million ha
of moderately/highly saline soils). In solonetz and meadow solonetzic-vertic soils, there can be
chloride-sulfate salinity with soda participation, and soda salinity.

Salinization genesis of the Stavropol Upland is associated with the fact its soils form on red saline
Oligocene-Miocene sulfate clays with gypsum and on outcrops of saline Maikop clays in the valleys
of the Yegorlyk and Kalaus Rivers. Loess-like loams are often saline there; the chestnut solonchak-
like soils of chloride-sulfate salinity with gypsum are formed on them. Salinization depth and degree
depend on the depth of perched water and surface moisture (Saline Soils of Russia, 2006).
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In the Republic of Dagestan, chloride salinity is most common, affecting 0.51 million ha of
moderately/highly saline soils, while another 0.20 million ha are of sulfate salinity. Salinization
processes vary depending on the level of the Caspian Sea.

Salinization of the Terek-Kuma Lowland occurs due to Upper Khvalynsk saline marine
deposits (Sokolovsky, 1960). Saline soils are widespread in its central part, where they separate
sand massifs and form into complexes with solonetzic soils, solonetzes-solonchaks and just
solonchaks. The salinization is mainly sulfate-chloride with gypsum and a high level of Mg due to
the marine origin of the parent rocks (Chernousenko et al., 2023). Similar chemistry can be
observed in saline meadow and meadow-bog soils and solonchaks in the valleys and deltas of the
Terek, Kuma, and Sulak Rivers, formed in hydromorphic positions under the influence of
mineralized unconfined groundwater; near the sea, they are formed around marshes and during
seawater surges (Stasyuk, 2016). Additionally, salinization can be associated with unconfined
groundwater rising during irrigations in the valleys of the Sulak, Terek, and Kuma Rivers, whose
alluvial deposits are saline.

Small saline areas in the Chechen Republic, the Republic of North Ossetia-Alania, and the
Kabardino-Balkarian Republic are associated with the widespread light fluvial-glacial and alluvial
boulder-pebble parent materials. In areas with Tertiary (Maikop) clays and saline alluvial deposits
in the floodplain and on the terraces of the Terek River there are saline and solonetzic soils, often
deeply saline and sulfate. Generally, Dagestan has widely spread deeply and potentially saline soils

Volga Federal District. The area of soils that are saline at 0-1 m is approximately 5 million ha,
the area of solonetzes is 2.49 million ha, and solonetzic soils cover 4.16 million ha (Khitrov
et al., 2009). Territories with deeply saline soils cover 0.98 million ha, their largest areas being
in the Orenburg Region (2.57 million ha) and Saratov Region (2.02 million ha). Significantly
smaller areas are in the Samara Region (0.34 million ha) and the Republic of Bashkortostan
(0.05 million ha). They are even smaller in the Ulyanovsk, Penza, and Kirov Regions, in Perm Krai,
and the Republic of Tatarstan, covering only 590-13,770ha. In some of these, solonetzes and
solonetzic soils are more abundant: 51,360 ha in the Ulyanovsk Region, 23,710 ha in the Penza
Region, and 3,660 ha in Tatarstan. The soils of Volga Federal District are predominantly sulfate,
some are chloride, and even less are sodic and soils with soda participation.

Salinization in the Orenburg Region is due to the soils being formed on mainly gypsum-bearing
Permian clays in the Cis-Urals (Fig. 6), and salt-bearing, often clayey, colored rocks in the Trans-
Urals. This determines the mainly sulfate salinization, often with gypsum and carbonic calcium
gypsum soils in the Cis-Urals (Yamnova, Chernousenko, 2023),with sulfate-chloride salinization
in the Trans-Urals.

In the Northern Trans-Urals, neutral salinity with soda can be found, and the soils that are often
saline in automorphic positions. For example, southern, typical and normal chernozems are deeply
saline at 1-2 m, or potentially saline with salts down at 2-5 m. Steppe solonetzes, solonchaks, floodplain
and meadow soils, solonetzic chernozems and dark chestnut soils are saline in the 1% m of the profile.

In the Saratov Region, on the Volga Upland, the hydromorphic and semi-hydromorphic
solonetzes and collateral saline soils were formed on saliferous Jurassic gray clays, on Cretaceous
and Tertiary deposits. In the Trans-Volga Region, most saline soils can be found in its southern and
eastern arid parts on slightly saline Syrt clays and highly saline chocolate clays. There, chemistry is
mainly sodium-sulfate or chloride-sulfate, often with gypsum; in the northern Caspian Lowland
(i.e., southeast of the region), it is sulfate-chloride. Automorphic, hydromorphic and semi-
hydromorphic solonetzes, solonetzic chernozems, chestnut and light chestnut solonetzic soils are
the most common ones. Chernozems and dark chestnut soils are usually saline deeper than 1 m.

The Republic of Bashkortostan is located in the southeastern elevated part of the area, where
saline soils are not quite widespread. Thick (50-300 m and deeper) layers of gypsum and rock salt
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from the Permian period that are being washed out by groundwater, usually do not affect
salinization. However, saline soils (e.g., solonetzes, solonetzic and solonchak-like chernozems,
solonchaks) can be found in the southern Cis-Urals, where gypsum sulfate karst is common and
mineralized waters run close to the surface (e.g., the Assinsky mineral chloride springs), and in the
south, in the Trans-Urals, where the developed marine saline deposits had formed during the
transgression of the Caspian Sea. The chemistry of the Cis-Urals varies; it can be sulfate with
gypsum, chloride-sulfate, or sodic. In the Trans-Urals it is usually sulfate-chloride.

Fig. 6. Orenburg Region, Kyzyladyr Karst Field with saline gypsum-bearing (carbonic calcium
gypsum) soils (here and below photos are by G.I. Chernousenko).

The salinization and soil structure of the Samara and Ulyanovsk Regions are very similar.
The Volga River divides them into a right-bank part (the Volga Upland) and a left-bank part
(the Syrtovoye Zavolzhye, and the Obshy Syrt Upland. The right-bank soils (with the exception
of the southern part of the area) are mostly non-saline, while the left-bank ones are way more saline.
There, solonetzic and solonchak-like chernozems, meadow chernozem soils and solonetzes
are found; in the south, there are dark chestnut solonchak-like soils combined with solonetzes.
Saline soils form on the eluvium of saliferous Jurassic, Lower Cretaceous and Pliocene rocks,
richin sodium sulfate. Their chemistry is mostly chloride-sulfate, often with gypsum,
and occasionally sulfate-chloride, but sulfate-sodic and sodic in river valleys.

The Republic of Tatarstan is located further north, and despite having solonchaks, the saline
soils are extremely rare there, occurring only in its southern and southeastern parts, where Tertiary
saline clays are close to the surface, as well as the emerging saline unconfined groundwater.

The Penza Region is part of forest-steppe of the Volga Upland. Saline soils are extremely rare there
and understudied, with virtually no analytical evidence of salinization present. Locally in the southeast,
where saline Paleogene clays outcrop in saline depressions (saucer-shaped), there are solonetzic
chernozems and solonetzes of sulfate chemistry, with soda (Saline Soils of Russia, 2006).

In the Perm Region, salinization is localized due to erosion of tailings dams of the Kama
deposits of rock salt, sylvinite and carnallite caused by unconfined groundwater and groundwater.
Its chemistry is mainly potassium-sodium chloride. Alluvial solonchakous soils are common,
and sometimes even solonchaks, covering extremely small areas (Eremchenko et al., 2020).

The soils of the Central Federal District are mainly non-saline, while the saline ones are local,
most common in the steppe part of the district, where they are represented by solonetzic
chernozems, automorphic and meadow solonetzes, and soloths. According to the map
“Saline Soils of Russia” (2006), they are mainly sulfate and sodic, but the low-saline soils are often
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just sodic. The area of soils that are saline in the 1% meter is small, around 0.076 million ha;
solonetzes cover the same area, while solonetzic soils are more common, covering 0.27 million ha
(Khitrov et al., 2009). Deeply saline soils occupy 0.027 million ha and are mainly located in
the Voronezh Region: 65,220 ha — saline soils, 64,000 ha — solonetzes, 172,800 ha — solonetzic
soils. These areas are significantly smaller in the Tambov Region: 7,060 ha — saline soils and
solonetzes each, 60,140 ha solonetzic soils. The areas of the Belgorod Region are even smaller:
3,140 ha — saline soils, 3,130 ha — solonetzes, 26,700 ha — solonetzic soils. According to the map,
the smallest areas are in the Lipetsk, Kursk and Ryazan Regions — 260-3,790 ha. In the Yaroslavl
Region, saline soils are mainly chloride-sulfate, often with gypsum, and are found near Lake Nero,
locally around slightly mineralized springs where people have been acquiring salt for centuries
(Simonova et al., 2020).

The following patterns were found in the distribution of saline soils throughout the Central
Federal District (Saline Soils of Russia, 2006).

1. From north to south and southeast, their areas increase. Hydromorphic and semi-
hydromorphic solonetzes, solonetzic meadow-chernozem soils are most common.

2. When comparing saline soils from uplands and the Oka-Don Plain, automorphic soils
predominate in the uplands due to the outcrop or close underlying Tertiary rocks. Tertiary rocks are
mostly sulfate, with a high proportion of Mg cations, which determines the sulfate chemistry of
automorphic soils that often contain gypsum; the presence of soda in automorphic solonetz soils
is extremely rare. In the depressions of the plain, semi- and hydromorphic soils are predominant,
formed on mineralized unconfined groundwater. Their chemistry is sodic or sulfate-sodic.
In hydromorphic conditions along with solonetzes, patches of solonchaks can be found, occupying
small areas and are typically of sodic composition. Soloths and solodized soils are widespread in the
poorly drained watershed areas of the plain, formed under increased moisture, in large depressions
and confined lowlands where surface waterremains for long periods. Most researchers attribute the
origin of soda in the depressions of the plain to various processes, such as E.W. Hilgard’s reaction,
which is the interaction of sodium sulfate from Tertiary rocks with calcium carbonates;
K.K. Gedroits’ reaction, which is the interaction of exchangeable sodium with calcium carbonate;
and the biochemical process known as sulfate reduction (Antipov-Karatayev, 1953).

3. Among the saline soils of the district, there are deeply and potentially saline solonetzic and
southern chernozems, automorphic solonetzes, meadow-chernozem and chernozem-meadow
solonchak-like soils, and, less commonly, solonchakous, often solonetzic soils combined with
solonetzes, solonchak-like meadow-chernozem and chernozem-meadow soils. Rarely and locally,
solonchaks and solonchaks-solonetzes can be found. Alluvial hydromorphic solonetzes are located
in the central parts of small river floodplains. Saline soils of the Lake Nero (Yaroslavl Region)
are chloride-sulfate or sulfate, often with gypsum (Simonova et al., 2020).

Northwestern Federal District. About 13,000 ha of saline soils, i.e., a very insignificant area,
are found on the northern coast of Russia, mainly in the Arkhangelsk Region and the Nenets
Autonomous Okrug (Pechora Plain, Khaipudyrskaya Bay, Yugorsky Peninsula, Amderma Village,
Lake Kolguyev, and Lake Vaygach). In Karelia (Kandalaksha Gulf) and the Murmansk Region
(Ainov Islands, Veliky Island), their area is less than 1,000 ha. No solonetzes or solonetzic soils are
present there. Salinization is caused by the marine saline deposits that the soils are formed on, under
the influence of seawater surges, and by the wind-blown salts. In the lagoons with a closed
coastline, loamy and clayey soils or peat soils, there are marsh solonchaks. The soil chemistry
is mainly sulfate-chloride or chloride in Karelia, the Murmansk Region, and the Nenets Okrug,
and chloride and chloride-sulfate in the deltas and estuaries of the Northern Dvina, Kuloy, and
Mezen Rivers (Arkhangelsk Region). Sulfate soils are also present due to the river erosion of
gypsum-bearing rocks; Mg is most prominent among other cations.
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In the Nenets Autonomous Okrug, saline soils are formed on marine saline permafrost.
Additionally, there are cryopegs, i.e., liquid brines with subzero temperatures, the chemistry of
which is mostly sodium-chloride, with salt content equal 0.03-2.4% (Brushkov, 1998).
The chemistry of marsh soils is often sulfate-chloride or chloride-sulfate-Mg with gypsum; the
salinity is of varying degrees, including solonchaks (Shamrikova et al., 2018; Chernousenko, 2025).
In Komi, specifically, in Vorkuta and in the salt-mining areas on the Vym River, the man-made
salinization occurs.

The Ural Federal District is located in the Trans-Urals Region. Saline soils are present
throughout it with the exception of the Khanty-Mansi Autonomous Okrug, although in some places
salts are still present there below 5 m. The total area with salinity present in the first 2 m is about
6.85 million ha. The total area of soils that are saline within the 1% m is 4.91 million ha:
4.13 million ha — solonchak-like soils (84%), 0.78 million ha — solonchakous soils (16%). Of these,
58.3% are moderately/highly saline. About 45% of soils that are saline within the 1 meter are of
neutral salinity, 55% are of sodic salinity or neutral with soda. Solonetzic complexes are predominant
there, with solonetzes occupying about 3 million ha, and solonchaks about 0.09 million ha.
The largest area of saline soils is registered in the Kurgan Region (2.3 million ha), where solonetzes
are most present (1.8 million ha); smaller areas are in the Tyumen Region (1.36 million ha)
and Chelyabinsk Region (1.16 million ha); the smallest area is in the Sverdlovsk Region (0.086
million ha) and the Yamalo-Nenets Okrug (0.003 million ha; Chernousenko et al., 2011).

The saline soils of the Ural Federal District are present due to the local climate conditions of the
steppe and, consequently, moisture deficit, and due to lithological and geomorphological
conditions, such as the saline Paleogene-Neogene deposits and poor drainage of the territory.

In the Kurgan Region, saline soils and solonetzes are found almost everywhere, occupying 10%
and 29% of the agricultural area respectively (Saline Soils of Russia, 2006) and covering the largest
areas in the southwest and east. Usually, they occur in lakeside lowlands, in the vast, poorly drained
depressed plains, in the hollows of the elevated parts of watersheds, and in the river valleys.
Salinization is caused by an arid, strongly continental climate, Paleogene saline-bearing parent
rocks, and unconfined groundwater running as deep as 1-4 m, with a mineralization of 3-5 g/L.
Chloride-sulfate salinity is predominant, while sulfate-chloride one is less common. Soils with
sodic salinization and soils containing soda are not as widespread and can be found in the north.
There are also solonetzic chernozems, solonetzes, solonchaks, and saline bog and meadow soils.

The Sverdlovsk Region is located on the eastern slope of the Middle Ural Mountains and the
adjacent plains. The saline soils are extremely uncommon there, found only in the forest-steppe of
the south and southeast of the Trans-Urals, in the interfluve of the Iset—Pyshma and Nitsa—Pyshma
Rivers. The depressions in the interfluve of the Iset—Pyshma Rivers are occupied by solonetzes,
meadow solonchaks, soloths, saline meadow-bog and bog soils. Small areas are occupied by
solonetzic chernozems and saline meadow-chernozem soils. The main salinization type is sulfate
and chloride-sulfate; but sodic in the northern part of forest-steppe, and, less commonly, only with
soda participation.

To the south there is the Chelyabinsk Region, where saline soils are more common in the forest-
steppe and steppe zones. Most of them are located in the east, on the West Siberian Plain, the soil-
forming rocks of which are thin Quaternary deluvial deposits of heavy loamy and clayey composition,
with gypsum, carbonates and easily soluble salts. Their chemistry is sulfate and chloride-sulfate.
Inthe poorly drained areas of watersheds and river valleys, there are solonetzic chernozems,
solonetzes, solonetzic and saline meadow soils, solonchaks and soloths. Their chemistry varies, from
the most common chloride-sulfate, often with gypsum and sometimes with Mg predominant over Na,
to sulfate-chloride in solonchaks, or with soda in the better drained areas.

The Tyumen Region is part of the Ural Federal District. It occupies the poorly drained Tobol—
Irtysh lowland and part of the Ishim Plain. The saline soils can be found only in its south and
southeast, the predominant ones being bog and meadow-bog soils; in better drained areas those are
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meadow and meadow-chernozem solonetzic ones. Meadow solonetzes and solonchaks are less
common. Their chemistry is mainly neutral, with soda, but sodic in the northern and western parts,
and sulfate and chloride-sulfate in the far south.

In the Yamalo-Nenets Autonomous Okrug, the saline soils are distributed mainly on the Yamal
Peninsula, with a moisture coefficient above 1.33. Their salinization is due to the saline marine
deposits that cover almost the entirety of the peninsulas, including the Tazovsky Peninsula;
at the coastline it is due to a surge and flooding by sea water. The soils are peat-gley and tundra-
gley, or marsh on the coast itself. Salinization ranges from weak to very strong, up to solonchaks.
Its chemistry is mainly chloride and sulfate-chloride, less often it is chloride-sulfate;
the predominant cations are Na and Mg (Chernousenko et al., 2001).

In the Siberian Federal District, the saline soils are widespread, with the exception of the
Tomsk Region. In the west, saline and solonetzic soils are found on the West Siberian Plain,
with the maximal distribution in the Novosibirsk Region (2,146,000 ha, 3,013,000 ha) and Omsk
Region (1,661,000 ha, 1,949,000 ha); and a smaller distribution in Altai Krai (983,000 ha,
807,000 ha), the Altai Republic (53,000 ha, 0 ha), and in the Kemerovo Region (20,000 ha,
65,000 ha; Qualitative Characteristics ..., 1996).

In its central (formerly known as Central Siberia) and eastern parts, saline soils are almost
everywhere, covering smaller areas compared to the western part. Slightly saline solonchakous soils
predominate, while solonetzes are very rare. Their maximum areas are registered in the Republic of
Buryatia (382,000+£95,000 ha), Republic of Khakassia (295,000+94,000 ha), Republic of Tuva
(270,000£70,000 ha), south of Krasnoyarsk Krai (140,000+35,000 ha; Chernousenko, 2022),
Transbaikal Krai (128,000 ha), and Irkutsk Region (90,000 ha; Qualitative Characteristics ..., 1996).

Most of the Omsk Region is highly saline, with hydromorphic and semi-hydromorphic solonetzes,
meadow-chernozem solonetzic soils, automorphic solonetzes predominating, and occasionally
with soloths (Bazilevich, 1967). In its central part, the main salinity is sodic and with soda (Fig. 7a),
in the southern part it is chloride-sulfate and sulfate, chloride and sulfate-chloride (Fig. 7b).

a) b)

Fig. 7. Omsk Region: a) the right bank of the Irtysh River, Kulunda Depression, forest-steppe with
patches of woods and soils of the solonetzic complexes; b) sulfate-chloride solonchaks near Lake
Ebeyty, eastern part.

In the Novosibirsk Region, saline soils take more than 50-75% of the local soil contour. The
dominant soils are hydromorphic and semi-hydromorphic, such as meadow-chernozem solonetzic
soils, semi-hydromorphic and hydromorphic solonetzes, meadow soloths, solonetzic and solonchak-
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like soils. Solonetzic chernozems and solonchaks can also be found. The soils are mainly saline
inthe middle of the profile and on the surface. The chemistry is sodic and with soda
(Bazilevich, 1965), but sulfate in the northeast, and chloride in the far south and southeast.

In Altai Krai and the Altai Republic, saline soils cover 5.5% of the total area. They are found in
the center, north and southwest, where semi-hydromorphic and hydromorphic soils are widespread
(Fig. 8): meadow-chernozem solonetzic soils, hydromorphic and semi-hydromorphic solonetzes,
meadow solonetzic and solonchak-like soils, with much fewer solonetzic chernozems. Additionally,
there are soloths, solonchaks, automorphic solonetzes, and alluvial soils. The salinity varies from
the sodic, chloride-sulfate and sulfate in in the south; sulfate in the west, sodic or with soda, sulfate
and less often chloride in the center, to sulfate or with soda in the north.

Fig. 8. Altai Republic, Kosh-Agach District, Chuya Steppe — a cold, rocky semi-desert with saline
soils and Halerpestes salsuginosa in hydromorphic depressions (photo by Yu.V. Konoplyanikova,
G.I. Chernousenko).

In the Kemerovo Region there are few saline soils: solonetzes, solonetzic chernozems,
and alluvial meadow-bog and meadow soils with chloride-sulfate chemistry, sometimes with soda.

In the Republic of Khakassia, the saline soils are distributed due to climate characteristics,
due to mineralized groundwater emerging to the surface, due to gypsum-bearing and locally saline
rocks (Fig. 9a), and also due to the predominance of a relatively heavy (compared to other
East Siberian regions) medium loamy particle size. Among the automorphic soils, the predominant
ones are southern chernozems whose salinity reaches to different depths, from the surface under
the secondary salinization to potentially saline. In the southern dry steppe regions there are chestnut
solonetzic and solonchak-like soils; in the steppes there are steppe solonetzes. Among the semi-
hydromorphic soils, there are solonetzic soils and saline chernozem-meadow soils (Fig. 9b).
Among the hydromorphic ones, there are meadow solonetzes, meadow, bog and sor (i.e., a closed
drainless depression in the Central Asian deserts, found mainly in Kazakhstan) solonchaks,
and meadow, alluvial and peat-bog soils.

The solonetzes areas in Khakassia in the south of Eastern Siberia are maximal, covering
36,000 ha, while also being part of solonetz complexes occupying 450,000 ha. Their chemistry is
mainly sulfate from the forest-steppe to the dry-steppe due to gypsum in the rocks. However, when
weak or strong salinity and irrigation are present, the chemistry becomes neutral, with soda,
and since there are quite a lot of soils of weak salinity, they spread over large areas.

In Krasnoyarsk Krai, there are significantly fewer saline soils. They are found in the Minusinsk
Basin (Fig. 10), in the Kansk and Krasnoyarsk forest-steppe, and in the far north of the region.
The reasons for salinization in the south of Krasnoyarsk Krai are similar to those in the Republic of
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Khakassia. In the areas with gypsum outcrops, salinity is mainly sulfate. No chestnut soils were
found. Among automorphic soils, salinity occurs in common and southern chernozems.
When irrigation is present, salinization can start from the surface, but more often it is either deep or
potential. Saline soils are more common in hydromorphic positions: alluvial and meadow soils,
meadow and bog solonchaks. In the areas with Devonian red rocks with gypsum, the chemistry is
mainly sulfate (Fig. 10a); irrigation and hydromorphic conditions bring in soda, and entirely sodic
salinization also takes place; in the areas with groundwater running close to the surface, a chloride
type is registered. Perhaps, salinization also occurs on the northern coast of the Kara Sea, where
saline chloride-sodium marine deposits are widespread, e.g., in the upper reaches of the Malaya
Kheta River (Danilov, Zhigarev, 1979). Marsh soils are found on the Taimyr Peninsula in the lower
reaches of the Pyasina River (Atlas of the Arctic, 1985).

a) b)

Fig. 9. The Republic of Khakassia: a) Devonian red and motley sediments with lenses of gypsum and
readily soluble salts, b) drilling of the saline chernozem-meadow soils in the Abakan River valley.

a) b)

Fig. 10. Krasnoyarsk Krai, Minusinsk Depression: a) solonchaks on gypsum-bearing red soils,
b) solonetzic chernozems near Syda Bay, right bank of the Yenisei River.

In the Republic of Tuva, located in more arid conditions south of the Republic of Khakassia,
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the saline soils are fewer, primarily due to the lighter particle size of the soils and the gravel in the
underlying rocks, which prevents them from retaining salts. Salinization usually manifests itself
when the loamy layers are present. It can be found in most intermountain basins and even above
2,000 m above sea level. Sulfate and chloride-sulfate chemistry is predominant, often with gypsum,
while sodic chemistry is extremely rare, and alkalinity is often found in hydromorphic positions.
Predominantly chloride chemistry is more common than in other southern regions of Eastern
Siberia. Saline soils are represented mainly by hydromorphic and semi-hydromorphic solonchakous
or solonchak-like soils in the river valleys, swampy hollows and lakeside depressions (Fig. 11):
solonchaks, meadow solonetzes, brown meadow-desert-steppe, meadow solonetzic, alluvial and
meadow-bog soils. Automorphic, slightly saline solonchak-like soils are less common, represented
by light chestnut, chestnut, and dark chestnut soils, southern chernozems, steppe solonetzes, and
brown desert-steppe soils, primarily of chloride-sulfate chemistry. Solonetzes are rare there, but
solonetzic soils are more common.

c) d)

Fig. 11. Tuva, Ubsunur Depression: a) the saline valley of the Tes-Khem River as seen from
the slope of the Tanu-Ola Mountains, b) solonchaks near Lake B. Dus-Khol, c¢) southwest,
the Mogen-Buren River valley, a field of Halerpestes salsuginosa on saline alluvial soil,
d) the Ulug-khem Depression, saline soils near the endorheic Lake Cheder.

In the Irkutsk Region with its giant Angara—Lena saline basin down at 300 m, saline and
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solonetzic soils are rare. Almost 90% of the region is covered with forests. Saline soils are primarily
found in the steppe and forest-steppe of the Ust-Orda Buryat Okrug, along the river valleys in the
region of the Angara River, around the mineralized lakes in the Olkhon Region in general and
on Lake Olkhon in particular (Fig. 12). Moreover, they are localized where saline, often chloride
underground springs emerge to the surface. Gypsum outcrops, their erosion and transportation with
surface water and unconfined groundwater define the primarily sulfate salinization, often with
gypsum and the formation of carbonic calcium gypsum saline soils (Fig. 12b; Yamnova,
Chernousenko, 2023). Where mineralized groundwater emerges to the surface, the salinity is
chloride. The alkalinity that appears in some cases is associated mostly with Mg (Chernousenko
et al., 2023). Automorphic saline and solonetzic soils were found there: chernozems, chestnut and
dark chestnut soils, steppe and soddy-carbonate solonetzes. Semi-hydromorphic soils include
chernozem-meadow, meadow-chernozem and meadow-chestnut ones, as well as meadow
solonetzes. Hydromorphic soils include meadow and carbonic calcium gypsum solonchaks,
as well as meadow, bog and alluvial soils.

) d)

Fig. 12. Irkutsk Region: a) Olkhon Region, solonchaks near salt lakes, b) Kuda River valley
with gypsum-bearing carbonic calcium gypsum soils; Olkhon Region: c) the dried-up salt lake
Shara-Nur, d) solonetzic chernozems (photo by G.I. Chernousenko, I.A. Yamnova).

In the Republic of Buryatia, saline soils are found in basins across most of its districts (Fig. 13).

Hydromorphic saline soils are widespread: meadow, bog and sor solonchaks, alluvial and bog soils.
Their chemistry is varied and independent from the zonal distribution discussed by V.A. Kovda.
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In the southern dry-steppe, sodic salinization predominates, in permafrost basins it is mainly
chloride, and sulfate one can be found everywhere. Unlike in Khakassia, Tuva, and the Irkutsk
Region, the chemistry of the local hydromorphic saline soils is more alkaline and less chloride,
often alkaline-sulfate-sodium. Permafrost persists in some basins, significantly affecting the
morphological soil profiles through a process known as cryoturbation, as well as their chemistry,
increasing the proportion of chloride salinity (Chernousenko, 2022). Semi-hydromorphic soils
include meadow-chernozem and meadow-chestnut soils. Automorphic soils are rare; solonetzes,
chestnut soils and solonetzic chernozems are present.

Fig. 13. Republic of Buryatia: on the left — saline soils of the Barguzin Basin, with the Ikatsky
Range in the distance, on the right — drilling of a highly saline meadow-chernozem soil in
Yeravninskaya Hollow near Lake Gunda.

In Trans-Baikal Krai (the Chita Region), saline soils are common in the south of the Onon-
Argun Steppe around saline lakes, in the Nerchinsk and Chita—Ingoda Depressions, and locally in
the north in the Muya and Chara Basins. Hydromorphic soils are quite widespread there: meadow,
alluvial, bog and meadow solonetzes, meadow and sor solonchaks, semi-hydromorphic meadow-
chestnut and meadow-chernozem deeply solonchak-like soils. Solonetzic and deeply solonchak-like
chernozems, and steppe solonetzes are less common. Their chemistry is mainly sodic and sulfate-
sodic; in solonchaks and meadow solonchakous soils of the Chara Basin it is chloride-sulfate, with
gypsum.

Far Eastern Federal District. Saline soils are found in the Sakha Republic (Yakutia), Magadan
Region, Chukotka Autonomous Okrug, Kamchatka Krai and Primorsky Krai. Within Yakut
agricultural lands, their area covers 413,000 ha, while the solonetzic complexes cover 8,400 ha
(Saline Soils of Russia, 2006). In Primorsky Krai, their area is 0.4%, or 65,900 ha; in the Chukotka
Region it is 0.2%, or 144,300 ha (Unified State Register ..., 2014).

In the Republic of Sakha (Yakutia), saline soils are widespread on its central plains in shallow
depressions formed by subsidence of the Arctic permafrost owing to repeated melting and
refreezing (known as “alases” and exclusive to Yakutia) of the Lena—Amga interfluve, in river
valleys (Fig. 14), and are sometimes found in the northern lowlands. Hydromorphic soils are the
most common type: those are chernozem-meadow, soddy-meadow, meadow-bog, bog, alluvial
solonchakous, solonchak-like, solonetzic and solothized soils. In Central Yakutia, permafrost
meadow and meadow-steppe solonchaks are quite common, while permafrost solonetzes are less
common. In the north, permafrost marsh gley soils, marsh solonchaks and marsh soddy-gley
solonchakous soils form. Their chemistry is varied: in the valleys of the Lena and Amga Rivers and
their tributaries it is often chloride-sulfate, chloride, and sulfate-chloride; sulfate one with gypsum
also occurs. Among cations, Mg has a significantly high share. On the ancient alluvial plain of
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upper level and in the alases, sodic and sulfate-sodic soils are common, including solonchaks.
Marsh soils in the north are of chloride salinization.

Fig. 14. Central Yakutia: on the left — thermokarst depressions “alases” with saline soils of the
Lena—Amga interfluve, on the right — saline soils of the Lena River valley, Yerkeeni.

There are several salt sources and salinization causes of Yakut soils:

1) salts are removed from surrounding denudation plains and plateaus formed of Paleozoic
carbonate rocks with gypsum and layers of readily soluble salts;

2) salts are leached when the permafrost complex thaws into the alases;

3) permafrost prevents the removal of salts from the soil profile;

4) the presence of cryopegs;

5) low precipitation with a moisture coefficient < 1;

6) anthropogenic salinization around human settlements;

7) frequent freezing and thawing, leading to salt metamorphosis and increased Mg and
exchangeable Na content;

8) in some cases, discharge of pressurized chloride water flowing through the top of an
aquiclude, also known as hydrogeological windows;

9) northern regions are influenced by seawater and underlying marine sediments.

In Primorsky Krai and the Magadan Region, saline soils are found on the coastal plains and
terraces of the Sea of Japan and the Sea of Okhotsk, in the Khanka Lowland, along river valleys and
lakeside terraces.

In the sea influence zone, there are the coastal (marsh) soils (marsh meadow-bog solonchaks,
floodplain and meadow-bog soils); on marsh deposits of the ancient marine terraces there are
meadow-gley soils. On the Suifun-Khanka Plain and lake terraces there are hydromorphic meadow-
gley solonetzic soils, meadow-gley solothized soils, and animal salt licks in the Middle and
Southern Sikhote-Alin and river terraces. Their salinization genesis is varied. Continental soils are
saline due to mineralized unconfined groundwater and the surface outcrop of salt-bearing rocks.
Coastal soils are saline due to seawater and salt impulsions. Varied genesis makes their chemistry
varied as well, from sodium-hydro-carbonate on the mainland to sodium-chloride on the coasts.

Despite the ultra-humid climate of Kamchatka Krai, there are saline stratified ocher soils
of hydrothermal systems. Salt content is above 1%, reaching up to 7.7%; salts are introduced
through mineralized thermal waters during soil condensation and aerial transport of hydrothermal
steam. In the soils of thermal fields, aside from Ca®", Mg**, Na" cations, there are Fe**, A", Mn?*
ions that, together, form peculiar alum salinity with low pH (Goldfarb, 2005).
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In the Chukotka Autonomous Okrug, saline marsh soils are present, but we could not find any
analytical data on soil salinity in the okrug. Saline deposits are widespread in the Valkarai Lowland,
7-9 km from the coastline, with salinity levels ranging from 0.1 to 1.4%, while chloride-sodium
salinity predominates. According to the results of water extracts, the following are dominant in the
sediments of the lowland, in descending order: NaCl, MgSO4, CaSO4, Ca(HCO3)2, and even MgCl.
Maximum salinity (up to 3%) is observed in lagoons, such as the Rypilkhin Lagoon in the Chukchi
Sea (Danilov, Zhigarev, 1979).

Conclusions

In Russia, hydromorphic and semi-hydromorphic soils in arid and sub-arid regions are usually
most prone to salinization, having mainly loamy or clayey particle size and being located in the area
of finite geochemical accumulation with unconfined groundwater running close to the surface.
Landscape depressions add to gravitational concentration of unconfined groundwater. Heavy
composition of both soils and soil-forming rocks contribute the capillary rise of solutions from
unconfined groundwater into the profile, as well as adsorption and retention of exchangeable
cations. Dry and hot/cold climate add to evaporation/freezing of solutions and increase salt
concentration. Saline rock and mineralized unconfined groundwater and grounwater lead to soil
salinization in automorphic and semi-hydromorphic positions. The reasons for that can be wind-
blown salts, salt transfer from the sea, irrigation, and other anthropogenic activities, such as salt and
oil extraction, or use of deicing agents.

According to the monograph “Saline Soils of Russia” (2006), in Russia, automorphic solonetz
and solonetzic soils with cultivated (plowed) chernozems occupy quite large areas. However, recent
studies showed that in such regions as the Volgograd Region desalination has occurred, possibly,
due to plowing (Gorokhova et al., 2018, 2020).

In the European part of Russia, saline soils are widespread from the south, where they cover the
most area, to the coasts of the northern seas. The main salinization factors are saline rocks, particle
size distribution, and climate. In the forest-steppe, the dominant chemistry is neutral with soda; in
the steppe, it is sulfate or chloride-sulfate; in the dry steppe, it is sulfate-chloride; in the Caspian
Region, on the northern coasts, and in places where chloride groundwater discharges, it is chloride.

The largest areas of saline and solonetzic soils are in the Southern Federal District, especially
in the Republic of Kalmykia, the Volgograd, Astrakhan, and Rostov Regions, and in vast areas of
the Crimean Peninsula. They are represented by automorphic and hydromorphic soils of chloride
and sulfate-chloride chemistry, and of sulfate salinity in Crimea in particular. Its genesis is
associated with climate aridity, poor drainage or lack of it in the Caspian Lowland, and with the fact
that the loamy or clayey soils have formed on saline Khvalynsk and Scythian or Tertiary clays.

The Volga Federal District has somewhat fewer saline soils due to lower aridity and better
drainage. Salinization is primarily caused by soil formation on saline rocks, such as gypsum-bearing
Permian clays, clayey colored clays, salt-bearing Jurassic gray clays and Cretaceous deposits,
weakly saline Syrt and strongly saline chocolate clays. All of that predetermines the formation of
saline soils in automorphic positions and their predominantly sulfate salinity, often with gypsum.
The largest saline areas are found in the Orenburg and Saratov Regions.

In the North Caucasus Federal District, there are even less saline soils due to the predominance
of light particle size distribution of the parent rocks. The largest areas are found in Stavropol Krai
and the Republic of Dagestan. In Stavropol Krai, chemistry is mainly chloride-sulfate and sulfate,
often with gypsum. Salinization genesis is associated with the formation of soils on red saline
Oligocene-Miocene sulfate clays with gypsum and outcrops of saline Maikop clays. In Dagestan,
chloride chemistry is prevalent, while sulfate one is less common. Depending on the Caspian Sea
level, salinization processes change from weaker to stronger.
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In the Central Federal District, saline soils are localized, occupying the largest areas in the
Voronezh Region. They can be found in the Oka-Don Lowland and on the watersheds of the Oka-
Don Plain. The most common saline and solonetzic soils are hydromorphic and semi-hydromorphic
ones: chernozem-meadow and meadow-chernozem soils, meadow solonetzes, usually of sodic
chemistry. Meanwhile, solonchaks are rare. In automorphic positions on Tertiary outcrops, sulfate
chemistry predominates, often with gypsum. Chernozem solonetzes and solonetzic chernozems are
also found there.

In the Northwestern Federal District, saline soils occupy the smallest areas of the European
part of Russia. Salinization is associated with the soils formation on marine saline sediments, under
the influence of seawater surges and the wind-blown salts. Marsh soddy and marsh solonchaks,
meadow-bog and peat-gley saline soils can be found. Their chemistry is mainly sulfate-chloride or
chloride, but sulfate in river deltas due to the erosion of gypsum-bearing rocks by river waters.

In the Urals Federal District, saline soils are present everywhere, except for the Khanto-Mansi
Autonomous Okrug. Their presence is determined by the climate conditions of the steppe and
forest-steppe that lack moisture content, as well as by lithological and geomorphological conditions,
1.e., the presence of saline, often gypsum-bearing, Paleogene-Neogene deposits and poor drainage.
In the north, in the Yamalo-Nenets Autonomous Okrug, salinization is due to formation of soils on
saline sodium-chloride marine sediments and the seawater influence. Solonetzic complexes with
solonetzic chernozems and solonetzes are dominant in the district, but solonchaks, bog and meadow
saline soils are also present there. The largest saline area is located in the Kurgan Region.

In the Siberian Federal District, saline soils are present everywhere as well, except for the
Tomsk Region. Based on the distribution of solonetzic soils and solonetzes, the district can be
divided into 2 different regions: the West Siberian, with such soils being predominant, and the East
Siberian, where their area is significantly smaller.

The south of Western Siberia is covered with solonetzic soils and solonetzes that occupying
significant areas in the Omsk and Novosibirsk Regions and Altai Krai. It has a continental
salinization, associated with the modern water-salt regime: underlying clays and poor drainage,
endorheic lakes, soil moisture content lower than 1, aerial salt transport from arid regions of
Kazakhstan, and the more widespread hydromorphic landscape in the past. Neutral chemistry with
soda and sodic chemistry are predominant; in the south, it is only neutral. Soils that are saline in the
surface layers are predominant there, with neutral sulfate chemistry, while solonetzes and solonetzic
soils are not as common. Khakassia is an exception, because solonetzic soils and solonetzes are
widespread there.

In the south of Eastern Siberia, saline chestnut soils are present, while being atypical for the
western part. While sulfate salinity, often with gypsum, predominates in the south, the Republic of
Tuva has a significant level of chloride salinity associated with salt deposits, while the Republic of
Buryatia and Zabaikalsky Krai have a sodic one. The soda content in the Siberian Federal District
increases from south to north in Western Siberia, and from west to east in south of Eastern Siberia.

In the south of Eastern Siberia, saline soils can be found in intermountain basins at various
elevations, from 200 to 2,300 m, unlike in other regions. Additionally, soil salinization there is
significantly influenced by mineralized groundwater emerging along tectonic faults. Aside from
that, the chemistry was determined by permafrost in some basins, and freezing/thawing which cause
an accumulation of chlorides in the soils of the northern and high intermountain basins. In several
areas in the south of Eastern Siberia, such as the Republic of Khakassia, the Nazarovo Depression
in Krasnoyarsk Krai, the Kargyn Depression in south of the Republic of Tuva, the northern slope of
Mount Tannu-Ola, and the Nukutsky and Osinsky Districts of the Irkutsk Region), salinization is
affected by gypsum deposits that determine the sulfate chemistry and form carbonic calcium
gypsum soils, e.g., in the Irkutsk Region.
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In the Far Eastern Federal District, saline soils are found in the Sakha Republic (Yakutia),
Magadan Region, Chukotka Autonomous Okrug, and Kamchatka Krai and Primorsky Krai.
They occupy large areas in river valleys and alases of the central part. Salinization causes vary
greatly. In Northern Yakutia, Primorsky Krai, Chukotka Okrug, and Magadan Region, saline soils
occupy coasts where salinization is associated with marine sediments, tides, flooding, and wind-
blown salt. Their chemistry is mainly chloride and sulfate-chloride. In Kamchatka Krai, salinization
is associated with hydrothermal vents. In Central Yakutia, salts that are transported from the
plateaus, brought to the surface by human activities, and leached from permafrost complexes during
thawing are retained in the profile with the help of the permafrost aquicludes. The soils of the Lena
River Valley are mainly of neutral chloride and sulfate chemistry, while the soils of the alases are
usually saline due to alkaline salts.

Funding. This work was carried out for the state task No. FGUR-2025-0001 of the Ministry of
Education and Science “To Study Intra-Field Heterogeneity, Transformation, Evolution, and
Degradation of the Soil Cover of Agricultural Landscapes at Different Organizational Levels Using
a Combination of Ground Surveys and Digital Technologies™.
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3ACOJIEHHBIE TOYBBI POCCHUM: UCTOPUS N3YUEHMUS,
PACIIPOCTPAHEHUME U I'EHE3UC
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B cratbe mpoBeneHo o0oOmierne paboT, MOCBAMIEHHBIX PAaCIPOCTPAHEHUIO M TeHE3UCY 3aCOJIEHHBIX
nouB Poccun ¢ Hawama XX Beka MO Hacrosimee Bpems. AKIEHT CIeTaH Ha paboThl COTPYAHHUKOB
[louBennoro muctuTyTa M. B.B. JlokyuaeBa, xotopomy B 2027 romy wucmomusiercs 100-merHuit
oouneit. IlpoaHamm3npoBaHbl KapThl PacHpOCTPAHEHHUS 3aCONEHHBIX TIOYB PA3HOTO XHMH3Ma
Ha Tepputopuio Poccun. PaccMoTpeHbl (QakTopbl, WUCTOYHHKM M MEXaHHU3MBbl 3aCOJICHHUS TIOYB
B pa3HBIX pernoHax cTpaHbl. [IpuBeneHa kpaTkas wHGOpPMAIHS O THUIAX 3aCOJEHHBIX U COJOHI[OBBIX
[I0YB BCEX aJIMMHUCTPATUBHBIX equHuI] PD, rne oHn BCTpedarorcs, MX IUIOLIAAX, Ipeobiaiaromux
CTEIeHHU, TIyOUHEe U XUMH3ME, a TaKKe IeHE3UCe 3aCOJIeHHs. MaKCUMallbHbIe TUIONAAN 3aCOIEHHbBIX
U COJIOHLIOBBIX IIOYB HaxoIsTcs Ha rore Poccum, uro oOyciaBiuBaeTcs KOMOMHAIMEH 3aCylUIMBOIO
KIMMaTa, claboi JPEeHHPOBAHHOCTH TEPPUTOPUU W HAIMYHEM 3aCOJCHHBIX IOPOA M ONpPEAENseT
MIPEUMYIIECTBEHHO XJIOPHAHOE 3acoineHwe mouB [Ipukacmmiickoir Hu3MeHHOcTH. (CeBepHee B
[IpuBomwkckoM denepanpHoM okpyre (PO) mIomaay 3aCOJICHHBIX ITOYB COKPAIIAIOTCS, 3aCOJICHUE
CTQHOBHUTCS TPEUMYIIECTBEHHO XJIOPUIHO-CYIb()AaTHBIM, MOSBIIAETCS THUIC, a TaKXKe, dYale B
COJIOHLIOBBIX M OPOILIAEMBIX IIOYBaX COla, 3acOJCHHBIE IO4YBBl (OPMHUPYIOTCS B MECTax
MOJCTUIIAHUS 3aCOJICHHBIMU JIECCOBUIHBIMHU CYIJIMHKAMHU W TJIMHAMM WM NIPU OJM3KOM 3ajleraHuU
MUHEPAIN30BaHHBIX TPYHTOBBIX BoA. B menrpamsHoM @O 3aconeHHblE IOYBBI BCTPEYAIOTCA
JIOKAIIbHO, T.K. TeppuTopus 6onee npenupyemasi, a KY Omm3ok x 1. B OCHOBHOM OHHM BCTpEYaroTCS
HAa [ore ¥ I0ro-BOCTOKe OKpyra. Ha BO3BBIIIEHHOCTAX Ipu (POPMHPOBAHMM HA 3aCOJEHHBIX IOPOAAX
U IIpU OAXOAE MUHEPAIN30BAHHBIX TPYHTOBBIX BOA (POPMUPYIOTCS 3aCOJIEHHbIE TOYBBI CYIb(aTHOTO
XMMHM3Ma, B HU3WHAX Yallle BCTPEYAeTCs] COAOBOE 3aCONCHUE. 3HAUYMTEIBHO MEHbIIE 3aCOJICHHBIX OYB
B Cemepo-3anagaom @O, rae 3acoieHHBIE MOYBBI MPUYPOYEHBI K MOOEPEKbIM, (POpMUPYSICH TOJ
BIMSIHAEM MOpS M Ha MOPCKHX 3aCOJCHHBIX OTJOXKEHHUSIX. DTO Ompenenser MPEeMMYIIECTBEHHO
Cynb(aTHO-XJIOPUIHBIA W XJIOPHIHBIA THI 3aCONEHHS TOYB TMOOEpeKHUid. 3acONEHHBIC IOYBHI
BCTPEYAIOTCSI B CTEMHOW M JiecocTenHOM 30He W B YpaiabckoM PO. Kpome knumara 3aconeHHro
CIOCOOCTBYIOT ~ BBIXOIBl  3aCOJICHHBIX ~ YacTO  TUIICOHOCHBIX  IOpPOJ M CYIJIMHHUCTBIH
TPaHyIOMETPUUYECKHUIT COCTaB TOYB. XWMH3M 3aCOJIEHHS MPEUMYIIECTBEHHO CYIb(aTHBIH.
3aconennbie mouBbl Cubupckoro @O AensaTcst HA 1B Pe3KO pa3IMyaronIuxcs paiioHa. B 3amamHoi
YacTU OKpyra, KOoTopas OoTHocHTcsa K 3amagHo-CHOMpCKON paBHHHE 4aiie (OPMUPYIOTCS COJOHIIBI
1 COJIOHLIEBATHIE MTOYBHI IIPH JOMUHHUPOBAHUN COAOBOI0 XUMHU3Ma; TUI 3aCOJICHNsI KOHTUHEHTAJIbHBIH,
CBSI3aH C KJIMMAaTOM M c1abod JAPEeHUPOBAHHOCTBIO TeppuTOpuu. BocTowuHas wacTe OKpyra
XapakTepu3yercss MEHbIIMMHU IUIOMAASIMU 3aCOJEHHBIX II0YB, COJIOHIIOB KpailHE Maylo, XHMH3M
MPEUMYILIECTBEHHO CYNb()aTHBIA. 3acoJeHHE OIpPENeIIOT THIICOHOCHBIE 3aCOJICHHbBIE OTJIOKEHHS
W BOIBl MX Pa3MbIBAIOLINE, B T.4. MOJA3eMHbIE. baiikan paszmenser mo4sbl pa3HOro THIA 3aCOJIEHUS.
K 3amamy or baiikana onHO3HA4HO JOMUHHUPYET CyJb(paTHOE 3acCOJCHHE, K BOCTOKY MOSBISIETCS
3HA4YMTENIbHAS JOJI II0YB COJOBOTO 3acojeHus, mpeolnajgaromasi B BOCTOYHOM 3abaiikaibe.
[Ipruunel 3aconenust B 3abaiikanbe nepexiaMkaroTcsi ¢ Teppuropuedd 3amaanord Cubupu. B obomx
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pEruoHax OTCYTCTBYIOT 3aCOJIEHHBIE IMOPOIbI, MECTOPOXKIEHUS THUIICA U COJEH, 3aCOJEHUE HMEET
MPEUMYIIECTBEHHO KOHTHHEHTAJILHOE MPOHMCXOXKACHUE, MPEo0agacT COMOBBIA THII XMMHU3Ma WU
c yuactueM coasl. MHOM XuMu3M, W NOpUYUHBl 3acoieHus B mouBax JampHeBocTouHOro @O.
B Mep310THBIX yCIIOBUSAX AOAWMHBI JIeHB OpU OTCYTCTBUM 3aCOJEHHBIX MOPOJ M MECTOPOXKICHUM
(dhopMupyroTcs  Cynb()aTHO-XJIOPUIHBIC W  XJIIOPUIHO-3aCOJICHHBIC IOYBBI. XJIOPUIHBIM  COJISIM
HE TI03BOJIAET BBIMBIBaThCA M3 mpoduis Mmepsnora. Ha ceBepe Sxyrum, UykoTke ¥ Ha BOCTOYHOM
no0epekbe CTpaHbl MPEHMYIECTBEHHO XJOPUAHOE 3aCOJIEHHE OIMpEersieTcsi OMU30CThI0 K MOpPIO
U HammuueM Mopckux omiokeHnii. Ha KamyaTke B 30HE TOBBINICHHOW CEMCMHYECKOH U
BYJKAHUYECKOM AKTUBHOCTH HAJMYME 3aCOJEHHBIX MOYB ONPEIECISAIOT THMAPOTEPMAJIbHBIE CUCTEMBI,
MPUBOJA K (DOPMHUPOBAHHIO KBACI[OBOT'O THIIA 3aCOJICHUS.

Kniouesvie cnosa: xaptel 3acoineHus T1ouB Poccuu, Tomagy 3acoieHHBIX TOYB, (aKTOPBI
COJICHAKOIUJIEHU S, XMMHU3M, TJTyOHHa, CTEIIEHb 3aCOJIEHHs, TeHE3HC 3aCOICHUSI.
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[Mocrymuna B penakuuio 18.02.2026. [Tocne nopadotku 25.02.2026. Ipunsita k mybiukamuu 01.03.2026.

B cratee nmpuBOAATCS pe3ynbTaThl UCCIECAOBAHUM pa3HOOOpa3us, CTPYKTYPHBIX M (PYHKIMOHAIBHBIX
0cOOEHHOCTEH JTOHHBIX COOOIIECTB HA Y4acTKax Mayiod paBHUHHOW peku Komokia (mpuToka pexu
Knszemer) B Oacceitne Bepxuelr Bonru. PaccMoTpeHbl 3aKOHOMEPHOCTH TNPOCTPAHCTBEHHOH U
CTPYKTYpHOH HW3MEHYMBOCTH JIOHHBIX COOOINECTB  C HCIIOJb30BAaHWEM IIHPOKOrO  CHEKTpa
TUIPOOMOHTOB — MHAMKATOPOB KOJIOTUIECKOTO COCTOSIHUS PEKH.

[To pesympratam wucciemoBanuii 1993 u 2013 romoB BBHITONHEH aHAIW3 HW3MEHEHHWH BHOBOTO
OorarcrBa U (YHKIMOHANBHBIX XapaKTePHCTHK COOOIIecTB Makpo3ooOeHToca B peke Komokma u ee
nputokax. [lo pe3ynmpraTraM HM3MEHEHHWH YMCICHHOCTH M OMOMAcChl OCHOBHBIX TaKCOHOMHYECKHX
IPyNIl C HCHOJb30BAHMEM PA3JIMYHBIX METONOJOIMYECKUX IIOJXON0B M3y4€Ha JUHAMHKA
TUIPOOMONIOTHUECKHX — MOKazaTelled ¢ y4eTOM WX  HECTAlMOHAPHOCTH M CYIECTBOBAHUS
3aKOHOMEPHBIX TPEHAOB B 3aBUCUMOCTH OT (DAaKTOPOB BO3IECHCTBUS.

W3 chopmupoBanHoro Habopa abWoTHYecKHX (DaKTOPOB CPEObl IPOU3BEACH OTOOp 3HAYMMBIX
[apamMeTpoB, ONpPENEIBIIOMNX KOMIUIEKCHBIH IPOAOIBHBIM TI'paJueHT (HACBHILIEHHE KHUCJIOPOIOM,
CKOpOCTB TeUeHHs 1 coziepkanue docopa). OnpeaesieH 3KOIOTHISCKUI CTaTyC PEeKH.

Knouesvie cnosa: coobuiectBa MaKpo3000€HTOCA, TAKCOHOMHUYECKOE pazHooOpa3ue, abMoTHUECKUe
(akropsl, QyHKIMOHATBHBIE 0cOOEHHOCTH, peka Konokmra, 6accelin pexu Kisizbma.

DOI: 10.24412/2542-2006-2026-1-38-92

EDN: NXKQTS

MHorue npupoIHbIe YKOCUCTEMBI OOBIYHO HE UMEIOT YE€TKUX, (PUKCUPOBAHHBIX B MMPOCTPAHCTBE
rpanul] (Underwood, Provot, 2000). OnHako Bce 3KOJOTMUECKHE CHCTEMBI SIBISIOTCSI OTKPBITHIMH,
YTO Ja€T HaM BO3MOXKHOCTb MPH KOJUYECTBEHHOH OIIEHKE POJU JIOHHBIX COOOIIECTB, HAIPUMED,
B OMpPEEICHNN WX (PYHKIHUOHAJIBHOM PpOJIM TPU OLECHKE KAa4eCTBa JIOTUYECKUX CHCTEM,
YCTaHABJIMBATh OIPEACICHHBIC IPOCTPAHCTBEHHBIC TPAaHUIIBI, (UKCHPYS TEM CaMbIM BXOJ
B CUCTEMY W BBIXOJl M3 HEE M3y4aeMoro moTtoka. [IpocTpaHCTBEHHBIC I'PaHUIIBI DKOCUCTEMBI PEKHU
B KQ)XJIOM KOHKPETHOM CIIy4ae MOT'YT ONPEACIAThCS 3a1a4eil HCCIICIOBaAHNUS.

B oTOii CBA3M HAmoO OTMETUTh, YTO B HACTOSIIEE BpPEMsS BO3ACHCTBUE KIMMATHYECKHX
(bakTOpOB, BIMSIHUE TOYEUYHBIX HCTOYHUKOB aHTPOMOTCHHOTO 3arpsi3HEHUS] TPUBOIAT K CHUKEHUIO
BUJIOBOTO pa3HO0Opa3us BOJIHBIX sKocucTeM. KoMOMHMpoBaHHBIE AP (DEKTHI e CTBUS MPUPOAHBIX
Y aHTPOIIOT'€HHBIX (PaKTOPOB OINPEACISIFOT CJI0KHOCTh BBISBJICHHS NPUYMH HApPYyHICHUH B BOIHBIX
coo0IIecTBaX MHOTUX BOJ0oeMOB M BojgoTokoB mupa (ITossikoBa, 2015; Kamunkuna u np., 2016;
[Teposa, 2017).

[Ipn oleHKE KOMIUIEKCHOTO AaHTPOIOTE€HHOTO BO3JEHCTBUSI IO OTHOIICHHIO K OIICHKE
[ETOCTHOCTH PEYHBIX CHCTEM OOBIYHO MCXOST U3 JBYX OCHOBHBIX MO3UIIUNA: U3yYEHUE MTPOIIECCOB,
npoucxonamux Ha BceM BomocOope (Fisher et al., 1983, Jlxxonrman u ap., 1999; 3unHueHko,
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lonoBatiok, 2000), m u3ydeHWe H3MEHEHUH OHOTHI PEeK B peYyHOM KOHTHHyyMme (Vannote
et al., 1980). Mcxoas U3 3TUX MOJOKEHHUH, KaXablil BOJOTOK, paccCMaTpUBAaEMblii HAMH B IIpejesax
cBOero OacceiiHa, mpeacTaBisieT coOol 3kosorndeckyro cucremy (IlIutmkoB, 3unHueHko, 2018,
2019; utukos u ap., 2021).

HanomMHuM, 4TO B peUHOM KOHTHHYYME MO MEpe yJIalieHUusi OT UCTOKA MPOUCXOAUT U3MEHEHUE
BHUJIOBOTO COCTaBa OPraHM3MOB, KOTOPOE€ MOXKET HMETh OTHOCHUTEIbHO IIaBHbIM (Vannote
et al., 1980) unm npepwiBucThIil Tpaguent. CoobiiecTBa ruapoOMOHTOB pek Bomkckoro Gaccelina
MBI pacCMaTpPUBaeM KaK KOMIIOHEHTBI DKOCHCTEMBI, Y/ BHUMaHUE TeM I'pymnnaM, HHGOopMaIus
M0 HMHJIUKATOPHBIM CBOMCTBaM KOTOpBIX HamOoyiee WHpopMaTUBHA. HekoTopbie pe3yabTaThl
UCCJICIOBAHUNM JIOTUYECKHUX CHCTEM C MCIOJb30BAaHHEM IIHPOKOTO CHEKTpa OIEHOYHBIX
WHJIUKATOPOB COOOIECTB MaKpO3000€HTOCa M HMX MPOCTPAHCTBEHHOIO PacHpOCTpaHEHUs
omyomukoBanel paHee (Woodiwiss, 1964; 3unuenxko wu gap., 2004, 2013; 3wunHueHKO,
Mounep [Tunot, 2005; buonnnukamus skonorudeckoro ..., 2007; 3unuenko, ['onoBatiok, 2024).
OYHKIMOHUPOBAHUE PEKHM HAMHU pPacCMaTpPUBAETCS KaK MPEPHIBUCTBHIA T'PaJUEHT CBSA3M BUIOBOM
CPYKTYpbl JOHHBIX COOOLIECTB € aOMOTHUYECKUMU U OHOTHUYECKUMHU (HaKTOpaMU Cpebl
(Perry, Shaeffer, 1987; Illlutukos, 3unuenko, 2018, 2019).

CrpykTypHble  OCOOEHHOCTM  JIOHHBIX  COOOLIECTB, OuOpazHOOOpa3ue, OCOOEHHOCTH
(GYHKIIMOHUPOBAHUS JIOTHUECKUX CUCTEM SIBIISIOTCS HEOOXOIUMOM OCHOBOM JIJIsi MPOTHO3UPOBAHUS
UX aHTPONOTreHHOW WM EeCTECTBEHHON MAMHAMUKH U ONPENENA0T OWOJOrMYecKue pecypcehl
BOJOTOKOB (AnuMmoB, 1989, 1991, 2006; boraroB, 1994; banymkuna, 2003; [unamuka
OMOJIOruYecKoro ..., 2012; 3unyenko u ap., 2018).

ens HacTOsAmIeH CTaThU — OIEHUTH CTPYKTYPHO-(YHKIIMOHAIBbHBIC, & TAKXKE WHIUKATOPHBIC
XapaKTEPUCTUKU PYKOBOSAIIMX BUIOB MaKkpo3ooOeHToca peku Kookia u ee MpuTOKOB B KA4ECTBE
WH()OPMATHUBHOM OCHOBBI IJIi BO3MOXKHOTO IPOTHO3UPOBAHUS COCTOSHUS DKOCHCTEMBI MaJIbIX
PaBHUHHBIX pEK.

Marepuajbl 1 METObI

Obwas  2udponoeo-sudpoxumudeckas  xapakmepucmuka  6accetina pexu  Konoxwa.
['uapoOuonoruueckoe COCTOSHUE PEKU BKJIIOYAET JaHHBIE aHallM3a paclpeleleHus CTPYKTYPHBIX
XapaKTEePUCTUK JTOHHBIX COOOIIECTB, MO KOTOPHIM MOXKHO OLIEHUTh 3aKOHOMEpPHOCTb HW3MEHEHUS
IKOJIOTMYECKUX IapaMETPOB BOAHBIX MacC, Kaue€CTBO BOJbl M CTENEHb 3arpsA3HEHUs BOJOEMA.
ITo pesynpraTaM HM3MEHEHUH YMCIECHHOCTH M OMOMAacChl OCHOBHBIX TaKCOHOMHYECKHX TI'pyIIl,
C UCII0JIb30BaHUEM pa3HbIX METOJ10JIOTHUECKU X MOJIXO0/I0B OLICHKH JTUHAMUKHU
TUIPOOHOTIOTHYECKUX IIOKa3aTesel, BBISBISAETCS HMX HECTAllMOHAPHOCTh M 3aBUCHMOCTH OT
THIPOJIOTMYECKUX U THAPOXUMUYECKUX (PAaKTOPOB MPU OIIEHKE YKOJIOTUYECKOT0 COCTOSHUS PEKH.

[lo naHHBIM rocyaapcTBeHHOro BojHOro peecrpa Poccun, p. Konokma orHocutcess k OKCKOMy
OaccelHOBOMY OKpYyry BoJoOXoO3siiicTBeHHoro ydactka p.Kmasema ot 1. OpexoBo-3yeBo
nor. Bnagumup. Peka sBusercst neBoOepexHbIM IpuTokoM p. Kiisi3sbma, BHajamomuMm B Hee
Ha pacctossHuH 326 kM OT ycTbs (puc. 1) Ha BeicoTe 96 M H.y.M. BC. Cpennuii ykinon — 0.355 m/km.
OT0 THNWYHAs Majas paBHUHHas peka (Mambsie peku ..., 1998) ¢ OBICTpBIM TEUECHHEM
Y KAMEHHUCTBIM JHOM B HCTOKE, C 3aMEJIEHHbIM TEUEHHEM U 3alJICHHbIM JHOM Ha BCEM
nporskenud. Ee mumua — 146 kM, muomans Bomocbopa — 1430 km?. PacmonoskeHue cTaHLUA
otOopa nmpod Ha peke U €€ MPUTOKAX MOKa3aHO Ha PUCYHKE 1.

Ee OacceiiH BBITAHYT C ceBepo-3amajia Ha IOr0-BOCTOK M aCUMMETPUYEH 3a CYeT
JIEBOCTOPOHHMX  NpUTOKOB. [lpumieraromass MECTHOCTh —  MEIKOXOJMMCTas  paBHUHA,
NPEUMYIIECTBEHHO OTKpbITass. CKIOHBI JOJMHBI BbIcOTOM 10-15 M, ClOXEHBI CYTrJIMHKaMH,
otkpbIThie. [ToliMa mmpunoit 200-400 M, ABYXCTOPOHHSS, pOBHAs JyroBas, OTKpbITasl.

PaBHMHA chopMEpOBaHA BATyHHBIMHU CYTJIMHKAMH JIGAHHUKOBOW MOPEHBI BPEMEHU OTCTYIAHUS
MOCKOBCKOI'0 JieIHHKa (MOIIHOCTbIO OT 2-8 M Ha Bojopazienax g0 20 M) U HOKPOBHBIMHU
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CYIJIMHKaMH (10 5 M); pedHble JOJIUHBI — (DIIOBUOTIIALIUATBHBIMU OTJIOKEHUSIMHU C ITpeodiajaHueM
neckoB (Kapra uerBeptuussiX ..., 1974a, 19746; 3actpokHoBa u ap., 2016). CoBpeMeHHast 1011HA
KoJloKIIM ¥ 4acTUYHO IOJMHBI NMPUTOKOB NMPUYPOUEHBI K JIOKOMHAM CTOKA TaJbIX JICITHUKOBBIX
Boa. KpymHelimas w3 3TUX JOXKOMH TNpHBs3aHa K CyOMEpHUIMOHAIBHOW JOIICHCTOIEHOBOM
najeooJimHe riryounoi 1o 150 M, Bpe3aHHOW B BEpXHE- U HUKHEMEJIOBBIE TOJIIIM U 3aIMI0JHEHHOU
(IIIOBHOTISIIMATBHBIME - OTJIOKEHUSAMH  MEXKJICIHUKOBUM, KOTOpBIE pa3felieHbl HHTEepBalaMu
MOPEHHBIX CYIVIMHKOB, COOTBETCTBYIOIIMX OKCKOMY, THEIPOBCKOMY M MOCKOBCKOMY OJIEICHEHUSIM.
[Ipu 3TOM CTOK W3 CeBEpHOM 4YACTH MaJEOAOIMHBI ObLI HANpaBiIeH Ha CEBEp B KPYIHYIO
pa3BETBIECHHYIO PEUHYIO cucTeMy OacceifHa BepxHel mpa-Bonru, a U3 10XHOH — Ha 10T B JOJUHY
Kis3eMBI, ¢ BOZOpa3zneinoM B paloOHE YCTbs COBpeMeHHOro mnpuroka Kosmokmm — p. Uepnas.
Takum oOpa3oMm, HbBIHE CcymiecTBymoomas poiuHa p. Komokma (3a uckiaroueHHeM HeOOJBIIOro
IIMPOTHOTO y4acTKa B BEPXOBBSX), UMEIONIAs IPOAOHDKEHUE B CEBEPHOM HAIIPABJICHUH I10 JOJIMHE
CpelHero TedeHus nputoka p. I'3a m ganee 3a mpenpensl OacceiiHa, SBISETCS YHaclleOBaHHOMN
OT NaJICONOIMHBI.

Puc. 1. bacceiin p. Kosokia co cxemoil pacrosioyKeHus CTaHIIMNA Ha €€ PYCJIe U B YCThSIX €€ MPUTOKOB.
Fig. 1. The Koloksha River basin and stations along its bed and at the mouths of its tributaries.

B HebGompmmx CJ'Ia6OHpOTO‘IHI)IX BOoaAoOEMax MU MECKXOJIMOBBIX ITOHMXXCHHUAX HAKAIIJIMBAJIUCH
TUTIMYHBIE 03€pHO-00JOTHBIE ©  OONOTHBIE oOOpa3oBanust (3acTpoxHoBa U 1p., 2016).
HOCJ’IG)IHI/IC NpeaACTaBJICHbI HWJIOBATbBIMU TJIMHAMH, CAIlpOIICIIEM U TOp(i)aMI/I A Hamboiee
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pacnpocTpaHeHbl B cpenHeM TedeHuH [3bl, rae ¢ konma XIX Beka SNU30AMYECKH BEJIach
pa3paboTka TOpQSIHBIX 3aJIEKEH.

Pycno p. Konokma mmpunoit 20-40 M, U3BHIIMCTOE, IECYAHO-UIIMCTOE, 3apacTaroliee BOIHON
pacTUTENBHOCTRIO, Aedopmupyroiieecs. bepera BbicoTOM 4-5 M, KpyThle, NPEUMYIICCTBEHHO
OOHaKCHHBIE.

MuHUMaNIbHBIE CPETHEMECIUHBIE PACXOIBI BOJBI COCTABISIOT B J€THEe BpeMms 2.36-2.53 m°/c,
sumoit — 1.56-1.04 m3/c. Ucnmonssyemble B GacceiiHe pPEKM IIOA3EMHBIE BOJABI TIPHYPOYEHEI
K U3BECTHAKAM BEpPXHEKAMEHHOYTOJIbHBIX M TEePMCKUX OTIOKEHMH (3ajeraloT Ha TiyOuHe,
NEPEeKPBITHl  BOAOYIOPOM IOPCKOIO BO3pacTa M HE UMEIOT THUAPABIMYECKOHM CBSI3U C
BBINIENIEKAIIMMH BOJIOHOCHBIMH TOPU30HTAaMU); K IECKaM, MeCYaHUKaM, OITOKaM, TperneiaM HUXKHe-
U BEPXHEMEJIOBBIX OTJIOKEHHMH. Boma B M3BeCTHsKaX SKCIUTyaTHpPYyeTCs Ha Bcel dyacTH OacceiiHa,
BOJIbI MEJOBBIX OTJOXKEHMM — B ceBepHoi uactu OacceiiHa (FOpbeB-lIlonbekuii, Cy3nambckuit
paifoHbl). 3amackl MOJ3EMHBIX BOJ JKCIUTyaTHPYEMBIX TOPHU30HTOB, Hampumep, B CoOHWHCKOM
paiione, mpu Mozayse 2 n/cex Ha 1 km? onenuBarorcs B 48-50 Thic. M/CyT.

[IpeumyliecTBEHHO Ie€cYaHble TOJIIM SBJISIOTCA BOAOBMEUIAIOIIMMU IOPOJAMM IS
TOPU30HTOB IUIEHCTOLICHOBBIX MEXJIEIHUKOBUN (MEKMOpeHHBIX). OHM HMEIT 0ojiee UM MEHee
pa3BUTBHI BOJOOOMEH C BOJOHOCHBIMH TOPU30HTAMM MEJOBOI'O BO3pacTa, YEMY COIYTCTBYET
YBEJIMYEHUE MHUHEPAIN3ALUA MEKMOPEHHOI0 BOJOHOCHOTO TOPU30HTA HAa OTIEIbHBIX YydacTKax.
HaamopeHHbIi ropu30HT (B OCHOBHOM COOTBETCTBYIOIIMN IPYHTOBBIM BOJaM) 3aKJIF0UAET MPECHbBIE
BOIBI CO CBOOOMHOM IIOBEPXHOCTBIO, ¢ MuHepanmsamuedn 0.3-0.5 r/nm3, ruapoxapOoOHATHBIE
KaJIbLIUEBbIE M MarHUEeBO-KaJbLMEBbIC; HMX MCIOJIb30BAaHUE OrPAHUYEHO HWHJWBHUAYaJIbHBIM
BOJIOCHA0XKEHHEM B CEJIbCKOI MECTHOCTH.

Boapl ro011€éH0BOro ropu30HTa NPUYPOUYEHBI K TOPPSHUKAM; OHU IIPECHBIE C MUHEpaIH3aluei
qame 0.05-0.1 r/aM?, B OCHOBHOM TI'MAPOKApOOHATHBIE M  CyIb(PATHO-THAPOKAPOOHATHBIE
KaJbllueBO-MarHueBbie. JIsi HUX XapaKTepHbI BBICOKAs OKUCISEMOCTh, YacTO BBICOKHE
conepxkanus xeneza (ot 10-20 go 74 mr/am?®), aMMHuaka U OpraHUYECKUX BEIECTB (3aCTPOKHOBA
u ap., 2016).

Boapl HagMOpeHHOro BOJOHOCHOTO TOPM30HTA HE 3alIMIINEHBl OT TOBEPXHOCTHOI'O
3arpsa3HeHus. Y4acTOoK peku B paiioHe r. FOpbeB-lIlonbckuil 3arpsi3HseTCS CTOYHBIMU BOJAMU
MsICOKOMOMHATa U MeJIbKOMOWHATA.

JI1st OIleHKM SKOJOTMYECKOro COCTOSIHMSI peKH U KaudectBa BoJ B p. Komokma B utone 1993
1 2013 ronoB oTOMpanyu KOIMYECTBEHHBIE 00pa3libl OEHTOCAa HAa 6 CTAHLUMSIX PEKM U 6 CTaHLMIX
B YCTBEBBIX yyacTKax ee nputokoB: pp. I3a, Cera, Kyuka, Toma, Cemura, Konouka (tabm. 1).
Crannuu or6opa ruIpoOdHOIOrHIeCcKUX MPOO COOTBETCTBYIOT cTBOpaM p. Komokiia u ee mpuTOKOB,
YCTaHOBJIEHHBIM Bragumupckum o0nacTHeIM oTheneHreM KomuTeTa mo oxpaHe MPHPOAbI MpU
BBIIIOJIHEHUU TUAPOXUMHYECKOT0O MOHUMTOPUHTA JIJIsl OLIEHKU Kau€eCTBa BOJbI B CTBOpAX.

OT60p TpO6 B pUTpaAU OCYIIECTBISIIN THAPOOUOIOTHUYECKIM CKpeOKoM (iuHa Hoka — 20 ¢,
nporsrupanue ckpebka — 0.5 M), B motamamu — gHodepnateneM Oxkmana-Bepmxu (1/40 m?)
1o 2 BBIEMKH Ha cTaHIuU. Ha Kaxx0¥ cTaHIIMU MPOBEIECHO yCPEIHEHNE YNCIEHHOCTH U OMOMaCCHI
rupooroHToB. ObOpacTaHus ¢ KamMHEH Opanu myTeM cOcKo0a, ¢ TOCIHeAYIOIIMM H3MEpEeHUEM
IUTOIIA U KAMHEH C ImepecueToM Ha OOMIYIO MJIOMAAb YIacTKa PEKH, 3aHATYI0 KAMHSIMH.

I'pyHT nmpombIBaIM yepe3 KarmpoHoBoe cUTO ¢ pazmepoM stuer 300-333 mxm. OOpaboTka mpod
OCYIIECTBJISUIACh C  HCIOJb30BAaHWEM  OOIICHPUHATHIX B MPAKTUKE TUAPOOHOIIOTHYECKUX
WCCIICIOBAaHU METOMoB 00paboTkm mipod Oentoca (Meroawka wu3ydeHus ..., 1975;
PykoBoacTgo ..., 1983; Meronuueckne pekoMeHaanuu ..., 1984). Jlnsa onpenenenus Tpodudeckoi
MPUHAICKHOCTH JOHHBIX OPraHU3MOB MCIOIB30BAJM JIMTEPATYPHBIE HCTOYHUKU U COOCTBEHHBIC
nanabie (M3Bekora, 1967, 1980; 3undyenko u ap., 1986; Monakos, 1998). Jlns ananmsza coctaBa
¥ QYHKIMOHATBHBIX XapaKTEPHUCTHK JOHHBIX COOOIIECTB MCIIOIb30BAIM MOKA3aTEeNI YHCIa BUIOB,
cpennux BenuuuH unciaeHHoctr (N, 5k3./M?) u 6uomaccsl (B, r/mM?) B mpobe Ha KaXJ0H CTaHIMH,
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WHJIEKCAa BHAOBOTO pa3HooOpasus (Shannon, Weaver, 1949), a Takke ycpeaHEHHbBIE MOKa3aTEIH
YUCIICHHOCTH M OHMOMAcChl JUIsl Pa3lIMYHBIX TPYII THUAPOOMOHTOB Ha cTBopax p. Komokmra
u B ee mpuTokax. JlomuHupoBanue BuaoB (d) OLEHMBaIM C HUCHOIb30BAHUEM pacueTa
YUCIICHHOCTEH Ka)K10ro BUaa U o0miel yrciieHHocTH Beex BuaoB (ITanwmit,1980; Kownacki, 1971).
[lo marepuamam 1993 u 2013 romoB W apxXxUBHBIM JaHHBIM ObUIM TNPOAHAIU3UPOBAHBI
M3MEHEHUSI BHJIOBOI'O COCTaBa M CTPYKTYpPHI COOOIIECTB MAaKpO3000E€HTOCA Ha Pa3HBIX OMOTOIMAX.
Pacuer mponyKnMOHHBIX TIOKa3aTeneld 3000€HTOCAa TMPOBOAMJIA Ha CTAaHIUAX OTOOpa Tmpoo.
Jyist 5TOr0 OBUTH MCIOJIB30BAHBI CPEIHIE 3HAUCHUS YUCICHHOCTH U OMOMACChl IOHHBIX JKUBOTHBIX.
[TponykIMOHHBIE TOKA3aTeIM COOOMIECTB BBIYMCIIM C HCIOJAb30BAHUEM KOJIHYSCTBEHHBIX
mokaszaTelel MPOyKIIMOHHOTO MPOIecca B MOMYJISAIUAX JOHHBIX )KUBOTHBIX IIPECHBIX BOJI, B3SITHIX
U3 JINTEPATYPHBIX HCTOUHUKOB U U3JI0KEHHBIX HAaMU paHee (DKOJIOrM4ecKoe COCTOSHUE ..., 1996).

Tadauma 1. T'maponoruueckue W THAPOXMMHYECKHE ToKazarenu p. Kojokmia u ee MpUTOKOB
(uronb 1993 m 2013 rr.). Table 1. Hydrological and hydrochemical parameters of the Koloksha
River and its tributaries (July 1993, 2013).
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1. Uctok p. Konokma | 16.0] 0.3 | 25 | 10.95 | 1.02 | 15.68 | 8.12 | 0.39 | Crenpt | 0.095
2. Boume r. FOpr.es- 180| 0.6 | 24 | 746 | 099 | 17.65 | 58 | 033 | 0.012 | 0.115

Tonasckuit
3. Yerse p. [3a 1700 05 | 17 | 229 | 137 | 3725 | 87 | 3.00 | 0.051 | 5.35
4. Hwxerr. FOpbes- 160| 09 | 27 | 228 | 133 | 3529 | 8.12 | 1.91 | 0.525 | 2.48
ITonbckuii

5. Yerbe p. Cera 150/ 05| 16 | 918 | 1.11 | 7.84 | 7.0 | 035 | 0.08 | 024
6. Yerbe p. Kyuka 160| 05| 16 | 844 | 1.19| 784 | 464 | 035 | 0.16 | 028
7. Yetbe p. Toma 160/ 06| 25| 823 | 12 | 392 | 50 | 0.18 | 0.07 | 0.1
8. Yerbe p. Cemura 180] 0.6 | 25 | 1202 | 1.79 | 216 | 6.7 | 0.05 | 0.001 | 0.09
9. Berme moc. Crasposo | 18.0| 1.5 | 27 | 941 | 1.55| 59 | 6.7 | 030 | 0.001 | 0.145
10. Huxe moc. Ctasposo | 18.0] 0.6 | 13 | 10.12 | 1.49 | 7.8 | 6.1 | 1.04 | 0.001 | 0.26
11. Yerbe p. Kosouka 17.01 0.7 | 27 | 13.48 | 1.02 7.8 5.0 | 1.02 | 0.001 | 0.11
12. Vetbe p. Konokma | 18.0| 1.0 | 27 | 10.0 | 3.81 | 43.1 | 12.6 | 0.87 | 0.040 | 0.08

IIpumeuanne k Taéaune 1: * — u3MepeHue MPOBOUIIOCH B MecTe 0TO0pa mpoo.
Note to Table 1: * — measurements taken at the sampling site.

Pe3yabTarsl U 006Ccy:KIeHUE

CoBpemeHHass oleHKa (DYHKIIMOHMPOBAHUS BOJHBIX JKOCHUCTEM BKJIOYAET KOMILICKCHBIN
aHaJM3 ToKa3aTeiel KayecTBa BObI, JTOHHBIX OTJIOKEHUH, OMOTHI (OMopa3HooOpasue, CTPyKTypa
COOOIIECTB) M THUIPOJIOTHYECKUX TMMapaMeTpoB IS OICHKHM KadecTBa BOJbI M YCTOHYHBOCTH
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HKOCHUCTEMBI K aHTPOIIOT€HHOMY BO3/ICHCTBUIO.
I'uapoxumuyeckasi xapakrepuctuka p. Kosiokia u ee npurokos

Ob6cnenoBanue p. Komokma oT WCTOKa 1O YCThs TMO3BOJMIIO OMPEICIUTh W3MEHEHUE
KOHIICHTpAIlMM BEIWYUH opraHudeckoro BemectBa (OB) M OCHOBHBIX OWMOTE€HHBIX 3JIEMEHTOB,
KOTOpblE B  3HAYUTEIBHOW  MeEpe  SBIIIOTCS  ONPEACISIONIMMU  XapaKTepUCTUKaAMHU
TUIPOXUMHUYECKOTO COCTOSTHUS peku. M3BecTHO, HampuMep, YTO B BOAAX PEK, MCHBITHIBAIOIINX
OOJBIIYI0 AHTPOMOTECHHYK) HArpy3Ky ¢ TMPOIICAIUX OMOJOTHYECKYH) OYHUCTKY, MOXET
COZIEPKATHCSl 3HAYUTEIFHOE KOJIUYECTBO HUTPATOB W (hocdaToB, AOCTATOYHBIX [T 3aMETHOTO
u3MeHeHus kadectBa Boabl (Jlammepr u ap., 2022). B sToif cBsAi3u Obul NPOBENEH aHAIU3
TUAPOXMMHUYECKUX JaHHBIX OLIEHKM KadecTBa BOABI, MpEJCTaBlIEHHbIX B Tabmuue 1. M3menenue
KOHIIeHTpanuii Gpopm azora u ¢hochopa HAXOAUTCSA B IMKUPOKOM JHANIA30HE: AMMOHUIHOTO a30Ta —
ot 0.39 mo 1.91 mr N/m; HuTpuTHOrO — OT cienaoB a0 0.525 mr N/m; muHepansHOoro dochopa —
ot 0.08 o 2.48 mr P/n. B Boge nputokoB 3t auanasonsl eme mupe: 0.05-3.0; 0.001-0.16 u 0.09-
5.35 Mr/n cootBeTcTBEHHO. [IpMuMHBI 3HAUUTEIBHBIX KOJIEOAHMM KOHLIEHTpAlMil XUMHUYECKHUX
BEIIECTB CBS3aHbI, TJIABHBIM 00Pa3oM, C BIUSHUEM BOJHBIX MAacC MPUTOKOB, IMOBEPXHOCTHOTO
CMbIBa OMOTE€HHBIX JIEMEHTOB HEMOCPEICTBEHHO B BOJABI PEKU C CEIBCKOXO35HCTBEHHBIX YTOIUM.
Tak, yBenmuenue coxepxanuss OB (35.3 mr O/i1), OMOTreHHBIX 3JIEMEHTOB (AaMMOHHMIHOIO a30Ta
10 1.91 mr N/, docharoB go 2.48 mr P/n), peskoe nmajeHue ypoBHs Kuciopoja a0 2.82 mr/im Ha
cranuuu 4, pacrojoxkeHHoil Huxe r. KOpbeB-Ilonbckoro, mpousonuio mocie BrmaaeHus p.[3a,
BOJABI KOTOPOH ~ obemHeHbl  kuciopogoMm  (2.29 mr/m)  um oboramenst OB (OGuxpomartHas
okucisiemocts — 37.3 mr O/n), hocharamu (5.35 mr/n) u ammoHuiiHbIM a3oToM (3.0 Mr/m).

MakcumanpHo ~ HaOmrogaemMble  Tokaszarend — KoHueHtpauuu OB (mepmanranaTHas
okucisieMoctb — 12.6 mr O/n, 6uxpomatHas — 43.1 mr O/n, BIIKs — 3.81 mr O2/n 1 BETHOCTh —
67 rpan) B yctbe p. Kosokma (tabn. 1), BeposiTHee BCEro, SIBISIFOTCS PE3YJIbTATOM BO3JIEHCTBHS
CTOKOB C OOLIMPHOM TJIOIIAAM YYAaCTKOB PEKH, CYMMHMPOBAHHUS Harpy3kd HIKE BHaJCHUS
MOCJICTHET O IPUTOKA, a TAK)KE CMEIICHUsI C BOTHBIMHU Maccamu p. Kiszpma.

BwMmecte ¢ TeM conep:kaHue pacTBOPEHHOT O KHCIOPOa, aMMOHUIMHOTO a30Ta 1 MUHEPAJIBLHOT O
dochopa mumbe B 2 cayudasx (pp. I3a u Komokma nmwxke r. FOpneB-lIlonbckoro) mpessimaino
NpeIesbHO JIOMYCTUMbIE KOHIIEHTpAIMU JJIS BOJOTOKOB XO3SMCTBEHHO-IUTHEBOIO Ha3HAYEHUS
(puc. 2).

[To xuMu4eckoMy COCTaBy CKJIOHOBBIE BOJIbI B OacceitHe p. Kosokina oTimyaroTcs MOBBIIEHHON
[[BETHOCTbIO ¥ OTHOCUTEJILHO BBICOKMM COJIepKaHHeM Cylb(haT-HOHOB, MpH MpeolialaHuu
ruIpokapOOHAaTHRIX MOHOB. B mepuoxa uccrienoBaHuss MUHepalu3alus PYCIOBBIX BOJA HM3MEHSUIACh
B nipenenax 230-390 mr/i, ¢ mpeodiagaHueM rupoKapOoOHATOB KaJIbIIHS.

I'uppoxumuueckuit (o peku Qopmupyercs, TIJ1aBHbIM 00pa3oM, 3a CueT IpUBHOCA
XUMUYECKUX BEIIECTB C IPUTOKAMH, IOBEPXHOCTHBIM CTOKOM H 3a CYET BBIIICIaYUBaAHUS
BBICTHJIAIOIINX PEYHYIO IOJIMHY 0CaqouHbIX opoAa. Ha ¢oHOBBIE MOKa3aTenn OKa3bIBAIOT BIIMSHH €
MOCTIE/ICTBUS XO35IICTBEHHOM eITeTbHOCTH Ha BOJOCOOPE.

ConmepxaHue KOHLIEHTpanmii a3ora u ¢docpopa HAXOAWTCSA B MIMPOKOM JHAINa30HE:
aMMoHuiHOro azora — ot 0.39 no 1.91 mr N/m; HUTpUTHOrO a30Ta — OT cieaoB ao 0.525 mr N/,
MuHepaabHoro ¢ocdopa — ot 0.08 1o 2.48 mr P/n. B Boje npuTOKOB BelMunHa 3TUX IMOKa3aTesen
HAXOJHUTCS B 3HAYMTEILHOM JHAlla30HE BeIUYMH: amMMoHHiiHOro asora or 0.05 go 3.0 mr N/m,
HutputHoro aszora ot 0.001 mo 0.16 mMr N/m u wmunepampHoro ¢ocdopa 0.09-5.35 mr P/n
COOTBETCTBEHHO. [IpHUMHBI 3HAYUTENBHBIX KOJICOAHWH THUAPOXHMMHYECKHX XapaKTEPHCTHK
OCHOBHOM PEKH Ha OTJIEJIbHBIX €€ y4acTKaX CBSA3aHbl, TJIABHBIM 00pa3oM, C BIUSHUEM IPUTOKOB
U C TOBEPXHOCTHBIM CMBIBOM OHOTEHHBIX SJIEMEHTOB HEMOCPEACTBEHHO B BOABI p. Komokmra
C CenbCKOX03aicTBeHHbIX noneil. Tak, yBennuenue konmeHtpanuit OB (35.3 mr O/in1), GuoreHHbIX
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anieMeHTOB (amMMoHuiHOro aszora — a0 1.91 mr N/n, ¢ocharoB — no 2.48 mr P/m), cHukenue
coaepkaHusl Kuciaopona a0 2.82 Mr/n Ha ctaHiuu 4, pacnoyoxeHHor Huxke r. FOpwes-Ilonbckoro,
OTMEUYEHO Ha Yy4YacTKe pPEKH HIDKEe BMaJeHUS MNpUTOKa — p.[3a, BOABI KOTOpOil 00eIHEHBI
kucinopoaoM (2.29 mr/m) u oboramenst OB (buxpomatHas okucisemMocts 37.3 mr O/n), pocharamu
(5.35 mr/n) 1 ammoHUHBIM a30ToM (3.0 mr/m).

Puc. 2. OcHoBuble ruapoxumuueckue nokasareian Boasl (BIIKs u OuxpomaTHas OKHCISEMOCTB)
p. Konokma u ee mpurokoB. Fig. 2. Main hydrochemical parameters of water (BODs and
dichromate oxidizability) of the Koloksha River and its tributaries.

Ha ocHOBaHuM CyIIECTBYIOIIMX KJIacCU(pHUKAUN KayecTBa IOBEPXHOCTHBIX BOJ CYILIHU
(dpaues, 1964; XKykunckuit u ap., 1981; I'pu6, 1993) u npumensempIx kiaccuukanuii kauecTsa
noBepxHOCTHbIX BoJ (KauecTBO mOBEpXHOCTHBIX ..., 2017) Ha OTAENBHBIX YyYacTKax
PEKH U €€ IPUTOKOB ONPEAEIEHO Ka4eCTBO BOJHBIX MAaCC C UCIIOJIb30BAHUEM KOMIUIEKCHBIX OLIEHOK
yAEIbHOI0 KOMOMHATOPHOIO HWHJEKca 3arpsisHeHHocTd Boabl mo PJI 52.24.643-2002 (2002;
I'MC: KauectBo ..., 2026).

Knaccudukanus creneHu 3arpsS3HEHHOCTH BBINOJHEHA C YYETOM pas3felieHusl Jauara3oHa
COCTaBa M CBOMCTB BOJABI B YCJIOBUSIX QHTPOIOI'€HHOTO BO3JEHCTBHUS Ha pa3IMYHbIE WHTEPBAJIBI
C IIOCTENEHHBIM IEPEXOJOM OT «YCIOBHO YHCTOH» 10 «3IKCTPEMAJIBHO TPSA3HON» MO BEIMYMHAM
KOMOHMHATOPHOTO MHJAEKCA C YUETOM ASKCIEPTHBIX JOMOJHUTEIBHBIX (akTopoB (Taliu. 2). AHamu3
JAHHBIX OLIEHKM KadyecTBa II0Ka3aJl, 4YTO YMCTBIX, HE3arps3HEHHBIX BOJA HE OOHAPYXKEHO;
npuOIMKaoTes K HUM Julnb Bonabl p. Cemura u uctokoB p. Konokma. K rps3HbiM OTHOCATCS
BOJHbIE Macchl p.I'3a, ycTheBoro ydactka p.Komokmia u ydacTka Huke BoaaeHus p.['3a
B p. Konokma vuxe r. FOpbeB-ITosbckuii u y moc. CtaBpoBo (Tadi1. 2).

Oo0mas 3xoJ10ro-payHncTudeckas xapakrepucruka p. Kosokma

TakcoHoMHUEecKasi CTPYKTypa 3000€HTOCA PEKH SBISAETCS THITHYHOW JJIsI MaJlbIX paBHHUHHBIX
pek cpeaHeil mosiockl Poccun € yMEpeHHbIM YPOBHEM aHTPONOTEHHOrO BO3JEHCTBUS.
YCTaHOBIEHHOE BHJIOBOE€ OOTaTCTBO JOHHBIX COOOMIECTB Ha 12 CTaHIMSAX PEKH U €€ MPUTOKOB
(GYHKIIMOHATBHO CBSI3aHO C THAPOJIOTHUYECKUMH W OHMOTONMHYECKUMH OCOOCHHOCTSIMH YYaCTKOB
JOTUYECKOW cucteMbl OacceitHa p. Knssema, mpuTokom KkoTopoil sBisiercss p. Komokma.
B p. Konokma CcTpyKTypHO BBIACISIOTCS TPYMNIBI TaKCOIEHO30B, XapaKTEpHBIE IJIsI YYaCTKOB
C pPa3HBIM Ka4eCTBOM BOJHBIX Macc (Tadu. 2, 3).
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Tabuamnua 2. XapakTepucTUKH KayecTBa BOAHBIX Macc p. Konokma u ee mputokoB (uroib, 1993,
2013 rr.). Table 2. Water quality characteristics of the Koloksha River and its tributaries
(July 1993, 2013).

Cranuun oTréopa npod Knacc kauecTBa Bon™* | XapakrepucTHKa KauecTBa BOJbI
1. Ucrok p. Konokma 2 Cna0o 3arpsi3HeHHas
2. Beie r. FOpbeB-l1oabckuit 2-3 YMepeHHO 3arps3HeHHas
3. Vcrbe p. I'3a 4 ['psiznas
4. Huxe r. IOpbeB-Ilonbckuit 4 I'psasnas
5. ¥Ycree p. Cera 34 3arps3HeHHas
6. Yctbe p. Kyuka 2-3 YMepeHHo 3arps3HeHHas
7. Ycrbe p. Toma 2-3 YMepeHHO 3arpsi3HEeHHas
8. Ycrbe p. Cemura 2 Cna0o 3arpsi3HeHHas
9. Beie noc. CtaBpoBo 2-3 YMepeHHO 3arps3HeHHas
10. Huxe moc. CtaBpoBO 4 ['psznas
11. Yerbe p. Kosouka 2-3 YMepeHHO 3arps3HeHHas
12. Ycrbe p. Konokma 34 3arps3HeHHas

Ipumeuanne k Tadaume 2: * — mo PJ[ 52.24.643-2002 (2002). Note to Table 2: * — surface water
quality classes are given according to RD 52.24.643-2002 (2002).

TakcoHoMHueckHii COCTaB COOOIIECTB MaKpo3000eHTOca TpeAcTaBieH 99 Bugamu
takcoHamH. [Ipeobnanaror AByKpsLibie (59 BUAOB U TAKCOHOB), U3 KOTOPBIX JIMYMHKU XUPOHOMH/T
(cem. Chironomidae) mpencraBieHbl 55 BUJaMU W BHYTPUBUIOBHIMU TaKCOHAMH, MOJUTFOCKH —
18 Bugamu, MoAeHKU — 6, OJIUTOXETHI — 4, KYKU U PYUYEUHUKH — MO 3, BECHSIHKHU U MUSBKHU — 110 2,
K IPOYUM, EAWHUYHO TIPEACTABJICHHBIM W HE OMNPENCICHHBIM 10 BHJA, MaJOYUCICHHBIM
THAPOOMOHTAM OTHOCATCS MpeacTaBUTeNM cemeiictB Limoniidae, Simuliidae, Tabanidae,
Ceratopogonidae, orpsnoB Nematoda, Megaloptera (ta6xn. 3). OOmmii BUIOBOI cocTtaB OeHTOCa
Ha cTaHnusax p. Konokmia u B nputokax mpeacTasieH B Tabnuie 3.

BunoBoii coctaB JOHHBIX COOOLIECTB YYacTKOB pPEK OTJIMYaeTCs BapuadesbHOCTHIO.
Hu oaus 13 3aperucTpupoBaHHBIX BUJIOB U TAKCOHOB I'MAPOOMOHTOB, KaK 3TO BUIHO U3 TaOIHIIbI 3,
He umen 100% BcTpewaemocTH. BeTpeuaeMoCTh OJUTOXET, MPEACTaBIEHHBIX MPEUMYIIECTBEHHO
Hauaunamu Stylaria lacustris, coctaBuiia 93%. Bricokast yacToTa BCTpE4aeMOCTH XapaKTepHa JUIs
BPUOMOHTHBIX JIMYUHOK XUpOoHOMUA Procladius ferrugineus (66%), Chironomus plumosus,
Polypedilum nubeculosum wn 1 mommockoB  Pisidium amnicum (50%). Pacnpenenenue
YHCICHHOCTH MaKpOo3000€HTOCa Ha CTaHIMAX PEeKW Moka3aHo Ha pucyHke 3. Kak BuaHo, oOmuit
XapakTep IMHAMUKM YHMCIEHHOCTH OeHTOca OOYyCJIOBJEH pa3BUTHEM onuroxer — 4213 ok3./m?
(puc. 3, cr. 4) ¥ MMuMHOK XUpoHOMHI — 3970 dK3./M? (puc. 3, cT. 9). DTU TPyNILl OPraHU3MOB
JOMUHUPOBAJIM IO YHUCJIEHHOCTH Ha BCEX CTaHUusAX OacceliHa peku. Brpicokas 4HCIEHHOCTh
TUAPOOMOHTOB XapaKTepHa JUIsi YMEPEHHO 3arpsi3HEHHBIX Y4YacTKOB pekH Hibke ropoaa FOpbes-
[Toneckuii (cT. 4) 1 Ha OuoTomnax peku Bbiie noc. CTaBpoBo (CT. 9), UTO OOBICHSIETCS 3aMETHBIM
BO3pacTaHueM cozaepxanus OB B Boje npu oTCyTCTBUM 3arpsa3HeHus (puc. 3).

B o61eit uncnenHocty 3000eHTOCa Hanbosee BbICOKa 0 PeoUIbHBIX XUPOHOMHUJI B HICTOKE
peKH Ha KaMEHHMCTHBIX TpyHTax — 92% (puc. 3) W Ha 3auWJEHHBIX IECKax BBIIIE M HUXKE
noc. CtaBpoBo (ctT. 9, 10), rae oun coctaBisitoT 84-89%. Crnenyer OTMETUTh, YTO MaKCHUMAaJIbHYIO
YHUCIIEHHOCTh OEHTOCA Ha ydacTKe pekH Bblille nocenka CtaBpoBo (cT. 9) obecneunBatoT 12 BUAOB
IBPUOMOHTHBIX XHUpOoHOMUJ moncemerictBa Chironominae (ta6m. 3, puc. 4).
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Tab6amnua 3. TakcoHoMHUECKH U BUIOBOI cocTaB O€HTOCAa Ha pa3MyHbIX cTaHUusAX p. Komokia
u ee mputokoB (1993, 2013 rr.). Table 3. Taxonomic and species composition of benthos at various
stations of the Koloksha River and its tributaries (1993, 2013).

TaxkcoHsbl Cranumn
1[2[(3[4|5[6|7|8]|9]|[10/11]12
Nematoda +
Hirudinea
Glossiphonia complanata (Linnaeus, 1758) +
Helobdella stagnalis (Linnaeus, 1758) + + | + + +
Oligochaeta
Stylaria lacustris (Linnaeus, 1758) Sl I O e R O O O B O e
Isochaetides michaelseni (Lastockin, 1936) + +
Limnodrilus hoffmeisteri Claparede, 1862 + + + +
Limnodrilus sp. + |+ ]+ |+ + +
Mollusca
Bivalvia
Amesoda scaldiana (Normand, 1844) +
Euglesa acuminate -
(Clessin in Westerlund, 1873)
Euglesa casertana (Poli, 1791) + +
Euglesa dupuiana (Normand, 1854) +
Euglesa (Hensloviana) henslowana
(Shgeppae(d, 1825) : - - T
Euglesa (Cingulipisidium) nitida N + |4+
(Jenyns,1832)
Euglesa ponderosa (Stelfox, 1918) + + +
Euglesa subtruncata (Malm, 1855) +
Euglesa sp. + +
Neopisidium (Odhneripisidium) 4 4+ 4
moitesserianum (Paladilhe, 1866)
Neopisidium torquatum (Stelfox, 1918) + +
Pisidium amnicum (O.F. Miiller, 1774) + | + + | + + +
Pisidium inflatum (Megerle von Miihlfeld n
in Porro, 1838)
Sphaerium rivicola (Lamarck, 1818) +
Gastropoda
Acroloxus lacustris (Linnaeus, 1758) +
Bithynia tentaculata (Linnaeus, 1758) +
Lymnaea sp. +
Valvata sp. + +
Baetis rhodani (Pictet, 1845) +
Centroptilum luteolum (Miiller,1776) + +
Ephemeroptera
Centroptilum sp. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ + ‘ ‘ ‘
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IIponoskenue Tadauusl 3.

Taxkcousl

Caenis macrura Stephens, 1835

Ephemera vulgata (Linnaeus, 1758) +

Ephemerella ignita (Poda, 1761) +

Megaloptera

Sialis lutaria (Linnaeus, 1758) + +

Sialis sp.

Plecoptera

Leuctra fusca (Linnaeus, 1758) + +

Nemoura cinerea (Retzius, 1783)

Trichoptera

Cyrnus flavidus McLachlan, 1864 +

Phryganea bipunctata Retzius, 1783

Psychomia pusilla (Fabricius, 1781) +

Diptera

Ceratopogonidae ‘ * ‘ ‘

Limoniidae

Dicranota bimaculata (Schummel, 1829) ‘ ‘ ‘

Simuliidae

Simulium sp. ‘ ‘ ‘ + ’

Tabanidae

Tabanus sp. ‘ ‘ + ‘

Chironomidae

Tanypodinae

Clinotanypus nervosus (Meigen, 1818) +

Procladius choreus (Meigen, 1804) +

+

Procladius ferrugineus (Kieffer, 1818) + | +

Procladius sp.

Tanypus kraatzi (Kieffer, 1912) +

Tanypus punctipennis (Meigen, 1818)

Psectrotanypus varius (Fabricius, 1787) +

Thienemannimyia sp. +

Diamesinae

Pagastia sp.

Monodiamesa bathyphila (Kieffer, 1918)

Prodiamesa olivacea Meigen, 1818

Orthocladiinae

Acricotopus lucens (Zetterstedt, 1855)

Acricotopus sp. +

Brillia gr. modesta
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IIponoskenue Tadanubl 3.

Cranuuun

Taxkcousl

Corynoneura sp.

Cricotopus gr. algarum

+
+
+
+

Cricotopus bicinctus (Meigen, 1818)

[+ |+

+

Cricotopus gr. sylvestris

Cricotopus sp. +

Cricotopus gr. tremulus +

+

Epoicocladius sp.

Eukiefferiella claripennis (Lundbeck, 1898) + +

Eukiefferiella gr. gracei +

Nanocladius bicolor (Zetterstedt, 1838) + |+ |+

Nanocladius gr. balticus +

Orthocladius oblidens (Walker, 1856) + + + | +

Orthocladius sp. +

Orthocladius clarkei Soponis, 1977 +

+
+
+

Paracladius conversus (Walker, 1856)

Paracladius sp. +

Symposiocladius lignicola (Kieffer, 1915) +

Chironominae

Chironomus plumosus (Linnaeus, 1758) + + | + + + |+

Cryptocladopelma armeniacus
Tshernovskij, 1949

Cryptochironomus gr. defectus + + | + +

+

Cryptochironomus gr. fuscipes

Harnischia curtilamellata (Malloch, 1915) + +

Microchironomus tener (Kieffer, 1918) +

Microtendipes pedellus (De Geer, 1776) + + |+ |+ +

Parachironomus arcuatus (Goetghebuer,
1919)

Paracladopelma gr. camptolabis +

Paralauterborniella nigrohalteralis
(Malloch, 1915)

Paratendipes albimanus (Meigen, 1804) +

Polypedilum breviantennatum Tshernovskij,
1949

Polypedilum convictum (Walker, 1856) +

Polypedilum nubeculosum (Meigen, 1804) + + |+ |+ |+ +

Polypedilum scalaenum (Schrank, 1803) +

Stictochironomus histrio (Fabricius, 1794) +

Tanytarsini

Cladotanytarsus mancus (Walker, 1856) ‘ + ‘ ‘ ’ ‘ ‘ + ‘ ‘ + ‘ + ‘ ‘
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IIponoskenue Tadanubl 3.

TaxkcoHsbI Cranmin
1 (2|3 (4[5]|6|7|8|9|[10]11|12
Micropsectra curvicornis Tshernovskij,
1949 i
Paratanytarsus sp. + |+ +
Paratanytarsus confusus Palmen, 1960 +
Stempellina bausei (Kieffer, 1911) +
Tanytarsus gr. gregarius + + |+ + | +
Tanytarsus sp. + + +
Zavrelia pentatoma Kieffer, 1913 +
Coleoptera +
Haliplus ruficollis (De Geer, 1774) +
Haliplus sp. +
Ochthebius sp. +
Bcero Bumon | 13 26| 14|19 11|19|16|20|34 (22|14 7

Puc. 3. CooTHoleHHE YHUCIEHHOCTH OCHOBHBIX Ipynn OeHToca Ha craHuusx B p. Komokmia
U B YCThEBBIX ydacTkax ee nputokoB. Fig. 3. The abundance ratio of the main benthos groups at
the stations of the Koloksha River and at the mouths of its tributaries.

Bricokas Ouomacca OeHToca Ha cranuuu 2 Beme T. IOpees-Tlomsckuii  (13.75 r/m?)
00yCIIOBJIEHa NPeoOIaJaHueM Ha MECYaHBIX TPYHTAX MOJUTOCKOB Pisidium amnicum (6.66 r/m?),
aHa ctaHuuu 4 — JOMUHHUpYIoIIue onuroxersl Stylaria lacustris u Isochaetides michaelseni
cocTaBysoT 6uomaccy 4.32 r/m? (puc. 5).
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Puc. 4. UnCiIeHHOCTD U COCTaB MOJCEMENCTB XUPOHOMHU/T 11O CTAHIIUSAM.
Fig. 4. Abundance and composition of chironomids subfamilies at the stations.

Puc. 5. CootHomieHne OMOMAacchl OCHOBHBIX Trpynn OeHToca Ha craHuusx B p. Komokma wu
B YCThEBBIX y4yacTkax ee nmpuTokoB. Fig. 5. Biomass ratio of the main benthos groups at the stations
along the Koloksha River and at the mouths of its tributaries.

Ananu3 TOHHBIX COOOIIECTB POBEAEH M0 CTENEHU UX BUAOBOIO CXOACTBA C YUETOM XapakTepa
U CTENEHH JOMUHUPOBAHUS OTAEIbHBIX BUJOB Ha y4acTKax pek. [Ipy 3TOM BO3MOXHO BBIBICHHE
CTPYKTYPHBIX U3MEHEHUI COOOIIECTB, TPOUCXOASIINX O] BIUSHIUEM Pa3IUYHBIX (aKTOPOB, B TOM
qycie W aHTPONOreHHbX. CTPYKTypHbIE XapaKTePHUCTHKH COOOIIECTB MaKpO3000eHTOca
p. Kosokma u yctbeBbix yuacTkoB ee npuTokoB [3a, Cera, Kyuka, Toma, Cemura, Komouka
C YKa3aHHEeM JOMHUHHUPYIOLIEro KOMILIEKCa T'HIAPOOMOHTOB, KOJMYECTBEHHOW OLIGHKH pa3BUTHUS
U pacrpesernenns 0eHToca, a TakKe COCTaBIISIIOIIME SHEPreTHUYecKoro 0anaHca Ha ydyacTKaX peKu
U B €e IPUTOKaxX MPUBOASATCA Jajnee B Tabnumnax 4-15.
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XapakTepuCTUKA JOHHBIX c0001ecTB p. Kostokia u ee npurokos.
Crannun

Hcrox p. Kosokma (cranuwms 1; Tta6m 4; ¢doro 1). Ha kamenucrom cybOcrpate oOuTaeT
OWOIIEHO3 C JOMUHHpPOBaHHWEM (GUTOPEO(UIBHBIX THYUHOK XupoHoMup Cricotopus bicinctus,
Orthocladius oblidens, B coctaBe koToporo 13 BHIOB W TaKCOHOB Makpo3000eHToca. OIUTOXeTh
orcyTcTBYIOT. O0Imas YnciaeHHocTs 6entoca — 1730 sk3./M? ¢ 6uomaccoii 0.74 r/m?. OTIMYHUTENTBHOM
0COOEHHOCTBIO JIUTOPEO(PUIBLHOrO OHMOIIEHO3a SBISETCS MpeodiafaHue OPTOKIAJIUUH MPU HU3KON
Ouomacce XHUBOTHBIX. UUCIEHHOCTh PYYEHHUKOB M MOAEHOK coctaBuia 1300 3k3./m2. Takoil cocras
OuoleHo3a  XapakrepeH [yl oOpacraHuii  kamHed. Muaekc pasHooOpaszus  lllenHoHa
(H = 2.1 6ut/7K3.) CBHAETENHCTBYET 00 OTHOCUTEILHOW YHCTOTE BOBI HA JAHHOUN CTaHIIHH.

Ta6auua 4. CTpyKTypHBIE XapaKTEPHCTUKU U COCTABJISIOIIME SHEPreTHUECKOro Oananca (Kaw/cyT.-M?)
Oenrtoca B ucroke p. Konokma (cranmms 1). Table 4. Structural characteristics and components of the

energy balance (cal/day-m?) of benthos at the source of the Koloksha River (station No. 1).
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Acricotopus sp. 1.73 30 0.01 0.682 0.23 0.921
Cricotopus bicinctus 32.30 560 0.21 13.844 4.84 18.689
Cricotopus gr. sylvestris 0.58 10 0.01 0.496 0.17 0.67
Cricotopus sp. 1.16 20 0.01 0.606 0.21 0.819
Eukiefferiella gr. gracei 2.89 50 0.03 1.726 0.60 2.33
Micropsectra curvicornis 0.58 10 0.01 0.496 0.17 0.67
Orthocladius oblidens 48.50 840 0.11 9.839 3.44 13.282
Orthocladius clarkei 1.16 20 0.01 0.606 0.21 0.819
Paratanytarsus sp. 3.47 60 0.01 0.834 0.29 1.126
Baetis rhodani 2.89 50 0.04 3.553 1.24 4.797
Ephemerella ignita 2.31 40 0.21 12.449 4.35 16.806
Leuctra fusca 0.58 10 0.01 0.907 0.31 1.225
Cyrnus flavidus 1.73 30 0.07 4.527 1.58 6.111
Bcero — 1730 0.74 50.566 17.60 68.264
Yucno Bugos — 13 Wnpnexc llennona — 2.10 Out/3k3.

Boime r. FOpbeB-Iloabekuii (cT.2; Tabn. 5; ¢oto 2-3). Ha 3auneHHOM Mecke pa3BUBACTCA
TUIIAYHBIA TICaMMO-TIEJIO(QHIIBHBIA OMOIEHO3 OJIMIOXeT U XUpoHOMUn Procladius ferrugineus +
Tanytarsus gr. gregarius. V3 25 BCTpeuyeHHBIX 3/€Chb BHJOB M TAaKCOHOB HamOOJIbIICH
YUCIIEHHOCTBIO TPECTaBIIEHbI ouroxersl Stylaria lacustris. JJOMUHUpOBAaHUE CPEIU XUPOHOMHU T
MepPeXoaUT OT PeoPMIbHBIX (GOPM K METO(PHILHBIM XUIIHUKAaM pona Procladius. Tlomumo 3THX
XUPOHOMUJI Pa3BUBAIOTCS XUlHbIE Sialis lutaria v MAYUHKY *KyKoB. OTMeueHa BbIcOKas Onomacca
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Oentoca 13.7 r/mM%, 00yCOBIEHHAs pPa3sBUTHEM JBYCTBOPYATHIX MOJUIKOCKOB, JOJA KOTOPBIX
B GeHTOCE cocTaBisier 1o Ouomacce 6.91 r/m> (nByctBopuateie Pisidium amnicum). OOmas
4pCIeHHOCT, OeHTOoca — 3600 ok3./M’. Benmumna wuHAexkca pasHooOpasust Illennona
(H = 2.86 0uT/3K3.) XapaKTepu3yeT BOIY KaK «4uCTas.

®oto 1. Crannusa 1 B uctoke p. Komoxma (Angexc.Kapter, 2026).
Photo 1. Station No. 1 at the source of the Koloksha River (Yandex.Maps, 2026).

Huxe r. IOpbes-Iloabeknii (cT. 4; Tads. 7; ¢oto 4-5). buoron wuiaoB ¢ pacTUTENbHBIMU
OCTaTKaMU MPEJCTaBlIE€H THUIUYHBIM IS 3arps3HEHHBIX BOJIOEMOB OHMOIICHO30M OJIMTOXET |
XUPOHOMHUJ C JIOMHUHHUpPOBaHHEM MeJ0GUIbHBIX JUYUHOK Chironomus plumosus. Bpicokas
YHCIEHHOCThL Makpo3000eHToca 5435 5k3./M> M 3HauMTeNnbHas OuoMacca 7.85 r/M? 00YCIOBJIEHEI
passutueM omuroxer: 4213 sk3./m?, 4.32 r/mM?. Ha 3aperynmpoBaHHOM Y4acCTKE PEKH OTCYTCTBYIOT
peoribHbBIE JHYUHKKA PYYEHHUKOB W TOAEHOK. Hu3kuii MHIEKC BHUIOBOrO pa3sHOOOpasus
(H = 1.43 Out/3K3.) XapakTepu3yeT COOOIIECTBO MAKPO3000EHTOCA YMEPEHHO 3arpsi3HEHHBIX BOJI.

Boime nmoc. CraBpoBo (cT. 9; Tabn. 12; goro 6). CoctaB nonHoro 6moreno3a Ha riumyoune 0.8-
1.5 M xapaktepu3yercs HawOOJBIIMM 4YuCIOM BUIOB (34 BHJa) W BBICOKUM BHJIOBBIM
pasznooOpasuem (H = 3.0 6ut/7k3.). BumoBoe pa3sHooOpa3ue OeHTOCA HA KaMEHHCTO-TIECYaHHUCTOM
OuoTorne ¢ mpeobIaJaHueM CEpBIX MJIOB C PACTHUTENILHBIMU OCTATKAaMU OOYCIIOBJIEHO pPa3BUTHEM
xupoHoMH]T (19 BUAOB M JTMUMHOYHBIX ()OPM), @ TAKKE MOIIEK, BECHIHOK, MOJICHOK, Py4CHHUKOB,
JUYMHOK JKYKOB, oJMroxer. UucieHHocTh OeHToca MakcuMalibHa Juis p. Kosokiia u cocraBisier
7890 5K3./M> 3a cd4eT pa3BUTUS OJUTOXET W IMYMHOK XHPOHOMMJ poma lanytarsus.
Bopa Ha cTaHIIM OTHOCUTCS K KATETOPUH YHUCTHIX.

Huske moc. CraBpoBo (ct. 10; Ta61. 13; dhoto 7). buoTomn 3auiaeHHOro necka ¢ pacTUTENIbHBIMH
octaTkamu Ha riyomne 0.6-1.7 M xapaktepu3yercs pa3BuTHeM OuoreHo3a Oenrtoca (13 BumoB),
B KOTOPOM MPeoOIafaroT rmcaMMoneno(uibHbIe JIMIMHKHA XUPOHOMHI Stictochironomus histrio,
Tanytarsus gr. gregarius, Polypedilum nubeculosum n mommocku (6 BUIOB) C JOMHUHUPOBAHUEM
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Pisidium amnicum, obecnieunBas BRICOKOE BUI0BOE pazHooOpasue omoreHoza (H = 3.56 6ut/sk3.).
OTMCUECHHBIC MOJUTFOCKH SBJISTFOTCS THIWYHBIMA OOWUTATEISIMU TICCYAHO-3aMJICHHBIX OHOTOIOB
PaBHUHHBIX peK. M3 mpouynXx >KMBOTHBIX MaKpPO3000CHTOCA €IUHUYHO BCTPEYAIOTCS OJIMTOXCTHI
U XeJleubl. XapaKTepHO OTCYTCTBHUE TAKUX JKMUBOTHBIX, KaK BECHSHKH, IOJICHKH, PYyYCHHUKH,
KOTOpbIE OOUTAIOT B PEKax C YMCTOW BOJOM M BBICOKOW CKOPOCTBIO TeueHHUs. UHCIIEHHOCTh OEHTOCA
coctaBisieT 1870 7k3./M2 ¢ 6uomaccoii 5.91 r/m2. CocTaB JOHHOrO OHMOIEHO3a U BEJIMYMHA WHIEKCA
BHJIOBOTO Pa3HOOOPa3usi CBUACTEILCTBYET 00 OTHOCUTEIILHON YHCTOTE BOJbI HA YYaCTKE PEKH.

Tabnuma 5. CTpyKTypHBIE XapaKTEPUCTHUKU U

COCTABJHIIOIIUE OHEPIrETUYCCKOI'O OayaHca

(kan/cyt.-m?) Gentoca B p. Komokma (ct.2, Bbime T. IOpbes-ITonbckuit). Table 5. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
(station No. 2, upstream from the the town of Yuryev-Polsky).

s2als ol § | 255 e
Busi cSE/553 E:|EEE{FEHEsE
SEI|EE4 ET|FcEET2Ey
2 2 = g < g
Euglesa casertana 0.83 30 0.05 1.030 0.36 1.391
Euglesa (Hensloviana) henslowana 0.56 20 0.11 2.000 0.70 2.699
Euglesa subtruncata 0.56 20 0.06 1.162 0.40 1.569
Neopisidium (Odhneripisidium) 056 | 20 | 002 | 0435 | 0.5 | 0587
moitesserianum
Neopisidium torquatum 0.28 10 0.01 0.217 0.07 0.294
Pisidium amnicum 4.72 170 6.66 98.511 344 132.99
Valvata sp. 0.28 10 0.01 0.551 0.19 0.743
Helobdella stagnalis 0.28 10 0.05 — — —
Nematoda 0.28 10 0.01 0.004 0.00 0.005
Oligochaeta 43.00 1550 2.00 90.414 | 31.6 | 122.059
Ceratopogonidae 0.56 20 0.03 — — —
Chironomus plumosus 1.11 40 0.07 2.952 1.03 3.985
Cladotanytarsus mancus 1.11 40 0.05 2.325 0.81 3.138
Clinotanypus nervosus 0.28 10 0.01 - - -
Cryptocladopelma armeniacus 0.28 10 0.01 0.496 0.17 0.670
Microtendipes pedellus 1.94 70 0.08 3.817 1.33 5.154
Paracladius conversus 0.28 10 0.01 0.496 0.17 0.67
Paracladius sp. 1.11 40 0.01 0.741 0.26 1.001
Polypedilum nubeculosum 6.11 220 0.40 16.683 | 5.83 | 22.522
Procladius ferrugineus 16.60 600 0.92 — — —
Paratanytarsus sp. 0.28 10 0.01 0.496 0.17 0.67
Tanytarsus sp. 9.44 340 0.15 9.433 3.30 | 12.735
Thienemannimyia sp. 0.56 20 0.01 — — —
Sialis lutaria 8.06 290 2.96 — — —
Haliplus ruficollis 0.83 30 0.05 — — —
Bcero — 3600 13.75 | 231.764 | 81.1 | 312.881
Hons xumnukos (%) — 27.20 | 29.30 — — —

Yucno BUIOB — 25

Nunekc lllernona — 2.86 OUT/9K3.
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Tabanna 6. CTpyKTypHbIE XapaKTEpUCTUKM U COCTaBJSIIOLIME HSHEPreTMdeckoro OasaHca
(kan/cyt.-m?) Oenroca B Oacceiine p.Komokma (ct.3, ycree p.I'3a). Table 6. Structural

characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 3 at the mouth of the Gza River).

z 8 s q=: - . =
Buabl % §- a E § § g E’ ; E‘ S E’
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2| = 2 ¥ | FF 2F
= =
Euglesa sp. 2.56 10 0.30 4.564 1.59 6.161
Pisidium amnicum 2.56 10 0.76 10.486 3.67 14.156
Acroloxus lacustris 5.13 20 0.45 11.377 3.98 15.359
Oligochaeta 46.10 180 1.38 39.958 13.9 53.944
Cricotopus bicinctus 5.13 20 0.01 0.606 0.21 0.819
f 5;‘;‘;‘11‘;‘;?;[’”“ g 2.56 10 0.01 0.496 0.17 0.67
Paracladius conversus 2.56 10 0.01 0.496 0.17 0.67
Procladius ferrugineus 12.8 50 0.06 — — -
Tanytarsus gr. gregarius 5.13 20 0.01 0.606 0.21 0.819
Tabanus sp. 2.56 10 0.07 — — —
Ephemera vulgata 2.56 10 0.38 14.719 5.15 19.871
Leuctra fusca 2.56 10 0.02 1.547 0.54 2.089
Psychomia pusilla 7.69 30 0.07 4.527 1.58 6.111
Bcero: — 390 3.53 89.383 31.2 120.667
Honst xumnHukos (%) — 15.30 3.68 — - -
UYwucino Bugos — 13 WNnnexc lllennona — 2.79 6ut/sk3.

Yerbe p. Kosokma (ct. 12; Tabmn. 15; ¢doto 8-9). Ha 3amneHHOM mnecke C IMOBBIMIEHHOU
[JIMHUCTOCTBIO 3aPETMCTPUPOBAHO 6 BUIOB GEHTOCA, YMCIEHHOCTh KOTOPHIX cocTaBuia 670 3k3./M?
npu Guomacce 1.4 r/m?. JIOHHBIM OHOLIEHO3 TNPEICTABJIEH OJMIOXETAaMHU. EJMHMYHBI MOJUIIOCKH
Pisidium amnicum, massku Helobdella stagnalis w nenopunbHbie XupoHOMUIbl Chironomus
plumosus, Cryptochironomus gr. defectus. Yeenuuenue OB B Bojie M JOHHBIX OCaJKax 00YCIIOBHIIO
CTPYKTYpHBIE U KOJHMYECTBEHHbIE M3MEHEHUs B OumoleHosze. CocTaB OHMOLIEHO3a XapaKTepeH s
IBTPO(HBIX, 3arpsI3HEHHBIX pPAaBHUHHBIX pek. Huskuil wuHIEKC BUIOBOrO pa3zHooOpas3us
(H = 0.76 Out/3K3.) XapakTepu3yeT BOJbl YCThbsl PEKU KaK IPSI3HBIE.

[Ipu oueHke (payHHUCTUYECKOTO CXOACTBA MCCIEAOBAHHBIX YYaCTKOB peK (C IPHUMEHEHUEM
unjekca CepeHceHa) HauOoublllee CXOJACTBO cTaHUMU p. Kosokiia oTMeueHO Ha ydacTKe BbIIIE
r. lOpbeB-Ilonbckuii, Bbie u HWke noc. CTaBpoBO, TIZE€ CTENEHb CXOACTBa OHMOIICHO30B
oueHuBaercss B 27%. JIOMMHUPYIOIIMMHU Ha 3TUX CTAHUUAX SBJISIOTCS OJIMIOXEThl U JIMYMHKH
xuponomua Tanytarsus sp. u Stictochironomus histrio.
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®oto 2. Crannus 2 Ha p. Konokma y 3aropognoro mapka B T. FOpbeB-Ilonsckuii (Wikimedia
Commons, 2026). Photo 2. Station No. 2 at the Koloksha River near the Park “Zagorodny” in the
town of Yuryev-Polsky (Wikimedia Commons, 2026).

®oto 3. Crannus 2 Ha p. Kosokma B 1. FOpbes-Ilonbckuit (LBerkos, 2018).
Photo 3. Station No. 2 at the Koloksha River in the town of Yuryev-Polsky (Tsvetkov, 2018).

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUMKA, 2026, Tom 10, Ne 1



56 AHAJIN3 JOHHBIX COOBILIECTB MAJIBIX PABHHHbBIX PEK ...

Tabauua 7. CTpyKTypHblE XapaKTEepUCTUKH M COCTaBJSIIOLIME HHEpreTudyeckoro OanaHca
(xan/cyT.-m?) 6enroca B 6acceiine p. Konokma (ct. 4, auke r. FOpbes-Tlonbckuit).

Table 7. Structural characteristics and components of the energy balance (cal/day-m?) of benthos
in the Koloksha River basin (station No. 4, downstream from the town of Yuriev-Polsky).

g ) = z . o -]
o 3 5. = g = £ | E:
2. E£2 g st | E£| E¢
Buael 5 2A = 4 ] = 2 > 2 = 2
z = L ¥ < - = = 3 s =
= 2 g 0 z = g 3 = 3
§ :E LE g & = :E &
= i
Helobdella stagnalis 0.06 3 0.01 — — —
Oligochaeta 77.50 4213 4.32 206.843 72.3 279.238
Chironomus plumosus 9.62 523 2.79 85.163 29.8 114.969
Corynoneura sp. 0.37 20 0.01 0.606 0.21 0.819
Cricotopus gr. algarum 0.61 33 0.02 1.147 0.40 1.549
Cricotopus bicinctus 1.84 100 0.03 2.11 0.73 2.848
Cricotopus gr. sylvestris 2.94 160 0.10 5.685 1.99 7.674
Eukiefferiella claripennis 0.74 40 0.01 0.741 0.26 1.001
Orthocladius oblidens 1.71 93 0.03 2.066 0.72 2.789
Parachironomus arcuatus 0.55 30 0.03 1.488 0.52 2.009
Procladius choreus 0.55 30 0.06 — - —
Psectrotanypus varius 0.68 37 0.2 — — -
Paratanytarsus sp. 0.50 27 0.01 0.662 0.23 0.893
Tanypus kraatzi 1.47 80 0.1 — — —
Sialis lutaria 0.06 3 0.03 — — -
Simulium sp. 0.50 27 0.01 — — —
Centroptilum luteolum 0.24 13 0.01 0.896 0.31 1.209
Coleoptera 0.06 3 0.08 — — —
Bcero — 5435 7.85 307.406 107.00 | 414.998
Honst xunukoB (%) — 3.37 6.24 - - —
Uwcino BugoB — 18 Hunexc paznoodpasus lennona — 1.43 6ut/3x3.

IIputoxku

Yerbe p. I'3a (c1. 3; Tabn. 6; doto 10). 3auneHHbI OMOTOI ¢ PACTHTEILHBIMH OCTaTKaMH Ha
rnyoune 0.5-0.6 M xapakTepuszyercss OUOIIEHO30M O€HTOCa C JOMHUHHPOBAHUEM MENO(PUIbHBIX
omuroxer Tubificidae u nmuumHOK XupoHomun Procladius ferrugineus — TANUYHBIX OOMTATENEH
MaJIONPOTOYHBIX BOJOEMOB. BumoBoi cocraB (13 BUAOB M TaKCOHOB), YHCIEHHOCTHh >KUBOTHBIX
(390 5k3./M?) 1 ux 6uomacca (3.53 r/m?) HeBenuku. B cocTaBe JOHHOrO OMOLEH03a MAIOYUCIECHHBI
pyuerinuku (Psychomia pusilla), nonenku (Ephemera vulgata), BecHsuku (Leuctra fusca)
umanHKd  MyX (7abanus sp.). 3HaueHWe WHAEKCAa BHJAOBOro paszHooOpasus IllenHoHa
(H = 2.78 6ut/3K3.) ¥ BUIOBOI cOCTaB OEHTOCA XapaKTePU3YIOT YMEPEHHO 3arpsi3HEHHBIE BOJIBI.
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®oto 4. Cranuus 4 va p. Konoka B r. FOpseB-Ilonsckuii (LBeTkos, 2018).
Photo 4. Station No. 4 at the Koloksha River in the town of Yuryev-Polsky (Tsvetkov, 2018).

Yerbe p. Cera (ct. 5; T1abn. 8; ¢doto 11). buonenos 3auneHHoro mecka Ha riryowne 0.5 m
MPEJICTABJICH MPEUMYIIICCTBEHHBIM Pa3BUTHEM MEJOPUIBHBIX oiuroxet Limnodrilus hoffmeisteri
(vanekc momuHupoBaHus D =82.9). M3 9 BumoB B cocraBe OeHTOca Npeo0JIalaloT JTMUYMHKA
XUPOHOMHJI — TUIHYHBIE oOuTaTenu 3BTPOGHBIX BomoeMoB (Chironopmus plumosus, Procladius
ferrugineus, Procladius horeus, Psectrotanypus varius), 2 Buna nusBok (Glossiphonia complanata,
Helobdella stagnalis). CoctaB 0eHTOCa CBHIETEILCTBYET O 3arpsA3HEHUH, HAa YTO TaKXkKe YKa3bIBaeT
HU3KO0€ 3HAYCHHE MHIeKca BUI0BOro pasHoodpaszus (H = 1.08 6ut/7k3.).

Yerbe p.Kyuka (cr.6; T1a6n. 9). 3auneHHbie mecdaHble TPYyHTH (TmyOmHa — 0.5 M)
XapaKTEepPU3yIOTCSl Pa3BUTHEM OWOIICHO3a C JOMHUHHPOBAHHEM OJIMTOXET W JHMYUHOK XHPOHOMHUJ
(Monodiamesa bathyphila, Polypedilum scalaenum). Jlwaunku P. scalaenum (420 5k3./M?) 0OBIYHO
OOUTAIOT Ha 3aWJIEHHBIX, MECUYaHUCTHIX Onoromax. B Bomoemax Poccum 3TOT BHA moBceMecTeH
(IlImnosa, 1976; 3unyenko, 2002, 2011). OTaAMYUTENBHON O0COOEHHOCTHIO TIECYAHUCTOrO OMOTOIA
Ha JIaHHOM Yy4YacTKe SIBJISIeTCSl pa3HooOpasue MOJUIIOCKOB — 7 BuIOB. I[Ipeobnanmarommmu 1o
YUCJIEHHOCTU U buomacce saBisitoTcs Pisidium amnicum. Obpaiaer Ha ce0si BHUMaHUE OTCYTCTBUE
PYYCHHHKOB ¥ BECHSHOK. [lOJGHKM TIpEACTaBIICHbl eAWHWYHBIMEH JmunHKamu Centroptilum
luteolum. CocTaB GuoreHo3a 6eHToca U UHIEKC BUIOBOrO paznoodpaszus [llennona (2.21 6ut/7k3.)
XapaKTepU3yIT BOABI y4acTKa PeKH KaK YMEPEHHO 3arpsi3HEeHHbIE.

Yerbe p.Toma (cr.7; T1a6n. 10; ¢doto 12). JloHHBIH OHOICHO3 XapaKTEpU3yeTCs
npeobialaHieM IO YHCIEHHOCTH OJHMIOXET, SBPHOMOHTHBIX JHUYMHOK XUpOHOMHI Tanytarsus
gr. gregarius, NeI0(QUIBHBIX JTUYMHOK XUpOHOMUL Procladius ferrugineus u MmonmockoB Pisidium
amnicum. Hamnuue maxpoduToB (OCOKa, KaMbIll, KyOBIIIKa) OOYCIOBUJIIO Pa3BUTHE B COCTaBE
OMOIIEHO3a HEMHOTOYUCIICHHBIX JUYMHOK (PUTOPHIBHBIX XHpOHOMHUJ ponoB Cricotopus,
Eukiefferiella, Nanocladius. Jluauaku xupoHomuj mpeacraBieHsl 10 Bugamu. EnuHuYHO
BCTPEYAIOTCS MOJCHKH, TaOaHU/IbI, JTUUYUHKHU XYKOB p. Ochthebius. 3HaueHne WHJIEKCa BUIOBOTO
pasHooOpasus lllennona (H = 2.16 6ut/3K3.) XapakTepu3yeT BOJbI KAK YMEPEHHO 3arpsi3HECHHEIE.
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®oto 5. Crannus 4 Ha p. Konokmia Huwke ycrbs p. ['3a (LBetkor, 2018). Photo 5. Station No. 4 at
the Koloksha River, downstream from the mouth of the Gza River (Tsvetkov, 2018).

DoT1o 6. Cranuus 9 Ha p. Konokma Beimie moc. CtaBpoo (baiinapoussiii ..., 2012).
Photo 6. Station No. 9 at the Koloksha River, upstream from the village of Stavrovo (Kayak ...,
2012).
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Tabauna 8. CTpyKTypHblE XapaKTEepUCTUKH M COCTaBJSIIOLIME HHEpreTudyeckoro OanaHca
(kan/cyt.-m?) Oenroca B Oacceiine p.Komokma (cr.5, ycrbe p. Cera). Table 8. Structural

characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 5 at the mouth of the Sega River).
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Glossiphonia complanata 0.52 20 0.02 — — —
Helobdella stagnalis 0.78 30 0.05 — — —
Oligochaeta 82.9 3200 0.39 31.803 11.1 42.934
Ceratopogonidae 1.55 60 0.03 — — —
Chironomus plumosus 6.99 270 3.1 75.765 26.5 102.282
Procladius choreus 2.59 100 0.28 — — —
Procladius ferrugineus 0.78 30 0.04 — — —
Psectrotanypus varius 3.11 120 0.55 — — -
Sialis sp. 0.78 30 0.1 — — —
Bcero: — 3860 4.56 107.567 37.6 145.216
Hons xumnaukoB (%) - 10.1 234 — — —
UYwucio BugoB — 9 WNunexc paznoobpazus [llennona — 1.08 6ut/7x3.

Yerbe p. Cemura (ct. 8; Tabu. 11). 3amieHHoe KaMEHHCTOE THO C PACTHUTEIHLHBIMUA OCTATKAMU
Ha riy6uHe 0.6 M oTimyaercss 00rarcTBOM BUAOB — 19, U3 KOTOpeIX 16 — 3TO MpeACTaBUTENN
cemeiictBa Chironomidae. XapakTepusyercst pa3BUBUTHEM OHOIIEHO32, B KOTOPOM JOMHHHUPYIOT
JTUYUHKA XUpOHOMUn Brillia modesta w Tanytarsus gr. gregarius. Bumbl B coctaBe OeHTOCa
XapaKTEepHBI JI1 YMEPEHHO 3arpsi3HEHHBIX U YHCTHIX BOJ MaJbIX U CPEIHUX pek OacceiiHa p. Bonru
(3unuenko, 2002, 2011). YucineHHOCTh TI'HAPOOMOHTOB MaKpO3000EHTOCA HAa 3TOM YYacTKe
coctaBmia 760 ok3./mM? npu 6uomacce 1.04 r/m2. TIOTHOCTH NETOPUIBHBIX OJUIOXET U MOJLIKOCKOB
HesHaunTenbHa — 70 1 20 5K3./M2. 3HaueHHME WHIEKCA BUAOBOrO pasHoobpasus IlleHHOHA OueHb
BbIcOKOe — 3.59 OuT/3K3. 3a cueT BUIOBOro OorarctBa XMpoHOMHI. Bmecrte ¢ TeM oTCyTCTBHE
peo(UIbHBIX BECHSHOK, MOJEHOK M Py4YeHHUKOB Ha OMOTOIAX YCThsl MPU OLIEHKE Kiaccu(UKaluu
KayecTBa BOJ [103BOJISIET XapaKTEpHU30BaTh UX KaK clabo3arps3HeHHbIE.

Yerbe p. Kosouka (ct. 11; Tabs. 14; goro 13). Cranuus pacrnonoxeHa Ha paccTosHUU 19 km
or ycrbs p. Konokma. B 3apocisix paecra Ha wiax ¢ pacTUTENbHBIMM OCTaTKaMu IpeoOsazaer
OJIUTOXETHO-XUPOHOMHM/IHBIH OMOIIEHO3 C JOMUHHUPOBAHUEM IBPUOMOHTHBIX JTUIUHOK Polypedilum
nubeculosum. B cocraBe OuolieH03a 3aperucTpupoBanbl 13 BUIIOB, U3 KOTOPHIX 7 — XUPOHOMU/IBL,
3 — MOJUIIOCKH, a K MPOYMM OTHOCSTCS XEJICHUIbl W CHaNUAbl (BUCIOKPBUIKK Sialis [utaria).
YHCIEHHOCTL KUBOTHBIX BhILIE, 4eM B ycThe p. Cemmra, u cocrasisier 2820 sk3./m2. Ha oo
xuporomu ipuxoautes 1340 sx3./m?. CocTta 1OHHOrO GMOLEH03a U 3HaYeHne uHaekca llennona
(2.98 6uT/7K3.) XapaKTEepPU3YIOT BOJBI KaK ci1abo3arpsi3sHEHHBIE.

Anamu3 noHHBIX coobmiecTB p. Konokima u ee mputokoB (Tadi. 4-15) mokasan, 4To B BEpXHEM
TEYEHUH Ppa3BUBAIOTCS JIUTO- U (UTOpeomIbHbIe OHOLEHO3bI, B CpPEAHEM — IICaMMO-
U neno¢pwibHble, B HIDKHEM — neno¢mibHble OuoreHo3bl. CoollnectBa Ha  OTJAEIbHBIX
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OMOTONMUYECKH Pa3HOPOAHBIX YJdacTKaX CYLIECTBEHHO Pa3IMYaIOTCA MEXKIY COOOH MO CTPYKType
Y KOJIMYECTBCHHBIM TOKa3aTessiM. BrieneHue OMOIEHO30B MO CTEMEHW WX BHJIOBOIO CXOZICTBA
C YUETOM XapaKTepa U CTEIEeHH TOMUHUPOBAHUS B HUX OTJEIHHBIX BUAOB MOKAa3allo, 4TO Hanboee
OMM3KUMH IS PYCIOBBIX Yy4acTKOB (0€3 ydera NPUTOKOB) MOXKHO CYUMTATh CTBOPHI BBIIIE
r. lOpreB-lIlonbekmii, Bbime u HUxke 1oc. CTaBpoBO, T/E€ CTEMEHb CXOACTBA OHOIIEHO30B
oueHuBaercss B 27%. JIOMUHHUpYIOIIMMH Ha 3TUX YYacTKaX SIBISIIOTCA OJUIOXEThI, JIMYUHKH
IBPUOMOHTHBIX XUPOHOMUT Tanytarsus gr. gregarius u Stictochironomus histrio.

®oto 7. Cranuus 10 na p. Konokma ke noc. CraBposo (baitnapounsiii ..., 2012).
Photo 7. Station No. 10 at the Koloksha River, downstream from the village of Stavrovo (Kayak
..., 2012).
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Tabamuna 9. CTpyKTypHblE XapaKTEpUCTUKM U COCTaBJSIIOLIME HSHEPreTMdeckoro OasaHca
(kan/cyt.-m?) Gentoca B Oaccedine p.Komokma (ct. 6, ycrbe p. Kyuka). Table 9. Structural

characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 6 at the mouth of the Kuchka River).

2 8 = Eﬁ - =)
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Amesoda scaldiana 0.63 20 0.42 6.633 2.32 8.954
Euglesa dupuiana 0.94 30 0.15 2.754 0.96 3.718
Euglesa (Hensloviana) 126 | 40 | 018 | 3342 1.17 4511
henslowana
Euglesa (Cingulipisidium) nitida 1.26 40 0.05 1.062 0.37 1.434
Euglesa ponderosa 1.57 50 0.26 4.754 1.66 6.418
Neopisidium torquatum 0.31 10 0.01 0.217 0.07 0.294
Pisidium amnicum 6.29 200 2.49 41.542 14.5 56.082
Oligochaeta 55.6 1770 | 2.24 101.756 35.6 137.37
Ceratopogonidae 0.94 30 0.02 — — —
Cryptochironomus gr. defectus 0.31 10 0.03 — — —
Monodiamesa bathyphila 14.70 470 0.11 - — -
Polypedilum scalaenum 13.20 420 0.13 9.06 3.17 12.232
Procladius ferrugineus 0.31 10 0.01 - - -
Prodiamesa olivacea 0.31 10 0.03 — — -
Tanytarsus sp. 0.31 10 0.01 0.496 0.17 0.670
Dicranota bimaculata 0.63 20 0.19 — — —
Tabanus sp. 0.63 20 0.19 — — —
Centroptilum luteolum 0.63 20 0.03 2.328 0.81 3.143
Bcero — 3180 | 6.55 173.944 60.8 234.825
Honst xumnHukoB (%) - 17.9 8.85 - - -
Uucno Bugos — 18 WNunekc paznoobpazus lllennona — 2.21 6ut/3x3.

Jlns cpaBHEHHUs COOOILECTB MaKpoO3000€HTOca OCHOBHOro pycna p. Komokma ¢ ycTbeBbIMU
ydacTKaMy €€ MPUTOKOB W C JIPYTUMHU PABHHUHHBIMU pEKaMU OBUIM PAcCUYUTAHBI CTPYKTYpPHBIE
XapaKTePUCTUKH B CPEIHEM sl Bcex 12 o0cienoBaHHbIX cTaHmuil (Tabi. 16), a Takke 00001meHHO
JUTst 6 CTAaHIIMKA OCHOBHOT'O pycia (Tabi. 17) U yCTheBBIX YYaCTKOB TPUTOKOB (Tabi. 18).

CpaBHHTENBHAS OIIEHKA THAPOOMOJIOTHYECKOTO COCTOSIHUSI YIaCTKOB PEKH Ha CTAHIMAX pyciia
u B mpurTokax (tabi. 16-18) mokasana BBICOKYH YHCIEHHOCTh W OHMOMAaccy TruUIpOOHOHTOB
B OMOIIEHO3aX MaKpO3000€HTOCa Ha OMOTONAaX OCHOBHOIO TedeHHs peku (3532.5 ok3./m?,
5.34 r/mM?), CONOCTAaBMMYK) C KOJHMYECTBEHHBIMH XapaKTEPHUCTHKAMU OEHTOCa B IPHUTOKAX
(2126.6 5k3./M?, 4.19 /M?). Uncno BUIOB M TAKCOHOB B OMOLIEH03aX MaKpO3000EHTOCA HA y4aCTKax
pycna (74 Buma u Takcona) ObUTO Ha 19 BHAOB M TaKCOHOB OOIbBINE, Ye€M B YCTHEBBIX ydacTKax
MPUTOKOB (55 BUJIOB U TAKCOHOB).
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®oto 8. Cranuus 12 B ycrbe p. Konokma (JIro6oBs 60e3ycnoBHas, 2026).
Photo 8. Station No. 12 at the mouth of the Koloksha River (Ultimate Love, 2026).

®ot10 9. Cranuus 12 B mecte Bnagenus p. Komokma (cnesa) B p. Kisizema (YouTube, 2026).
Photo 9. Station No. 12 at the confluence of the Koloksha (on the left) and the Klyazma Rivers
(YouTube, 2026).

AHanu3 KOJIMYECTBEHHBIX JAHHBIX JOHHBIX OuoneHo3oB B p. Komokma u B ee mpuTokax
C YYETOM BBIICIICHHBIX TaKCOLEHO30B B HIOJIE CBUAETEIBCTBYET O COOTBETCTBUHU I1OJIYYECHHBIX
JAaHHBIX 110 OEHTOCY pek BepxHel Bonru nponykTUBHBIM paBHUHHBIM pekaM Bomkckoro OacceiiHa

u apyrux peruoHoB Poccum (boratoB, 1994; 3unuenko, ['omomatiok, 2000; 3unuenko, 2006;
['ony6as kaura, 2007; Tuynosa u ap., 2016; ABopckas, 2020).
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JIisi KOMIUIEKCHOM OIIGHKM Ka4yecTBa BOJ IO pe3yJbTaTaM aHaJM3a JIOHHBIX OHOLIEHO30B
Ha OT/JCJIbHBIX CTAHIMSIX HaMMU ObUIM WCIOJBb30BaHbl MHACKC BHUIOBOrO pazHooOpasus IllenHHoHa
(H, 6ut/3k3.), OumoTmueckuii wHACKC BymuBucca, koddpdunument Ilapene  (tadm. 19).
'mapoOuonoruyeckue MoKa3aTeld, UIMPOKO HCIONb3yeMbIe JJIsi OLEHKH KauecTBa BO,
COOTBETCTBYIOT OIICHKE OOCJIEJOBAHHBIX YYaCTKOB PEKH Ha cTaHIUsAX p. Kojokia u ee mpuUTOKOB
C YYETOM Pe3yJIbTaTOB THAPOXHUMHYECKOTI0 aHAIN3A.

Ta6auua 10. CTpyKTypHBIE XapaKTEpUCTHKH M COCTABISIIONIME HHEPreTH4ecKoro OayaHca
(kan/cyT.-M?) Gentoca B Oacceiine p. Komokma (ct. 7, ycree p. Toma). Table 10. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (staion No. 7 at the mouth of the Toma River).
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Pisidium amnicum 3.43 60 3.05 43.897 15.3 59.261
Oligochaeta 61.10 1070 2.25 90.025 31.5 121.534
Cladotanytarsus mancus 2.29 40 0.01 0.741 0.26 1.001
Cricotopus bicinctus 1.14 20 0.01 0.606 0.21 0.819
Cricotopus gr. sylvestris 2.29 40 0.01 0.741 0.26 1.001
Epoicocladius sp. 0.57 10 0.01 - - —
Eukiefferiella claripennis 1.71 30 0.01 0.682 0.23 0.921
Harnischia curtilamellata 1.14 20 0.01 0.606 0.21 0.819
Nanocladius bicolor 1.71 30 0.01 0.682 0.23 0.921
Polypedilum nubeculosum 0.57 10 0.01 0.496 0.17 0.67
Procladius ferrugineus 8.00 140 0.13 — — —
Tanytarsus gr. gregarius 12.5 220 0.05 3.811 1.33 5.145
Tabanus sp. 0.57 10 0.23 — — —
Ephemera vulgata 2.29 40 0.53 25.749 9.01 34.761
Ochthebius sp. 0.57 10 0.02 — — —
Bcero — 1750 6.34 168.038 58.8 226.851
Honst xunukoB (%) — 9.71 6.15 — — —

Yucio Bugos — 15 HNunexkc paznoobOpasus [llennona — 2.16 6uT/3K3.

Posib 3000eHTOCA B Ipoueccax caMmoouyuieHuu Boabl p. Kosokma

CoBpeMeHHasi OIlleHKa KauyecTBa BOJIBI M COCTOSHHMSI IMPECHOBOJHBIX BomoeMoB B Poccuu
BKJIFOYACT COBOKYITHOCTh KPHUTEPHEB, OLICHHBAIOIIUX CIEHU(PHUKY CTPYKTYPHO-(GYHKIIMOHAIBHOM
OpraHu3alMk  COOOINECTB THAPOOMOHTOB M JUHAMUKY pa3BUTHS BOAHBIX OHOIICHO30B,
T.€. KPUTEPUEB, KOTOpPbIE CBS3BIBAIOTCA C OOECIEYEeHHEM YCTOMYMBOTrO (HYHKIIMOHHPOBAHUS
CCTCCTBCHHBIX JKOJOIMYCCKHUX CHCTCM M IIPCAOTBpAIlCHUCM HX JACTrpadaluu. B cBs3u ¢ TEM,
YTO 3arpsA3HCHHUE BOJOTOKOB B CENTbCKOXO3SIMCTBEHHBIX | IMPOMBIIIJICHHO PAa3BUTBIX PETHUOHAX
npuobpeTaer Bce OONBIIMI pa3mMax, 0co00e BHUMAaHHE B MOHUTOPHHIE UX COCTOSHUS YZAesercs
OIICHKE TPO(UIECKOro craTyca BOJOEMOB.
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®ot1o 10. Crannus 3 B HIKkHeM TeueHuu p. ['3a y r. FOpbeeB-ITonbckuii (I{enokos, 2026).
Photo 10. Station No. 3 at the lower reaches of the Gza River in the city of Yuryev-Polsky
(Shcholokov, 2026).

®oto 11. Crannus 5 B HikHeM teueHuu p. Cera (FotoKto, 2014).
Photo 11. Station No. 5 in the lower reaches of the Sega River (FotoKto, 2014).
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Tabauua 11. CTpyKTypHBIE XapaKTEpUCTHUKH M COCTABIISIIOIIME HHEPreTMdeckoro OasaHca
(kan/cyt.-m?) Gentoca B OGacceiine p.Komokma (ct.8, ycrbe p. Cemura). Table 11. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 8 at the mouth of the Semiga River).
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Euglesa (Cingulipisidium) nitida 1.32 10 0.02 0.404 0.14 0.546
Euglesa ponderosa 1.32 10 0.15 2.454 0.85 3.313
Oligochaeta 9.21 70 0.05 2.620 0.91 3.538
Acricotopus lucens 1.32 10 0.02 0.811 0.28 1.095
Brillia gr. modesta 18.4 140 0.08 4.667 1.63 6.301
Chironomus plumosus 10.5 80 0.14 5.904 2.06 7.97
Cricotopus gr. tremulus 6.58 50 0.03 1.726 0.60 2.33
Microtendipes pedellus 3.95 30 0.06 2.434 0.85 3.286
Nanocladius bicolor 2.63 20 0.01 0.606 0.21 0.819
Nanocladius gr. balticus 1.32 10 0.01 0.496 0.17 0.67
Orthocladius oblidens 3.95 30 0.03 1.488 0.52 2.009
Pagastia sp. 1.32 10 0.01 - - -
Paracladius conversus 7.89 60 0.10 4277 1.49 5.774
Polypedilum nubeculosum 3.95 30 0.07 2.716 0.95 3.666
Prodiamesa olivacea 1.32 10 0.02 — - —
Symposiocladius lignicola 1.32 10 0.01 0.496 0.17 0.67
Tanypus punctipennis 1.32 10 0.05 — - -
Tanytarsus gr. gregarius 21.0 160 0.17 8.285 2.9 11.185
Zavrelia pentatoma 1.32 10 0.01 0.496 0.17 0.67
Bcero — 760 1.04 | 39.883 13.9 53.842
Honst xunnukoB (%) — 3.95 7.69 - — —
Yucio Bugos — 19 HNHunekc paznoobpasus [llennona — 3.56 OuT/3K3.

[Iporeccyl HakomyeHuss u Aectpykuumun OB B sKkocucTemMe BojoeMa OCYIIECTBISIOTCS B
pe3yibTaTte TPOPHUECKHX B3aMMOOTHOIICHHH MEXKIY OpraHU3MaMH, KOTOpBIE 3aKIIIOYar0TCS
B TIepe/lavye ONPEACNICHHBIX KOJWYECTB BEIIECTBA M SHEPIHH C OJHOTO TPO(PUUECKOrO YpPOBHS
Ha nocienyommid. [Ipy 3TOM HampaBlieHHE U CKOPOCTh BHYTPHIKOCHCTEMHBIX IPOIECCOB BO
MHOTOM 3aBHCAT OT KommdectBa OB, co3manHOro aBrorpodHbIMH OpraHu3Mamu. B BomoTokax
nepsuyHOoe OB MOXXeT ObITh CHHTE3UPOBAHO B OCHOBHOM 3a C4eT (POTOCHHTETHYECKON aKTUBHOCTHU
pacTeHul (aBTOXTOHHOE OPraHMYECKOEe BEHIECTBO) JMOO TMOCTynaTh C IUIOMAAU BomocOopa
(ammoxtonHoe OB). B nanpreiimem, kak ObUIO CKa3aHO, B OKOCHCTEME IPOUCXOAHT
TpaHCOpMaNHUs 3aMACEHHOW MPOAYIEHTAMH YHEPTUU OPraHU3MaMH MOCIEAYIONMX TPOPUIECKIX
ypOBHEH — KOHCyMeHTamMu. Hampumep, B coollecTBax OEHTOCa pEeK MOXKET HACUUTHIBATHCS 4-
5 Tpopuueckux ypoBHeH u rpynn rtuapodbuontoB (Jones, Smock, 1991; Twuynona, 2006).
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Jlist OLleHKM ~ CaMOOYMINAONICH CIIOCOOHOCTH BOAOEMa HEOOXOAMMO HM3YYeHHE IIpolecca
TpaHCHOPMAIIMK BEIIECTBA W DHEPrHMM Ha BCEX TPOPHUUYECKUX YPOBHAX, YTO TpeOyeT pacuera
NPOAYKIIMA OTACTBHBIX TOMYJSIHA C Y4eTOM JHHAMUKH pa3MEpHO-BO3PACTHOTO COCTaBa
HOMYJISIIHAA, 0COOCHHOCTEH MX POCTa M pa3BUTHs. B CBS3M ¢ OTCYTCTBHEM HCXOIHBIX JaHHBIX JJIS
BCeX TPO(UYECKUX 3BEHBEB SKOCHCTEMBl PEKM HaMHU JaHa OIleHKa poju OeHToca B Ipoleccax
TpaHcOpMaIMK OpraHUYecKoro BemecTBa B p. Konokma. Pe3ynbraTel M3MEHEHHs YHCICHHOCTH
¥ OMOMAacChl )KMBOTHBIX MaKPO3000€HTOCA, ITO3BOJIAIOIINE OLICHUTh KOJIMYECTBEHHbBIE CTPYKTYpHBIE
XapaKTEPUCTUKM JOHHBIX COOOIIECTB M COCTABINAIONIME SHEPreTUUECKOro Oananca (Kaun/cyT.*m?)
OeHTOoCca HAa y4yacTKaX pPEKM W B €€ MPHUTOKaX C YKa3aHHWEM JIOMHHHPYIOIIEro KOMILIEKCa
TUAPOOMOHTOB, MPEACTaBlIeHbl B Tabnnuax 4-18.

Tabamua 12. CTpyKTypHBIE XapaKTEpUCTHMKH M COCTABIISIIOIIME HHEpPreTMdeckoro OasaHca
(xan/cyT.-M?) Genroca B Oacceiine p. Konokma (ct. 9, Beime noc. Crasposo). Table 12. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 9, upstream from the village of Stavrovo).
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1 2 3 4 5 6 7
Euglesa acuminata 0.13 10 0.03 0.581 0.20 | 0.785
Euglesa (Hensloviana) henslowana 1.39 110 0.03 0.748 0.26 | 1.009
Euglesa (Cingulipisidium) nitida 0.25 20 0.05 0.987 0.34 | 1.333
Euglesa sp. 7.98 630 0.19 4.685 1.64 | 6.325
Z f)(l’i f;j;l‘.‘ﬂbfzdh”e”p isidium) 0.13 10 | 005 | 0918 | 032 | 1.239
Lymnaea sp. 0.38 30 0.05 2423 0.84 | 3.271
Valvata sp. 0.25 20 0.01 0.655 0.22 | 0.884
Helobdella stagnalis 2.41 190 0.17 — — —
Oligochaeta 32.00 | 2530 | 0.43 32.267 11.2 | 43.561
Ceratopogonidae 1.14 90 0.01 — - —
Cladotanytarsus mancus 3.30 260 0.02 2.087 0.73 | 2.818
Cricotopus bicinctus 4.44 350 0.04 3.722 1.30 | 5.024
Cricotopus gr. sylvestris 0.63 50 0.02 1.294 0.45 | 1.747
Cryptochironomus gr. defectus 0.25 20 0.01 — — —
Cryptochironomus gr. fuscipes 0.25 20 0.01 — — —
Harnischia curtilamellata 0.25 20 0.01 0.606 0.21 | 0.819
Microtendipes pedellus 3.30 260 0.35 15.927 5.57 |21.501
Nanocladius bicolor 0.51 40 0.01 0.741 0.26 | 1.001
Orthocladius oblidens 0.51 40 0.01 0.741 0.26 | 1.001
Orthocladius sp. 0.25 20 0.01 0.606 0.21 | 0.819
Polypedilum breviantennatum 0.76 60 0.02 1.364 0.47 | 1.842
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IIponoskenue Tadaunbl 12.

1 2 3 4 5 6 7
Polypedilum convictum 0.13 10 0.01 0.496 0.17 0.67
Polypedilum nubeculosum 0.38 30 0.01 0.682 0.23 | 0921
Paralauterborniella nigrohalteralis 0.63 50 0.01 0.791 0.27 | 1.068
Procladius ferrugineus 0.89 70 0.07 - — —
Paratanytarsus confusus 0.63 50 0.01 0.791 0.27 | 1.068
Stempellina bausei 0.25 20 0.01 0.606 0.21 | 0.819
Tanytarsus sp. 3240 | 2560 | 0.38 32.775 11.4 | 44.246
Thienemannimyia sp. 0.51 40 0.05 — - —
Centroptilum sp. 1.90 150 0.03 3.591 1.25 | 4.847
Nemoura cinerea 0.13 10 0.01 0.907 0.31 | 1.225
Phryganea bipunctata 0.13 10 0.01 0.754 0.26 | 1.019
Haliplus sp. 0.13 10 0.01 — — —
Hydrida 1.27 100 0.05 — — —
Bcero — 7890 | 2.19 | 111.748 | 39.1 | 150.86
Jost xunraukoB (%) - 6.84 17.3 — - -

Yucno BunoB — 34

Nunexc paznoodpasus [llennona — 3.00 6ut/3K3.

®oto 12. Crannus 7 B HI>kHeM TeueHuu p. Toma (Illenoxos, 2026).
Photo 12. Station No. 7 in the lower reaches of the Toma River (Shcholokov, 2026).
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Tabaunua 13. CTpyKTypHbBIE XapaKTEpUCTHUKU M COCTABIISIIOIIME HHEPreTMdeckoro OasaHca
(kan/cyt.-M?) Gentoca B Oacceiine p. Komokma (cr. 10, nmke moc. CraBpoBo). Table 13. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 10, downstream from the village of Stavrovo).
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Euglesa acuminata 0.53 10 0.05 0.918 0.32 1.239
Euglesa (Hensloviana) henslowana 4.28 80 0.16 3.234 1.13 4.366
Euglesa ponderosa 0.53 10 0.04 0.752 0.26 1.015
Neopisidium (Odhneripisidium) 0.53 10 | 010 | 1.707 | 059 | 2.305
moitesserianum
Pisidium amnicum 5.35 100 390 | 57.714 | 202 | 77914
Sphaeriastrum rivicola 0.53 10 0.30 4.564 1.59 6.161
Oligochaeta 3.74 70 0.18 6.849 2.39 | 9.246
Ceratopogonidae 0.53 10 0.01 — - —
Cladotanytarsus mancus 4.81 90 0.02 1.534 0.53 2.072
Cryptochironomus gr. defectus 0.53 10 0.02 — — —
Microchironomus tener 6.42 120 0.01 1.02 0.35 1.377
Microtendipes pedellus 8.56 160 0.52 | 18.326 6.41 24.74
Paratendipes albimanus 1.07 20 0.01 0.606 0.21 0.819
Polypedilum breviantennatum 11.20 210 0.04 3.209 1.12 | 4.333
Polypedilum nubeculosum 3.74 70 0.06 3.112 1.08 4.201
Paralauterborniella nigrohalteralis 1.07 20 0.01 0.606 0.21 0.819
Procladius ferrugineus 2.67 50 0.04 — — —
Procladius sp. 4.28 80 0.05 — — —
Stictochironomus histrio 23.50 440 0.20 | 12.469 436 |16.833
Tanytarsus gr. gregarius 15.50 290 0.18 | 10.253 3.58 | 13.841
Thienemannimyia sp. 0.53 10 0.01 — — —
Bcero - 1870 | 591 |126.874| 444 | 171.28
Jons xumHuKoB (%) — 8.56 2.2 - — -
Yucio Bunos — 21 Nunexc paznoobpasus [llennona — 3.56 OuT/3K3.

B HaubGonee oOmem Buae Ouoruueckuil OanaHc OMOJOIMYECKUX CHCTEM BBIPAXKAIOT
PaBEHCTBOM:
A-R=P,
rae A — HOBOOOpa3oBaHME OPraHMYECKUX BEUIECTB B BojgoeMe; R — JecTpyKIMs OpraHHMYecKHX
BEILIECTB, CBA3aHHAS C IpolleccaMy MeTabonmm3ma.
banaHc opraHMYecKuX BEIIECTB B BOJIOEME MOXKET OBITh IMOJIOKUTEIbHBIM UJIH OTPHIIATEIbHBIM
(AmumoB, 1989). H3ydeHue CTPYKTypbl M COcCTaBa OWOIIEHO30B JOHHBIX JKMBOTHBIX Ha
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UCCJIEZIOBAHHBIX Y4acTKaX PEKH MOCIYXKHJIO OCHOBOM ISl pacdeTOB IOTOKOB SHEPrUU Yepe3 HUX.
VYpaBHEHUE 3aBUCUMOCTH MHTEHCUBHOCTM oOMeHa (R) oT wuHAMBUAyanbHOH Maccel Tena
rusipooroHToB (W) uMeeT BUI:

R=a- - W°,
rae KodpPUIMEHTHI a W b pacCUWTaHbl JUIA KaXI0W TaKCOHOMHYECKOH Tpymmbel OeHToca
U MIPUBEACHBl B JIUTEpAaTypHbIX HcTOuHMKaX (Tabn. 20), R — ckopocts oOmena mpu t = 20°C,
B Mr O/gac, W — macca, BT.

®oto 13. Cranuus 11 Ha p. Konouka (Turizmvnn, 2024).
Photo 13. Station No. 11 at the Kolochka River (Turizmvnn, 2024).

[Iponykuuto nomyssiuuit u  cooOmectB (P) paccunThiBamM (U3MOIOrMYECKHUM METOIOM
(AmmmoB u ap., 2013). Pacuer mpoaykuum TaKMM METOJOM BO3MOXEH B TEX CIydasx, KOTza
U3BeCTHBI TpaThl Ha oOMeH (R) u HWX COOTHOWIEHME C NPOAYKIHUEH. DTO COOTHOIICHHE
ornpenenseTcs K03 PUIMEHTOM HCIIOIb30BAHUS ACCUMUIMPOBaHHOM Uiy Ha pocT (K2).

K;=P (P +R),
orkyna P =R [K2 /(1 — K2)] (Amumos, 1989).

beuio mokazano (YMHOB, AnumoB, 1979), 4To y BOIHBIX TMAPOOMOHTOB TpaThl Ha OOMEH

U IPOJYKIMS 332 IEPUOJ BPEMEHHU HaXOIATCA MEXy COO0H B Cleqytolel 3aBUCUMOCTH:
R =(2.879 +0.046) P,
orkyna P =R /(2.879 + 0.046) xJIx/m>.

W3 npuBeaeHHOro paBeHCTBA MoiaydyeHo cpeaHee 3HadeHne Kp = (.26, koTopoe MpUHATO IJs
pacuera. Takum 0O6pa3oM, eciii U3BECTHHI TPAThl HA 00MeH U KodhdummenT Ko, To MOXKHO OLICHUTH
CPEIHIOIO 32 CE30H MJIM 33 CYTKH MPOAYKILHIO MOMYJIALUN TOHHBIX )KUBOTHBIX. PacueTHbIe aHHBIE
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nokaszaTesiell SHepreTM4eckoro oOMeHa MOMYJISALUU JOHHBIX MXUBOTHBIX JUISI Ka)JOW CTaHIUU
u yyactkoB p. Konokiia u ee mpuTokoB npexacraBieHbl B Tabmunax 4-18. Eciu paccmatpuBath
porecc TpaHCcPOpMAIUU SHEPTUU B MOMYJISIUH UM OUOIIEHO3€e ¢ TOYKH 3PEHUS CaMOOYHIIEHUS
BOJIOEMA, TO «OYHUCTUTENBHBINY» TMpolecc OyaeT ompeaessaTbcss CyMmol BenuduH R u P,
T.€. KOJINYECTBOM aCCUMUIIMPOBAHHOU 3HEpruu (A).

Ta6auua 14. CTpyKTypHBIE XapaKTEpUCTHKH M COCTABISIONIME HHEPreTH4eckoro OayaHca
(kan/cyt.-m?) Genroca B Oacceiine p. Komokma (ct. 11, ycrbe p. Kosouka). Table 14. Structural
characteristics and components of the energy balance (cal/day-m?) of benthos in the Koloksha River
basin (station No. 11 at the mouth of the Kolochka River).

; a N; g - =]
o = 5 . = S = R = :
Z8 g =z 5] S E 2 € z
Buabl S~ = 2 o s 2 > o = 2
= = Ly < < = 3 = 3
= E S o z z 3 g 3 = 3
§ :E LE g- = = 2 =
= =
Euglesa casertana 0.35 10 0.05 0918 0.32 1.239
Pisidium inflatum 0.35 10 0.21 3.316 1.16 4.477
Bithynia tentaculata 1.42 40 0.04 2.203 0.77 2.973
Oligochaeta 32.60 920 0.70 36.112 12.6 48.751
Ceratopogonidae 5.67 160 0.14 — — —
Chironomus plumosus 2.84 80 0.12 5.292 1.85 7.144
Cricotopus gr. sylvestris 2.84 80 0.05 2.842 0.99 3.837
Microtendipes pedellus 8.51 240 0.26 12.601 4.41 17.011
Polypedilum nubeculosum 16.30 460 0.37 19.549 6.84 26.391
Procladius choreus 3.90 110 0.07 - — —
Procladius ferrugineus 8.51 240 0.14 — — —
Tanytarsus gr. gregarius 4.61 130 0.03 2.277 0.79 3.074
Sialis lutaria 12.0 340 0.94 — — —
Bcero — 2820 3.12 85.11 29.7 114.898
Homst xunukoB (%) - 30.1 413 - — —
Yucno Bugos — 13 Wnnexc paznoobpasus lllennona — 2.99 6ut/sk3.

Benuuuna P sBnsieTcss mokasareneM HAaKOIUIEHUS BEIECTBA WM SHEPruu IMOMYJISLUEH MU
6uoneHo3oM. Ilo Benmnunne R MoxHO cyaute o nectpykiuu OB xuBorHeiMu. CocTaBisromue
sHepretuueckoro 6amanca R, P u A mo Buaam, rpynmnam BUAOB U OTJEIbHBIM CTaHUMSM ObLIM
MIPEICTABJICHBI BhINIE B Tabmumax 4-18.

Hcnonp3yss monydeHHBbIE pe3yJbTaThl IO COCTaBJISAIOUIMM OajaHca SHEpPruuM OUOLIEHO30B
(Tabu1. 4-18), MOXKHO KOJMYECTBEHHO BBIPA3UTh UX POJIb B ATOM IIpolecce. 3a KPUTEpUH B3ATO
OTHOILIEHUE MOTOKA PHEPruu 4epe3 JOHHOE cOOOIIeCTBO (CyMMa MpOAYKIHMHM OWOlleHO3a M Tpat
Ha 00MeH) Ha momaau qHa B 1 M? k koauuectsy OB B Boxe Han 1 m? 3a cyrku. MHBIMU clioBaMy,
IOTOK SHEPruM uepe3 JOHHOE COOOIIECTBO IMPEACTaBiIseT COOOH KOJIMYECTBO PHEPIrUU, KOTOPOE
ACCUMHJINPOBAHO HEXMIIHBIMU XKMBOTHBIMH (Ayx). YdacTue IOHHBIX XUBOTHBIX B IIpOIleCCax
camoounuieHust p. Kosokma ompenenssioch B TONLIE BOJABI HAaJ OJHUM KBAaJpPaTHBIM METPOM
IUIOIIAIM JHA BojoeMa. Bce mokaszaTenu sHepreTMueckoro OasaHca, BBHIpaKEHHBbIE B KaJlOpUAX
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1950), paccuMThIBalOTCS C HCHOJIB30BAHUEM MEPEBOJHBIX KOI(PPUIMEHTOB B

Tabauua 15. CTpyKTypHbIE XapaKTEpUCTHMKU M COCTABIISIIOIIME HHEPreTMdeckoro OasaHca
(xan/cyt.-M?) Genroca B Oacceiine p. Komokma (ct. 12, yerse). Table 15. Structural characteristics
and components of the energy balance (cal/day-m?) of benthos in the Koloksha River basin (station

No. 12 in the river mouth).

& 4 = ol e | Ea
2ol Ev| 3 |Esi B EC
=E=5| S8 E|&%G 23| B
S = S 2 = & o
= = 8 <
Pisidium amnicum 1.49 10 1.23 | 16.134 5.64 21.781
Helobdella stagnalis 1.49 10 0.02 — - —
Oligochaeta 88.00 590 0.30 | 17.117 5.99 23.108
Chironomus plumosus 1.49 10 0.02 0.811 0.28 1.095
Cryptochironomus gr. defectus 1.49 10 0.03 — — —
Caenis macrura 5.97 40 0.04 3.387 1.18 4.572
Bcero - 670 1.64 37.45 13.1 50.557
Jodst xunHuKoB (%) - 2.99 3.05 — — —

Yuciio BUI0B — 6

Wnpnexc paznoobpasus llennona — 0.77 Out/3K3.

Tab6auua 16. CTpyKTypHBIE XapaKTEpUCTHUKH M COCTABIISIIOIIME HHEPreTMdeckoro OasaHca
(xan/cyT.-M?) GeHTOCa B cpeaHeM Mg 12 crannuii GacceiiHa p. Kojokma U ee IPUTOKOB (MIOJIB).
Table 16. Average structural characteristics and components of the energy balance (cal/day-m?)
of benthos for 12 stations in the Koloksha River basin and its tributaries (July).

moitesserianum

=N < s =, ® &g =

SEs|34Y 8| ZEc|EadEac

BHJIbI H TAKCOHBI X=SE|l5ed 22| EzZ|E2E8 252

- 2 s = S e ~ sSe = | &= = o3

=Sgg|FT = =S 3lE 48 3

2 = = g 4 <

1 2 3 4 5 6 7

Amesoda scaldiana 0.00 1.67 | 0.035 0.553 0.19 0.746
Euglesa acuminata 0.01 1.67 | 0.007 0.125 0.04 0.169
Euglesa casertana 0.02 3.33 | 0.008 0.165 0.05 0.222
Euglesa dupuiana 0.01 2.50 | 0.013 0.23 0.08 0.31
Euglesa (Hensloviana) henslowana 0.25 20.83 | 0.040 0.812 0.28 1.096
Euglesa (Cingulipisidium) nitida 0.05 5.83 | 0.010 0.205 0.07 0.277
Euglesa ponderosa 0.05 5.83 | 0.038 0.671 0.23 0.905
Euglesa subtruncata 0.00 1.67 | 0.005 0.097 0.03 0.131
Euglesa sp. 0.31 53.33 | 0.041 0.913 0.32 1.233
Neopisidium (Odhneripisidium) 003 | 333 | 0014 | 0265 | 009 | 0357
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IIponoskenue Tadaunbl 16.

1 2 3 4 5 6 7
Neopisidium torquatum 0.01 1.67 0.002 0.036 0.01 | 0.049
Pisidium amnicum 0.81 45.83 | 1.508 | 22.711 | 7.94 | 30.66
Pisidium inflatum 0.00 0.83 0.018 0.276 | 0.09 | 0.373
Sphaerium rivicola 0.00 0.83 0.025 0.38 0.13 | 0.513
Acroloxus lacustris 0.00 1.67 0.038 0.948 0.33 1.28
Bithynia tentaculata 0.01 3.33 0.003 0.184 | 0.06 | 0.248
Lymnaea sp. 0.01 2.5 0.004 0.202 | 0.07 | 0.273
Valvata sp. 0.01 2.5 0.002 0.102 | 0.03 | 0.137
Glossiphonia complanata 0.0 1.67 0.002 — — —
Helobdella stagnalis 0.3 20.25 | 0.025 — — —
Nematoda 0.00 0.83 0.001 0.000 | 0.00 | 0.000
Oligochaeta 43.6 1346.9 | 1.187 | 59.015 | 20.6 | 79.67
Ceratopogonidae 0.54 30.83 0.02 — — —
Acricotopus lucens 0.00 0.83 0.002 0.068 0.02 | 0.091
Acricotopus sp. 0.01 2.5 0.001 0.057 0.02 | 0.077
Brillia gr. modesta 0.03 11.67 | 0.007 0.389 | 0.13 | 0.525
Chironomus plumosus 1.48 83.58 0.52 15.18 5.31 |20.493
Cladotanytarsus mancus 0.42 35.83 | 0.008 0.631 0.22 | 0.852
Clinotanypus nervosus 0.00 0.83 0.001 - — -
Corynoneura sp. 0.00 1.67 0.001 0.051 0.01 | 0.068
Cryptocladopelma armeniacus 0.00 0.83 0.001 0.041 0.01 | 0.056
Cricotopus gr. algarum 0.01 2.75 0.002 0.096 | 0.03 | 0.129
Cricotopus bicinctus 1.29 87.5 0.025 1.783 0.62 | 2.407
Cricotopus gr. sylvestris 0.42 28.33 | 0.016 0.93 0.32 | 1.255
Cricotopus sp. 0.00 1.67 0.001 0.051 0.01 | 0.068
Cricotopus gr. tremulus 0.01 4.17 0.003 0.144 | 0.05 | 0.194
Cryptochironomus gr. defectus 0.05 4.17 0.008 — — —
Cryptochironomus gr. fuscipes 0.00 1.67 0.001 — — —
Epoicocladius sp. 0.00 0.83 0.001 — — —
Eukiefferiella claripennis 0.03 5.83 0.002 0.119 | 0.04 | 0.16
Eukiefferiella gr. gracei 0.01 4.17 0.003 0.144 | 0.05 | 0.194
Harnischia curtilamellata 0.02 3.33 0.002 0.101 0.03 | 0.136
Microchironomus tener 0.03 10.00 | 0.001 0.085 0.03 | 0.115
Micropsectra curvicornis 0.00 0.83 0.001 0.041 0.01 | 0.056
Microtendipes pedellus 0.93 63.33 | 0.106 4.523 1.58 | 6.107
Monodiamesa bathyphila 0.12 39.17 | 0.009 — — —
Nanocladius bicolor 0.07 7.50 0.003 0.171 0.06 0.23
Nanocladius gr. balticus 0.00 0.83 0.001 0.041 0.01 | 0.056
Orthocladius oblidens 0.98 83.58 | 0.015 1.224 | 0.42 | 1.653
Orthocladius sp. 0.00 1.67 0.001 0.051 0.01 | 0.068
Orthocladius clarkei 0.00 1.67 0.001 0.051 0.01 | 0.068
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1 2 3 4 5 6 7
Pagastia sp. 0.00 0.83 0.001 - — -
Paracladopelma gr. camptolabis 0.00 0.83 0.001 0.041 0.01 | 0.056
Paratendipes albimanus 0.00 1.67 0.001 0.051 0.01 | 0.068
Parachironomus arcuatus 0.01 2.50 0.003 0.124 0.04 | 0.167
Paracladius conversus 0.06 6.67 0.01 0.441 0.15 | 0.595
Paracladius sp. 0.01 3.33 0.001 0.062 | 0.02 | 0.083
Polypedilum breviantennatum 0.13 22.50 | 0.005 0.384 | 0.13 | 0.518
Polypedilum convictum 0.00 0.83 0.001 0.041 0.01 | 0.056
Polypedilum nubeculosum 1.21 68.33 | 0.077 3.678 1.28 | 4.965
Polypedilum scalaenum 0.10 35.00 | 0.011 0.755 0.26 | 1.019
Paralauterborniella nigrohalteralis 0.03 5.83 0.002 0.119 | 0.04 | 0.16
Procladius choreus 0.18 20.00 | 0.034 — — —
Procladius ferrugineus 2.34 99.17 | 0.118 — — —
Procladius sp. 0.02 6.67 0.004 — — —
Prodiamesa olivacea 0.01 1.67 0.004 — — —
Psectrotanypus varius 0.08 13.08 | 0.063 - — -
Paratanytarsus confusus 0.01 4.17 0.001 0.066 0.02 | 0.089
Paratanytarsus sp. 0.07 8.08 0.003 0.174 0.06 | 0.235
Stictochironomus histrio 0.11 36.67 | 0.017 1.039 0.36 | 1.403
Stempellina bausei 0.00 1.67 0.001 0.051 0.01 | 0.068
Symposiocladius lignicola 0.00 0.83 0.001 0.041 0.01 | 0.056
Tanypus kraatzi 0.02 6.67 0.008 — — —
Tanypus punctipennis 0.00 0.83 0.004 - — —
Tanytarsus gr. gregarius 1.01 68.33 | 0.037 2.179 0.76 | 2.941
Tanytarsus sp. 2.14 242.5 | 0.045 3.638 1.27 | 4911
Thienemannimyia sp. 0.05 5.83 0.006 - - -
Zavrelia pentatoma 0.00 0.83 0.001 0.041 0.01 | 0.056
Dicranota bimaculata 0.00 1.67 0.016 — — —
Sialis lutaria 0.47 52.75 | 0.328 — — —
Sialis sp. 0.01 2.50 0.008 — — —
Simulium sp. 0.01 2.25 0.001 — — —
Tabanus sp. 0.03 3.33 0.041 — — —
Baetis rhodani 0.01 4.17 0.003 0.296 | 0.10 | 0.400
Centroptilum luteolum 0.02 2.75 0.003 0.271 0.09 | 0.366
Centroptilum sp. 0.04 12.50 | 0.003 0.299 | 0.10 | 0.404
Caenis macrura 0.01 3.33 0.003 0.282 0.09 | 0.381
Ephemera vulgata 0.02 4.17 0.076 3.441 1.20 | 4.646
Ephemerella ignita 0.01 3.33 0.018 1.037 | 0.36 | 1.401
Leuctra fusca 0.01 1.67 0.003 0.207 0.07 | 0.279
Nemoura cinerea 0.00 0.83 0.001 0.076 0.02 | 0.102
Cyrnus flavidus 0.01 2.50 0.006 0.377 | 0.13 | 0.509
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IIponoskenue Tadaunbl 16.

1 2 3 4 5 6 7
Phryganea bipunctata 0.00 0.83 0.001 0.063 0.02 | 0.085
Psychomia pusilla 0.01 2.50 0.006 0.377 | 0.13 | 0.509
Haliplus ruficollis 0.01 2.5 0.004 — - —
Haliplus sp. 0.00 0.83 0.001 — — -
Ochthebius sp. 0.00 0.83 0.002 — — —
Hydrida 0.02 8.33 0.004 - — -
Bcero - 2829.5| 4.768 | 133.511| 46.7 | 180.24
Jlons XumHuKoB, % - 11.6 15.0 - — -
Yucio BugoB — 99 WNunexc paznoobpazus lllennona — 3.61 6ut/3x3.

[TonydyeHHble JaHHbIE IO COCTaBJAIOIIMM OanaHca SHEPrUM H3YYEHHBIX OHOLIEHO30B
(taba. 17, 18) nmokazanu, yto coobiectBa p. Konokia Ha OTEIbHBIX CTAHIUAX XapaKTepU3yrTCs
O0NbIIMMHU UX a0COJIIOTHBIMU BEJIMYMHAMM, YEM COOOIIECTBA MPUTOKOB. DTH OMOLEHO3bI MOXKHO
Ha3BaTh Oosjee »sHeproemMkuMu. HaumOGonbiime 3HaYeHWs] NPOAYKUMH, TpaT Ha OOMEH u
ACCHMUJIMPOBAHHOM 3HEPruM OTMEUEHbl Ha ydacTke Huxke I. FOpbeB-Ilonbckuil 1is 610LIEHO30B
c IpeobJialaHueM OJIMTOXeT, a TAaKKe Ha CTAaHIUHM BBIIIE TOpoja JUIsl OMOLIEHO3a OJIUTOXETHI
Limnodrilus hoffmeisteri — xuponomunbl Procladius ferrugineus, KOToOpble O BCEM IOKa3aTEIsAM
XapaKTEPU3YIOT 3arpsiI3HEHHBIE BOABI.

[lon BiMsSHMEM MOCTYHAIOLIErO B BOJOEM 3arps3HEHUs] B COOOIIECTBAX JOHHBIX JKUBOTHBIX
IPOUCXOJAT CTPYKTYpHbIE U (DYHKLIMOHAJIbHBIE U3MEHEHUsI, KOTOPbIE€ BBIPAXKAIOTCS B YIPOIIEHUU
CTPYKTYpBI cOOOIIECTBA (CHUXKAETCS BEJIMYMHA MHJIEKCAa BHJIOBOI'O pa3HOOOpas3us), B YBEIUUYEHUU
O6uoMacchl TOHHBIX )KMBOTHBIX, UX NMPOIYKIMH, aCCHMUIMPOBAHHONW SHEPrUH, TpaT HA OOMEHHbIE
IIPOLIECCHI.

Tadauma 17. CrTpyKTypHBIE XapaKTePHCTUKH W COCTABIIAIONIME HHEPreTHYECKoro OanaHca
(kan/cyT.-M?) GeHTOCa B CpelaHeM Ul 6 CTaHIuWii PyCloBBIX ydacTKoB p. Komokma (urosb).
Table 17. Average structural characteristics and components of the energy balance (cal/day-m?)

of benthos for 6 stations of the channel sections of the Koloksha River (July).
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1 2 3 4 5 6 7
Euglesa acuminata 0.03 3.33 0.013 | 0.251 | 0.08 | 0.338
Euglesa casertana 0.02 5.00 0.008 | 0.172 | 0.06 | 0.232
Euglesa (Hensloviana) henslowana 0.5 35.00 0.050 | 1.047 | 036 | 1414
Euglesa (Cingulipisidium) nitida 0.02 3.33 0.008 | 0.165 | 0.05 | 0.222
Euglesa ponderosa 0.01 1.67 0.007 | 0.125 | 0.04 | 0.169
Euglesa subtruncata 0.02 3.33 0.01 0.194 | 0.06 | 0.262
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1 2 3 4 5 6 7
Euglesa sp. 0.50 105.00 | 0.032 | 0.781 | 0.27 | 1.054
]n\; oo f;j}f;‘ﬂbfzdh”e”p isidium) 0.09 6.67 | 0.028 | 0.529 | 0.18 | 0.714
Neopisidium torquatum 0.01 1.67 0.002 | 0.036 | 0.01 | 0.049
Pisidium amnicum 0.66 46.67 1.965 | 28.846 | 10.0 | 38.942
Sphaerium rivicola 0.01 1.67 0.05 0.761 | 0.26 | 1.027
Lymnaea sp. 0.02 5.00 0.008 | 0.404 | 0.14 | 0.545
Valvata sp. 0.05 5.00 0.003 | 0.203 | 0.07 | 0.274
Helobdella stagnalis 0.67 355 0.042 — — —
Nematoda 0.01 1.67 0.002 | 0.001 | 0.00 | 0.001
Oligochaeta 35.2 1492.10 | 1.205 | 61.245 | 21.4 | 82.681
Ceratopogonidae 0.28 20.00 0.008 — — —
Acricotopus sp. 0.02 5.00 0.002 | 0.114 | 0.04 | 0.153
Chironomus plumosus 1.35 95.50 0.48 | 14907 | 5.21 | 20.124
Cladotanytarsus mancus 0.92 65.00 0.015 | 1.138 | 0.39 | 1.537
Clinotanypus nervosus 0.01 1.67 0.002 — — -
Corynoneura sp. 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Cryptocladopelma armeniacus 0.01 1.67 0.002 | 0.083 | 0.02 | 0.112
Cricotopus gr. algarum 0.03 5.50 0.003 | 0.191 | 0.06 | 0.258
Cricotopus bicinctus 2.38 168.33 | 0.047 | 3.358 | 1.17 | 4.533
Cricotopus gr. sylvestris 0.52 36.67 0.022 | 1.252 | 043 1.69
Cricotopus sp. 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Cryptochironomus gr. defectus 0.09 6.67 0.01 — — -
Cryptochironomus gr. fuscipes 0.02 3.33 0.002 - - -
Eukiefferiella claripennis 0.03 6.67 0.002 | 0.124 | 0.04 | 0.167
Eukiefferiella gr. gracei 0.04 8.33 0.005 | 0.288 | 0.10 | 0.388
Harnischia curtilamellata 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Microchironomus tener 0.09 20.00 0.002 | 0.170 | 0.05 | 0.229
Micropsectra curvicornis 0.01 1.67 0.002 | 0.083 | 0.02 | 0.112
Microtendipes pedellus 1.16 81.67 0.158 | 6.482 | 2.26 8.75
Nanocladius bicolor 0.03 6.67 0.002 | 0.124 | 0.04 | 0.167
Orthocladius oblidens 23 162.17 | 0.025 | 2.133 | 0.74 | 2.879
Orthocladius sp. 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Orthocladius clarkei 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Paratendipes albimanus 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Parachironomus arcuatus 0.02 5.00 0.005 | 0.248 | 0.08 | 0.335
Paracladius conversus 0.01 1.67 0.002 | 0.083 | 0.02 | 0.112
Paracladius sp. 0.03 6.67 0.002 | 0.124 | 0.04 | 0.167
Polypedilum breviantennatum 0.42 45.00 0.010 | 0.767 | 0.26 | 1.036
Polypedilum convictum 0.01 1.67 0.002 | 0.083 | 0.02 | 0.112
Polypedilum nubeculosum 0.75 53.33 0.078 | 3.476 | 1.21 | 4.692
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IIponoskenue Tadaunbl 17.

1 2 3 4 5 6 7
Paralauterborniella nigrohalteralis 0.11 11.67 0.003 | 0.238 | 0.08 | 0.321
Procladius choreus 0.02 5.00 0.010 - - —
Procladius ferrugineus 1.70 120.00 | 0.172 - - —
Procladius sp. 0.06 13.33 0.008 — — —
Psectrotanypus varius 0.03 6.17 0.033 — — —
Paratanytarsus confusus 0.04 8.33 0.002 | 0.132 | 0.04 | 0.178
Paratanytarsus sp. 0.23 16.17 0.005 | 0349 | 0.12 | 0.471
Stictochironomus histrio 0.35 73.33 0.033 | 2.078 | 0.72 | 2.806
Stempellina bausei 0.02 3.33 0.002 | 0.101 | 0.03 | 0.136
Tanypus kraatzi 0.06 13.33 0.017 — — —
Tanytarsus gr. gregarius 0.23 48.33 0.03 1.709 | 0.59 | 2.307
Tanytarsus sp. 4.56 483.33 | 0.088 | 7.173 | 2.51 | 9.683
Thienemannimyia sp. 0.17 11.67 0.012 — — —
Sialis lutaria 0.46 48.80 0.498 — — —
Simulium sp. 0.02 4.5 0.002 — — —
Baetis rhodani 0.04 8.33 0.007 | 0.592 | 0.20 0.8
Centroptilum luteolum 0.01 2.17 0.002 | 0.149 | 0.05 | 0.202
Centroptilum sp. 0.12 25.00 0.005 | 0.598 | 0.20 | 0.808
Caenis macrura 0.03 6.67 0.007 | 0.565 | 0.19 | 0.762
Ephemerella ignita 0.03 6.67 0.035 | 2.075 | 0.72 | 2.801
Leuctra fusca 0.01 1.67 0.002 | 0.151 | 0.05 | 0.204
Nemoura cinerea 0.01 1.67 0.002 | 0.151 | 0.05 | 0.204
Cyrnus flavidus 0.02 5.00 0.012 | 0.754 | 0.26 | 1.018
Phryganea bipunctata 0.01 1.67 0.002 | 0.126 | 0.04 0.17
Coleoptera 0.00 0.5 0.013 — — —
Haliplus ruficollis 0.02 5.00 0.008 — — —
Haliplus sp. 0.01 1.67 0.002 — — —
Hydrida 0.08 16.67 0.008 — — —

Bcero — 3532.5 | 5.347 | 147.531 | 51.6 | 199.166
Homnst xumnaukoB (%) — 8.88 15.8 — — -
Uwucino Bugos — 74 Wnnexc paznoobpazus lllennona — 3.59 6ut/>x3.

Takum oOpa3zom, OUHAMHKY YHCIEHHOCTH M OmomMacchl cooOmiecTB OeHToca p. Komokmia
U ee IPUTOKOB B OOINBIICH Mepe OMpeAeNsioT OCOOCHHOCTH Pa3BUTUS XUPOHOMHJ H OJIUTOXET,
JOMHHUPYIOIIMX B BOAOTOKAX B MEPUOJT UCCICIOBAHUA.

BunoBoii cocraB, cTpykTypa, 0ajgaHC SHEPruM JOHHBIX COOOIIECTB B PEKE CBUACTEIBCTBYIOT
0 TOM, YTO €€ ydacTKu BbIme ¥ Hwke T. KOpbeB-Ilonbckuit (0cOOEHHO HUXKE BMAJACHUS MPUTOKA
p. I'3a) XxapakTepusyroTCsi HaKOIJIEHUEM 3arpsi3HSIIOLIMX BELECTB, KOTOPhIE OKAa3bIBAIOT 3aMETHOE
JIOKaJbHOE BO3JeiicTBUE Ha BojgoeM. Takue mpuToku, kak pp. Kyuka m Cera, He OKa3bIBalOT
CYLIECTBEHHOTO BJMSHUSA Ha TMporecchl  (QyHKIMOHHPOBAHHUS  JKOCHUCTEMBL.  3HAUYCHHUS
HPHEPreTUYECKUX MOKa3aTesIel Ha CTAHIUAX BhIIMIE M HIKE 1oc. CTaBPOBO HE MPEBBIIIAIOT TAKOBHIC
B YCThEBBIX ydacTKaxX MPUTOKOB, PACIIOJIOKECHHBIX BhIMIE. MIMeromuecss B HalIeM paciopsKEHUH
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TUJIPOXMMHYECKHX  HMCCIEIOBAaHUI

CBUACTCIIbCTBYIOT

OMOTEeHHBIX DJIEMEHTOB BOJOTOKOB.
Pe3ynbTathl HCccnenoBaHU COTNIACYIOTCS C TUTEPATYPHBIMU CBEIEHUSMHU, TOATBEPXKIAIOIIUMU, YTO
COO0IIIeCTBA JIOHHBIX YXUBOTHBIX MOTYT OKa3bIBaTh CYIIECTBEHHOE BIMSHHE Ha OHMOIOTHYECKOE
pa3HooOpasue, CTPyKTypy, JUHAMHUKY W TMPOAYKTUBHOCTh Oojiee HM3KUX TPOPHUUECKUX YPOBHEH,
a TaKKe MPOJYKTUBHOCTh M KPYTOBOPOT BEIECTB B SKOCHUCTEME B IEJIOM dYepe3 TpaHCHOpMAIIHIo
SHEPTUU U TPAHCIIOKaIHI0 OnoreHHbIX aneMenToB (bamymkuna, 2003; [Imutpues u ap., 2016).

Tab6auua 18. CTpyKTypHBIE XapaKTEpUCTHUKH M COCTABIISIIONIME HHEpPreTHdeckoro OasaHca
(kan/cyT.-M?) Makpo3000€HTOCa B CpeJHEM Ui 6 CTaHIMil YCTHEBBIX YYaCTKOB IIPUTOKOB
p. Konokma (utons). Table 18. Average structural characteristics and components of the energy
balance (cal/day-m?) of macrozoobenthos for 6 stations at the mouth of the Koloksha River

tributaries (July).

z 5 = E: - 2]
, B 5. = s | E%| £%
22 | §%| ¢ | S| §i| E:
HaunMeHOBaHMe BUI0B = £ = 3 > = \Z‘ = §‘ E 5’
= £ S o z Z 3 2=| 53
= | 5| 5| 2P| 5F &F
= =
1 2 3 4 5 6 7
Amesoda scaldiana 0.03 3.33 0.07 1.105 0.38 1.492
Euglesa casertana 0.01 1.67 0.008 0.153 0.05 0.207
Euglesa dupuiana 0.04 5.00 0.025 0.459 0.16 0.62
Z‘f;lejfwff;”m”“”") 005 | 667 | 0030 | 0557 | 019 | 0.752
Euglesa (Cingulipisidium) nitida 0.13 8.33 0.012 0.245 0.08 0.331
Euglesa ponderosa 0.16 10.00 0.068 1.214 0.42 1.639
Euglesa sp. 0.01 1.67 0.050 0.761 0.26 1.027
Neopisidium torquatum 0.01 1.67 0.002 0.036 0.01 0.049
Pisidium amnicum 1.06 45.00 1.050 16.400 5.74 22.139
Pisidium inflatum 0.01 1.67 0.035 0.553 0.19 0.746
Acroloxus lacustris 0.03 3.33 0.075 1.896 0.66 2.56
Bithynia tentaculata 0.05 6.67 0.007 0.367 0.12 0.496
Glossiphonia complanata 0.03 3.33 0.003 — — —
Helobdella stagnalis 0.04 5.00 0.008 — — —
Oligochaeta 56.5 | 1201.60 | 1.168 56.689 19.8 76.53
Ceratopogonidae 0.98 41.67 0.032 — - —
Acricotopus lucens 0.01 1.67 0.003 0.135 0.04 0.183
Brillia gr. modesta 0.18 23.33 0.013 0.778 0.27 1.05
Chironomus plumosus 1.68 71.67 0.560 15.302 5.35 20.658
Cladotanytarsus mancus 0.05 6.67 0.002 0.124 0.04 0.167
Cricotopus bicinctus 0.10 6.67 0.003 0.202 0.07 0.273
Cricotopus gr. sylvestris 0.31 20.00 0.010 0.606 0.21 0.819
Cricotopus gr. tremulus 0.07 8.33 0.005 0.288 0.10 0.388
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IIponoskenue Tadaunbl 18.

1 2 3 4 5 6 7
Cryptochironomus gr. defectus 0.01 1.67 0.005 — — —
Epoicocladius sp. 0.01 1.67 0.002 — - -
Eukiefferiella claripennis 0.04 5.00 0.002 0.114 0.04 0.153
Harnischia curtilamellata 0.03 3.33 0.002 0.101 0.03 0.136
Microtendipes pedellus 0.71 45.00 0.053 2.518 0.88 3.400
Monodiamesa bathyphila 0.61 78.33 0.018 — — -
Nanocladius bicolor 0.13 8.33 0.003 0.216 0.07 0.291
Nanocladius gr. balticus 0.01 1.67 0.002 0.083 0.02 0.112
Orthocladius oblidens 0.04 5.00 0.005 0.248 0.08 0.335
Pagastia sp. 0.01 1.67 0.002 - — -
Paracladopelma gr. camptolabis 0.01 1.67 0.002 0.083 0.02 0.112
Paracladius conversus 0.18 11.67 0.018 0.798 0.27 1.077
Polypedilum nubeculosum 1.96 83.33 0.075 3.836 1.34 5.178
Polypedilum scalaenum 0.55 70.00 0.022 1.51 0.52 2.039
Procladius choreus 0.55 35.00 0.058 — — —
Procladius ferrugineus 3.07 78.33 0.063 — - —
Prodiamesa olivacea 0.05 3.33 0.008 — - —
Psectrotanypus varius 0.16 20.00 0.092 - — -
Symposiocladius lignicola 0.01 1.67 0.002 0.083 0.02 0.112
Tanypus punctipennis 0.01 1.67 0.008 - — -
Tanytarsus gr. gregarius 2.77 88.33 0.043 2.643 0.92 3.567
Tanytarsus sp. 0.01 1.67 0.002 0.083 0.02 0.112
Zavrelia pentatoma 0.01 1.67 0.002 0.083 0.02 0.112
Dicranota bimaculata 0.03 3.33 0.032 — — -
Sialis lutaria 0.44 56.67 0.157 — — -
Sialis sp. 0.04 5.00 0.017 — — —
Tabanus sp. 0.16 6.67 0.082 — — —
Centroptilum luteolum 0.03 3.33 0.005 0.388 0.13 0.524
Ephemera vulgata 0.13 8.33 0.152 6.882 2.40 9.291
Leuctra fusca 0.01 1.67 0.003 0.258 0.09 0.348
Psychomia pusilla 0.04 5.00 0.012 0.754 0.26 1.018
Ochthebius sp. 0.01 1.67 0.003 — — —

Bcero — 2126.60 | 4.19 118.549 414 | 160.041
Honst xutaukoB (%) - 16.20 14.0 - — -
Uwucio BugoB — 55 WNunekc paznoobpasus [llennona — 2.98 6ut/3x3.

[IpoBenennbie pacuetsl (Tadi. 17, 18, 20) mokaszanu, 4TO €KECYyTOYHO JTOHHBIMH >KHBOTHBIMH
norpebasercs 0.5-1.3% B pexe u 0.2-4.3% B nputokax oT ooO1iero koaudecrsa OB B cTos0¢ BOBI
nax 1 M2 Ilpu 5TOM mpolecc caMOOUHMIIEHHs GOJIEE HHTEHCHBHO TPOSBIISETCA Ha YYaCTKAX BBILIE
r. IOpbeB-Ilonbckuit u Hwke noc. CtaBpoBo. B mpUTOKax akTUBHO MAYT MPOLIECCH ACCUMUIISALMN
OB -8 ycree p.Kyuka (4.34%) u B p.Toma (4.33%). OcoOGeHHo OombIIOe 3HAYECHUE IS
MeTaboaM3Ma BOJOEMOB HMEET >KM3HEIEATENbHOCTh JOHHBIX JerpuTodaroB. Munepamusys OB,
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[OCTyHaKollee Ha JHO, OHU CIOCOOCTBYIOT €ro BO3BpAIIEHUIO B OHOTHYECKHM KpyroBOpOT,
B 3HAUMTEIBHON CTENEHW OMpEAeNsisi «BHYTPEHHIOI» HArpy3Ky OHMOTCHHBIX BEIECTB Ha BOJOEM.
B Hactosimee BpeMsi yOeAMTENbHO MMOKa3aHO, YTO B BOJOEMax, e JOHHAas ¢ayHa OCTHUTaeT
OOJBIIOr0 KOJTMYECTBEHHOI'O PAa3BUTHS, €€ BKIJIAJ B MUHEPAIM3ALUIO0 JOHHBIX OTJIOKEHUH MOXKET
CHIILHO MPEBOCXOINUTH UX MUHEpaIH3aIuio 3a cuer 6akrepuii (I'omyokoB u np., 2020). UHTeHCHBHOE
3arpsisHeHrne OB 3akoHOMEpHBIM 00pa3oM BIHSET Ha CTPYKTYPY B (YHKIIMOHUPOBAHHE 3000€HTOCA,
yYBEIMUYMBasi OMOMACCy M IMOTOK YHEPTUHU Yepe3 COOOIIeCTBA JOHHBIX KUBOTHBIX. [Ipr 7TOM B JJOHHBIX
coo0I1IecTBax Pe3KO BO3PAcTaeT pojib MAJOIIETHHKOBBIX YEpBEH, CHM)KAETCS 3HAauyeHHe JMYMHOK
aM(puOUOTUYECKNX HACEKOMBIX, YMEHBIIAIOTCS BUAOBOE OOraTtcTBO, OMOJOTHYECKOE pa3sHOooOpasue
3000eHTOCa ¥ A(PPEKTHBHOCTh TMEpeavyd SHEPTHH MEXKIYy TPOGUUECKHMMH YPOBHSIMH IEPBHYHBIX
Y BTOPUYHBIX KOHCYMEHTOB. PaccunTanHbie (yHKIIMOHAIbHBIE MTOKA3aTENN CBUIECTEIILCTBYIOT O TOM,
4yT10 OEHTOC, Hampumep, B yctbe p. Toma, accumumupyeT 10 44.7% OB B IPHIOHHOM CIIO€ BOJIBI
(5cm Hax 1 M?) OT KomMYecTBa OPraHUKHM BO BCEM CIOE BOJBI, YTO COMOCTABMMO C JAHHBIMH
(Amumos, 1989) 1o y4acTuro 300IIaHKTOHA B CAMOOYHIIICHUN BOJIBI.

Ta6auua 19. KauectBo Bon 6acceitna p. Konokia Ha ocHOBE ruIpoOMOIOrHYECKUX MMOKa3aTenen
C HCIIOJIb30BAHMEM HWHJEKca pa3zHooOpasus IllenHoHa, OwoTHYeckoro WHIEKca BynuBucca
u ko3punuenta [lapene. Table 19. Water quality of the Koloksha River basin based on
hydrobiological indicators using the Shannon diversity index, the Woodiwiss biotic index and the
Parele coefficient.

HNupexc lllennona| Koadppuuuent [Mapene D1* | Knace uyncrorsl Boa
CraHnuu (Shannon), 1o OMOTHYECKOMY
Hn, 0ut/3K3. D1 Ka4eCTRO BOJLI** uHAekcy BynuBucca
Ucrok p. Konokmia 2.10 - - II
p. Konokua, Bertie . 2.86 0.42 | cmabo 3arps3HEHHAS II-IT1
r. FOpneB-Ilonbckuit
p. I'3a, yctbe 2.79 0.44 | cmabo 3arpsi3HEHHAs II
. Komokmra, ark
> }OOI;:;B_S’O - 1.43 0.78 rps3Has -1V
p. Cera, ycTbe 1.08 0.83 rps3Has A"
p. Kyuxka, yctbe 2.21 0.53 3arpsA3HEHHAs II-I11
p. Toma, yctbe 2.16 0.61 3arps3HeHHast I
p. Cemura, yctbe 3.56 0.09 qUCTast v
p- Konokuia, peitie 3.00 0.32 YCJIOBHO YHCTast II
. CraBpoBO
p- Koxokuua, ke 3.56 0.04 ancras v
. CtaBpoBO
p. Konouka, yctee 2.99 0.33 YCJIOBHO YHCTast 111
p. Konokia, yctee 0.77 0.88 rpsi3Hast II-1v

I[Ipumeuanne k Tadauue 19: *DI1 — sto O/B, rae O — uncneHHocTh onuroxer, B — cymmapHas
YUCIICHHOCTh OeHTOCa; ** — kylaccuPukalus KadecTBa BOJ 10 OMOTHYECKOMY MHIEKCY: | — OueHb
yuctsle, [I — unctele, 11l — ymepenno 3arpssHennsie, [V — 3arpsasHennsie, V — rpsasasle, VI — odueHb
rpsizabie. Note to Table 19: *D1 — this is O/B, where O is the number of oligochaetes, and B is the
total number of benthos; ** — classification of water quality by biotic index: I — very clean, II —
clean, III — moderately polluted, IV — polluted, V — dirty, VI — very dirty.
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Tadnauna 20. KoaxpduumenTts! a1 pacuera HHTEHCUBHOCT 0OMEHa TAKCOHOMHYECKUX I'pyIi OeHTOoca.
Table 20. Coefficients for calculating the intensity of exchenge of taxonomic groups of benthos.

TakcoHOMUYeCKas rpynna a b N CcTOYHUK TaHHBIX
OnuroxeTsl 0.105 0.750 JI.B. Kammoxk (1974)
[Tonenku 0.235 0.785
Becusaku 0.227 0.770 C.M. TI'oy6koB (1984)
Pyuelinuku 0.263 0.818
Mouttock OproXoHOTHe 0.120 0.750 I'.I". Bun6epr, 0.C. bensmxkas (1958)
Mouutrocku ABYyCTBOpYATHIE 0.129 0.895 A.®. Anmumos (1975)
XUPOHOMU/TBI 0.082 0.710 E.B. banymkuna (1987)

PacuerHbie 1aHHBIE CBUAETENBCTBYIOT O TOM, YTO B MPOIIECCAX CAMOOYHUIIEHUsI 00Jiee aKTUBHO
Y4acTBYIOT JOHHbIE COOOIIECTBAa YMEPEHHO 3arpsi3HEHHBIX U 3arpsA3HEHHBIX y4YacTKOB (CTBOpP
p. Konokma Bbimie 1. FOpbeB-Ilonbckuii, Huke mnoc. CtaBpoBo, yctbsi pp. Kyuka u Towma).
Opnaxo B ycTbe peku (kiacc kadectBa — III-IV) akTuBHOCTH OeHTOCa TOPMO3UTCS MpolieccaMu
sBTpodupoBanusd. Accumuisanus OB 3a cytku coctaBuina Bcero 0.04%.

HNuTeHcuBHOCTh ycBOeHMsI opraHuzMamMu OeHToca OB (mpu comocTaBieHUH KOJIMYECTBA
accuMuiimpoBaHHoro OeHtocom OB Ha mnpupoct OuomMacchl U JbIXaHME C BeJIMYMHAMU
nerkookucisgemoro OB BIIKs) 3a cyrku cocraBnsger B p. Konokma ot 1.8% B yctee 10 18.7%
Ha yyacTtke Bbime T. KOpweB-Ilonbckuii, 4TO COMOCTAaBUMO, HAmpuUMeEp, C >KU3HEHEATEIbHOCTHIO
Oakrtepwuii B 3BTpodHBIX 03epax ([IpadkoBa, 1984). TeHneHIIMS Ha CHIDKEHUE YACIbHOW aKTHBHOCTH
JIOHHBIX JKMBOTHBIX TIPU YBEIMYEHUU OOIIEr0o © JIETKO YycBosieMoro koiudectBa OB,
yCTaHOBJIEHHas: HaMu B ycThsX pp. Komnokma u Cemura, Huxke r. FOpbe-Ilonbckuii, xapakrepHa
JUIS BOZOEMOB MOBBIIIEHHOr 0 Tpoduueckoro cratyca (Ilomos, 2020).

W3BectHO, 4TO B BOOEMaxX, OJIUM3KUX MO YPOBHIO TPO(UU K ME30TPOGHBIM U OIUTOTPOPHBIM,
OB, obpa3oBanHoe B mporecce (OTOCHHTE3a (PUTOIMIIAHKTOHOM U BBICIICH pPaCTUTENBHOCTHIO,
MOYTH TIOJTHOCTBIO YCBAaMBAETCS 0AKTEPHOIUIAHKTOHOM, 300ILIAHKTOHOM, OeHTocoM. B Bomoemax,
cxonHbIX 1o koiuuectBy OB ¢ »BTpodHBIMH BomoeMaMmu, OakTepuH HUCHONb3yIoT juib 30-50%
obpazoBannoro OB (/IpabkoBa, 1984).

HaunbGonee BbIcOKa HMHTEHCUBHOCTh YCBOGHMsI cooOmectBoM OeHToca B p. Komokma
MOCTYIAIOMIETO € MPHUTOKAMHU JIETKOOKHCIIeMoro Ouoxumudecku axtuBHoro OB, koropas
coctaBiseT 18.7-28.5% (ctBopbl p. Kyuka u Bbime r. FOpneB-Ilonbckuii). Bricokue mokazatenu
YAENbHON AaKTMBHOCTH JOHHBIX JKMBOTHBIX XapaKTepHbl JUIA YHCJIEHHOCTH OPraHu3MOB
3.5 thIc. 9K3./M? 1 BITKs = 1.19 Mr Oa/n.

MuHuMabHBI TOKA3aTeNd CaMOOYHILEHHs pekH B ycThsaX pp. Cemura u Konokma (0.04-1.15%
ot yrruumzanuu obdmero OB u 1.8% nerkookucisiemoro OB).

Takum o6pazom, p. Kosokma OTHOCHTCS K TUIIUYHBIM PAaBHHUHHBIM PEKaM, WCHBITHIBAIOIIM
BIIUSIHUE XO3SIMCTBEHHOTO M PEKPEAlMOHHOTO HMCIOJb30BaHMs. HeraTMBHBIE TOCIENCTBUS 3TOTO
BIIUSIHUS BBIPA3WINCh B AHTPOIOTCHHOM IBTPOPHPOBAHUH BOJOTOKA C YXYAIICHHEM KaduecTBa BOJI
U TpaHcpopManmel JOHHBIX OMOILIEHO30B. BHIOBOM cocTaB, CTPYKTypHOE pa3HOOOpasme,
(byHKIMOHANBHBIE XapaKTePUCTUKH U SKOJOTHYECKasi POJIb MAaCCOBBIX BUIOB OTPAXKAIOT COCTOSHHE
OCHTOIICHO030B, HCIBITHIBAIOIINX aHTPOIIOT'€HHOE BO3/IeHCTBUE.

BriBoabI

B cocraBe MOHHBIX OHMOIIEHO30B YCTaHOBJIEHO 99 BUIOB M TAKCOHOB JOHHBIX YXUBOTHBIX.
JIOMMHUPYIOIIUMH 110 4HMCITy BHAOB (55 BHMIOB M TakCOHOB) W wuMcieHHOCTH (1624 5k3./m?)
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ABISIOTCS TMUMHKK xupornomun. Cpennss 6uomacca GeHToca cocrasiser 5.34 r/m?.

I'unposnoro-ruipoxumMmueckue 0co0EHHOCTH (HU3Kasi IPOTOYHOCTh PEKU, 3aperyIupOBaHHOCTD
croka, HakoruieHne OB, NPUBHOC 3HAYUTENHHBIX KOJWYECTB HPOMBIIIICHHO-OBITOBBIX CTOKOB)
OKa3bIBAIOT CYIICCTBEHHOE BJMSHUE Ha (opMHpOBaHHE OeHTO(MAayHbI W €€ pacHpeaesieHue Io
BOJIOTOKaM OacceliHa peKHu.

OT uCTOKA K YCTBIO PEKH MPOUCXOTUT OOCTHEHUE BHIOBOT'O COCTABA, CHIDKEHUE YHCICHHOCTH
1 OMOMAacCHI, a CIeA0BATEIbHO, U TPOYKIIMOHHBIX BO3MOXHOCTEH 3000eHTOCa. OCOOCHHO CHIIBHO
BIIMSIHME 3arpsi3HEHUS] CKa3bIBA€TCS Ha ydacTKax peKu Mocje BHaJeHus MpuToka p.['3a u B ycTbe
p. Konokmia, BbI3bIBas HapylleHHE CTAaOMIbHOCTH (YHKIIMOHUPOBAHUS JOHHBIX COOOIIECTB.
B 311X yyacTkax peku CIIOCOOHOCTh K CaMOOYMILEHUIO MPU BO3IEUCTBUU T'MAPOOMOHTOB MAJacT,
CKOPOCTb YTUJIM3AIlUU IOHHBIMH KUBOTHBIMH OPraHMUYECKOI0 BEIECTBA CYIIECTBEHHO CHIXKAETCH,
YTO MIPUBOJUT K €r0 aKKyMYJISIIUH.

Ilon  BiusHUEM  3arps3HEHUsT  NPOUCXOOUT  HU3MEHEHHE  CTPYKTYphl  COOOIIECTB,
JOMUHUPYIOIIUMH CTaHOBATCA oJuroxersl. ComocTaBieHHE KOJIMYECTBA ACCHMHJIMPOBAHHOIO
JOHHBIMHM KUBOTHBIMU OpraHuyeckoro BemectBa ¢ BenuuuHamu bBIIKs mamo Bo3moxxHOCTB
OIpeeUTh MHTEHCUBHOCTh YCBOEHMsI OeHTOcoM Jierkookucisiemoro OB. ExecyTouHo nOHHBIE
XKUBOTHbIE ycBauBaroT 10 18.7% B p. Konokma Beime r. FOpbseB-Ilonsekuit u 1o 28.5% B yctbe
p. Kyuka Ouoxumuuecku aktuBHoro OB, 4TO comoctaBUMO € JE€STEILHOCTHIO 300IUIAHKTOHA
B IIPOIlECCaX CAMOOYMILIEHUS BOJOEMOB. MUHHMANbHBIE IIOKa3aTeld CaMOOUYHUIICHUS PEKU
3auxcupoBansl B ycThsax pp. Cemura u Konokmra (0.04-1.15% ytummuszanuu obmero OB, 1.8% —
nerkookucisiemoro OB).

VYcBoenue 6enrocoM OB M ero akkyMmyssius MHIYLHHPYIOTCS MPOLIECCOM AHTPONOTE€HHOr O
3BTpO(UPOBAHNUS 110]] BO3AEHCTBUEM 3arpsi3HEHHBIX BOJI, TOCTYNAIOIIUX C IPUTOKAMH.

buonieno3sl OGeHTOCA MOryT paccMaTpuBaThCs KaK HaJEXKHbIE IMOKa3aTeld KauecTBa BOJbI
U UTPaTh CYIIECTBEHHYIO POJIb B MPOIECCaX CAMOOYHIIEHHUSI BOJ, OCOOGHHO €CITM paccMaTpUBATh
WX BJIMSHUE HA PUIOHHBIE CJIOU BOJBI.

KommnekcHast omeHka kadecTBa BOJ IOKa3aja, YTO BIUSHUE MOCTYMAIOUMX 3arpsi3HEHUM
Hauboee 3HAUUTENbHO CKa3bIBAETCA HAa THIPOOHOJIOrMUYECKOM COCTOSIHUM PEKH Ha ydacTKaxX HUXKe
r. FOpbeB-llonsckuit, Huxe noc. CtaBpoBo, B ycThsix pp. Konokma, Cera u Cemura.

C yBenuueHueM YpOBHS TPO(PHOCTH Ha OTJAETBHBIX ydacTKaX PEKH 3HAYUTEIHbHO BO3pacTaeT
KoHIeHTpauuss OB, onpenensemas no BelMYMHE OMXPOMATHON OKUCIISIEMOCTH U IO COAECPKAHHIO
OMOXMMHUYECKN aKTUBHBIX OPraHUYECKUX COEAUHEHUU, O KOTOPBIX MOXXHO KOCBEHHO CYIUTBH IO
BEIMYMHE OMOXMMMUYECKOro norpedieHus kuciopoga. K rakum yuyacrkam otHocsatcs p. Komokiia
Hwke r. IOpoeB-Ilonbekuit u ee ycrbe, ycths pp. [3a um Cemura, e yaenbHash akTHBHOCTb,
MHTEHCHUBHOCTh YCBOCHHMSI IOHHBIMH kMBOTHBIMU OB pe3ko magaer.

JloHHBIE >KMBOTHBIE, Ja)K€ B OTCYTCTBHE JAHHBIX MO JPYTMM 3BEHbSIM TpOo(pUUECKOH Ienu
BOJIOEMa, UT'PAIOT CYLIECTBEHHYIO POJIb B MPOIECCaX CAMOOYUINEHUS BOJ U SBISIOTCA JOCTATOYHO
HaJeKHBIM I10Ka3aTeIeM KauyecTBa BOJIbI.

Qunancuposanue. PaboTa BHITIOTHEHA COTPYIHUKAMHU J1a00paTOPHH TUAPOOHONIOTHH B paMKaXx
rocygapctBeHHoro 3aganusg Munoopnayku Poccum ans CamHI[ PAH no teme Ne FMRW-2025-
0046 «BiusHHEe U3MEHEHHI MPUPOIHO-KIMMATHYECKUX YCIOBUM HA COCTOSIHHE OMOpPa3zHOOOpa3us
1 QYHKIIMOHUPOBAHUE TPUPOIHBIX W aHTPOIOTCHHO-U3MEHEHHBIX SKOCHCTEM» H JIabopaToOpuu
uccinenoBanus skocucteM 1o teme Ne FMRW-2025-0047 «KommiiekcHasi OLIEHKA COCTOSIHUSA
OMOJIOTUYECKHUX PECYPCOB M MOHUTOPHHT MPUPOIHBIX dKocucTeM Bommkckoro 6acceitHa.
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In this article, we present the study results of diversity, structural, and functional characteristics of
benthic communities from sections of the small lowland river — Koloksha, a tributary of the Klyazma
River in the Upper Volga basin. We examined patterns of spatial and structural variability in those
communities using a wide range of aquatic organisms that served as indicators of the ecological state
of the river.

Based on research conducted in 1993 and 2013, we analyzed changes in the species richness and
functional characteristics of macrozoobenthos communities in the Koloksha River and its tributaries.
Using data on changes in the abundance and biomass of key taxonomic groups, as well as various
methodological approaches, we examined the dynamics of hydrobiological indicators, taking into
account their nonstationarity and the existence of consistent trends depending on influencing factors.
From the compiled set of abiotic environmental factors, we selected significant parameters that
determined the complex longitudinal gradient (oxygen saturation, flow velocity, and phosphorus
content), and then determined the ecological status of the river.

Keywords: macrozoobenthos communities, taxonomic diversity, abiotic factors, functional features,
Koloksha River, Klyazma River basin.
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PaCCMOTpeHBI MEPCIICKTUBLI  pCaIn3alun MTOJTHOM Tpuagbl TCOIKOJIOIrM4Y€CKOro MOHUTOpPHHIA:
«HabmoieHne (OIEHKa COCTOSHHS) — KOHTPOJb (IMPOrHO3UPOBaHKME) — yIpaBieHHe (afarTalus,
perynupoBanue)». llpenyoxeHsl KOHIENTYaJ bHBIE TMOJOKEHUS IMIUPUKO-UMHUTAIMOHHOTO METoJa
TaHAMAPTHO-OKOIOTHYECKOT0 MPOTHO3UPOBAHUS JIECHBIX 3KOCHCTEM, PACKPBIBAIOMIETO JOKaJbHBIE
1 perHOHATBHBIC MEXaHU3MBl MX TJIOOAIBHBIX m3MeHeHui. OOOCHOBaHBI IMyTH pPa3pabOTKH HOBOMH
MIPOTHO3HOM TEIKOJIOTMUECKON KOHIeNuu «l Jo0anpbHbIe W3MEHEHWS Ha JIOKAJLHOM YPOBHE)
C BBISIBJICHMEM OJTHX W3MEHEHWH dYepe3 SMIIMPHYECKH YCTAHOBJIEHHOE OTOOpaxkeHue (OHOBOIO
OMOKIIMMATHYECKOTO TPEHJAa KaTeHApHOW CHCTEMOW JIECHBIX OHOreoneHo3oB. B aTtom cocrout
HOBM3HA pPa3paOOTaHHONW aBTOPOM TPOTHOCTHYECKOW KoHmenuuu. OpIWHAIMOHHBIA —aHaIu3
HaHZIIHa(I)THBIX cBs3el HaIlpaBJICH Ha BBIABJICHUE IIEPEXOAO0B JICCHBIX COOGHICCTB B KPUTHUYCCKHEC
COCTOSTHHSI TIO OCHOBHBIM JIMCKPETHBIM TapamerpaM OHOIOTHYECKOro KpyroBopota. JlanamadTHo-
SKOJIOTMYECKU I MPOTHO3 MPEJCTaBIIEH cHucTeMon onepanuin c JKOJIOTMYECKUMU
(THIPOTEPMHUYECKUMH) HHUIIIAMH HM3y4aeMbIX OOBEKTOB. OMITUPHUKO-UMHUTAIIMOHHOE IPOTHO3HOE
MOJIETMPOBAHKE OMHCAHO KaK BOCIPOM3BEACHUE OyIyIIUX CIIEHapHEB OMOTEOIEHOTUYECKHX CHCTEM
10 3aKoHaM HMX 0a30BOH IMPOCTPAHCTBEHHOH opraHm3aiuu. [IpmBomuTcs pa3paboTaHHAs aBTOPOM
METOJIMKa KOJNWYECTBEHHOW OLIEHKH YCTOMYMBOCTH JIECHBIX SKOCHCTEM. MeXaHW3MBI aJanTaiun
JIECHBIX DKOCHCTEM K TJI00aTbHBIM KIMMATHYECKHM CHUTHAJlaM pPacCMaTpPHBAIOTCA depe3 MPU3MYy HX
(hyHKIIMOHATPHON YCTOMYMBOCTH K BO3JAEHCTBHUIO DTUX CUTHANOB. OMUCAHBI 3KOJIOTHYECKHIE PECYPCHI
JIECHOTO TIOKPOBA B OMOTHMYECKOH PEryisluy yIIepOAHOTO ITUKJIA, HANpPABICHHOW Ha CMSITYCHHS
r100aThHOTO TOTEIUIEHHS, a TAK)KE B 00ECIIEYeHNH Tepexo/ia K aJalTHBHOMY JIECHOMY XO3SHCTBY
Kurouegvle cnosa: rnobampbHOE TOTEIUIEHHE, JIECHBIE TE0(9KO)CHCTEMBI, T€03KOJIOTHYEeCKHit
MOHHUTOPHWHT, O3MIIMPUKO-UMHUTAIIMOHHOE MPOTHO3HOE MOJEINPOBAHNE, YCTOHYMBOCTD JIECHBIX
9KOCHCTEM, KOJIMYECTBEHHbIE METOMbI IKOJOTHYECKOTO aHaIH3a, YIIIEPOAHBIA UK, DKOIOTHYECKHIE
PECYPCHI JIECOB, CMSATUYEHHUE TII00aTHHOT'O MOTEIUICHNUS.

DOI: 10.24412/2542-2006-2026-1-93-116

EDN: VIGNPO

CoBpemeHHas o6uocdepa MIpe/ICTaBIseT coboit BBICOKOCKOPPETUPOBAHHYIO,
CaMOPEryJIUPYIOIIYIOCS CUCTEMY, KOTOpasi 00ecrieunBaeT yCTOMUYNBOCTh CIATAlOIIUX €€ AJIEMEHTOB,
a TpH HapyIIEHUH YCTOMYMBOCTH «TacUT» HapylleHue, Ju00 HauMHAeT pa3pyllaThCs cama,
YTO MPHUBOJIUT K DKOJIOTHUYECKOMY Kpu3ucy. OOuH U3 Takux Triao0anbHBIX KPU3HCOB Ha3peBaeT
B HACTOsIIIIee BpeMS B CBSI3M C HETaTUBHBIMH HM3MEHEHHSMH KJIMMaTa, KOTOpble 0O0YCIOBIEHBI
AHTPOTIOTEHHBIM  BO3JICHCTBHEM Ha XHUMHYECKHH cocTaB aTMochepbl, B YacTHOCTH, Ha
KOHIIEHTpAIIMIO B Hel yriekuciuoro rasza (byasiko, 1980).

Dkonoruveckass 6€30MacHOCTh KPYMHEHIINX MO YPOBHIO Pa3BUTHS SKOHOMHUYECKUX PETrHOHOB
Poccun cBsi3aHa B 3HAUMTENBHONW Mepe ¢ MpoOIEMOIl COXpaHEHHs M BOCHPOM3BOJICTBA JIECHBIX
pecypcoB, Mpexae BCero, Ha Iore OOpealbHOTO IMOsica M Ha ceBepe mosica cy00opeanbHOTO,
T.€. B KPUTUYECKUX YCIOBUSX 30HATBHBIX MEPEX0J0B OT Jyeca K cremu. OcoOEeHHO aKTyalbHOM
JaHHAs TPo0JieMa CTAaHOBUTCS B YCIOBHSIX COBPEMEHHOTO TNI00aIhbHOTO MOTEIJICHHS, C €r0 BeChMa
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pasHOOOpa3HBIMM W TOJYaC  TPYAHONIPEACKA3yeMbIMH  SKOJOTUYECKUMHU  MOCIEICTBUIMHU
(Houghton et al., 2002). JlecHble 3KOCHUCTEMBI — HaMOOJEEe MOIIHBIN PEryasTop U CTAOMIU3aTOp
NPUPOJHBIX OHOreoxuMudeckux KpyrooporoB (CykaueB, 1972), B T.4. yrJIepOJHOTO ITMKIA
Y TECHO CBSI3aHHOTO C HHUM TemrepaTypHoro pexuma atmochepst (Tapko, 2005). Jleca Poccum
u Kanagel mornomarorT okosio  1/3  maccel  TioOanpHOrO  yriaepoja,  BbIOpackIBacMOU
UHIYCTpUaJbHBIMM HUCTOYHMKAaMU U B pesynbrare 3emsenoib3oBanus (Jloces, 2001).
«Jlec cipaBeTMBO paccMaTpUBaeTCs Kak OJHO M3 HamOosee NEHCTBEHHBIX CPEACTB CMSTYCHUS
HEOJIAarONMPUATHBIX IMOCIIEICTBUH n3MeHeHus kaumaray (LBunenko u ap., 2017, c. 17).

Opnako mpH TI00aTBHBIX M3MEHEHUSAX KIMMaTa MHOTHE JIECHBIE HKOCHCTEMBI MOTYT CTaTh
YUCTBHIMU UCTOYHHKAMU BbIOpocoB CO2 B aTMoc(epy, TO3TOMY HEOOXOAMMO OLIEHUTh UX 0OpaTHbIE
cBs3u ¢ kimuMaroMm (Stinson et al., 2011), B T.4. KIMMaTUYECKYyIO0 aJalTalMIO JIECHOTO MOKpOBa
(3amonomuukoB u jap., 2014). DTO MOMKHO COCTaBIATH HJCOJIOTHYECKYI0 OCHOBY aJalTUBHOTO
JIECHOTO XO351CTBA.

Takum 00pa3oM, CTpPaTErHYecKOd IENbI0 T'€0IKOJOTHUYECKOTO MOHHTOPWHTA JIECOB SIBISIETCS
PaCKpBITHE HKOJIOTHIECKOTO TOTEHIIHANA MePexo/ia K aJaTHBHOMY JIECHOMY XO3SIICTBY Ha OCHOBE
MEXaHMU3MOB YCTOWYMBOCTH JIECHBIX COOOIIECTB B YCIOBUSX COBPEMEHHOTO TJIOOATBHOTO
noTeruieHus. [ €0dKOIOTHYECKUT MOHUTOPUHT CTAHOBUTCS CKBO3HBIM TEXHOJIOTUYECKUM IPUEMOM
BBISIBJIICHUS KITIOYEBBIX ITOKAa3aTellell OTKIIMKA JIECHBIX COOOIIECTB Ha KIMMATHYECKHE CHUTHAIBI,
a TakK€ YCTAHOBJICHHS IOPOTOBBIX 3HAUYEHWH OTHX CHUTHAJIOB, KOTOpPHIE MPEBBIMIAIOT
aJanTaMOHHBIE CIIOCOOHOCTH JIECO00PA3YIOIINX MTOPO/I.

IIpo0JieMbl KOMILIEKCHOM TPHUAJAbI T€03KO0JI0THYeCKOr0 MOHUTOPHHI A

OcHOBHOE COJIEp)KaHUE T'€0IKOJIOTHYECKOTO MOHUTOPHHIAa COCTABJISIOT: 1) KOMITJIEKCHBIN
aHAJIM3 COCTOSHUA TeO(dPKO)CHCTEM KaK IICJIOCTHBIX TMPUPOJIHBIX O0pa3oBaHWNA M Kak
muddepeHIIanbHBIX CTPYKTYPHBIX €IUHHI] OMoCchepsl; 2) OleHKa UX YCTOWYHUBOCTH K BHEIIHUM
BO3JICHCTBUSM, a TaKXke MPOrHO3MPOBAaHHE UX AaHTPONOIeHHBIX HW3MEHEHUuH. Brienenue
AQHTPOINOTEHHON COCTaBIIAIONICH B TJIOOANbHBIX HW3MEHEHMSIX OKpY)KaIoIlel Cpeabl BKIIOYEHO B
CTpaTErvio COXpaHEHUs €€ YCTOUYUBOCTH.

KoneyHolf HayyHO-NPAaKTUYECKOM WENbI0 HW3YYEHUS MEXaHU3MOB YCTOWYMBOCTHU JIECHBIX
HKOCUCTEM NpH HU3MEHEHHUSX KiIuMaTa SBISETCS CO3JaHHE TEOPETUYECKUX, METOIUYECKUX U
(bakTUYeCKUX MPEINOChUIOK Uil PACKPBITHS HSKOJIOTMYECKOTO IOTEeHIIMala JIECOB, CIHOCOOHOTO
obOecreunTh Mepexo]] K aJanTUBHOMY JIECHOMY XO3MHCTBY. 3ajada pelIacTcsl IMyTeM peaju3aluu
MOJIHOM TpUaAbl T€OCUCTEMHOTO MOHHUTOPUHIA JIECOB B YCJIOBHSIX COBPEMEHHOTO TI00allbHOTO
noterieHuss B (opme Oa3UCHBIX U MPOTHOCTUYECKUX OSKOJIOTHYECKHX OSKCIEPHUMEHTOB,
C TIOCTPOEHUEM AHATUTHYECKUX U KapTOrpaduueCKUX IMIMPUKO-CTATUCTUYECKUX MOJIEIIEH.

Crparerusi uccienoBaHusi OazupyeTcss Ha UACWHBIX M HAYyYHO-METOAMYECKUX TMOJOKEHUIX
BBIJIBUHYTOM aBTOPOM KOHIIETIIIMM F€O0CUCTEMHOTO MOHUTOPUHTA KaK JIaHMA(THO -9KOJIOTUYECKOM
MOUCKOBOU cucTeMbl «I obanbHbIe M3MEHEHUs Ha JokaibHOM ypoBHE» (Komomsim, 2008, 2018,
2020, 2025). IIpocTpaHCTBEHHBINH (HYHKIMOHAIBHBIH MOHUTOPUHT JIECOB NMPOBOAMIICS HAa OCHOBE
SMIUPUUYECKH YCTAHOBJICHHBIX JIOKAJIBHBIX WU PETHOHANBHBIX JAHAMIA(THBIX CBsI3ed, KOTOpPHIE
paccMaTpuBalOTCd KaK MEXaHHM3Mbl METabOJMYECKOTO OTBETa JIECHBIX OHOreocucTeM Ha
KIIMMaTHYeCKHE CUTHANbl, B T.4. Ha COBPEMEHHOE IJI00albHOE TMOTeIJIeHne. B 3ToM cocTouT
AKCIIEPUMEHTAIbHBIN XapaKkTep CaMOro MOHUTOPHUHTOBOTO MCCIIEIOBAHUSI.

B takoMm acniekTe mpobiaema reocCHCTeMHOTO MOHUTOPUHTA OCTaBallach 0 MOCIEIHET0 BpeMEHH!
cnabo pa3pabOTaHHOU, T.K., BO-TIEPBBIX, OTCYTCTBOBalla HeoOXxoauMmas ¢akrosoruyeckas 0aza,
a, BO-BTOPBIX, HE ObLIa CO37aHa JOCTATOYHO CTPOTas METOJOJOTHS JIOKATbHOTO M PErMOHAIBLHOTO
maHAmadTHO-9KOJIOTMYECKOTO TPOTHO3UPOBAHMSI KaK KIFOYEBOTO 3B€HAa MOHUTOpPHHTA. B HayuHO-
METOJUYECKUX TIOMCKAX aBTOpa JOCTATOYHO MOJPOOHO OCBEHICHBI MyTH PEUICHUS dTUX MpoOiieM

OKOCHUCTEMBI: SKOJIOT'MA 1 AMHAMUKA, 2026, Tom 10, Ne 1



95 KOJIOMBIL]

(Komowmsi, 2025). Ha mpumepe 6opeanpHOro 3x0oToHa Bomkckoro 6acceiiHa 000CHOBAHBI METO/IbI
OTIpEeNIeNIEHUs] TeX IMMapaMeTPOB CTPYKTYPHO-(YHKIHMOHAJIBHON OpraHM3aluy JIECHBIX SKOCHCTEM
ora 0opeasbHOTO TMOJIOC M ceBepa mosica Cy00OpealbHOTO, KOTOphle HamboJiee YyBCTBUTEILHBI
K IJI00ANBHBIM ~ KIIMMAaTHYECKUM W3MEHEHHSM U KOTOPBIE, CIEIOBAaTENbHO, MOTYT OBIThH
HCII0JIb30BAHBI ISl UX JIOKAJILHOTO U PETMOHAILHOTO F'€0CUCTEMHOTO MOHUTOPHUHTA.

B nocnennue necstuneTuss akTUBHO M3y4arOTCsl BOBMOXKHbIE (DYHKIIMOHAJIbHBIE U CTPYKTYpPHbIE
npeoOpa3oBaHUsl TPUPOJHBIX HKOCHCTEM M HMX KOMIIOHEHTOB TIOJ] BJIHMSIHHEM COBPEMEHHOTO
r00aIbHOTO  TOTEIUICHUsSI KaK  aKTyaJbHOW  9KOJIOTMYECKOH  MpOOJEeMBl  YellOBEYeCTBa.
3HauUTENbHBINA IMporpecc ObUT JAOCTUTHYT B Pa3pabOTKE KOMIUIEKCHBIX IJIOOAJIbHBIX AaCIEKTOB
MOHHUTOpPHHIa s OOHapy)KeHHs H3MEeHEHMH okpyxaromeid cpensl (Moxos, 2006; Franklin
et al.,, 2017). OgHako SKCTPAMoOJAIUS METOAOB TI00aJTbHOTO MOHUTOPHMHTA CHUCTEMBI «OKEaH—
aTMoc(epa—KOHTUHEHT)» Ha PETMOHAJIbHBIA U OCOOEHHO JIOKAJbHBIM YPOBHM CTaJIKHUBAETCA CO
3HAYUTENIBbHBIMU  (AKTUYECKUMH M METOAOJOTMUECKUMHU TpYyAHOCTAMHU. OuUeBUAHO, 3/€Ch
HE00X0 MO pa3pabdaThIiBaTh CBOM HE3aBUCUMBIE METOJIbI MOHHUTOPHHTA.

CornacHo xonuenuuu FO.A. U3pasna (1974) u W.IL I'epacumoBa (1975), Bca cucrema
KOHTPOJIS 32 OKpY»Karolleil cpe1oil MoxkeT ObITh 00001IeHa cienyromet popmymoii: «Habo1eHne
(o1IeHKa COCTOSIHUS) — KOHTPOJIb (MPOTHO3UPOBAHNE) — YIIpaBIICHHUE (aaanTaiiys, oOpaTHasi CBs3b,
perynupoBanue)». C camoro Havana FO.A. U3pasnme (1984, c.11-12) mnomyepkuBan, dTO
MOHHUTOPUHI B IIOJIHOM OOBbEMe JOJDKEH BKIIOYaTh HE TOJNBKO «CJIEKEHUe» (IIOBTOpPHBIE
HaOIOJIEHNS), HO «...TaKK€ OLEHKY M MPOTHO3 COCTOSHUS OKpPY)Kalolled Cpelbl... U KOHTPOJIb
Ka4yeCTBA OKPYXKAIOIIEH CPEebI», T.€. peaanu3alrio BCe ero onepalioOHHON TPUaIbI.

K coxanenuto, 3T0 BakHEWIIee METOJAUYECKOE IOJIOKEHHE YUYEHHS O T€0IKOJIOTHYECKOM
MOHHUTOPHHIE BBITIOJHAETCS PEAKO, OCOOEHHO B PErMOHANBHBIX M JIOKAJIBHBIX SKOJIOIHMYECKUX
UCCIIEIOBAHUAX, XOTS TEPMUH «MOHUTOPHHI» YINOMMHAETCS Kaxablid pa3. B oreuecTBeHHOU U
3apy0eXHOM JUTepaType MO MOHUTOPUHTY MOJaBJsioiee OOJBIIMHCTBO PabOT OTrpaHUYUBACTCS
aHAJIM30M HCXOJMHOTO (0a30BOT0) COCTOSIHUS TPUPOTHBIX M AHTPOTIOTEHHBIX SKOCHCTEM H
B JIyYIlIEM CJIy4ae BBISBIEHUEM MPUYMHHO-CIEICTBEHHBIX CBS3€M MEXAY NWHAMUKOW MOYBEHHO-
OMOTHYECKMX KOMIIOHEHTOB U U3MEHEHUEM KJIMMAaTa KaKk OCHOBBI Ul IPOTHO3UPOBAHUS COCTOSIHHS
okpyxatomeit cpeasl (Kljun et al., 2007; Beets et al., 2011).

Juama3zon mnomoOHbIX uccienoBaHuit B Poccum Bechma  3HauurteneH. [IpoBeneHsl
MHOTOYHCIICHHbIE IKCIEPUMEHTHI M0 HM3YyYEHHUIO BIIMSIHHUS COBPEMEHHBIX METEOPOJIOTUYECKHX U
KIIMMaTHYEeCKUX YCIOBUH Ha COCTOSIHUE, ()EHOJOTHI0 M TEHICHIIMHM Pa3BUTHUSI PACTUTEIbHBIX
coo0I1ecTB B pa3HbIX peruoHax Pycckoit paBHunbl, Cpeanero u FOxuoro Ypana (I'oayOsSTHUKOB
u ap., 2005; T'opauenko, 2017).

Becbma wuH(bOpMaTHUBHBIME OKa3anuch pabOThl BTOPOro H3Tala MOHHUTOPUHTA — IO
pErHMOHANIBHOMY U IUIAHETAPHOMY  JKOJIOTO-TeorpaduyeckoMy MPOTHO3Y, a TaKkKe [0
MIPOTHO3UPOBAHUIO YTIEPOIHOrO OajaHca JIECOB. 3eCh MOKHO OTMETHTh IMPOTHO3HBIE CLIEHAPHH
KITMMATOTEHHBIX U3MEHEHH I 30HAJbHBIX  PErHOHANBHBIX SKOCUCTEM Pycckoil paBHUMHBI, 3anaHON
u Cpenneit Cubupu (M3pasnb, 1984; Konowmsi, 2018). Ha ocHOBe KIMMaTHYeCKHUX CIEHApUEB
no nmporHo3usiM MojaensM ECHAM4/OPYC3 u HadCM3 orneHeHBI BO3MOXHBIE H3MEHEHHUS
npoaykTuBHOCTH pactutensHocTH Poccun B XXI Beke (['omyOstHHKOB 1 ap., 2005). Pa3paborans
MIPOrHO3HBIE AaHATMTHUYECKHE U KapTorpaduyeckue MOJIETH YIJIEpOJHOro OajaHca JIECOB CTPAHBI
Ha OCHOBE KOMILJIEKCHOM Ha3eMHOM U cmyTHHKOBOM nHpopmaruu (IIBunenko u ap., 2017).

Hakonern, oOpatuMcs K TpeThbeMy U 3aKIIOUUTEIBHOMY STaly MOHUTOPUHTA — YIIPABICHHUIO
(perynupoBaHuio). OTOT OSTalm TOKa HAXOJUTCS B COCTOSIHMM TMpEAJaraeMbIX OMpPEeeNIeHUN,
KOHLIENTyaIbHBIX TMIIOTE3 U HAYYHO-METOINYECKUX IporpaMM. [Ipexne Bcero, cieayer OTMETUTD
KOHIICIHNIO «KIMMATUYECKON T'€OMH)KEHEPUU» KakK LIEeJIECHANPaBJIECHHOTO M3MEHEHHUS] MapamMeTpoB
KJIMMAaTUYeCKOH CHUCTEMBl C IEJbl0 MPEIOTBpAIEHUS KaTaCTPOPHUUECKHX 3KOJIOTMUYECKHX
nocnencTBuil rnobdansHoro notemnenus (M3pasnes, Padomanko, 2011). Takue u3MeHEeHUS] MOTYT
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ObITh BBI3BaHbI M BBI3BIBAIMCH HA MPOTSDKEHHHM BCEW HCTOpHH Omocdepsl JECHBIM MOKPOBOM
MOCPEICTBOM pEryJupoBanus yriaepoHoro mukia (I'opmkos, 1995). I'mobanbHbie TPOTHO3BI POIU
JIECHOTO TIOKPOBAa B PEryJUPOBAaHUHM IAPHUKOBOro 3¢dexta arMocdepsl NpPEACTaBICHBI B
MEJIKOMACIITaOHBIX CIICHAPHUAX YIIEPOAHOTO OMODKETa HUPKYMIIOJSIPHBIX OOpeabHBIX JIECOB
EBpasun u CeBepHOll AMEpPUKM Ha OCHOBE KOPPENSLIMOHHBIX CBA3EH MX OMOMOB C AMara3oHaMu
Temnepatyp u ocaakos (Gauthier et al., 2015).

Wrak, kaxnaas u3 3 TpuaJ reod3KOJOTMYECKOT0 MOHUTOPHHIA YXKE MOJy4dHsia ONpPENEICHHYIO
Hay4yHYI0 U METOJMYECKYIO pa3pabOTKy, OJTHAKO MHTErpalys BCEX 3TUX PE3YJbTaTOB B E€AUHYIO
ONEpPaTUBHYIO CHCTEMY MOHUTOPUMHIA OCTaBajlachb BecbMa IpoOiemMaTHuHOM. Pamounas wunes
MIOJIHOM TpHajbl F€03KOJIOrMY€CKOr0 MOHUTOPUHTA, ITPOBO3IIIalieHHas 6osee 50 et Ha3aa, 10 cuX
op He ObLIa pean30BaHa.

Pemenune naHHOW 3amauM OBLIO BKIIOYEHO aBTOPOM B IMPOrpamMMmy €ro MHOTOJETHUX
nanamwagpTHO-3Kkonornueckux uccnepopanuit (Konomein, 2008), xkoTOpble ObUIM TNPOBENEHBI B
Oacceitnax Cpenneit Bonrm um Oxu. OcHoBHOUM (akTudeckuid matepuan Obul coOpan B 1987-
1998 rr. Ha 8 KpYyMHOMACIITAOHBIX SKCIEPUMEHTANBHBIX MOJUTOHAaX (puc. 1). OcymecTBisics
MOJIHBIM UK KJIMMaTOT€HHOTO MOHUTOPHUHIA JIECOB «HAOIIOAEHHE — KOHTPOJb — YIPaBICHUE
Ha IpUMepe KOHKPETHOTO SKOpPErruoHa ¢ pa3pabOTKON €IUHOM CHUCTEMbl MOJETUPOBAHUS JIECHBIX
MIPUPOIHBIX KOMIUIEKCOB B HACTOSIIEM W OyIyIIeM W ¢ U3y4eHHEM COOTBETCTBYIOUIMX MPSIMBIX
1 00paTHBIX CBS3€H JIECOB ¢ KIMMAaroM. Ha 3TOH OCHOBE BBISIBJICH SKOJOTHYECKUM TMOTEHIIUAI
OopealbHBIX W CyOOOpealbHBIX JIECOB, OOECIIEUMBAIOIINN TEPEX0J] JIECHOTO XO3sWCTBa Ha
a/IalITUBHYIO CTPATETHIo.

[lepBpIii mar K MO3HAHUIO MEXaHU3MOB KIMMATOTEHHOW JIMHAMUKH JIECHBIX SKOCHUCTEM
OCYILIECTBJIEH 4Yepe3 METOJMWYECKYI0 KOHCTPYKLHIO ¢ pabouyuM Ha3BaHHEM «OMIUpHUUYECcKas
MMUTAIUSl PETHOHAIBHOTO OMOKIMMATHYECKOTO0 TPEHJa SKOCHUCTEMaMH JIOKAaJbHOTO YPOBHS».
Ha npumepe sxcriepuMeHTaNnbHbBIX TOJUTOHOB, XapaKTepU3YIOIIKUX Ha Pycckoi paBHIHE 30HaIbHbBIE
Mepexo/ibl OT Jieca K crenu (puc. 1), ObUIM BBISIBICHBI 3aKOHOMEPHOCTU MPEIOMIICHHSI 30HAIBHO-
PErHOHAIBHOTO OMOKJIIMMATHYECKOTO dboHAa  MECTHBIMH  TE€OMOP(OJOTUUESCKHUMHU u
ruapodadudeckumu pakropamu. JlokanbHble MEXaHU3MbI TJI00ATBHBIX U3MEHEHHUH BCKPHIBAIOTCS
4yepe3 HMIHUPUYECKH YCTAaHOBIEHHOE OTOoOpaxeHue (OHOBOTO OHUOKIMMATUYECKOTO TpeHaa
KaTeHapHOW CUCTEMOM OMoreoreHo30B (Tadm. 1).

YCcTaHOBIIEHO, YTO B pe3yJIbTaTe TaKOr0 MpPeJoMIICHHUS (POPMHUPYIOTCS PETHOHALHBIE CUCTEMbI
JIOKAJIM30BAHHON TMPUPOAHON 30HAJBHOCTH, COCTOSIIME W3 BEKTOPHBIX PSJIOB IUIAKOPHBIX
(3TI0BHATTBHBIX) OMOTE€OIEHO30B, KOTOPbIE OTPAXAIOT 30HAIBHO-PETMOHANBHBIM (OH JaHHOM
TEPPUTOPUHU, U IKCTPA3OHATBHBIX TOMOIKOCUCTEM (TPAHCITIOBUAIBHBIX, CyMEPaKBaIbHBIX) — KaK
MIpe/ICTaBUTENEH JPYruX 30HAIBHBIX THIOB reorpaduyeckoil cpesibl, HepeaIKo BeChbMa yIalleHHBIX.
OTH TNPOCTPAHCTBEHHO YIOPSAOYCHHBIE CHUCTEMbl aJ€KBAaTHBI BEKTOPY MPOTHO3HPYEMBIX
W3MEHEHMI KIIMMaTa M TMO3TOMY CIIOCOOHBI MMHUTHPOBATh OCHOBHBIC HANpaBICHUS M MaclITaObl
OKOCUCTEMHBIX TMepecTpoek (puc. 2), co3daBas TeM CaMblM SMIIMPUYECKYI0 OCHOBY JIJIs
MPOTHO3HBIX MOCTpoeHUu. OpIUHAIMOHHBIM aHAIM3 MEKKOMIOHEHTHBIX U MEXKOMILIEKCHBIX
maHIAadTHRIX CBsI3€il OB HampaBieH Ha BbISBIEHHE IE€PEXOJOB JIECHBIX COOOIIECTB B
KPUTHYECKHE COCTOSHUS, KOTOPBHIE BBI3BIBAIOT UX CTPYKTYpPHBIE MEPECTPOIKHU BIUIOTH IO 30HAJIBHO-
PErMOHAIBHOTO MacITaoa.

JIokanbHBIN M perMoHaNbHBIN JTaHIA(THO-IKOJOTHUECKUI MPOTHO3 KaK LIEHTPaIbHOE 3BEHO
MOHHUTOpPUHIAa UMEET SKCIIEpUMEHTANbHBIH XapakTep. OH omMcaH B BUJE CHCTEMBbl ONepaiui c
9KOJIOTUYECKUMHU  (TMJIPOTEPMUYECKUMHU) HUIIAMH M3y4aeMbIX 00bekToB. PaszpaboTaHHbIe
MPOTHO3HBIE CLIEHAapUuU (YHKIHMOHAIBHBIX MPeoOpa3oBaHUIl TOMOZKOCUCTEM Oa3upyroTCcs Ha
KJIMMaTOT€HHOW JMHAMHMKe UX THIposnadoTonoB (puc. 3), KOTOpble CIyXaT OCHOBHBIM
NepeaTOuYHbIM 3B€HOM TpaHC(POpPMaLUU THAPOTEPMUUYECKUX CUTHAJIOB C IJI00AIbHOTO YPOBHS Ha
JIOKQJIbHBIM.
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Puc. 1. Pacturensueiii mokpoB Cpemnero Ilosomxkbs (KotoBa, 1987) m cxema pacmoiosKeHHS
AKCIEPUMEHTAJILHBIX IOJIUTOHOB. YcinosHvie ob6o3nauenus. Jleca: a — enoBble, MUXTOBO-EIOBBIC
Y YepHOOJIbXOBBIE C €1bl0, 0 — HIMPOKOJIMCTBEHHO-COCHOBBIE, MECTAMH C €JIbI0, B — COCHOBBIC
(60pBI) 1 €710BO-COCHOBBIE (CYOOPH), T — MIMPOKOJIMCTBEHHEBIE, T — OEPE30BO-OCHHOBBIE H OEPE30BO-
JUIOBBIE, € — Oepe30Bble U COCHOBO-Oepe3oBble. OcTalbHble 0003HAUYEHHUS: K — BHEMAacIITaOHbIe
apeajbl IIUPOKOJUCTBEHHBIX JIECOB, M — TPaHMIBI MPUPOJHBIX 30H M MOJ30H, K — [JaBHBIM
nanmmadTHeI pyOek Pycckold paBHMHBL OKCIIEPUMEHTAJbHBIC MOAMTOHBL: 1 — JKurymm
(Camapckas Jlyka), 2 — [Ipucypbe («HaBam Bapmane»), 3 — [llenokoBckuii Xytop, 4 — 3eneHslii
I'opon, 5 — Brikca, 6 — Kepxkenen, 7 — Kynema, 8 — Ipuokcko-Teppacubiit 6nochepHbiii pe3epBart.
Fig. 1. Vegetation cover of the Middle Volga Region (Kotova, 1987) and the layout of the
experimental sites. Legend. Forests: a — spruce, fir-spruce, and black alder with spruce, b — broadleaf-
pine, in places with spruce, ¢ — pine and spruce-pine (subori), g — broadleaf, d — birch-aspen and
birch-linden, e — birch and pine-birch. Other: g — non-scale areas of broadleaf forests, i — boundaries
of natural zones and subzones, k — Main landscape boundary of the Russian Plain. Experimental sites:
1 — Zhiguli (Samarskaya Luka), 2 — Prisurye (“Chavash Varmane”), 3 — Shchelokovsky Khutor, 4 —
Zeleny Gorod, 5 — Vyksa, 6 — Kerzhenets, 7 — Kudma, 8 — Prioksko-Terrasny Biosphere Reserve.

3Mﬂl/lpI/IKO-I/IMI/ITaHI/l0HHblﬁ METO .]'[aHI[IlIa(l)THO-C)KOJIOFI/I‘IeCKOFO MPOrHO3UpPOBaAHUSNA

Heo0xomuMo  OTMETHTh  NPUHLUUMNMAIBHBIE OTJIMYMS  M3JIaraéMblX 37€Ch  METOJOB
MO/IETUPOBAHUS B MOHUTOPUHIE€ OT OOJIBIIMHCTBA METOI0OB B YIOMSHYTBIX BBIIIE HCCIIEOBAHUSAX.
OTH UCCNe0BaHMs, KaK MMPaBUJIO, OCHOBAHbI Ha KOHTHHYAJIbHOM (JMHAMUYECKOM) UMHUTAIHIOHHOM
Mo/IeTMpoBaHuM npupoiHoi cpenbl (Tapko, 2005; Gauthier et al., 2025; Franklin et al., 2017).
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Ta6auua 1. I'pynner  OmoreoneHo30B  (MaHmmadTHeIX ¢anuil) B HEKOTOPBIX 3KOPETHOHAX
Bomxkckoro 6acceitna. Table 1. Biogeocoenoses groups (i.e., landscape facies) in some eco-regions

of the Volga River Basin.

3oHAJILHAS IPUHAAJIEKHOCTD (IKCIEPUMEHTAILHbIN MOJUTOH)

IToaraesxknoe Husmennoe 3aBoJkne

(Kep:keneu, 0uocepHnblii pesepBar
«Hwuskeropoackoe 3aBoJIKbe»)

IOr noaraesxnoi 30ub1 B CpeiHEOKCKOM
Oacceiine (IIpuoxcko-TeppacHbliii
ouocgepHbIii pezepBar)

KcepomopdHbie u Me30-kcepoMopPHbIE
KcepoMopdnbie COCHSIKH C €110 ThY pomop( . POMOP ¢ ﬁt
COCHSIKH, ¢ Oepe30i 1 Mo Ha 177
Ha BEPIIMHAX U CKJIOHAX IMECYaHBIX T'PSIJT
TD |mecyaHbIX Tpsaax ™
Me30-KkcepoMopdHbIe COCHIKH Me30-ruapoMopdHbIE eOBbIE AY R
c Oepe30ii 1 ebI0 Ha MEXKIYPEUbsIX = |1 COCHOBO-€JIOBBIE JIeca TUIOCKUX 2557
II€CYaHOM MOJIOTO-BOJIHUCTON paBHUHBI | D—TA |MEXIypeunuil Ha MOPEHHBIX OTIIOKEHUAX | 1
MeszoMop(HbIE €TOBBIE U €JI0OBO-
Po 278 |Kcepo-MezoMophHEIE COCHOBO-IHTIOBO- #Y0
Oepe30BbIe Jieca BO3BBILIEHHBIX e 2N
. . 3 "2 | 1yOOBBIE Jieca Ha CYTJIMHUCTBIX 3o
MEXTIypedrii MOPEHHO-3aHAPOBOM
T |Bomopaszeiniax U CKIOHax D-TH
PaBHUHBI
Me3zomopdHsie enoBo-ayboBo-nunossie | (JA® [Mesomopdusie 1 Me30-KcepoMopdHbIe ?Q?
feca Ha BO3BBIICHHO# BBICOKO# MoiiMe | 4 77 | THIIOBO-Gepe30BbIe JTeca BEPXHHIX 4
Y HaJIIOMMEHHBIX Teppacax Y CPEIHHUX YacTeU CKIOHOB T
Me3o-ruapoMopdHbIe XBOWHBIC Me3o-ruapomMopHbIC eTEHUKI :m
Y MEJIKOJUCTBEHHbIE Jieca 3anaiH 7 |M COCHSAKH CPEIHMX M HHXKHUX YacTel 5%
MOPEHHO-3aHIPOBOI PaBHUHBI CYIIMHUCTBIX CKIIOHOB T-TA
I'unpomMopdHbIE COCHAKH, €ITbHUKA ¥4? |['mnpomopbHbIC COCHSKH, CIBHHKY, 2Ty
Y OJIBIIIAHUKY MOMMEHHBIX 3alaIuH 677" |6epe3HAKN ¥ YePHOOIbITAHUKH (Dot
1 JIOJIMH MaJIBIX PEK CA |B peuHbIX JOJIMHAX U 3alarHaX DA

HIupokosmcTBEHHOIECHAS MTOA30HA
IIpuBoIAKCKOI BO3BBILIEHHOCTH

(ypouuuue 3eaensiii I'opox)

Tunu4nasn jgecocrensb IIpuBo/LKCKOM
BO3BbIIIeHHOCTH (IIprpoaHbIi HANMOHAIB-
Hblil napk «Yasam Bapmane» — Ilpucypne)

KcepomopHbIe COCHOBBIE GOPBI TR |Meso-kcepomopdusie cocrsxi i enoso- | Y1

¥ Cy0OpH TIECUaHBIX OYTPHCTHIX 71 |cocHOBBIE MTeca MIOCKUX BOJOPA3AENOB |~

BOJIOPA3/IENOB T |BBIIYKJIBIX CKIOHOB MECYaHOM paBHUHBL | 1O
Me3omopHBIE COCHOBO-

Me3oMOpdHBIE eTBHUKH U eIT0BO- Ll Y02

. |UIHPOKOTUCTBEHHbIE H OCHHOBBIC IECA | o
JIMTIOBBIE TyOHSKH MTOCKHX 2 e
y IUIOCKUX BOJIOPA3/IENOB U CKIOHOB

MEX/Lypeunii M NPUJIEralolyX CKIOHOB | TD y j§e;
MOPEHHOW PaBHUHBI

Kcepo-mesomopdasre miakopuse enoo-| P§ | Mesomopdusie xy6oso-mumnossre 00

JIMTIOBBIE TyOPaBbl M GEPE3HSKN 3 | OCHHOBBIE JiECa TI0JIOr0 HAKIOHHBIX 777

Ha BOZIOpa3Iesax D |CYrIMHHCTBIX BOJOPA3ENoB (Iakopos) | O
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IIponosxkenue Tadaunb 1.

3oHabHasA NMPUHHANJIECKHOCTH (3KCHepI/IMeHTaJIBHI>I]71 l'lO.]'II/Il"OH)

HInpoxoJMcTBEHHOIECHAS NT0A30HA Tunuunas secocrens [IpUBOJKCKOI

IIpuBOIKCKOI BO3BLINICHHOCTH Bo3BbIlIeHHOCTH (IIpMpoaHbIil HALMOHAJIb-
(ypounie 3esenniii I'opox) Hbli napk «Yasam Bapmane» — Ilpucypne)
Me3o-ruapoMopHbIE€ EITBHUKU
Me3zomopdHEIe H Kcepo-Me30MopdHEBIE Tﬁ pomopd A
~.__ | COCHSIKH C11ab0 IPEHUPYCMBbIX /
€JI0BO-COCHOBBIE JIeCa MOJIOTHX 4 o . ;
MEK[YPEUHBIX IOHIDKCHHIT M BEICOKOH |1 T a
MECYaHBIX CKJIOHOB -

T HOWUMBI
qm Me3zo-ruapoMopdHbIE €I0BO-JIUIIOBHIE
5

Me3o-rugpoMoppHbIE COCHAKH

. nyOpaBbI U COCHOBO-OEpE30BBIE Jieca 5%?/3
" CJIbHUKU MCKIAYPCUHBIX IMOHUKCHUU o

N M0JIOTO-BOTHYTHIX CKJIOHOB TTECYAHO- A
Y HAATMIOWMEHHBIX Teppac TA N

CYIJIMHHUCTBIX MEXTypEUHid

I'mopomopdHbIe (3a00710UEHHEBIE
IM'uapomMopdHBIE YePHOOTBITAHUKA ?f Apomopd ( - ) Yhe

N N \_/ |COCHSKH, C eJIbI0 U Oepe3oi, Sl

BBICOKOMW MTeCYaHO-CYTITMHUCTON ITONMBI 6 . Sy

MEXTYPEUHBIX 3amaJIMH MOPEHHOMN DA
Y JIOJIMH MaJIBIX PeK CA

Y [IECYaHOU paBHUH

Ipumeyanus k Tadimue 1. JIpeBocTon-TOMUHAHTHIL: [ —T cocHa, 2 —ﬁ ellb, 3 —, ny0, 4 — nurma,
B3, 5 — Y IIMPOKOJIMCTBEHHBIC O€3 pa3neneHus, 6 — 1 Oepe3a, ocuHa, 7 — | OJbXa yepHas.
..... YBEHHBIN MOKPOR: 8 — Il myroso-crennoe pasHoTpagke, IlouBoobpasyromme nopoaer: 9 —

, 10 - B CYNECH M JIETKUE CYITIMHKH, /] — CPEIHYUE M TKEIbIE CYTJTHHKH,

W CyNecuaHO-CyrIMHUCTasl MOpeHa ¢ BamyHamu, /3 — BTl kapOoHaTHbIE IOPOIbI
(I/IBBCCTHHKI/I, I0JIOMUTHI). JIOKAIbHBIE THIbI MECTONOJOXKEHUH (re0Tomnbl): D — JIHOBUAIBHBIN,
TO — TtpancamoBuanbubiii, T — Tpan3uTHbId, TA — TpaHCAKKYMYJISITUBHBIN, A — aKKyMYJIATUBHBIM,

CA - cyne%aKBaanbm DA — smoBHANIBHO-aKKyMYIISITUBHBIN, Notes to Table 1. Dommant tree

stands: / pine, 2 ﬁspruce 3 - ’oak 4 — linden, elm, 5 — Qbroadleaf forest, 6 — aspen,
7 — 1 black alder. Soil cover: § — Illl meadow- grasses. Soil-forming rocks: 9 — L= sands,
10— sandy loams and light lo 11 — medium and heavy loams, /2 — 224l sandy-
loamy moraine with boulders, /3 — carbonate rocks (limestones, dolomites). Local geotopes:

O — eluvial, TO — trans-eluvial, T — transit, TA — trans-accumulative, A — accumulative, CA —
superaqual, DA — eluvial-accumulative.

Takue Momenu Mo cyTd He BBIXOJWUT 33 PAMKU CHHOIKOJIOTHH, OCTaBIIAsS BHE TOJS 3PEHUS
reorpaduueckyro (IPOCTPAHCTBEHHYIO) OJKOJIOTHIO. JTO MOJEIM C KOHILEHTPUPOBAHHBIMU
napaMeTpamMu; OHHM He O00ecleyuBaloT TEPPUTOPUATHLHOTO  OXBaTa  HaANAPIEIUISPHBIX
naHaAmadTHRIX eIuHUL, (OMOTe0lIeHO30B, YPOUHMIL, MECTHOCTEH) B UX OpPraHU3allid U peakluuu Ha
BHEIIHHE BO3MYILEHHS, 4YTO U SBISIETCS ONPEICICHHBIM OTrPAHUYEHHUEM KOHTUHYAJIbHBIX
MMUTAIMOHHBIX MOJIEEH.

B npoBeneHHBIX aBTOPOM HCCIEIOBAHUSAX MOHUTOPUHI JIECHBIX SKOCHUCTEM OCYHIECTBIISICS
Ha OCHOBE JHMCKPETHBIX SMIIMPHUYECKUX CTATUCTHUYECKUX Mojenei, cormacHo (PozenGepr, 1984).
OTH MOJeNnu TO3BOJSIOT OMEPUpPOBATh OTHOCUTENHLHO HEOONBIIMM YUCIOM  Haubolee
MH(OPMATUBHBIX MPHU3HAKOB M TOJIYyYaTh PE3yIbTaThl, MOXKET ObITh, HE CTOJb TOYHBIC, KaK MpHU
JMHAMHYECKOM HMUTAIMOHHOM MOJEIMPOBAHUUA, HO C 0o0Jiee BBICOKUM TMPOCTPAHCTBEHHBIM
pa3pelieHrueM M, 4TO CaMO€ BaKHOE, — IPOrHO3UPOBATh MOBEJIEHUE IKOCUCTEM B BUE LETOCTHBIX
oOpa3oBaHuii. B SMIUPHUKO-CTATUCTHUECKUX MPOTHO3HBIX MOJIEISX pEe3YJIbTaThl TOJIEBBIX H
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1abopaTOPHBIX UCCIEAOBAHUN HCIIOIB3YIOTCS HE /ISl MPOBEPKH KAKUX-JIMOO PACUETHBIX JAHHBIX, a
Kak (aKTOJIOTUYECKasT OCHOBAa COOCTBEHHO MOJETUPOBAaHUSA. B oTIMYMEe OT JAMHAMUYCCKUX
MMUTAUHOHHBIX MOJENIEH, NPEMIOKEHHBI M PEATU30BaHHBIA aBTOPOM METOJ JIOKAJIbHOIO
JTMICKPETHOTO MOJICTTMPOBAHUS MPHPOIHBIX SKOCUCTEM C OOJIBIIUM OCHOBAHHWEM MOKHO CUHUTATH
OMOTEOIICHOTUYECKUM METOZIOM — B ayxe Teopun B.H. Cykauesa (1972).

Puc. 2. bunapnas opauHanms 30HaJBHO-reorpaduyeckux rpynn (amuid 10  JIMTOTEHHBIM,
ruapo3aaUIecKiM, (UTOICHOTHYECKUM | TOYBEHHBIM (hakTopaM sKocucTeMbl [Ipucypbe
(«HaBam Bapmane»). Vciosuvie ob6o3nauenus: 1 — 3KOJIOTUYECKUH NOMHHAHT, 2 — «pa3MbITasD
YacTh DKOJIOTUYECKOW HUIIM, 3 — TPACKTOPUS, COCIUHSIONIAas SKOJOTHYECKHE NOMHUHAHTHI, 4 —
IPOCTPAHCTBO 3KOJIOTHUECKON HHMIIM, 5 — aHKJIaB, 6 — HaIpaBlIeHHE BO3MOXKHOW TPaHCIPECCUU
JIaHHOTO SIBJIGHUS OT €ro 9SKOJIOTHYECKOro JOMHMHAHTa, 7 — O00JacTh CHOPaJUYECcKOTO
pacnpocTpaHeHHs SBJIECHHS B MpeAenax JaHHBIX rpaganuii  ¢aktopa. 30HAIbHBIC TPYIIIEI
ouoreoneno3os: BT — Oopeanbhas TaexHas, bb — Oopeanbnas Gopomas, H/b — HemopanbHo-
6opeanbHasd, b/H — GopeanbHo-HeMopanbHasi, H — HeMopanbHas. ['pynmbl OGMOreoleHO30B IO
snapuueckomy yBraaxHeHuio: K — kcepodutnas, MK — me3o-kcepodputnas, M — me3odurHas,
MI" — me3o-runpodutHas, I — rugpodurnas. 0.149, 0.159, ... — HOpMHUpOBaHHBIE KOA(D(UIIUEHTHI
conpspkeHHocTH K(A; B). ['pynnbt 6uoreonenosos — tabaumna 1. Fig. 2. Binary ordination of zonal-
geographical groups of facies based on lithogenic, hydroedaphic, phytocenotic, and soil factors of
the Prisurye ecosystem (“Chavash Varmane”). Legend: 1 — ecological dominant, 2 — “blurred” part
of the ecological niche, 3 — trajectory connecting ecological dominants, 4 — space of the ecological
niche, 5 — enclave, 6 — direction of possible transgression of a given phenomenon from its
ecological dominant, 7 — area of sporadic distribution of the phenomenon within the given
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gradations of the factor. Zonal groups of biogeocoenoses: BT — boreal taiga, BB — boreal pine
forest, N/B — nemoral-boreal, B/N — boreal-nemoral, N — nemoral. Groups of biogeocenoses by
edaphic moisture: K — xerophytic, MK — meso-xerophytic, M — mesophytic, MG — meso-
hydrophytic, G — hydrophytic. 0.149, 0.159, ... — normalized contingency coefficients K(A; B).
Biogeocoenoses groups — see Table 1.

[IpocTpancTBeHHO-(DYHKIIMOHATBHBIH MOHUTOPHHT JIECHBIX 9KOCHCTEM Oa3upyercss Ha
SMITUPUYECKU YCTAHOBJICHHBIX JIOKAJTBHBIX U PErMOHAIBHBIX JaHAMA(PTHO-3KOJIOTUUECKUX CBS3SX,
KOTOpBIE pAacCMaTpUBAIOTCA KaK MEXaHU3Mbl META0OJIMYECKUX PEaKIUil JIECHBIX AKOCHUCTEM Ha
oTpe/ieNieHHble KIMMaTHueckue TpeHabl (puc. 2). TakuMm oOpa3oM, pedb UAET O NPUHLUIHAIBHO
HOBOM, dIMNUPUKO-UMUMAYUOHHOM DA3080M U NPOSHOZHOM MOOEIUPOBAHUU NPUPOOHBIX IKOCUCEM
MIPU UX KIMMATOT€HHOM MOHHUTOPHUHTE.

DTO0 MOJIeNMpPOBAaHUE MOCITYXKHJIO OCHOBHBIM MHCTPYMEHTOM IPEANPOrHO3HOTO JIaHAIapTHO-
9KOJIOTMYECKOT0 aHajli3a W 3aTeéM BOLLIO B AJIMOPUTM CaMHX HPOTHOCTHYECKHUX pPAaCuETOB.
OMnupuyeckass HMMHUTAUUS  JIaHAMIA(QTHO-IKOJOTMYECKMX  MPOTHO30B  pealu3yercs  Kak
BOCIIPOM3BOJICTBO ~ IMPOTHO3UPYEMBIX  CIIEHapUeB  OHMOTEOLEHOTUYECKHMX  CHUCTEM IO
3aKOHOMEPHOCTSAM HX 0a30BOM MPOCTPAHCTBEHHOW OpraHU3alMK, C 3aMEHOM B TMPOTHO3HOU
MpoLEeaype IPOCTPAHCTBEHHBIX KOOPAUHAT HAa BPEMEHHbIE, B COOTBETCTBUU C (PyHAAMEHTaIbHBIMU
CBOWCTBAMM 3PTOJIUYHOCTH IIPUPOTHOMN CPEJIBI.

B npouenypax nporHo3upoBaHusi UCHOJIb30BATKCH:

1) nokanbHasi SMIMpPUYECKas UMUTAIUS PETHOHAIBHOIO OMOKJIMMATHYECKOTO TpeHJa
C UCTIOJIb30BAaHUEM MoOJelield OWHApHOW THUIAPO- W TepMo-31adUUeCKOl OPAMHAIMK JIECHBIX
TOMO3KOCUCTEM;

2) cBOICTBA MOJIM30HATBHOCTH JIOKATHHBIX 3KOCUCTEM KaK CIIOCO0 MX peakIy Ha rio0alibHble
M3MEHEHHUS KIIMMaTa;

3) sMmmupuueckas HMMHTALUA KIMMAaTUYeCKH OOYCIOBJIEHHBIX H3MEHEHUH OHOJIOTHYECKOTO
IIUKJIa Ha OCHOBE THIPOTEPMUUYECKOTO OPAMHAIIMOHHOTO aHAK3a €ro mapaMeTpoB (Tadi. 2);

4) sMmupuyecKkass UMUTAIUS HU3MEHEHMH NPOIYKTUBHOCTH W CTOKa YIiiepoja B JIECHBIX
HKOCHCTEMAX MpHU KOoIeOaHUIX KIMMaTa.

Tepmo- u rugpo-spaduyeckas opAMHALUS META0OJUYECKHX XApPAKTEPUCTHK  JIECHBIX
TOMO3KOCUCTEM IpOBeJieHa M0 2 reou3nYecKuM MapaMeTpaM: TeMIepaType MOYBbl Ha IIyOuHE
50 cMm (#50) m 3amacam JIeTHEW NpOMyKTUBHOM Biaru B cioe mouBbl 0-50 cm (Kosowmsii, 2025).
OTH CBA3M HE BCErza JI0CTaTOYHO BBICOKH, XOTSI M BIIOJIHE 3HAUMMBL. Kak M3BECTHO, pU OMUCAHUU
CIIOHBIX MHOTOKOMIIOHEHTHBIX OHOJIOTHYECKHX CHUCTEeM KOI(D(PUIMEHTH KOppeIsuu U
JETepPMUHAIIMN HE MOTYT OBITh BBICOKMMHU, IMOCKOJIBKY OMOJIOTHYeCcKast CUCTEMA U €€ KOMIIOHEHTHI
CYIIECTBYIOT [10 CBOMM BHYTpeHHUM 3akoHaM (Montgomery, Peck, 1982).

Ha ocHoBe momydyeHHBIX CBsA3eil pa3paboTaHbl aJrOPUTMBI PAcuETOB YIIEPOIHOTrO OamaHca
OopeallbHbIX M HEMOpPAJIbHBIX JIECHBIX OHWOTEOCHCTEM, a TaKkKe OOBEMOB TMOTJIONIEHUS HMHU
MAaPHUKOBBIX T'a30B MPH MPOTHO3UPYEMBIX rI00albHBIX U3MeHeHHsX kinumarta Ha 100-200-neTHior0
MEePCIEeKTUBY. BBISBICHBI KPUTHUECKHUE THAPOTEPMHUUECKUE COCTOSHUS 30HAIBHBIX TUIIOB JIECOB Y
IO)KHOW TpaHMIlbl JIECHOTO TI0SiCA, XapaKTEepU3YIOLIME WX TMOTCHIMAIbHYIO aJalTaluio K
KapAMHATBHBIM U3MEHEHHSIM KJIMMaTa, C COOTBETCTBYIOIIEH abcopOiineii mapHUKOBBIX Ta30B.

Cnenyer OTMETUTh, YTO AMHAMUKO-MUMHMTALIMOHHBIE M SMIHMPUKO-UMHUTAIIMOHHBIE MOJEIU
HEJb3sl CUMTATh B3auMO3aMeHseMbIMH. Kak Mokaszan cCpaBHUTENIBHBIN aHAIM3 MOJENeN peakuuid
pactenmii Ha knuMaruyeckue m3MmeneHus (Lischke et al., 1998), nuHamuueckoe MMUTAIMOHHOE
MOJENUpOBaHNE OOecrnevynBaeT NETANbHYI0 «Pa3BepTKy BO BPEMEHW» HM3y4aeMoro IMapameTpa
9KOCHUCTEMBI, HO OTPaHUYEHbl B MPOCTPAHCTBEHHON SKCTPANOJISLIMKN pe3yabTaToB. B To ke Bpems
OMIUPUKO-UMHUTAIIMOHHBIE MOJETH, OyIy4yd CTAaTUYECKUMHU, MOTYT ONUCHIBATh TEPPUTOPUATHHOE
pa3HooOpa3ue MPOrHO3UPYEMbIX CUTYallUi, HO CTPaJIaloT HEOTPEAEICHHOCThIO BO BPEMEHH.
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Ta6auua 2. Pacnpenenenune rtpynm OuoreoneHo3oB [Ipuokcko-TeppacHoro OuocdepHoro
pe3epBaTa mo ux 30HaIbHO-reorpaduueckum rpymmam, K(A;B)* = 0.212. Table 2. Distribution of
biogeocoenosis groups of the Prioksko-Terrasny Biosphere Reserve by their zonal-geographical
groups, K(A;B) =0.212.

SoHATEHO-FeOrpadHIEcKHe I'pynnsi 6uoreoneno3on (Tad.. 1).
' i | WO 7] AR | YT
IPYNIbI GHOI€OLEHO030B *?T 2% X £ 5\}\ &
BopeasnbHas TaexkHas - 2.57 @ x™* - 1.00 | 1.29 e 1.29 @
Bopeanwhas 6opoBas 2.81 @ x - - 0.63 - 2.41 %
HemopansHo-00peanbHas 2.81 @ x - - - 1.61 x 1.61 @
BopeanbHo-HEMOpanbHAs - 1.61 241 x | 0.63 1.21 x 0.40
Hemopanphas - 0.80 0.80 |3.13 x 0.80 —
«———— o011ee HaNPaBJICHUE TEPMO-aPUIHOTO KIUMATHIECKOTO TPCHIa

IIpumeuanuss k Tadaume 2: K(A;B)* — HOpmMupoBaHHBI Koaq)q)HuHeHT MEKKOMIIOHEHTHOM
CONPSDKEHHOCTH, X = — 007acTh SKOJOTMYECKOTO JOMHHAHTAa, ®  — Tpajalud o00pa3yioT
«pa3MbITyIo» 4acTh kiaumaTtuueckod Humu. Notes to Table 2: K(A;B)* — normalized inter-
component contingency coefficient, x** — the area of the ecological dominant, " — gradations that
form the blurry part of the climatic niche.

B cBsi3u ¢ 3THM MBI IPUHUMAEM, YTO MTPUOPUTETHHIM 0OBEKTOM JIAHAMAPTHO -IKOJIOTHIECKOTO
MIPOTHO3UPOBAHMS B TpENeNiaX CTOJICTUS JIOJDKHA OBITh HE CTPYKTYPHAs DBOJIOIHS SKOCHCTEM,
a HalpaBJICHHOE W3MEHEHHE UX (DYHKIMH, T.€. CIBUTH B MajOM OHOJIOTUYECKOM IIMKIIE, KOTOpBIC
B 30HE TaiTM MPOUCXOAAT B TEUYCHHE IEPBBIX JIET, a B IOJ30HE HIMPOKOJMCTBEHHBIX JIECOB —
B reuenue roaa (Komomeir, 2020). O1tH xapakTepHble BpeMeHa (YHKIIMOHAIBHOW pelaKcariu
JIECOB MPOMOPIIMOHAILHBI SK30I'€HHBIM M3MEHEHHSM COJICPKaHMsl YIiepoja B JISCHOH (uTomacce
(>KMBOM W MEPTBOM) W B IMOJBIXKHOM T'yMyce TOYBBI. Tako¥ MOAXOJ MOJHOCTHIO COOTBETCTBYET
MPEIMETY TAHHOTO HAYYHOTO MCCIICIOBAHUSI.

KounyecTBeHHBI MeTO1 JJaHAIMA(THO-3KOJIOTMYECKOr0 MPOrHO3UPOBAHUS

JlanmaTHO-PKOJOTHYECKUH  TOAX0 K MOJICIMPOBAaHUI0 (DYHKIIMOHAILHO-CTPYKTYPHBIX
napaMeTPOB JIOKAIBHBIX YKOCHCTEM Oazupyercs Ha Ouoxoposormueckoi koHuemuuu (Tumodees-
PecoBckuii, 1970) 0 mpoCTpaHCTBEHHOW OpPraHU3alMU KPYrOBOPOTOB MAacChl M 3HEPTUH KHUBBIM
BEIICCTBOM B OMoreoreHo3ax ((anusax) Kak ITUCKPETHBIX 3JIEMEHTAPHBIX CTPYKTYPHBIX CIUHHIIAX
ouoctepsl. CoriacHO TeopeTHYecKuM pa3paboTkam B 3ToM Hampasienuu (Iopmxkos, 1995),
ouocdepa paccMaTpuUBaeTCs KaK CTATUCTHYSCKHI aHCAaMOJIb OMOXOPOJOTHYECKUX CIUHHMII, CI1a00
B3aMMOJICHCTBYIOIUX MEXIy COOOW, HO WMEIOIIMX BBICOKOYIOPSIOYCHHYIO BHYTPECHHIOKO
opranuzanuio (Omarojapss crabuiusupyromemy oroopy). Kaxmoilt rpynme OuoreouneHo3os
MIPUITUCBIBAIOTCS OTpeieNieHHble (DYHKIIMOHAJIbHBIE XapaKTEPUCTUKH, CBS3aHHBIE CO CTPYKTYpOH
JIOKaJIbHBIX TOTOKOB BEIECTBA M SHEpruM. Takod MOJXO0J MO3BOJSET Ha OCHOBE KOMIUIEKCHBIX
SMIIMPUYECKUX JAHHBIX, IMOJYdEHHbIX B XOJIe¢ TOJEBBIX MCCIEIOBAHUHN, MPOTHO3UPOBATH
3aKOHOMEPHOCTH TIOBEAEHHUS JIECHBIX COOOIIECTB B pa3IMYHBIX TeOMOP(OIOTHYECKUX U
s1aUUECKUX YCIOBUAX, COXpaHssl CTATUCTUYECKHUE METO/Ibl UX aHAIN3A.

JlanqmaTHO-PKOJOTHUECKUI MPOTHO3 Kak I[EHTPalbHOE 3BEHO MOHHMTOPUHTAa HMEET
SKCTIIEpUMEHTaIbHbIN XapakTep. OH pa3pabaThIBajlICsl KaK CHCTeMa ONepalyid ¢ 3KOJIOTHUYECKUMHU
(TMAPOTEPMUYECKMMH) HHUIIAMHU JIOKAIBHBIX W PErHOHAIBHBIX OMOTr€OCHCTEM Ha OCHOBE HX
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OTHOIIEHWH BKIIIOYEHHUSI KaK onucarenbHbIX BeKTOpoB (Komowmsin, 2008, 2018). O6muii nmpuHImI
MIPOTHO3a TJIACHUT: BEJIMYMHA KIMMATUYECKH 00YCIOBICHHOHN TpaHc(hopMaIy 0OJHOM SKOCHCTEMBI B
ApYryto TeM OOJbllle, YeM MEHBIIE CTENEHb IMEePeceYCHUs] UX KIMMATHYECKUX HUII B MCXOJHBIX
COCTOSIHUSIX U uyeM OoJiblie OyJeT Auarna3oH MEPEeKphITHs HUII Iociie CONMKEHUsI 3KOCHUCTEM I10
JAaHHOMY KJIMMatnyeckomy ¢akropy. [lo coueranuio 3THX COOTHOIIEHUN OLIEHMBAIOTCSI HauboJiee
BEpOSTHBIC HANPABJICHUS U CTENEHb TpaHCPOPMAIMHM SKOCHUCTEMBI. B OoTiMuYMe OT HM3BECTHBIX
OTEUECTBEHHBIX U 3apYOEKHBIX IOJXOJOB JaHHBIH METOJ IpelycMaTPUBAET MHOXECTBEHHbII
XapakTep Tpanchopmanum reo(3Ko)CucTeMbl pH GUKCUPOBAHHOM KIMMATHYECKOM TpPEHJIE, KOTIa
€€ HOBO€ COCTOSIHUE MOXKET HMMETh XapaKTePUCTHKU HE OJHOTO, a HECKOJIbKUX COCTOSIHHIA,
CYIIECTBOBABIINX B Ha4aJbHbI MOMEHT.

Bbruncnstorcss BEpOSITHOCTH  YCTOMYMBOCTH  (CTaOWMIM3alMU) KaXJIOro OO0bEKTa M €ro
MEpPEeX0/I0B B Apyrue OOBEKThl B COOTBETCTBUU C 3a/laHHBIM KJIMMAaTHYECKUM TpeHaoM. Monenu
BOCIIPOM3BOJAT IPOTHO3UPYEMBIE COCTOSIHUSL OOBEKTOB IMYTEM SMIIMPUYECKONM HUMHUTALUU
MIPOCTPAHCTBEHHO pACHpPEICNIEHHbIX [apaMeTpoB MX SKOJOrMYeckux Hum. B  pacuerax
UCIOJIb3YIOTCS METOJIbl TEOpUH HUHPOpPMAIUHU, ONHUCATENbHBIX («HEUYETKHUX») MHOXKECTB U
MapKOBCKHUX Iienel. PazpaboTaHbl OpUrHHAIBHBIE METO/IbI TOCTPOCHUS MATPHI] U OPUEHTAI[MOHHBIX
rpadoB BeposTHOCTEHW maHAmAa(THO-(AMATBHBIX TEPEXO0JI0B, OMHMCHIBAIOIINX OOIIYI0 KapTHUHY
peakuuu JIECHBIX OKOCHCTEM JAHHOTO SKOPETMOHA Ha MPOTHO3MpPYEMble KIMMaTHYeCKue
n3MeHeHus. [IpuBeneHbl Takke METOAbl pacyeTa U MOCTPOCHUS CPeHEB3BEUIEHHBIX (B MacmiTade
JAHHOTO SKOpPErhoHa) MATpHUIl M OPUEHTUPOBAHHBIX TrpadoB JaHAMA(THO-IKOJIOTHYECKUX
MepPEX0/I0B.

CaM 1poOrHo3 MOKHO CUUTaTh YHOPABISEMBIM  OSKCIIEPUMEHTOM, IO  OMNpPEAETICHHUIO
(Xenbept, 2008). MccnenoBaTenb 3a/1aeT BXOJHBIC MTEPEMEHHBIE U HAa BBIXOJIE MOJIYYaeT KapTUHY
MIPOTHO3UPYEMBIX CTPYKTYPHO-()YHKIIMOHAIBHBIX COCTOSIHMNA OOBEKTOB B JAHHOM CTaTUCTHYECKOMN
BBIOOpKE, C BBISIBJICHHEM HOBBIX OOBEKTOB 3a IMpenenaMu BbeIOopku. [Iponienypa nporuo3upoBanus
BKJIIOYAIOT JBa drama: (1) OIeHKy BEpOSATHOCTEH W3MEHEHUs (PYHKIMOHAIBHBIX COCTOSHHMA
9KOcHCTeM | (2) pacdeTsl ckopocTel TpaHchopmanmii skocucteM. [ToagpoOHO onMcaHbl aTOPUTMBI
MMPOTHOCTHYECKUX pacueToB g 00oux stanoB (Komomei, 2018, 2020).

[IporHo3uslie JanamapTHO-30HAIBHBIE TIOCTPOEHUS 0a3UPOBAINCH HAa BBISIBJICHHOMN JOCTATOYHO
TECHOU CBsI3M pacTUTENbHBIX (opmanuil Bomkckoro OacceiiHa ¢ KOA(pOUIMEHTOM T0JI0OBOTO
aTMOC(EpHOTO YBJIAXKHEHUS, C KOTOPHIM TaK)K€ XOPOILO KOPPEIUpPYET JIETHEE BIIAarocoAepiKaHHe
nouBbl (Komombmi, 2008, 2018). Takue opAavHAIMOHHBIC PSAABl YKa3bIBalOT HAa TO, B KaKOH
MOCJIEIOBATEILHOCTH CIEAYET 0KUJIaTh 30HAIbHBIE (PUTOLEHOJOTHYECKHE MIEPEXO0AbI PH TOM WIIH
MHOM KIIMMaTu4eckoM TpeHae. [locTpoeHHbIe MO 3TUM CBS3SIM KapTO-CXEMbl IMPOTHO3UPYEMBIX
30HATBHO-PETUOHATBHBIX JKOJOTHYECKHX YCIOBHI OMUCHIBAIOT IOCIIEOBATEIFHOE CMEIICHHE
30HATBHBIX U MOJ30HAIBHBIX TPAHUI] K CEBEPY MOJ ACHCTBHEM TEPMO-apUIHOTO KIMMATUYECKOTO
TpeHa.

Knumatnueckne mapaMeTpsl B3AThl W3 IMPOTHO3HBIX CIIEHAPUEB JBYX TJIOOATBHBIX MOJENei
cemeiictBa obOmei nupkyasuuu atmMochepel AOGCMs: ymepennoir E GISS (Pope et al., 2000)
u skcTpeManbHoit HadCM3, Bepcus A2 (Moxos, 2006; Hansen et al., 2007). IlepBas monens gaet
Ipenensl KIMMaTHYeCKUX W3MEHEHUH, COOTBETCTBYOIME LenaM [lapukckoro coriameHus Io
n3MeHenuto knumara (Paris Agreement, 2015), — He JOMYCTUTH CpEIHETOA0BOE MOTEIIEHUE Ooiee
yem Ha 1.5-2.0°C k cpeamMHe HaIIero CTOJETHs, T.€. K CPOKYy yABoeHus KoHueHtpauuu CO;
B atMoc¢epe. OHAKO COBpEMEHHOE TIio0ajbHOE MOTEeIUIeHUe, HadaBiueecs ¢ cepeanHbl 1980-x
rogoB (PanpkoBa u gap., 2024), cnocoGHO NpPUBECTH K TOBBIMIEHUIO CpPEAHEH TeMIepaTypbl
Ha Tepputopun Poccun yxe k koHIy Beka Ha 6-11°C (IlBunenko u np., 2017), uyto amexkBaTHO
KJIMMaTH4eCKOMY IIPOTHO3Y, KOTOPBIH JaeT skcTpeManbHas Mojens HadCM3.

Pe3ynbTarhl NOKATHHOTO MPOTHO3HOTO aHajdn3a MPEACTAaBIEHBI KaK B rpadoaHaTUTHUYECKUX
Moiensx (puc. 3), Tak ¥ Ha KPYITHOMACIITaOHBIX KapTo-cxeMax (puc. 4).
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Puc. 3. Dxonornyeckuii mporHo3 1o 3kcTpeManbHoi kiumarndeckoil Mosenun HadCM3, oprpadst
(GYHKIMOHATBHBIX MEPEeX0/J0B MEXAYy TIpylinaMud OHOreOlEHO30B B pa3IMYHBIX 3KOPETHOHAX
Cpennero [loBomkbs. Beposmuocmu nepexooos: 1 —<0.10, 2 —0.11-0.20, 3 — 0.21-0.30, 4 — 0.31-
0.40, 5 — 0.41-0.50, 6 — 0.51-0.60, 7 — 0.61-0.70, 8 — 0.71-0.80, 9 — 0.81-0.90. Fig. 3. Ecological
forecast based on the HadCM3 extreme climate model, directed graphs of functional transitions
between biogeocoenoses groups in different eco-regions of the Middle Volga Region. Transition
probabilities: 1 —<0.10, 2 — 0.11-0.20, 3 — 0.21-0.30, 4 — 0.31-0.40, 5 — 0.41-0.50, 6 — 0.51-0.60,
7-0.61-0.70, 8 — 0.71-0.80, 9 — 0.81-0.90.
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Puc. 4. Kapra-cxema Gananca yriepona B JecHbIX ¢opMmanusax Oxcko-Bomkckoro OacceiiHa Ha
2050 r., cormacHO mporHo3HOW kinuMatudeckor Mmoxaenn HadCM3 (Komomsbir u ap., 2009).
N3menenue ob1iero coaepkanus yriaeposa, t/ra: 1 — (=76) ~ (-14), 2 — (- 14) +(0),3 -0+ 20,4 —
20 +162. Fig. 4. Carbon balance map in forest formations of the Oka-Volga basin for 2050
according to the HadCM3 forecast climate model (Kolomyts et al., 2009). Change in total carbon
content, t/ha: 1 — (-76) + (-14), 2 — (-14) + (0), 3 - 0+ 20,4 — 20 ~162.

HpOFHOBI/IpyCTCH MMpoOTrpeCCUBHO YCHHHBaIOIHHﬁCH TepMO-apI/II[HHﬁ OMOKIUMATHYCCKHUI TPCHA
C O6H_II/IM CMCIHICHUCM 30HAJIBHBIX TpPaHUIl K CEBEPY U C COOTBCTCTBYHOIIMMU HU3MCHCHUSAMU
PaCTUTCIILHOTO TIIOKPOBaA. Hpouecc apuan3annunu HaA4YHCTCA C FOXKHBIX MAapruHaJbHBIX
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IIMPOKOJIMCTBEHHBIX JIECOB H TOKAET MO CIEAYIOUIEH CYKIIECCHOHHOUM CXEMe: YHCTBIC W CIIOBBIC
nyOpaBel — OOpOBBIE COCHSKM H €IIOBO-COCHOBBIE CyOOpM — THUIIUYHAS XBOWHAs U
MEJIKOJINCTBEHHAS JIECOCTENh — CEBEPHAS M CPEMIHSS CTEIb — FOKHas (cyxas) cremnb. [loaraexHas
30Ha OyJeT OTIMYaThCA B IIEJIOM 00Jee BBICOKOW YCTOHYHMBOCTHIO JIECOB K OXKHIAEMOMY
I00ATEHOMY — TIOTEIUICHHIO. OOmass KIUMaTHYeCKas apHUIW3alHs  BBI30BET MECTHBIC
(YHKIIMOHATBHBIC TIEPEXOJIbl, HAIMPABJICHHBIC NPEUMYIIESCTBEHHO CHHU3Y BBEpPX II0 CHCTEME
maHama@THRIX conpspkeHU. OCTEIMHEHUIO MOJBEPrHYTCS B IEPBYIO OYEpeIb XBOMHBIC Jieca
BEPXHUX 3BCHBEB KATCH — KCEPOMOP(GHBIC M ME30-KCepOMOP(HBIE COCHSKA U €JIO0BO-COCHOBBIC
neca.

CornacHo skcrpemanbHoil Mojenn HadCM3, Ha mecTe MOA30HBI MHUPOKOIMCTBEHHBIX JIECOB
Y FO’KHOU TOJIOCHI moaTaesxkHOM 3001 Cpennero [ToBomkbs OyieT pa3BUBaThCS XBOWHAs (COCHOBAs)
JIECOCTEITh KaK HOBBIN (IJIs1 JAaHHOTO PETMOHA) 30HAIBHBIA YKOTOH MPSIMOTO KOHTAKTa OOpealbHBIX
U CTEHHBIX PACTHTENBHBIX (OpMaIuii, C MO3aMYHBIM KOMILJICKCOM CBETJIOXBOWHBIX H JTyOOBO-
MEJIKOJINCTBEHHBIX TAPKOBBIX JIECOB, JIYTOB W CTemeW. byaymuii mpolecc «caBaHHU3AIHIDY
ITUPOKOJINCTBEHHBIX M CMEIIAHHBIX JIECOB Pycckoli paBHMHBI — HEU30SKHOE CIICACTBHE
COBPEMEHHOTO TePMO-apUIHOTO KIMMATHYECKOTO TPEH IA.

HI{COJIOFI/IH U METOAUKA KOJIMNIECCTBCHHBIX OIICHOK yCTOﬁ‘lHBOCTH JIECHBIX 3KOCHUCTEM

OmHrM W3  OCHOBHBIX TMoJIokeHWH [lapmkckoro cornameHuss 00 W3MEHEHMHM KJIMMaTa
(Paris Agreement, 2015) sBnsieTcst pereHne MPoOIEMbl AJaNTallMd YKOCUCTEM — YCHJIEHHE HUX
aIaNTUBHBIX BO3MOXKHOCTEH, TOBBIIICHUE YCTOMYMBOCTH W CHUKEHHUE YSI3BUMOCTH K H3MEHEHUIO
KMaTa. MexaHu3Mbl aJanTalliK JIECHBIX SKOCHUCTEM K TJI00aJIbHBIM KIMMAaTWYeCKUM CHTHajlaM
paccMaTpHUBaIOTCSl HAMU 4Yepe3 MpU3My UX (DYHKIIMOHAIBHOW YCTOMUMBOCTH K BO3JACHCTBHIO 3TUX
CUTHAJIOB. B pOCCHIICKON T'€03KOJIOTMM YCTOMYMBOCTh IO CHUX IMOP OIEHUBAIOT MO KAYECTBEHHBIM
rpajainysM, TakUM Kak ciabasi, cpeiHsisl M BbICOKas, a CTPOTHE KpUTEpUU KiaccU(UKAIMU MOPOi
OTCYTCTBYIOT.

B 3apyOexHpIx paboTax IO SKOJOTMU Jieca HMX YCTONYMBOCTH OIMCHIBACTCS TakKxke
KaueCTBEHHO, C KCIIOJb30BAHUEM HEKOTOPBIX KOJWYECTBEHHBIX IOKa3aTesieil: CKOPOCTH pPOCTa,
MIPOJIYKTUBHOCTH, KOMIAKTHOCTH JIPEBOCTOSI, BUAOBOTO pPa3HOOOPa3usi, MOBPEXKIEHHOCTH PACTCHHIMA
(Chapin et al., 1997, Thompson et al., 2009). IIpeamonaraercsi, 4To CyImIecTByeT 0a30BOE
COOTHOIIEHUE MEXAy OHOJOTHYECKUM pa3zHoOoOpazueM, MPOAYKTUBHOCTbIO U YCTOWYUBOCTHIO
JIECOB, U YTO 3TO COOTHOUICHHE HMMEET MPAKTUYECKOe 3HAa4YeHHE JUI aJalTHBHOTO MOHUTOPHUHTA
necoB npu u3MeHeHnn kimmara (Thompson et al., 2009).

B oOmeit skomorun uMmeroTcss pa3paboTaHHbIE MaTEeMaTHYEeCKUE MOJENU YCTOWMYHMBOCTH
OTHOCUTENIbHO TPOCTBIX HOKOCHUCTEM — OTACIbHBIX MOMYISIMM U HUX COBOKYIMHOCTEH
(Ceetnocanos, 2009). K coxaneHuo, 3T0 MOJCIMPOBAHUE HE HAILIO IIMPOKOTO MPUMEHEHHUS B
naHAmadTHON HKOJIOTUH, TA€ OOBEKThl HCCIECAOBAHHUS 3HAYUTENHHO CJOXKHEE, OTINYaI0TCA
BEPOSITHOCTHBIM XapaKTepOM BHYTPEHHUX M BHEIIHUX B3aHUMOJCHCTBHI, a TakkKe HEIWHEHHBIM
MOBEJICHUEM, CBSI3aHHBIM C PETYIHPYEMOU CEThIO TMOJIOKUTEIBHBIX U OTPUIATENBHBIX O0OpaTHBIX
CBA3EH.

YcToiunBoCTh M (YHKIIMOHUPOBAHHME JTHX CHCTEM OIpENeNnseTcs B TEPBYIO OYepelb
T€OXUMHUYECKUMH IUKIAMU — TOJOBBIM UM MHOTOJETHHM OOOPOTOM OPraHHYECKOTO BEIIeCTBa
(Cupexes, 1983). Ha ocHOBe JaHHOTO KOHLIENTYaJbHOTO TOJOXKEHHUs ObLIT pa3paboTaH MeETOA
KOJIMYECTBEHHON OILIEHKH YCTOMYMBOCTU JIECHBIX SKOCHUCTEM KakK IIEJIOCTHBIX 3JE€MEHTapHBIX
XOpoJloTHYecKuX enuHul, B ayxe ydeHus B.H. CykaueBa (1972) o OuoreoreHosax, a He IO
OTNIEbHBIM HMX CTPYKTYPHBIM WM (DYHKIIMOHAIBHBIM XapaKTEPUCTHKAM, YTO MPAKTHUKOBAIOCH
panee (Komowmpi, 2018, 2020). Takoil moaxom SBIsSETCS B TOJHOM CMBICIE JaHAmAa(THO-
sKosioruueckuM. Ero 3ppekTHBHOCTH COCTOMT B TOM, YTO OH ONHPAETCS HA JUCKPETHBIC
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napamMeTpsl OHOJIOTHYECKOTO KPYroBOpOTa.

Brigensitores 1Ba ypOBHsI yCTOWYHMBOCTH — JTaOWIBHBIN (DUTOIICHOIOTUYECKHUIA M HHEPITUOHHBIN
MOoYBEHHO-OMoTHYeCKHd. [0 KaXIoMy M3 HHX C MOMOIIBIO METPUKH E€BKIHJIOBOTO PACCTOSHHS
pPacCcUMTHIBAIOTCS HMHAEKCHI PE3UCTEHTHON M YNPYroil YCTOMYMBOCTH JIECHBIX OMOI'€OLIEHO30B.
Takure MHIEKCHI CITy)KaT KOMILJICKCHBIMH MapaMeTpaMu (YHKIIMOHAIBHOTO COCTOSHUS JIOKAJIbHBIX
reo(’ko)cucreM. B pacuerax HMHIEKCOB YCTONYMBOCTH HCIOJIB3YIOTCS CIEAYIOLIME IapaMeTphl
MeTabonu3Ma: Kod(pQPUIMEHT 000poTa HAI3eMHON (UTOMACCHl, MacChl JIECHOW TOJCTHIIKH
U TyMyca, I0ICTUII0YHO-OMaIHbIN nHAeKC. KoIn4yecTBEHHO OlleHEeHa OTHOCUTEIbHAS POJIb KaXKI0Tr0
MeTaboMm4eckoro (aktopa B TOM WM HHOM HHJEKCE YCTOHYMBOCTH, a TakKe IpoBeAcHA
BepU(UKaLKs pacCCUUTAaHHBIX MOJIEIIEH.

Ha ocHoBe mosry4eHHBIX MEp C MOMOIIBI0 HOBBIX MeToA0B reomopdomerpuu (Illapas, 2009)
paccuuTaHbl U MOCTPOEHBbI KapThl-MaTPHIIbl UHJIEKCOB YCTOMUMBOCTH JIECHBIX OMOr€OlI€HO30B Ha
AKCIEPUMEHTAJIbHBIX MMOJUTOHAX, a TAK)KE MHIEKChl YCTOMYMBOCTH JIECHBIX (POpMalUii OCHOBHOTO
Bojocbopa Bomxckoro ©OacceifHa. Ilepexon ¢ nokanbHOTO YpOBHS —KapTorpadupoBaHUs
ycToitunBocTH JecoB Okcko-Bomkckoro 6acceiiHa Ha perHOHANIBHBIA OCYIIECTBIISIICS C TMTOMOIIIBIO
CHeluagbHO  pa3padOTaHHOTO  METOJa  HMHIYKIIMOHHO-UEPAPXUYECKOM  AKCTPaIOJISIIUH,
OCHOBAHHOTO Ha OHMIHUPUYECKH YCTAHOBJIEHHOM SIBIIEHUM TOJM30HAJIBHOCTU JIOKAJIbHBIX
reo(’Ko0)cucTeM Kak (popMbl UX peakIiK Ha ri100anbHble n3MeHeHus knumata (Komowmsi, 2020).

AHanutuyeckoe M KapTorpaduueckoe MOJICIMPOBaHUE YCTOWYUBOCTH JIECHBIX OMOTr€0LEHO30B
FOKHON 4YacTu JiecHOM moJiockl CpenHero IIoBOJKBS MO3BOJISIET CAENATH CIIEAYIOIIHE BBIBOJIBI.
Ha nauansHOM 3Tane HeOIaronpusaTHOTO BHEIIHETO BO3JIEHCTBUS PEAKIIMS JIECHBIX OMOTE0IEHO30B,
MMEIOIINX TEHACHIMI K BBDKHBAHWIO, 3aKIIOYACTCS B CHWKEHHM HWHTEHCHUBHOCTH T0J0BOIO
o0opoTa Haa3eMHOM (pUTOMacCHl W/WIH YCUJICHUH MUHEPAIBHOTO MUTAHUS PACTEHUH BElECTBAMU
13 TyMYCOBOTI'O TFOpU30HTa MO4YBBI. [lociie 3TOro pereHepanMoOHHBIM MOTEHIMAI pEATU3YyeTCs 3a
CYET AaKTUBHU3AUMU NPOLECCOB NECTPYKIIMM MEPTBOIO OPraHMYECKOro0 BEHIECTBA B JIECHOU
MOJICTUJIKE, a 3aTE€M — 3a CUET YBEJIWYEHHMs TOJOBOTO MPOU3BOJICTBA 3€JEHONM MAacCChl, T.€. OOIIEro
yCHUJIEHUsI OMOJIOTHYECKOT0 KPYroBOPOTA.

OueHka poJiu JIECHOT0 IOKPOBA B PeryJsiliuM yrjiepogHOro muKJja
U CMATYeHHs I100aTbHOT0 NOTeNnJIeHHus

OcHoBHasl 3a7jaua TPEThETo, 3aKIIOYUTEIHFHOTO Talla MOHUTOPUHIAa COCTOUT B pa3paboTKe Mep
[0 CHI)KCHHMIO OTPHUIATENbHBIX HKOJOIMYECKUX TMOCIEACTBHI TJI00aIbHOTO MOTEIUICHUS.
OpHOM U3 3TUX Mep SBJIAETCA [OCTIDKEHUE OanmaHca MeXAy BO3HHMKAIOIIMMHU B pE3yJabTaTe
NEeSITEIHOCTH 4YelIOBEKa MApHUKOBBIMM Ta3aMH M UX [OTJIOIIEHUEM 3EMHBIM IMOKPOBOM,
B T.4. JlecaMH. B KauecTBe HIE0JIOTMYECKOW OCHOBBI HAYYHOIO IMOMCKA MO yKa3aHHOW Mpolieme
WCIOJIb30BAHO HM3BECTHOE MOJIOKEHHE 00 3KOJOTHYEeCKHX pecypcax JIECHOTO MOKPOBa KakK €ro
CIOCOOHOCTH TOTJIONIaTh MAPHUKOBBIE T'a3bl C MOMOIIBID MEXaHHW3MOB PETYISIHHA YIIIEPOTHOTO
uukina npu u3MeHenusax kinumara (Fopmkos, 1995; Jloces, 2001). Dta perynsius HamnpaBieHa
Ha BO3BpallleHWE Cpellbl B ONTHUMAIbHOE JUISl JIECHOM JKOCHCTEMBI COCTOSIHUE U CIIOCOOCTBYET
COXPAaHEHUI0 OTHOCUTEIbHOW CTAaOWMIBHOCTH €€ TMPOAYKIIMOHHOTO IIpoliecca B MEHSIOUIEMCS
KITUMaTe, 4TO 00eCleYnBaeT U YCTOMYUBOCTh MEXAHU3MOB CAMOU PETYJSAIUU YTIIIEPOTHOTO IMKIIA
KaK BEAYILEro 3BeHa OMOJIOTHYECKOTO KPYrOBOPOTa.

Jl7is OlleHOK M3MEHEHUH COJNep)KaHus Yyriepoja B pPa3lUYHbIX OMOTHUECKUX KOMIIOHEHTaxX
WCIIOJIb30BAaH U3BECTHBIN JIECOBOJCTBEHHBI METOJl, OCHOBAHHBIN Ha IMHAMUKE >KUBBIX U MEPTBBIX
¢dutomacc. OH AaeT HaAUIMYyYIIUE Pe3yNIbTaThl MPH pacdeTax COCTABIISIFOIIUX YIJIEPOJHOTO IHKIIA 32
OoJbIIIMe TPOMEKYTKH BpEMEHHU. YTIIEPOIHBINA OanaHc Jieca CKIAIbIBACTCS B PE3yAbTaTe CIOKHBIX
COOTHOIIEHUH TMOJIOKUTETBHBIX U OTPUIATENLHBIX MU3MEHEHH OMOMAacChl, HEKPOMACCHI U MacCChl
rymyca. Eciau mpu MmoTemsieHuH JOTOJHUTENHOE TMOTJIONEHHE JIECHBIM COOOIECTBOM TUOKCHIA
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yriaepoaa mnpeoOnaiaeT HaA €ro SMHUCCHEH, TO OOIUN YIrJIepOJHBIN OalaHC IOJIOKHUTEIICH.
OTO 03HAYACT TOJOXKUTEIBHYIO PETYISIUI0 yriaepoaHoro nukia. OaHAKO OTAETbHBIC 3BEHBS
pPErHOHATIBHON KaTeHApHOW CUCTEMBI MOTYT UMEThH (TIPH JAHHOM KJIIMMATHYECKOM IPOTHO3€) CTOJb
3HAYUTEIbHBIE CHW)KEHHUE MACChI YIIIEpoja, YTO 3TO MPHBOJUT K €ro OOIIeMy OTpUIATEILHOMY
0anaHcy, T.. K HETaTHBHOW PETYJISIIUU YTIIEPOTHOTO IUKIIA JIECAMH TAHHOTO dKoperrnona (tadi. 3).

Ha ocHoBe 0anaHCOBBIX YpaBHEHHH pacCUMTaHbl M 3aKapTUPOBAHBI BO3MOKHBIC M3MEHEHUS
MIOTOKOB YTJIEpOJia MEXKIYy IOYBEHHO-PACTUTENBHBIM TMOKPOBOM M arMoc(epold B pa3IUYHBIC
MIPOTHO3UPYEMBIE CPOKH ISl KaXJI0W OHOT€OICHOTHYECKOW TpYIIBl Ha OSKCHEPUMEHTAIBHBIX
MOJIMTOHAX | JUTSl KaXKJI0¥ pactutensHoi popmammu Okcko-Bomkckoro 6acceiina (tabm. 3; puc. 4).

Crnemyer OTMETHTH HEMPABOMEPHOCTH SKCTPAITOJISAIIUN MOACTHHBIX CIIEHAPHEB OMOJIOTHYECKOTO
KPYroBOpoTa M YIJIEPOJHOTO OajaHca, KOTOpHIE MOJYYalOTCs MPH JWHAMHKO-UMHUTAIMOHHOM
MOJIETUPOBAaHUN «TUIUYHBIX OnomoBy» (Tapxo, 2005; Beets et al., 2011; Franklin et al., 2017), na
BCIO TEPPUTOPHIO TIPUPOJTHON 30HBI/TIOI30HBI WIIH KPYITHOTO perroHa. J[Jist KaKJ0ro CTPyKTYPHOTO
MOApA3JeIeHuss TOW MIM MHOW 30HAIBHO-PETMOHAJIBHOM €OUHMIIBI  YIJIEpOJHBIM  OamaHc
HEOOXO/IMMO PAaCcCUMTHIBATh B PaMKaX MECTHBIX 3aKOHOMEPHOCTEH WX KaTeHApHOW OpraHU3aIlfH
(Tabm. 3), momy4ass 3aTeM TaKCOHOMHYECKYIO (CpEJHEB3BEIIEHHYI0 IO IUIOUIaJN) HOPMY
yrIIepoIHOTO OaaHca. DTO MPUBOAMT K COBEPIIICHHO HHBIM pPe3yJibTaTaM OallaHCOBBIX PAcyeToB IO
CPaBHEHHUIO C pacueTaMu Mo «TUMUYHBIMY» ((poHOBBIM) Onomam (Tumikos, 2005).

Tabamua 3. V3MeHeHuss CyMMapHOrO coJepkaHusi yriepoja (T/ra) B pPa3iMyYHBIX JIECHBIX
OonoreorieHo3ax Ha 3 0c000 OXpaHSIEMBIX MPHPOIHBIX Tepputopusx Oxcko-Bomkckoro Oacceitna
Ut porHo3Horo cpoka 2200 r., cornmacHo knmumarnueckor moaenu E GISS. Table 3. Changes in
the total carbon content (t/ha) in various forest biogeocenoses in 3 specially protected natural areas
of the Oka-Volga basin for the forecast period of 2200, according to the E GISS climate model.

JKcnepuMeH I'pynnbl 6uoreouneno3oB (TUNbI MECTONOJI0KEHUIT)
TaJIbHbIE 1 2 3 4 5 6 C
noamronst | (T3) | (13,9)* | 3,T9) | @-TA) | (TA-A) | (CA,24) | “YV™M2
Camapckas 9.55 -1.20 3.34 —-1520 -36.04 1.22 -8.89
Jlyka I N ol [*] [-] [-] [*] [-]
«Yaparn 7.33 46.83 -61.03 12.34 7.05 35.72 19.71
Bapmane» [*] [*] (-] [*] [*] [*] [*]
?g;‘;‘;‘g’ﬂ 2039 | —13.13 | -4480 | 1385 | 7.6 2602 | -7.07
+ — — + + — —
coveppar | Y -] -] [+] [+] -] -]
IIpumeuanusi Kk Ttabaume 3: KypcuB* — IUIaKOpHBIE OHOreolEeHO3bl, [+]* — cMsryeHue

KIIMMAaTH4€CKOIro Tp€Haa, |— B¥* _ ycHIIEHHE KIMMATUYECKOTO T enja. Notes to Table 3: italic* —
>
upland biogeocenoses, [+]* — decreasing climate trend, [-]*** — increasing climate trend.
> 3 g

Ha ocHOBe NpOTrHOCTHYECKUX MOZENEH B KaKIOM DSKOPETHOHE BBISBICHBI OIPEIEICHHBIE
JIOKaJIbHBIE PSIJIbl U 30HAIBHO-PETHOHANIBHBIE TUIIBI peryssinuu coaepxkanus CO2 B atmocdepe rnpu
Pa3BUTHH KIMMATUYECKOW TEPMO-apuAU3alMi. B COOTBETCTBUY € IJIOLIAJAHBIM PACIIPOCTPAaHEHUEM
3TUX TUIIOB OLIEHEH CyMMAapHBIM pernoHalbHBIN BKJIAJ] JIECHONH (UTOOMOTHI B YCTOWYMBOCTH 3TOU
YacTH KOHTHHEHTaJIbHOM Oumocdepsl. Ilo ynenbHBIM M CyMMapHBIM IOKa3aTesIM YIJIepOJIHOTO
OanaHca JecHbIX (opmarmii Boinkckoro 6acceiiHa nmpoBesieHa JeTanbHas KOJUYECTBEHHAs OLEHKA
UX DSKOJIOTUYECKUX PEeCcCypcoB, OOECHEeUMBAIOIIMX KaK MOJOXKHUTEIbHYIO, TaK M OTPULATEIbHYIO
Peryisiuio yraepoaHoro 1mukiaa (puc. 4). IlomydeHHble pe3ynbTaThl UCCIEAOBAHUI 1O JaHHOMY
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HANpaBJICHUIO MOTYT OBITh BKJIIOYEHBI B HSMIMPHUECKOE OOOCHOBAHHME HOBOW SKOJIOTUYECKU
OPUEHTUPOBAHHOMW MapaJurMbl B YYEHUH O JIECE.

B nporiecce Bo31eiCTBUS KIMMAaTHYECKOTO CUTHANIA MPOUCXOAUT (PYHKIIMOHAIbHAS, a 3aTeM U
CTPYKTYpHasi ajanTaiusi JIECHBIX COOOLIECTB K HOBBIM THJPOTEPMHUECKUM YCIOBHSIM, U 3TO
COIMPOBOXKIAETCA COOTBETCTBYIOIIMMH M3MEHEHUAMHU UX YrilepogHoro Oamanca. Jljis MPOrHO3HOIO
nepuoja peruoHaibHoro moremneHuss Ha o 2050-2200 roxel ¢ MOMOUIBIO  MojEieH
(UTOLIEHOJIOTMYECKNX TEPEX0J0B TMPOBEICHBI pPacueThl KOHEYHBIX 3HAYEHUH YIIEpOIHBIX
OanancoB JecHbIX (opmanuii Oxcko-Bomkckoro OacceiftHa. OTH  OallaHCBHl  XapaKTEPHU3YIOT
MEXaHU3MBbl PETYJISIIUM JIeCaMH YIJIEPOJAHOIO IMKJIA YK€ IOoCie MPOU30LIEAIINX 33 MPOIIEeAIINMI
nocie 1985 roma mHTEpBanm WX TMpeoOpa3oBaHMA TOJ JEUCTBHEM COBPEMEHHOTO TJI00aIbHOTO
noterieHus. IlpoBeneHo cpaBHeHHE HaydallbHBIX (0a30BBIX) MU KOHEYHBIX 3HAUEHUM YIJIEPOJHBIX
OanmaHcoB. CpaBHUTENbHBIM aHAJIN3 BBINOJHEH JUIsi 2 YCIOBHBIX THIIOB JIECHBIX 3KOCHCTEM
OacceiiHa: BOCCTAHOBJICHHBIX KOPEHHBIX JIECOB M PEAJbHOIO JIECHOTO MOKpoBa (KOpEHHbIE +
IIPOU3BO/IHBIE JIECa).

YCTaHOBIIEHO, 4YTO  3aMEIIEHHWE  KOPEHHBIX  JIeCOB  (XBOWHBIX, CMEIIAHHBIX U
ITMPOKOJIUCTBEHHBIX) TMPOU3BOJHBIMU (MEJIKOJUCTBEHHBIMU) MPUBOAMT K OOILIEMy U BechbMa
3HAYUTEILHOMY COKPAIIEHHUIO 3KOJOTMYECKUX PECYpCOB JIeCHOro MokpoBa. CorjacHO MpOTrHO3aM,
3TO JIOJDKHO TPOSIBUTHCS B CHUKEHHM OOIIEW IMOJIOKHUTEIBbHOM PEeryisuuy YriaepoJHOTo IMKIIA.
[Iupokoe pacnpocTpaHeHUE B JIeCHOM Tosice BocTrouHoeBpomneickoro CyOKOHTUHEHTa IJIUTENbHO-
MIPOM3BOJIHBIX MEJIKOJIMCTBEHHBIX COOOIECTB, CHUKAET JIaXKe MPH MITKOM (€-THCCOBCKOM) TepMO-
apUIHOM TPOTHO3HOM CIE€Hapuu IOYTH B 3 pa3a CyMMapHOE JOMNOJHUTENIBHOE TMOTJIONIEHUE
JecaMl TapHUKOBBIX Ta30B 0 CPaBHEHHMIO C TUIIOTETHMYECKH BOCCTAHOBJIEHHBIMU KOPEHHBIMU
necamu. TakoBa oOIIast BbI3BAHHAS YEJIOBEKOM IOTEPS HKOJOTMUYECKUX PECYpPCOB OOpeanbHBIX U
HEMOpaJbHBIX JecoB Boimkckoro OacceiiHa co BpeMeH Hayala B HEM WHTEHCHUBHOTO 3eMJjie- U
JIECOTIOTb30BAHMUSL.

Bepudukanus pacueTHbIX NPOTHO3HBIX MOJENEH YriaepoJHOro OajlaHca MpPOBEACHA IO
Marepuaiam MHorosieTHuX (1990-2009 rr.) Ha3eMHBIX U AUCTAHITMOHHBIX U3MEPEHUHN COMepKaHUs
yriepoaa B OopeasibHBIX Jiecax dkocucteM llentpanmbnoit Kanamer (Stinson et al., 2011).
[IpoBenenHble MO0 3TUM MaTepuanaM KOHTPOJIbHBIE PAcYeThl TOJOBOIO U CPEIHEro AJs JaHHOTO
Meprojia SKOCUCTEMHOIO CTOKa YIJIepojJa OKa3zalHuCh JOCTATOYHO OJIM3KUMU K MPOTHO3HBIM
3HAYECHHMAM YIrJepoHoro OanmaHca mo skcrpeManbHor Monenmun HadCM3 nHa mepwon mo 2100 .,
MPEXkKJE BCEro, JJIs peajbHOTo JiecHOro nokposa. Mogens ke E GISS nmanma siBHO 3aHM>KEHHBIE
MIPOTHO3HBIE PE3YIbTATHI IO CPABHEHHIO C «KaHAJACKUM KOHTPOJIEMY.

[IpoBenenHoe aHANIMTHYECKOE M KapTorpaduueckoe MOAECTUPOBAHUE YTIEPOIHBIX OalaHCOB
necHblx (opmanuii Bomkckoro OacceliHa B CHCTeME€ HUX TepMO-apUAHBIX MpeoOpa3zoBaHUil
MPOJIMBAET OMNpEJCICHHBI CBET Ha JBYyeAUHYIO TMpoOieMy, MocTaBieHHylO [lapimkckum
cornamenueM (Paris Agreement, 2015) 06 u3MeHeHUH KIMMaTa: O HEOOXOAUMOCTH COTPSIKEHHOTO
UCCIe0BaHUS a0COPOIMOHHONM CIOCOOHOCTH JIECHBIX OMOMOB M MX aJalTallMd K MEHSIOIMIEMYCS
KIIUMAaTy, KOTopas A0JbKHA o0ecrieunBaTh 3 GEKTUBHOCTh CaMOi aacopOLuu.

B kauecTBe mokazaTens aganTalUM  WCHOJb30BaHAa JlAOWibHAs — YOPYro-IiacTUYHAs
YCTOMUYUBOCTB JIeCHBIX 3KocucTeM. s tepputopun Okckoro OacceifHa MPOBEIECH YHCIEHHBIN
SKCMEPUMEHT IO OLEHKE BIUSHHUS YCTOMYMBOCTH JIECHBIX (opMalMii M MPOTHO3UPYEMBIX
KJIMMaTH4YeCKUX yciaoBui Ha OanaHc yriepona (Komomsi, 2020). Beero nomyueHo 8 nuHEHHBIX
ypaBHEHHUI MHOKECTBEHHOM perpeccuu (¢ ypoBHeM 3HaunMocTu P < 10-6), koTopble npeanaraercs
BKJIFOUUTh HEMOCPEACTBEHHO B «MeETOIMYECKHe yKa3aHUs IO KOJWYECTBEHHOMY OIPEACIECHUIO
00BbeMa MOTJIONEHHSI TAPHUKOBBIX Ta30BY.

Pacuersl mokazanu, uto B mpenctosmeM 100-1eTHeM MpPOTHO3HOM IepHoje oOIias yrnpyro-
IUTACTUYECKAsi YCTOMUYMBOCTH JIECHBIX (popMaruii JOJKHA BO3pacTd, MpUYEM B HaUOOJIbIICH
CTENIEHU NIPHU DKCTPEMalIbHOM NOTEIIEHUH. COOTBETCTBEHHO CIIEAYET OXHUAATH CYIIECTBEHHOIO
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YBEIIMYCHHS CTIOCOOHOCTH OOpeaTbHBIX JIeCOB abCOpOMpOBaTh MapHUKOBEIE ra3bl. ComocTaBieHHe
MOJIYYEHHBIX 3HAYEHWH YIJIEpOJHOTr0 OajiaHca JIeCHBIX (opManuii ¢ HadalbHBIMH (0a30BBIMU)
Y KOHEYHBIMH  ((UHATBHBIMU) HWHJAEKCAMH  YCTOMYMBOCTH JaeT OJHO3HAYHYI0 KapTHUHY
CYIIIECTBEHHOTO YBEIWYCHHSI aOCOPOIMOHHON CIIOCOOHOCTH OOpEaNbHBIX JIECOB C POCTOM HX
BOCCTAHOBUTEIILHOTO MOTEHIIMANA. Pemaroniuii Bkiiaa B yBeIudeHre a0COpOLMOHHON ClTIOCOOHOCTH
BHOCHT POCT JIECOBOCCTAHOBJICHUSI.

AHanM3 TPOTHO3HBIX JIOKAIBHBIX M PETHOHAIBHBIX PAcyeTOB YIJIEPOJHBIX OallaHCOB J1aeT
OJTHO3HAYHOE IPEJICTaBICHHE O TOM, YTO C POCTOM aJalTallMOHHOTO TOTEHIMana OopeasbHBIX
Y HEMOPAJBHBIX JiIecOB Boinkckoro OacceliHa CYIIECTBEHHO YBEIHMYMBAIOTCS HMX JKOJIOTHYECKHE
pecypcel B CMsTYEHHH (MUTHTAIlHA) COBPEMEHHOTO TIO0ANBHOTO MOTEIUIeHHus. J[Isi pa3muaHbIX
HKOPETHOHOB OacceifHa HaMEYeHBI JIECHBIE OHMOTEOIEHO3BbI, KOTOPBIE CIIEAYET paccMaTpUBAaTh
KaK IMPHOPHUTETHBIE COOOIIECTBA TP MOI00PE HanboJee ONTUMAIFHOTO aCCOPTUMEHTA JIPEBECHBIX
MOpOJl B  PA3IUYHBIX 30HAIBHBIX, TEOMOP(HOJIOTHYECKHX U  OAAQUYECKUX  YCIOBHSX.
Tax, B sxopernone Ilpuokcko-TeppacHoro OuocdepHOro pesepBara TaKMMH OHOTEOLEHO3AMHU
SBIISIIOTCSL  DIIIOBUAIBHBIE W TPAaH3WUTHBIE JIMNIOBO-AyOOBBIE W COCHOBO-JIMIIOBBIE Jieca, a Ha
tepputopun  Camapckoit Jlykm — TpaHCaKKyMyJIATHBHBIE ¥ aKKyMYJISTUBHBIC TCHEBBIC
HIMPOKOJIMCTBEHHBIE cO00IIeCTBa (IyOOBO-BA30BO-TUIIOBBIE) U IPOU3BOJHBIE OT HUX OCPE3HAKH U
OCHHHUKH (Tabm. 1, 3).

Pemennem naHHO#W 3amaum OyneT AOCTHTHYTAa KOHEYHAs IENb MOHHUTOPHHTA — PACKPBITHE
HKOJIOTUYECKOTO TOTEHIIMAala JIeCOB, OO0ECHeUMBaIONIeT0 NepexoJ K aJanTHBHOMY JIECHOMY
XO3AHCTBY, CTPAaTETHYECKOH MENbI0 KOTOPOTO JOJDKHO CTaTh CO3JaHUE JIECOB C BBICOKUM
YTAEPOJOTOTIOMIAIOUM [TOTEHIIMAIOM. JTO OCOOEHHO BaKHO Ul JIECOPa3BEACHUS Ha HBbIHE
00€e3/IeCeHHBIX TEPPUTOPUSAX B YCIOBHMSIX OXHUJAEMbIX H3MEHEHUH KiIMMaTa, a Takke s
JIECOBOCCTAHOBJICHUS TIOCIIE M0KAPOB M JIECOPA3BEACHHUS TOCIE PyOOK.

BriBoabl

W3n0xeHbl HEKOTOPbIE IYTH Pa3BUTUS TEOPUU U METOJIOB T'€03KOJIOIMYECKOI0 MOHHTOPUHIA
JECOB M €ro KIIYEeBOro 3Tama — JaHAWAPTHO-3KOJIOIMUECKOro IMporHo3upoBaHus. Hayuno-
METOMYECKUI MOUCK COCTOSUI B IOCIENI0BATEIbHOM PELIEHUH 3ajjady O elle c1abo OCBEIIEHHON
B OTEYECTBEHHOW U 3apyOexHOW JuTeparype npobieme JIOKAIbHOTO M PErMOHAIBHOIO OTKIMKA
Ha MPEACTOSIIIME M YK€ HauyaBlIMecs TI100ajbHble U3MEHEeHUs Kiaumara. JlanamadrtHo-
9KOJIOTUYECKUI aHaJIM3 MPOBEJCH HAa KOHKPETHBIX MpPUMeEpax, C MPHUBJICYEHUEM MAcChl Ha3eMHOTO
U IUCTAaHLIIMOHHOTO (DAKTUYECKOI0 MaTepHaa.

Becr MaccuB HayyHO-METOJMUYECKMX pPa3pabOTOK CHCTEMAaTU3MPOBAH TakUM 00pasoM,
YTOOBI PACKPHITh COJIEP)KAHUE T'€0IKOJIOTHYECKOT0 MOHUTOPUHra € IOMOIIBI0 MHOTOMEPHOTO
CHCTEMHOI'0 aHaJIM3a, OCHOBAHHOTO Ha JAUCKPETHBIX AIMIIMPUKO-CTATUCTUYECKUX MOJEINAX 0a30BbIX
U TPOTHO3UPYEMBIX COCTOSIHUIM TI€0(KO)CHCTEM KakK LEJIOCTHBIX JMHAMHYHBIX OOpa30BaHUIL
BriepBble onucaHbl SMIMPUKO-UMUTALMOHHBIE TPOTHO3HBIE MOJEIN U HA UX OCHOBE IPEI0KEHBI
pabGouune sKoJioro-reorpadpuueckre KoHuenuu. OHU PACKpPBIBAIOT MEXAHU3MbI (OPMHUPOBAHUS
JTaHIMA(QTHO-IKOJOTHYECKUX CHCTEM KaK JIOKAIbHOTO, TaK M PErHOHAJIbHOTO YPOBHS, HX
€CTECTBEHHYI0 M aHTPOIIOTEHHYI0 AMHaMUKYy. TeM caMmMblM HaMeueHO MAaJbHEHIEe pa3BUTHE
M3BECTHOM KOHLEMIHUU OMOTHYECKOH peryisuuu YriepoJHOro IHUKiIa B OHocdepe ¢ MOMOIIbI0
U3yuyeHHss B  OHOJOTMYECKOM KpPYrOBOPOTE JIOKAIBHBIX MEXaHM3MOB, 00eCleYMBarOIIUX
YCTOMYHMBOCTb IPUPOIHOM Cpebl B COOTBETCTBUHM ¢ puHuuUIoM Jle HlaTense.

[lonmyueHnHple MaTepuanbl IO COCTOSHUIO JIECHBIX DJKOCHCTEM M IIPOTHO3HBIM OLIEHKaM
UX TPSAYIINX U3MEHEHUI MOTYT UMETh ONPEACIEHHOE HAyYHO-IIPAKTUUECKOE 3HAYEHHUE ISl CaMOU
Tepputopun  Bomkckoro OacceifHa Kak JieMOrpaMuecKkoro W HHAYCTPUAIBHOTO  «sApa
EBponeiickoit Poccun. Ouu OyayT mose3Hsl MpH pa3paboTKe SKOJIOTHYECKUX OCHOB COXpaHEHUs,
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BOCIIPOU3BOACTBA U PAlUOHAILHOTO HMCIIOJIb30BaHHA JICCHBIX PECYPCOB, YTO 0COOCHHO BaXKHO JJIA
paﬁOHOB C KPpUTHYCCKHUMU YCIIOBUAMU CYIICCTBOBAHHA JIECHOM PACTUTCIIBHOCTU, K KOTOPBIM
OTHOCHUTCA O6H.II/IpHaSI 30Ha IEpCXoa0B OT JieCa K CTCIIH.

Qunancuposanue. PaboTa BbIIOJHEHAa 1O TeMme ['ocynapcTBEHHOro 3ajaHus HMHCTUTYTa
Ne 1024032200167-2: «Pa3paboTka Hay4HBIX OCHOB JKOJIOTHYECKOTO MOHHTOPHMHTA U METOOB
CHIDKEHHUS 3arpsiI3HEHUS] OKPYIKAIOLLEH CPeIbD».

Kongnuxm unmepecos. ABTOp IeKIapupyeT OTCYTCTBHE SIBHBIX U IOTCHIIHAIBHBIX
KOH(IMKTOB MHTEPECOB, CBA3aHHBIX C MYOJIMKAIMel JTAaHHOW CTaThU.
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The paper examines the prospects for implementing the full triad of geoecological monitoring:
observation (state assessment) — control (forecasting) — management (adaptation, regulation).
Conceptual principles are proposed for an empirical-simulation method of landscape-ecological
forecasting of forest ecosystems, revealing the local and regional mechanisms of their global changes.
Paths for developing a new predictive geo-ecological concept, known as “Global Changes at the Local
Level”, are substantiated, identifying these changes through an empirically established mapping of the
background bioclimatic trend by the catenary system of forest biogeocoenoses, which makes this study
a novelty. The ordination analysis of landscape connections aims to identify the transitions of forest
communities to critical states based on the main discrete parameters of biological turnover.
The landscape-ecological forecast is presented as a system of operations with the ecological
(hydrothermal) niches of the studied objects. Empirical-simulation predictive modeling is described as
the reproduction of future scenarios of biogeocoenotic systems according to the laws of their basic
spatial organization. A methodology developed by the author for quantitatively assessing the resilience
of forest ecosystems is presented. The mechanisms of adaptation of forest ecosystems to global
climate signals are examined through the prism of their functional resilience to the impact of these
signals. The ecological resources of forest cover are described in the biotic regulation of the carbon
cycle, aimed at mitigating global warming, as well as in ensuring the transition to adaptive forestry.
Keywords: global warming, forest geo(eco)systems, geo-ecological monitoring, empirical-simulation
predictive modeling, forest ecosystem resilience, quantitative methods of ecological analysis, carbon
cycle, forest ecological resources, global warming mitigation.
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Ha mnpumepe 4 BHIOB pacTHTEIBHOSIHBIX MIIEKONMUTAIOMINX, PA3IHYAlONIUXCA —CIENU(HKOH
NUIIEBAPEHNs, MCCIICNOBAaHA W30MPATENbHOCTh IHTAHUS 110 OTHOMICHWIO K Pa3iIMYaronIMCS
MUTATENbHOIN IEHHOCTHIO, PEKIE BCEr0 — NepeBapUMOCTBIO, 3J1aKaM U pa3HOTpaBbio. Caliraku, Kak 1
Jpyrue BBICOKOM30MpATENbHBIE MOTPEOUTENH JIETKOIEPEBAPUMBIX KOPMOB, OTAAIOT NPEUMYILECTBO
Pa3sHOTPABBIO, OTIMYAIOMIEMYCS] TOBBIIIEHHON IEPEBAPHMOCTBIO, M M30€TaloT MEHee IepeBapuMble
3maku. [Ipy rocrogcTBe 371aKOB HAa MACTOMINE U X BBIHYKICHHOM IOTPEOJICHNN HOMYJISIHS CairakoB
CTQHOBHUTCS HEKXH3HECTIOCOOHOM. Jlomaayn u OM30HBI, Kak M JPYrue MpPEeICTAaBUTENN JIOMAJANHBIX H
KPYIIHBIX ~ JKBAa4yHBIX,  YCHCNIHO  OCBaMBAaIOT  HHU3KONEpPEBApHUMBIC  3IIAKOBBIE  KOpMa,
Y3KOCTICIIMAJIM3UPOBAHbl HAa MHTAHUH 3JAKOBBIMH TpaBaMH M HM30eraroT pasHoTpaBbe. Mckimrouenne
pa3sHOTpaBbs M3 WX NHUTaHWSA BBI3BAHO, OYEBHIHO, ITOBBINIEHHOW TOKCHYHOCTBIO 3TOH TPYIIIEI
pacrenuii. BepOmrogsl He 1enmaroT pasuMyMs B BBHIOOpPE PA3HBIX II0 NHTATENBHOCTH 3JIAKOB MU
pa3HOTpaBbs. B Hacrosiiee BpeMs OHM aKTHBHO HCIOJB3YIOT JUISl MACTHOBI 3aJISKHBIE TEPPUTOPUH
(Ha OBIBIIEH TAIIHE) C TOCTIOJACTBYIONIMME Ha HUX OYPBSHUCTHIMU (COPHBIMHU) PACTEHHSIME, KOTOPBIX
n30eraloT JIpyrue TpaBosAHBIC. PasnuuHas cnenuyanu3anysi B BHIOOPE KOPMOBBIX PAaCTEHUH IIpH
COBMECTHOH TacTh0e pPa3HBIX BHJOB >KUBOTHBIX OOECIICUMBAET MX pa3JeleHHe B HCIIOIb30BAaHHU
MacTOUIIHOTO KOPMOBOT'O pecypca, HCKIII0YaeT KOHKYPEHIIHIO M BBICTYIIAeT HEOOXOAUMBIM (PaKTOPOM
COXpaHEHUsI BUIOBOTO Pa3HOOOpa3usl MacCTOUIIHON PacTHTEIBHOCTH.

Kniouesvie  cnosa:  pacTUTENbHOSIHBIE  MIICKONUTAIOMINE, TACTOWIIHBIE PACTEHMS, 3JAKH
U pa3HOTPaBbe, IEPEBAPUMOCTH KOPMOB, H30MPATEITLHOCTD TUTAHHSL.
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PactutensHbie KOPMOBBIC DPECYpChl HCOOHOPOAHBI IIO CBOEM MHUTATEIbHOM OCHHOCTH,
MIpeKKAC BCCro Imo CTCHCHU IICPEBAPHUMOCTH. HepeBapI/IMOCTL — BaXHEHWIIMM MOKa3aTellb
MMUTATEIIbHOM IIEHHOCTU: HE TaK BaXKHO KOJIMYECTBO ChEACHHOM PaCTUTCIBHOCTH, KaK €€ YCBOCHHAA
4acCTb, 3aBUCAIIAd OT TNICPECBAPHUMOCTH. CormacHo O6IJ.[CMPIpOBOI>i KJ'IaCCI/I(I)I/IKaI_[I/II/I, KOPMOBBLIC
pacTCHUA Ha HaCT6I/IH_[aX PasaCIAOTCA Ha 2T PYHIIBI, pa3JInvdaromuecs MUTaTEIbHON LIEHHOCTBIO:
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37MaKkd  (QHTJI. «grasses»), OOBEAMHSIIONIME B JaHHOM TIMOHUMAHHWHM OJHOJOJILHBIC PACTCHHUS
MIPEUMYILIECTBEHHO CEMENCTB 31akoBbIX (Poaceae) m ocokoBbix (Cyperaceae), 1 pa3HOTPaBbE
(amrn. «forbsy), BKIIOYarOIIee JBYNOJBbHBIC TPaBbl, TMOJIYKYCTAPHUYKH U  KYCTapHUYKHU
(Holechek, 1984; Hofmann, 1989; Gordon. Prins, 2008). O6e rpymibl pa3indaroTcs MO CTEIICHU
nepeBapuMocT. 3naku B 1.2-1.4 pa3a meHee mnepeBapuMbl IO CPAaBHEHUIO C Pa3HOTPAaBbEM
(AbatypoB, 2021). OT COOTHONICHHS 3JIAKOB WM PA3HOTPaBbsi B TUTAHUHM >KUBOTHBIX 3aBUCHUT
CTENEHb TEPEBAPUMOCTU CHEACHHOTO KopMma (pamuoHa). B cBoio ouepenp OT OOWIMS 3JIaKOB
B PACTUTEIBHOCTH 3aBHUCUT THUI MACTOMIIHOTO pacTUTEIbHOTO coobmectBa (¢orto 1). Xopomio
BHJTHO, YTO MHOTOJICTHEE MPEKPAIEHUE MAaCThOBl CKOTa Ha OTOPOKEHHOW TEPPUTOPHH TPHUBOIUT
K a0COJIFOTHOMY JIOMUHHUPOBAHUIO 3JIAKOB B PACTUTEIILHOM TIOKPOBE U (DOPMUPOBAHUIO 3]IAKOBOTO
pPacCTHTENIHLHOTO TOKpOBAa HAa MeCTe OBIBIIEr0 MMAacTOWIIAa C  I[MAaCTOWMIIHO-TUTPECCHOHHOMN
Pa3HOTPABHO-KYCTAPHUYKOBOW PaCTUTEIIBHOCTHIO.

®oto 1. Tumpl mnacTOumHON pactuTenbHOCTH B cyxoi crenu CeBepHoro Ilpukacnus
(Bousrorpanckas obmactb, ceHTsI0ps 2022 1.): cieBa — MacTOUIHO-TUTPECCHOHHOE PACTHTEIHHOE
COO0IIIECTBO B YCJIOBHSIX MHOTOJIETHEH MAcThOBI CKOTa, CIIpaBa — COOOIIECTBO 3JIaKOBOTO THIIA,
chopMUpPOBAHHOE TaM K€ MPU HUCKIIOYEHHH MAacThbObl Ha OTPaKJAEHHOM OT CKOTa TEPPUTOPUHU
(dpoto B.JI. Abaryposa). Photo 1. Types of pasture vegetation in the dry steppe of the Northern
Caspian Region (Volgograd and West Kazakhstan Regions of Russia and Kazakhstan,
September 2022): on the left — a pasture-digressive plant community under a long-term livestock
grazing, on the right — a grass-type community in the same area without grazing, in the fenced-off
area (Photo by B.D. Abaturov).

Jlo6aBuM, uTO 0O0€ TpYIIBl pa3iuyaroTcsd APYIMM BaXXHBIM TNPHU3HAKOM — TOKCHUYHOCTBIO
KOPMOBBIX pacTeHMH. B cocTaBe pasHOTpaBbsi OOWJIBHBI BHUABI, COJEpXKAlMe TOKCUYHBIE
(simoBUTHIE) MeTaOOJUTHl (ANKAJIOUIBI, TEPHEHbI, TJIMKO3M[bl, CAMOHHHBI). 3JaKOBbIE TpaBbl
MPAKTUYECKH JIMIIEHBl TOKCUYHBIX BUIOB.

[IpencraBnsier MHTEpEC BBIACHUTH, KaK KOPMOBOE pa3HOOOpa3zue NacTOMIIHBIX PACTCHUH
OTpaskaeTcsi Ha OCOOEHHOCTSIX NHUTaHUS, Ha BBIOOpE KOPMOBBIX PACTEeHUH M Ha pas3feieHUU
KOPMOBOTO pecypca Ipu COBMECTHOM MacTb0e KMBOTHBIX Ha o0mieM nacrouie (poto 2).
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®oto 2. CoBmecTHas macthba BepOMIOAOB M Jyomanei [IpkeBarbckoro Ha 00meM mTacTOWIIE
B acconmanuu <«OKuBas mpupona crenm», PocroBckas obOmacte (oxpaHHas 30Ha PocToBckoro
ounocdepHoro 3amoBennuka), amnpenb 2017 1. (boto b.Jl. Abaryposa).Photo 2. Grazing camels and
Przewalski’s horses on a common pasture on the “Living Nature of the Steppe” association, Rostov
Region (protected zone of the Rostov Biosphere Reserve), April 2017 (Photo by B.D. Abaturov).

Matepuajbl 1 METObI

HccnenoBanach macThb0a HECKOJBKHX BHUIOB PACTUTENbHOSTHBIX MIICKONUTAIOMIMX: Cairak
(Saiga tatarica L.), nByropoweiii BepOmon (Camelus bactrianus L.), nomanp IIpxkeBanbckoro
(Equus przewalskii Poliakov), amepukanckuii Ouzon (Bison bison L.). Jlanaple 0000mIEHBI
Ha OCHOBE OIYOJIMKOBAaHHBIX aBTOpPAaMU MaTepUalioB, COOPAHHBIX Ha E€CTECTBEHHBIX MacTOMIIAX
cyxux creneil u noaynycteiHb CeBepHoro m CeBepo-3amnannoro Ilpuxacnus B Boarorpaackoii
obnactu, B PecmyOnuke Kanmbikusg u Ha [IprMaHBIYCKMX CTENHBIX OTOPOXKEHHBIX MAcTOMINAX
accouuanuu «Kupas npupoja crenm» (oxpanHas 3oHa PoctoBckoro 6uochepHoro 3arnoBeHIKa) B
1996-2020 rr. (AbatrypoB u ap., 1997, 1998, 2003; 2008, 2015, 2019; Konecuukos, Abdatypos,
1997; Jlapuonos u np., 2008; Kazemun u ap., 2016; xanosa u ap., 2020).

Pe3yabTaTsl M 00Cy:KICHHE

IlepeBapMOCTb CHEICHHOTO KOpPMa 3aBUCUT OT COOTHOILEHUS JI0Jie 371aKOB M pa3HOTPAaBbs
B COCTaBe palMoHa >XMBOTHBIX (puc. 1). Kak BuauMm, cTemneHb NepeBapUMOCTH OTPHLATENBHO,
TECHO U JIMHEWHO CBs3aHa ¢ OOMJIMEM 3JIaKOB B MOTPEOJIEHHOM KOPME U M3MEHSETCs MPaKTUYECKH
OJIMHAKOBO Yy BCEX CpPAaBHUBAEMBIX JKUBOTHBIX (JIOIIagu, OW30HBL, BepONIOJBI, caifrakm),
pa3nUyaromuXcs THIIAMU MUIEBapeHus (KBauHble, MOHOracTpuuHble). Ilpu yBemuueHuM nOJIU
3nakoB B kopMe oT 0 mo 100% cremeHp nepeBapUMOCTH B COOTBETCTBHM C PErPeCCHOHHBIM
ypaBHeHueM (y = —0.155x + 68.278) yMmeHbIIaeTCS Y BCEX UCCIEIOBAaHHBIX BUAOB ¢ 68 10 53%.

Kazanocy Obl, pa3nuuHas MUTaTeNbHas IEHHOCTH (TMEpEeBapUMOCTh) 3JIAKOB M PAa3HOTPABbS
JIOJDKHA OTpa)kaTbCsl HA BBIOOPE KOPMOBBIX pACTEHUN KMBOTHBIMHU, IPEX/IE BCETO Ha MPEANIOYTEHUH
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OoJiee MUTATENTBHOTO PA3HOTPaBbs. TeM He MeHee, JIOMAAU U OU30HBI, KaK 0Ka3ajloCh, TPAKTHYECKU
n30eraroT moTpeOeHus] Pa3HOTPaBbsi M BHIOMPAIOT NMPEUMYIIECTBEHHO 3JIaKH, HECMOTPS Ha HX
HU3KYIO TiepeBapuMocTh (puc. 2). 1 HaobopoT, BepOII0I6l M caliraky 0oJiee palliOHAIbHBI B TUTAHUH
¥ BBIOMPAIOT JIydllIe NEepeBaprUMOE pasHOTpaBhe. Y Jomianei M OM30HOB MOJSI 3JIaKOB B KOpME
npeBsimaer 80%, Toraa Kak Ha pasHOTpaBbe npuxoaurcs Menee 20% (tabdi. 1). Y BepOmrog0B nomst
351akoB HU3Ka — 10 14%, Torna xak pasHoTpaBbe mpeBbiaeT 80%. 3aMeTuM, 4TO MPEBOCXOACTBO
3JIaKOB IOJKPEIUIIeTCSl UX SBHOW IPUBJIEKATEIbHOCTBIO JUIA JIOIIAZEeW M OM30HOB: MHJEKC
nzbuparensHoctu (MIT) 3makoB y HUX BO BCeX ciydasx ObUT > 1, a pa3HOTpaBbE OHHU SIBHO M30erasm
(UIT< 1). dns BepOimto10B, HA000POT, OOJIee MPHBIICKATEILHBIM OKa3aioch pasHoTpasbe (UIT > 1),
Torga kak 3makoB oHM u3Oeramu (MII<1). JoGaBum, 4yro BepOIIO/Bl BBHIOMPAIOT ISl MAaCThObI
3aJIe)KHbIE Y4aCTKU MacTOuIl (Ha ObIBIIEH HalllHe), ¢ TOCHOACTBYIOIIMMU OypbSHUCTBIMU (COPHBIMH )
pacTeHHsMH, TJE HCIONB3YIOT Ul TMUTAHUS TPEUMYIIECTBEHHO pPa3HOTPaBbe (CeM. MapeBBIX
Chenopodiaceae; doto 3).

75
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Puc. 1. CBsi3p nepeBapuMOCTH KOpMa C JOJIEH 3JIaKOB B pallMOHE IAaCYIIUMXCS CaWrakos,
BepOmoaoB, jomaneii [IpxeBanbckoro, OM30HOB Ha o0OmeM cTenHoM mactouiie (AbaTypos,
Konecnukos, 2023). Fig. 1. The relationship between feed digestibility and the proportion of cereals
in the diet of grazing saiga antelopes, camels, Przewalski’s horses, and bison on a common steppe
pasture (Abaturov, Kolesnikov, 2023).

OcoObIM  XapakTepoM OTJIMYaeTCsl MNuTaHue caifrakoB. Cailirak — ApPKHI TpPEACTaBUTENh
BBICOKOM30MpATeNbHbIX — MOTpeOuTeNnel  JierkonepeBapuMmblx  kopmoB. Kak u y  japyrux
MJICKOITUTAIOIIHX, IEPEBAPUMOCTD MACTOMIIIHBIX KOPMOB Y CAallrakoB TECHO U OTPHLIATENLHO CBsI3aHa C
nosieil 3makoB B kopMme (puc. 3). Ilpu 3TOM 1011 371aKOB B NMTaHUM Ha HEKOTOPBIX MAcCTOMINAX
JocTurana BeICOKUX 3HaueHu (70%), uto, cornacHO ypaBHeHuto perpeccuu (y =—0.1723x + 67.185),
NPUBOAMIO K CHIDKEHHUIO mepeBapuMoctd 10 55%. OpHako oOuive 3J1akOB B UX IMUTaHUU —
BBIHY)KJICHHOE SIBJIEHHE, BBI3BAaHHOE TOCIOJCTBOM 3JIaKOB Ha TakuxX mnacroumax. Poct obOumms
371aKOB B PAcTUTENILHOCTH MAcTOMIL BCET/ia CONMPOBOXKJIAETCS 3aKOHOMEPHBIM YBETUYEHUEM OJIU
371aKOB B TMOTPEOIsIEMOM KOpME M COOTBETCTBYIOLIUMM CHIKEHHMEM JI0JIM OoJiee MepeBapuMoOro
pasHOTpaBbs (puc. 4, 5), 4YTO B UTOre MPUBOAUT K CHUKEHMIO MEPEBAPUMOCTH ChEIEHHOIO KOopMa
(AbGarypos, 2021).

[TorpeOHOCTH B PHEPrUM y CalrakoB JUIS pa3IMYHbIX (PU3MOJIOTHYECKUX HYXK] HEOJAMHAKOBBI:
Ha YpOBHE TOJJIEpXKaHUA [EpPeBAPUMOCTb JOJDKHA ObITh He Hmxke 58%, mnsa  pocra
(mpoayktuBHOCTH) — 61%, A7 penpoAyKTUBHBIX TpaT (BBIKAPMIIMBAHMS MPUIUIOAA) — HE HIDKE
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68%. COOTBETCTBEHHO, [OJi1 3JaKOB B PACTUTCILHOCTH MAacTOWINA, HEOOXoaumas Jyis
NOJJIEp’KaHusl, He JOJDKHA IpeBbIaTh 84%, B cilydae JIaKTalMU JUIS BBIKAPMIIMBAHUS IPUILIONAA
oOwmire 371aK0B Ha macTOMIIE He JOJDKHO ObITh Bhiie 30% (tabum. 2). Ilpu Gosee BEICOKOM 0OMINN
37IaKOB TMAcTOWINE HEMPUTOJHO Ui CAWrakoB W TOMYJSIIHUS CTAHOBUTCS HEKH3HECIOCOOHOM.
OueBUIHO, MIMEHHO TaKasi CUTYaIlHsl CJIOXHIIACh B MEPUOJT U3BECTHON MacCOBOM rubeny cailrakoB
(200 TBIC. OCO6CIT) B KazaxcTane B mae 2015 r., Koraa momyssiiusi B IEpUO]] BECEHHEH MUTpaIuu
OKa3aJIach B JICPHOBMHHO3JIAKOBOH CTEMH C aOCOTIOTHBIM TOCIOJICTBOM HETPUTOIHBIX ISl TUTAHUS
KOBBUICH, /I0JII KOTOPBIX B PACTUTEIBHOCTH Ha TMOJOOHOM MAcTOMINE, CBOWCTBEHHOM TEM IXKe
pernonam Kazaxcrana, coctaBisuia 65-74% (TutnsHoBa u nip., 2018) u 3HaYMTENBHO MpeEBbIIIATA
nonyctumyto 30% B mepuos poXkAeHUs W BbIKapMiuBaHus npuriona (¢poto 4). Ha goto xoporro
BUJICH Yy €lIe >KMBOH CaMKH OTBHCIBIN JKMBOT C PyOIlOM, TEpETOJIHEHHBIM HeTlepeBapUBIICHCS
pactutenbHOM Maccoil. Kopwsiiue (JIakTUPYIOIIME) CaMKA Ha 5JTOM MacTOWIEe OBLIM HE
oOecrieyeHbl TOJHOIICHHBIM MUTAHUEM, YTO TPUBEIO K OCIAOJICHHI0O WX IKU3IHECTIOCOOHOCTH,
Pa3BUTHIO UHPEKIIMOHHOTO TlacTepeie3a u rudemu (Adatypos u ap., 2021).
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Puc. 2. CocraB panmona (371aku, pasHOTpaBbe) y Jjomanaeil [IpxeBaabckoro, HOMaIIHUX JIOLIAJEH,
OM30HOB, BEPOIIIOIOB M CAiTaKOB MPU COBMECTHOM MacTh0e HAa CTEITHOM ITacTOMIIE, arpeiib-OKTsIOph
2014-2016 rr. Fig. 2. Diet composition (grasses, forbs) of Przewalski’s horses, domestic horses,
bison, camels and saiga antelopes during their joint grazing in the steppe, April-October 2014-2016.

[MpurogHpiMu sl calirakOoB — MAacTOWIIAMU  SIBJISIOTCS  PA3HOTPABHBIE  CYXOCTCITHBIC
(TTOJTYITYCTBIHHBIE) PACTUTEIBHBIC COOOIIECTBA UM COUTHIC B Pe3yJabTaTe MACTOMITHON JAUTPECCHU
(poto 5, 6). 3aMeTHM, UTO IMHUPOKOMACIITAOHAS CMEHA CYXOCTEIHBIX MACTOUIIIHO-TUTPECCUOHHBIX
CTEIHBIX COOOIIECTB HA HEMPUTOHBIC JEPHOBUHHO-3JIAKOBBIC PACTHUTEIBHBIC COOOMIECTBA TOUYTH
mo BceMy apeany, mpousomennias B koHine XX — Havdane XXI BB., OYEBHIHO, TOCITY)KHJa
MPUYMHON XOPOIIO W3BECTHOMN TIIYOOKOHW JETpPEecCHU MOMYJSIUN CalrakoB, HE 3aBEPIIMBIICHCS
MOJIHOCTBIO JI0 HAacTosIIero BpemeHu (Abatypos, [Ixamosa, 2015) .

Takum 00pa3oM, Ha PACCMOTPEHHOM CTEIHOM MacTOuiie joraau [IpixeBaibcKoro BIOHMPAIOT
JUIsS TIacThOBI 3J1aKOBBIE pacTUTENbHBIC cooOmiecTtBa (doro 7). To ke camoe XapaKTEepHO IS
ouzonoB (oto 8). Te u apyrue siBHO M30erarT Oojiee MUTATENHHOE PA3HOTPABhE, UYTO BBHI3BAHO,
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Kak MPHU3HAETCS B HACTOAIIEE BPEMs, €ro MOBBILIEHHONH TokcuuHOCThIO (Van Soest, 1982; Krysl
etal., 1984; Duncan, 1992). M3BecTHO, 4YTO MHOTHME €ro BHJBI OOOTaICHbl TOKCHYHBIMH
MeTabOJMTaMU, KOTOpBIE OTCYTCTBYIOT Y 3J1aKoB. Tepsii B NMHUTAaTEIbHOCTH KOpMa, >KUBOTHBIC
BBIUTPBIBAIOT B €10 0€3011aCHOCTH.

Tabauma 1. CoctaB KOPMOBOM pPAaCTUTEIBHOCTH Ha TMACTOMINE M B pallMOHE OW30HOB, JIOLIAJICH
1 BepOIro/IoB, orieHka m3buparensHoctd nutanus (WI1) B neTHuil ce30H (MIOHB) Ha €CTECTBEHHOM
crertHoM nactoutie. Table 1. Composition of forage vegetation in the pasture and in the diet of bison,
horses and camels, assessment of their food selectivity in summer (June) on a natural steppe pasture.

HanazemHuas CocraB panuona u noxkasareyan UII
¢puromacca
Pacrenms Ha DACTOHIE Bpicwﬂ JIouiam) Bepﬁ_.mo)l
(cyx. macca), n =12 n=23 n=3 n=3
Kr/ra % % 7111 % /011 % Uil
3naku
Kurhsiicn 325441 | 18.3+7.9 |22.042.7| 1.2 |34.5£13.4| 1.9 [10.7+1.9] 0.6
(Agropyron spp.)
Oscsuunbl (Festuca spp.)| 131£39 | 7.4+£2.2 |36.5£5.5| 4.9 [34.5£11.9| 4.7 | 3.3+3.3 | 0.4
Kossutu (Stipa spp.) 2184155 | 12.3+8.7 [22.1+4.5| 1.8 | 12.1£5.5 | 1.0 0 0
[Tpouwe 31aKu 385+141 | 21.5£7.9 | 1.9+1.4 | 0.1 0 0 0 0
Bcero 31axkoB 10594+251(59.6+14.2 [82.6+7.7| 1.4 | 81.1+£18.7| 1.4 |14.0+£3.8| 0.2
Pa3norpasbe
Jlebena Tatapcras 122464 | 6.943.6 0 0 0 0 [19.945.1]2.9
(Atriplex tatarica)
baccust OUHTKOBHANAT | 100,105 | 56456 0 0 0 0 [43.0¢1.8] 7.7
(Bassia sedoides)
[Ipouee paznotrpaBee | 497+178 | 28.0+10.0 | 17.5+£3.5| 0.6 | 18.9£2.0 | 0.7 [23.1+6.6| 0.8
Bcero paznoTtpaBbs 7194216 {40.4+12.0 | 17.5+£3.5| 0.4 | 18.9£2.0 | 0.4 |86.0£8.5| 2.1
Beero (3naxu 17784232 100 100 | — 100 — | 100 | -
U Pa3HOTPaBbe)

BepOmntonipl HE nenarT pa3nuyuii B MOTPEOJICHUN 371aKOB M pa3HOTpaBbsi. Ho BbIOMparoT s
MacThObl MAJONPUTOJAHBIE ISl PYTMX BUIOB OYpBSHUCTBIE, OOWUIBHBIE MO KOPMOBOW Macce
pacturensHbie coolmiectBa (¢hoTo 3), rae B mMUTaHUU TpeodiagaeT copHoe pa3HoTpaBbe. [lo-
BUJIUMOMY, BepONIo[pl HE OOpallaloT BHUMAHHS HAa TOKCHYHOCTH MOTPEOISEMBIX PACTCHUU.
Ho, TeM He MeHee, BEpOSITHO, CTpagaroT OT TOkcuyHoro kopma. Kak BumHO Ha ¢oto 10, KUBOTHBIE
Ha OT/BIXE OUIYTUMO YTHETEHHI MOCIIe BECbMa aKTHBHOM MAacThOBI (KOPMEKKH) Ha 3TOM MaCTOMHIIIE.
VY HUX Ype3MepHO pa3ayThl KUBOTHI, @ IPU HAOIIOIEHUHU 32 HUMU CJIBIIIHO, YTO KUBOTHBIE MHOT/Ia
CTOHYT BO BpeMsl OT/bIXa.

Caiiraku BBIOMPAIOT HU3KOTPABHBIE TMOJYMYCTBIHHBIE WM TMAaCTOUIIHO-AUTPECCUOHHbBIE
co00I1IeCcTBa U SIBHO MPEANOYUTAIOT BEICOKOTIEPEBAPUMOE, XOTS U TOKCUYHOE pa3HoTpaBbe. Ho as
3alUTBl OT TOKCHHOB OHHM HCIIONB3YIOT XapaKTEepPHYIO UIi MHOTHX KOMBITHBIX IUTO(Aruio
(doto 10), T.e. perynsipHoe moenaHue TIUHBI. M3BECTHO, YTO TJIMHUCTBIE MUHEPATBI (CMEKTHTHI,
KOAJIMHHUTBI, MOHTMOPHUHOJIUTBI) KaK aKTUBHBIE COPOEHTHI HEUTPAIM3YIOT B MHIIEBAPUTEIHLHOM
TpakTe JeHCTBUE MHOTUX TOKCHHOB.
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doro 3. Kopmsituecs: BepOmropl Ha ObIBIIEH TAITHE C OYPhIHUCTON PAaCTUTEIBHOCTHIO 3aJI€KHOTO
THna B acconmanmu <« KuBas nmpupoaa crenm», PoctoBckast o0macts (oxpaHHas 30Ha PocToBckoro
ounocdeproro 3anoBennuka), utoHb 2017 r. (boto b.J[. Abarypora). Photo 3. Grazing camels on a
former arable land with fallow weeds in the “Living Nature of the Steppe” association, Rostov
Region (protected zone of the Rostov Biosphere Reserve), June 2017 (Photo by B.D. Abaturov).
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Puc. 3. CBs3p nepeBapuMOCTH palioHa CalrakoB ¢ JOJICH 3JIaKOB B COCTaBE palMOHA 3a TEePHOJ
1996-2016 rr., r = 0.82, F = 73.4, p < 0.01. Fig. 3. The relationship between the digestibility of the
saiga antelopes’ diet and the proportion of grasses in their diet for 1996-2016, r = 0.82, F = 73.4,

p <0.0L.
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Fig. 4. The relationship between the proportion
of grasses in the saiga antelopes’ diet and the
abundance of grasses in the aboveground
phytomass of the pasture, r = 0.95, F =123.2,
p <0.01.
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Puc. 5. Csi3p 107M pa3HOTpPaBbsi B pallMOHE
CalirakoB C OOWIMEM 3JIaKOB B HAaJI3€MHOU
dutomacce mactoumma, r = 0.97, F = 166.6,
p <0.01. Fig.5. The relationship between the
proportion of forbs in the saiga antelopes’ diet
and the abundance of grasses in the
aboveground phytomass of the pasture, r = 0.97,
F=166.6,p<0.01.

Ta6auma 2. PacueTHas BeJIMYMHA JOMYCTUMOTO OOWMJIMS 3JIaKOB HAa MACTOMINE B COOTBETCTBHH
C MIOPOTOBOM MEPEBAPHUMOCTBIO KOPMa MPH Pa3IHUHBIX (PU3HOTOTHYECKHX TTOTPEOHOCTSIX CalirakoB.
Table 2. Estimated value of permissible grasses abundance in pasture in accordance with the
threshold digestibility for various physiological needs of saiga antelopes.

5 . IToTpedHoCTH - JlonmycTumas
HepreTu4ecKue NoTpedHoOCTH B JHeprum, oporosasi . 10151 312KOB
OpraHusma nepeBapumMocTb, % o
M JGr/krM 75 Ha nacroue, %
DHeprus noJIep>KaHus 0.719 58 84.3
Poct (mpotyKTHBHOCTB) 0.782 61 69.9
Jlaktauus 1.002 68 31.0
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®oro 4. MaccoBast rubensb caiirakoB B CeBepHoMm Ka3zaxcrane B JepHOBHHHO-3JaKOBOU
(xoBBUTBHOI) cTenu, Mait 2015 1. (poTto u3 razersl «Kazaxcranckas npasaa»). Photo 4. Mass death
of saiga antelopes in Northern Kazakhstan on a sod grass (feather grass) steppe, May 2015
(Photo by “Kazakhstanskaya Pravda” newspaper).

®oto0 5. DkcnepuMeHTalIbHas MacThOa calirakoB Ha CTEMHOM Yy4yacTKe C MpPEeANoYMTaeMoil MMHU
Pa3HOTPaBHO-3JIAKOBOM PaCTUTENBHOCTBIO M MOJHOLEHHBIM muTanueMm (¢oto b.JI. Abatyposa).
Photo 5. Experimental saiga antelopes’ grazing in a steppe with their preferred mixed grass and
cereals and sustainable nutrition (Photo by B.D. Abaturov).
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®oto 6. DxcnepuMeHTaIbHAs MacTh0a caiirakoB Ha y4acTKe ¢ MacTOMIHO-IUTPECCUOHHBIM THUIIOM
PacTUTEIBHOCTH, CHIIBHO COMTHIM MAacTh00# CKOTa, HO MPHUTOAHBIM JJISl TOJTHOIICHHOTO TIUTAaHHUS Ha
MOJIEP>KUBAIOILIEM U MPOIYKTUBHOM YpoBHsX (¢doto b.JI. Abatyposa). Photo 6. Experimental saiga
antelopes’ grazing on a site with pasture-digressive vegetation, heavily degraded due to livestock
grazing, but still suitable enough for maintaining and productive nutrition (Photo by B.D. Abaturov).

®oto 7. [Macymuecs nomanu [IpkeBanbcKOro Ha 3JIAKOBOM TacTOWIE B accormanuu <«OKuas
npupoja crenm», PocToBckas o0Onacts (oxpaHHas 30Ha PocToBckoro 6mocdepHOro 3anoBeHUKA),
aBryct 2017 r. (poto B.Jl. AGatypoBa). Photo 7. Przewalski’s horses on a grass pasture of the
“Living Nature of the Steppe” association, Rostov Region (protected zone of the Rostov Biosphere
Reserve), August 2017 (Photo by B.D. Abaturov).
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®oro 8. [Tacymuecss 6M30HBI Ha 37aKOBOM IMAcTOMINE B accormanuu «KuBas mpupoaa CTEIH»,
PoctoBckas oGmacte (oxpanHHas 30Ha PocroBckoro o6uocdepHoro 3anoBeaHuka), uioHb 2018 T.
(boto B.JI. AGatrypora). Photo 8. American bison on a grass pasture of the “Living Nature of the
Steppe” association, Rostov Region (protected zone of the Rostov Biosphere Reserve), June 2018
(Photo by B.D. Abaturov).

®oto 9. Oraprxaromye BepOIr0/Ibl MOCIE AKTUBHOM MacThObl HA CTEMTHON 3a0ypbsSHEHHON 3aJIeKU B
accoranuu <«OKuBas mpupoma crenm», PocTtoBckas oOnacte (oxpaHHas 30Ha PocToBckoro
ouoctepnoro 3anoBennuka), aBryct 2017 r. (doro b.JI. Abaryposa). Photo 10. Camels resting
after grazing on a steppe fallow land overgrown with weeds in the “Living Nature of the Steppe”
association, Rostov Region (protected zone of the Rostov Biosphere Reserve), August 2017
(Photo by B.D. Abaturov).
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®oto 10 Cnenpl moemanusi cairakamu TiauHBI (quTodarus) Ha YEpHbix 3emisnx Kammbikuw,
Mmaii 2004 r. (dboto B.JI. AbGarypora). Photo 11. Signs of saiga antelopes’ lithophagy, i.e., clay
eating, in the Chornye Zemli, Republic of Kalmykia, May 2014 (Photo by B.D. Abaturov).

3akJrouenune

Paznuunas crenmanu3anusi B BHIOOpE KOPMOBBIX PACTEHUU MPU COBMECTHOM IMacTb0e pasHBIX
BHJIOB JKMBOTHBIX OOCCIICUMBACT WX pa3lejICHUE B HCIIOJH30BAHUU MMACTOMIIIHOTO KOPMOBOTO
pecypca, HCKIIOYAET KOHKYPCHIIMIO MEXAYy HHMH, BBICTYIAaeT HEOOXOIUMBIM (HaKTOPOM
COXpaHEHHUs BHUIOBOTO pa3HOOOpa3usi MACTOMIIHOW pacTUTEIbHOCTH. PasnmeneHue cocraBa
MOTPEOIIIEMBIX PACTEHUH BBITOAHO IS KaXKJI0TO U3 HUX. DTO SPKO MPOSBIAECTCS MPU COBMECTHOM
nacte0e caiirakoB c JiomaabMu [Ip)KeBalbCKOTO W B IEJIOM C KPYITHBIMH KOTIBITHBIMH, KOTOPBIC
B OTVIMYHE OT CAMrakoB BBIOMPAIOT Ui MUTAHUS MPEUMYIIECTBEHHO 3l1aKu, n30eras pasHOTpPaBbe,
Y TIO3TOMY HE TOJBKO HE OKa3bIBalOT KOHKYPEHTHOTO JaBIICHUS HA KOPMOBBIE PECYpPCHI CAlirakoB,
HO, HA000POT, TOJJICPKUBAIOT HEOOXOJMMBIA cailirakaM COCTaB KOPMOBOHM pacTUTEIBHOCTH.
DTOT NMOJIOKUTENBHBIN ISl caiirakoB 3((EKT B HEJaBHEE HCTOPHYECKOE BpeMs (HECKOJIBKO BEKOB
Ha3a1) OTPaXkajics Ha UX ITUPOKOM PACIPOCTPAHCHHUH I10 BCEH €BPOTIEHCKON YacTH CTEITHOM 30HBI,
KOTOPBI ObLT 00S3aH KOYEBBIM HapojaM (MEYEHETH, IMOJOBIBI) ¢ WX MHJUIMOHHBIMHM CTaJlaMH
KPYITIHOTO pOTaTtoro CcKoTa, TabyHamH Jomafgel u BepOmonoB. VIMEHHO CBsA3aHHOE C JTUM
MaCTOUIIHO-TUTPECCUOHHOE COCTOSIHUE PACTUTENBHOCTH OOECIeunBajgo cailrakaM ycCIeurHoe
OCBOEHHME 3aHATHIX KOYEBHUKAMH CTEMHBIX NMPOCTPAHCTB M PACCEICHUE MOMYISAUUNA BIUIOTH 0
ropusix Kapmar, auzosuit [ynas u Jlnectpa (Kupukos, 1983; IlmerneBa, 1990; lunecman,
Capunerkuii, 2000).

Bmecre ¢ Tem macth0a BHAOB C OJMHAKOBHIMH KOPMOBBIMH TPeOOBaHMSIMH K MACTOUIIIHOM
paCTHTENHFHOCTH, CBOMCTBEHHass B HalleM CcIy4ae JIOMIaasM W OH30HAM, DJKOJOTHYECKH HE
ompananHa. [lacymuecst BUIbI B JAaHHOM cllydae OOpedeHbl Ha KOHKYPEHIIMIO 32 MUILY U B UTOTE
Ha BBITECHEHHE OAHOro u3 HuX. OYEeBHIHO, MACTOMIIHOE COBMEILNECHHE JOIIaaAe M OH30HOB,
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OJIMHAKOBBIX IO KOPMOBOM M30MPATENLHOCTH, — HICKYCCTBEHHOE SIBIICHHE, B €CTECTBEHHOM MPUPOJIE
HE BCTpeyaroleecsi. XOpOoLOo H3BECTHO, YTO B JAJNEKUE JOUCTOPUYECKHE OSIOXH B IEPUOJ]
mwieiicroneHa Ha CeBepoaMEpUKaHCKOM MAaTEpHUKE TOCIHOJCTBOBajia Ooratass MHOI'OBMJIOBas,
KOpEHHasl JUIsl 3TOro Marepuka QayHa aOOpPUIe€HHBIX JIOIIAJEH, IOJHOCTbIO BBIMEPIIHUX I10
HEU3BECTHOM MpUYMHE B KOHLE IUlelcTolleHa — Havaie rojoueHa 10-12 Teic. net Hazaa. Ectb
OCHOBAHHMS MOJIATaTh, YTO MOSBJICHUE MPUOIU3UTEIBHO B 3TO ke Bpems (12-13 ThIc. neT Ha3axm) B
IEHTPATFHOW W IOKHOHW YacTH MaTepuka COBPEMEHHOTO aMepHKaHCKoro OwsoHa (Bison bison
bison), CXOAHOTO ¢ JIOIIAAbMH IO BCEM IlapaMeTpaM [HMTaHUs, [PUBEIO KOHKYPEHTHOMY
BBITECHEHHIO ¥ BBIMUPAHUIO Jiomnazei (AdaTypos u np., 2021).

3amMeTuM, 4YTO 3TO BBIMHUpaHHE OCTaBWIO AMEpUKY Ha MHOTHE ThIcsiuenetus (Oosee
12 ThIC. NeT) Ge3 Jomaael, 4YTo IOMUMO BCETO OTPA3WIOCh U HA KYJIbTYpPE MECTHOTO (MHIIEHCKOTO)
HaceneHus. JIMIb HENaBHO B CpelHUE BEKa IOCJIEIHEro ThICSAUYENETHs JIONIaad BEPHYJIUCH
Ha amepukaHckue 3emud. CHavana 3To ObUIM JOMAIlHUE JIOIIAJH, 3aBE3€HHblE B AMEpUKY
esponeiiiamu. [lo cBoelt pPOIOCIIOBHON OHHM ObUIM HACJIEIHWKAMU YacTH TE€X BBIMEPIIMX Ha
MaTepukax JOIIaJel, KOTOpble B JaBHHUE IIJICHCTOLIEHOBBIE SIOXH YCHENNW MPOHUKHYTh U3
CeBepHoii Amepuku uepe3 bepunrmiickuil nepemeek B EBpasuro M TeM camMblM COXPAHWIHCH
OT IOJIHOTO MCYE3HOBEHMSI. 3aBE3€HHbIE €BpPOIEHIaMu JIOMAAN OBICTPO oanYaIn. YHUCIEHHOCTh UX
CHJIBHO BBIPOCJA, OHU CTalM KOHKYpHUpPOBAaTh Ha OOIMIMX MAacTOMIIAX ¢ COBPEMEHHBIM JOMAIIHUM
CKOTOM, 4YTO TpPHUBEIO K HEOOXOJAMMOCTH COKpAllleHUs M Peryisilud UX YHCIEeHHOCTU. B 3Toit
CUTYallUH XOPOIIO MPOCIEKUBACTCA AHAJIOTUS C UX JABHEH, OTMEUEHHOW BBIIIE, KOHKYPEHIIUEH C
Ou3oHaMM (MPOTOTHUIAMHM JOMAIIHEro CKOTa), 3aKOHYMBILEWCS B TO BpeMms Uil Jouiajaen
TParu4yecKu.

brazooapnocmu. Mpl nipu3HaTenbHbl PYKOBOJUTENSIM BOJIbEpHOTO KoMIuiekca LlenTpa peakux
JKUBOTHBIX €BpOINEUCKUX cTened — Accoumanusa «Kupas npupona crenu» A.M. Y3aenosy, U.H.
MensaukoBy, B.A. MunopanckoMy ObIBIIEMYy qupekTopy PocroBckoro 6mocdepHoro 3amoBegHuKa
JLB. Knenm wu HayuHomy pykoBoauTento 3amoBeaHuka A.Jl. JlunkoBudy, 3a co3gaHue
ONaronpUATHBIX YCIOBUN JJISi HAyYHBIX MCCIEIOBAHUNA M UX OECIpensiTCTBEHHOE IMPOBEACHHUE Ha
3eMJIIX ACCOLIMAIIMU U OXPAaHHOM 30HBI OMOC(HEPHOTO 3alI0BETHUKA.

Qunancuposanue. Pabora BbIIONIHEHA B  pamkax TrpaHToB Poccuiickoro  donaa
dbyaaamenTanpHbIX ucciaeaoBaHuit (PODOU) (2015-2020 rr.): “CBs3p HOMYNSIUN KUBOTHBIX C
YCIIOBUSMHU Cpebl OOMTAHUS: POJb KOPMOBBIX MapaMeTpOB MACTOMIIHON pacTUTEIbHOCTH B
JUHAMUKE M YCTOMYMBOCTH TMOMYJISUUA PACTUTEIBHOAIHBIX MIiekonuTaromux’; “KopmoBoe
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We investigated 4 species of herbivorous mammals with different digestive systems exhibiting dietary
selectivity toward forbs and true grasses, which differ in their nutritional value, primarily, their
digestibility. Saiga antelopes, just like other animals with high dietary selectivity that consume easily
digestible foods, prefer forbs of high digestibility and avoid less digestible true grasses. If true grasses
make up most of the pastures and saiga have no other choice but to feed on them, the saiga population
turns unviable. Horses and bison, like other equines and large ruminants that are highly specialized in
feeding off true grasses, successfully utilize them despite their poor digestibility, but avoid forbs. It is
clear that they exclude forbs from their diet due to the increased toxicity of the latter. Camels do not
discriminate between true grasses and forbs with different nutrition values. Currently, they actively
graze in fallow lands (former arable land), overgrown with weeds, which other herbivores avoid.
Differences in forage plant selection of different animal species grazing together ensure that they share
the same pasture successfully, eliminate competition, and help to preserve the species diversity of
pasture vegetation.

Keywords: herbivorous mammals, pasture plants, grasses and forbs, forage digestibility, feeding
selectivity.
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Peunple pomuubl Typumm, 3anumas MeHee 5% €€ TeppUTOpWH, HWIPAIOT KIIOYEBYID pPOJIb B
MOJICPY)KAaHUKM  AKOJIOTHYECKOr0 OajlaHca apUIHBIX PErMOHOB, KOTOPBIE COCTaBisoT Oosee 60%
crpanbl. JlaHHas pa0oTa oOleHWBaeT TpaHCHOPMAIUIO 3EMIICTIONB30BaHUS U €€ BIMSHHE Ha
aKosiorndyeckoe (pyHkimonupoanue 63 peuHblx JoiauH Typrmm 3a 1990-2018 rr. C momorbo
Boitenieans gonuH 1o Copernicus GLO-30 DEM u anammza pamnbeix Corine Land Cover
ObUT pa3paboTaH HMHAEKC 3KoNoruueckor sddexkruBHOCTH. Pe3ynbTaThl MOKa3bIBalOT, 4To 65%
IJIOIMIAIA JONWH XO3STMCTBEHHO OCBOeHbI, 10 40% 3aHATO opomaemMbiMu mamHsIMH. OCHOBHOE
W3MEHEHHE — 3TO Mepexoj OT HEOpOIIAaeMBbIX 3eMenb K opomaeMbiM (16% mpeoOpa3oBaHHOM
IIomaaM) Ha QOHE JECSITUKPATHOTO POCTa 3aleyaTaHHBIX MoBepXHocTel. OTMedaercs, 4To
JKOJIOrn4yecKasa 3(1)¢)CKTI/IBHOCTI) JOJIMH CHHUXXAC€TCA MMCHHO B TC€X PEruoHax, rjiac nxX 3KOCHUCTEMHBIC
YCIIYTH HEOOXOIMMBI OOJTBITIE BCETO.

Kniouesvie cnoea: sxonornyeckas 3¢(GEKTUBHOCTh 3€MIICNIONB30BAHUS, BBIJEICHUE PEUHBIX TOJIMH,
HKOCHCTEMHBIC YCIIYTH, aJanTalys K HM3MEHEHHIO KJIMMaTta, TpaHcOpMamus KOCHCTEM, TOJIUHBI
apUIHBIX PETHOHOB.
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B apuanbix peruonax, zanumaromux o6osnee 60% teppuropun Typuuu (Koc et al., 2015) —
HentpanbHoii, IOro-Bocrounoit u BocrtoyHoil AHaATOJNMM, — pEYHbIE [IOJMHBI WUrPaOT
UCKIIIOYUTENFHYIO SKOJOTHYECKYI0 pOJib. B ycloBHAX cyXxoro kiumara HUMEHHO BIOJb pEK
dbopmupyrorcss Haubosee MNPOAYKTUBHBIE SKOCHUCTEMbl C BBICOKMM OHOpa3zHOOOpazueMm u
3¢ dEeKTUBHOCTBIO CEKBECTpaluu yriepoaa. B ycnoBusx neduiura Biard JIOJUHBI CIyXaT
OCHOBHBIM UCTOYHHKOM BO/JIbI U IIJIOJIOPOJHBIX MOYB JJISl CEIbCKOTO X03sHcTBa. COrIacHO AOKIAAy
OOH 2024 (United Nations, 2024), Typuus BXOAUT B IECATKY cTpaH A3UU ¢ HAUOOJIBIIUM BOJIHBIM
cTpeccoM (u3biMaeTcs Oosiee 60% B0300HOBIAEMBIX BOAHBIX pecypcoB). IIpornosupyercs,
yT0 K 2050 TOAy MOBEpPXHOCTHBII CTOK, cocTaBisitomuii 6omee 80% BOIHBIX PECYpCOB CTpaHBI,
COKpaTuTCs B apuiHbix perunoHax Ha 30%. 3gech xKe 0XHUIAETCS POCT YacTOThl U
MIPOJIOJKUTENFHOCTH 3aCyX, TOT/Ia KaK B JIPYTHX 4YacTsAx crpaHbl (ocobenHo B [IpuuepHOMOpHE)
y4acTATCS HABOJHEHUS, HA KOTOPBIE YK€ CEroJIHs MPUXOJUTCS TPETh BCEX CTUXUUHBIX OelCTBHIl.
AHTpPOTIOTEHHOE OCBOCHHE JIOJIUH, OCOOEHHO YypOaHM3alMs W pacCHIMPEHUE CeIbXO3yroJuid,
yCyTyouseT 3Ti npoOIeMBbl.

BONBIIMHCTBO MCCNeNOBaHUN TpaHchopmauuu 3emienons3oBanus B Typuun  (Ozgeng,
Uzun, 2024) npoBOasTCS ISl OTIEIBHBIX PEUHBIX 0ACCEHHOB, TOCKOJIBKY yCIOBUS (hOPMUPOBAHUS
CTOKa M KauyeCTBO BOJHBIX PECYpPCOB 3aBUCAT OT CTPYKTYPHI 3€MIICTIONIB30BAHUS STUX TEPPUTOPUIL
(Karabulut et al., 2023). M3yuenuto xe TpaHchopMalMy 3eMIIENOJIb30BaHUSI UMEHHO B PEUYHBIX
JOJTMHAX B HAI[MOHATHHOM MaciiTabe yaenseTcsi MEHbIle BHUMAaHUS U3-32 CII0)KHOCTEH BBIICTICHHUS
UX TeoMOp(}OIIOTHUECKUX TPaHUI] Ha OOJBIION TeppUTOpuH. bonee mpencTaBiIeHbl UCCIeTOBAHUS
npupeunsix Oydepusix 30H (Akturk et al., 2024), mokaspiBatomue, 4ro naxe Tam cBbime 30%
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IUIOIIAZIe  3aHATO  CeNbX03yroAbsiMu.  Pabor ke, wHccienylmux  TpaHcHOpMALUIO
3eMJICTIONB30BaHUS PA3HBIX JOJIMH, TPAKTUYECKU HE MIPEICTABIICHO.

B mopdomerpruueckom cMmbIcie, B COCTaB PEYHOU JOJIMHBI BXOAAT TOWMBI, HAAMOWMEHHBIE
Teppackl U CKIOHBI Teppac, IPH STOM BEPXHEH T'paHUICH MONEpPEeYHOro MPO(UIIs PeYHOM JOJUHBI
OOBIYHO CYMTAETCSl BEpPXHssA OpOBKA CKIIOHA JOJHHBI, TJIE €ro KPyTH3HA PE3KO YMCHBINASTCS U
MEPEXOUT B TOBEPXHOCTh Bojopazaena. Hwmke 31Ol juHMUM TEOMOPQOJIOTHYECKUE U
TUAPOJIOTUYECKUE MPOIECChl MPEUMYIIECTBEHHO KOHTPOJMPYIOTCS PEKOW, a BBINIE — APYTHUMH
daxTopamu (Straumann, Purves, 2008).

AnTponioreHHasi Tpanchopmaius JIEeMEHTOB PEUYHBIX JOJWH BEIET K yTpaTe IKOJIOTUYECKUX
(GYHKIMH TOMM, 00eCTICUNBAOIMINUX (HIIBTPAIIMIO BOJBI M HAKOIUICHHE MUTATEIIBHBIX BEIECTB IS
(dbopMHpoBaHMs TUIOAOPOIHBIX aToBHaNbHBIX MMouB (Wang et al., 2023). [IpoGneme aerpananuu
BOJIHO-OOJIOTHBIX YrOJWM W TYralHBIX JIECOB TMIOCBSIIEHBI MHOTOYHUCIICHHBIE padOTHI TIO
aHTponoreHHoW TpaHcpopmanuu punapuanckux 30H Typumm (Akturk et al, 2024; Atesoglu
et al., 2025), B pe3ynpTaTe KOTOPOM COKpalmiaercs JaHAma@THOE W BHAOBOE OHOpa3HOOOpasue,
a TAaK)KE CHUKAETCS YCTOMYMBOCTH DKOCHUCTEM, MOCKOJIBKY PEUYHBIE JIOJIMHBI CIYXKaT KIIOYEBBIMU
9KOJIOTUYECKUMH Kopuaopamu. Kpome Toro, ricciieioBanust 17151 OTACIBHBIX PETHOHOB M 0aCCEHOB
pex Typuum (Sariyildiz et al., 2022) yka3pIBaloOT Ha TO, YTO YHUYTOXXEHUE OSKOCUCTEM-
MOTJIOTUTENEH yriiepoja, KOTOPhIE B €CTECTBEHHBIX YCIOBHIX apUIHBIX 30H COCPEIOTOUYEHBI BJIOJIb
pek, u GpopMupoBaHUE THIIOB 3€MJIETIONB30BAHUS, IPEUMYIIIECTBEHHO BBICTYIMAIOIINX AYMUTEHTAMHU
(mactOuIIa U ManiHM), YBEIUYUBAET BHIOPOCHI MAPHUKOBBIX ra30B OT CEKTOPA 3€MJIENOIb30BaHHE,
W3MEHEHUsS B 3€MJICTIONh30BaHMM U JiecHoe xo3siictBo (3U3JIX) B yrmepomHom Oamnance.
VYuuteiBas, uto B Typuuu okosno 20% aHTPONOTEHHBIX BHIOPOCOB MAPHUKOBBIX Ia30B MPUXOIUTCS
Ha cektop 3U3JIX (Turkey CCDR, 2022), 3amena 3(h(EKTHBHBIX SKOCHCTEM-TIOTJIIOTUTECH
SMUTEHTAMH JIMIIb YCUJIUBAET YA3BUMOCThH PETHOHA K MOCIIECTBUSAM M3MEHEHHs Kiumara. [pyrue
uccnenoanust (Selim et al, 2024; Ozdemir, Akbas, 2023) moka3anu, YTO YHUYTOXKCHHE
pPacTUTENBHOTO TIOKPOBA M pachallika CKJIOHOB HAaJIMOWMEHHBIX Teppac B OacceliHax pek YIyc
u boravaii Ha roro-zamage Typruu TpUBOAAT K 0OoJiee WHTEHCHUBHOW HpO3WH, 0Oo0Jiee YacThIM
HABOJHEHUSAM U TMOBBIIECHUIO JIOKAJbHBIX TEMIEpaTyp U 3aCyIUIMBOCTU BCIIEICTBUE YMEHBIICHHS
ucnapenus. Bc€ 3To Hapyliaer ecTeCTBEHHBIH BOJJOOOMEH perruoHa B pe3ylbTaTe aHTPOMOTEHHBIX
TpaHcopManuil CTPYKTYpbl 3€MENbHOIO IOKPOBa JOJMH, MOBBIIIAs YSI3BUMOCTh Typuuu K
MOCIIECTBUSIM ~ M3MEHEHMsI KinMmaTa. YpOaHuzauus B Mpefeliax peuHblX JOJIHH U
CEJIbCKOXO3SUCTBEHHOE OCBOEHHE TaK)K€ CKa3bIBACTCSl M HA YXYJIUICHHWH KauecTBa BOJbI, YTO
yCyryosser cymecTByromyo mpobiemy BomHoro crpecca (Cooper et al, 2013). Omgnako B
OTIIENbHBIX PEYHBIX OacceiiHaX pealu3yIOTCs MPOEKThl IO BOCCTAHOBIICHUIO ECTECTBEHHOMN
PacTUTENBHOCTH, B YACTHOCTHU AJIsi yMeHblneHus temnos spo3un (Edis et al., 2023). B HekoTopbix
JONIMHAX OTMEYaeTcsl M 3apacTaHue OBIBIIUX celbckoxo3siicTBeHHbIX yromui (Kiilahlioglu
et al., 2025).

[To >TuM mpuYKMHAM OIlEHKa TEeMIa U XapakTepa TpaHCHOpMAIUK 3eMIICTIONb30BAHMS PEUHBIX
JOJIUH B apUIHBIX PETHMOHAaX, TJIeé PEKH BBIMOJHSAIOT UCKIIOYUTENbHBIE SKOJOrHYecKue (QyHKIIUU
JUIA TIOJIepKaHUST YCTOWYMBOCTA B YCIOBHUSX TIJIOOANBHBIX BBI30BOB, BaKHA IS TOHUMAHUS
COBPEMEHHOU YSI3BUMOCTH CTPaHbl, aHATIOTMYHBIX PETHOHOB M TPEHIOB OMMKAUIIINX JIET.

Takum oOpa3om, Hamia 1elb — OIEHUTh TPAHCHOPMAIUIO 3EMIICTIONB30BAHUS B PEUYHBIX
nonuHax Typuuu U ee MOCHEACTBHS A MX DKOJOTHUYecKod »ddexkTuBHOCTH 3a mepuoa 1990-
2018 rr., Ucnonb3ysl OTKPBITHIE T€OMPOCTPAHCTBEHHBIE JaHHbBIE. B Xo/e 3TOro MccieqoBaHus Mbl
MbITaeMCS OTBETHTh Ha HUKECIEAYIOIIHE BOIIPOCHI.

1) CoxpaHSIOT JIM pEYHBbIE JOJMHBI CBOIO HKOJIOTHYECKYIO A((HEKTUBHOCTb, HECMOTpPS
Ha aHTPOTIOTEHHOE Pa3BUTHE?

2) Yem oTimyaercs CTPYKTypa 3eMJIENONIb30BaHUS W TEHACHIUU TpaHChOpMallMd B HHUX
OT JPYTUX TEPPUTOPHI CTPAHBI, YUUTHIBAS UX YHUKAIBHYIO 3KOJIOTUYECKYIO POJIb?
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3) KakoBa mpoctpancTBeHHas AuQQepeHranus TEKyIehH AKOJIOTHUECKON 3PPEKTUBHOCTH
JOJIMH ¥ TEHCHIINNA ee TpaHchopMain?

Ha ocHoBanmm Hamux mnpensiaymiux —wuccrnepoBanuii  peunsix  gomuH  (Illarionova,
Klimanova, 2024) u apyrux uiccieqoBaHUN aHAJIOTHYHBIX 3aCyIIIMBBIX peruoHoB (Han et al., 2022),
MBI BBIJIBUTAEM THUIIOTE3Y, YTO, HECMOTPS Ha CBOIO SKOJOTHYECKYIO IIEHHOCTh, PEYHBIC JIOJHMHBI
B OCHOBHOM II0/IBEPTarOTCsl aHTPOIIOTEHHOM TpaHCc(opMmanuy, T.€. UX 3KOJIoTHIecKast 3PPEKTUBHOCTD
CHIYKAETCSI TI0 SKOHOMUYECKUM MTPUINHAM.

MaTepna.m,l H METOAbI

Obvexmom uccned0o6anus BHICTYIWIN JOJIUHBI PEK B aJIMUHUCTPATUBHBIX rpaHuuax Typuuu
mmHOM He meHee 100 kv — Bcero 107 BOIOTOKOB ¢ Tiomiansio BojgocOopa Gosee 1500 km?
Kaxapld. COryIacHO KIMMAaTUYECKUM, (IOPHUCTUYECKUM U TeoMOpP(OIOrHuecKUM OCOOEHHOCTAM,
TEPPUTOPHUIO CTpaHbl pa3ieistoT Ha 7 skopernoHoB (Ergiiner et al., 2019). KOxHbie npumopckue
pernonsl — Oreiickuii u  CpeaM3eMHOMOpPCKHM — XapaKTepU3YITCS CYOTpONHYECKUM
CPEIN3EMHOMOPCKUM KJIMMATOM C MATKOM BJIAKHOW 3MMOM, 3aCyIJIMBBIM JIETOM M ocaakamu 600-
1100 mm/ron. CeBepHble TpUMOpPCKHE pernoHbl — Mapmapa u UepHOMOpPCKMI — OTIMYAIOTCA
3HAYUTENIbHBIM I'PaJIMEHTOM OCaJKOB ¢ 3amaja Ha BocTok (o1 600 no 2000 mm/rox). Tpu apuaHbIX
permoHa ¢ KOHTHHEHTAJbHBIM KiIuMaToM u ocaakamu wmeHee 400 mm/ron — I[lenTpanbHO-
Amnatosnmiickuii, Bocrouno-AnHatonuiickuii u IOro-BocTouHO-AHATONMICKHI — 3aHUMAIOT
Oospiryro yacth Tepputopuu ctpanbl (Koc et al., 2015). Pexku CpeamzemHOMOpCKOTO Oacceiina
npope3atot riryookue ymienbs (1o 2000 M) B maneoreH-HEOTCHOBBIX MOPOJIaX, ¢ Y3KUMH MMOMMaMHu
(mo 2 xm) u 4-7 nHammoiimeHHbIMU Teppacamu BbicoTor 10 200 M (Kuzucuoglu et al., 2019).
EcrecTBeHHas pacTUTENLHOCTD MIPE/ICTABIICHA TyraiHbIMHK JiecaMu. Pexu UepHoMopckoro Oaccelina
uMeroT V-o0pazueie nonuHbl Tiyonnon 100-500 M ¢ moitmamu mmpunoit 1-4 kM u 2-4 Teppacamu
BeicoTOo 10 100 M (Dogan, 2011), ¢ obX0BbIMU U TpaOOBBIMH JiecaMH. KpymHbIe TpaH3UTHBIC
peku 1oro-soctoka (EBdpar, Turp) xapakrepusyroTcst mupokuMu nmoiiMam (3-10 kM) v BBICOKUMHU
teppacamu (mo 200 M), Takke ¢ TyraiiHoW pacturenbHocThiO (Demir et al.,, 2004; Akbulut
et al., 2022).

Aneopumm u memoowl uccreoosanus. ViccnegoBanne BKIIIOUANIO TPH 3Tana: BbIAEICHHE PEYHBIX
JOJIUH, WHBEHTapU3alMI0 3E€MJICNONB30BaHUS B HUX M OIECHKY HM3MEHEHUH SKOJIOTHYECKOi
sbdextuBHOCcTU. [lepBblli STam 3akitoyascs B BBIIEICHHUE PEYHBIX JOJNHMH. PeuHble OJIMHBI
BBIJISISUTHCh HAa OocHOBe nudpoBoit Moaenu penbeda Copernicus GLO-30 ¢ paspemenuem 30 m
¢ ucnoib3zoBanueMm uHctpymenta Valley Depth B Saga GIS. D1ot MeTon onpezaensieT BepTUKaIbHOE
paccrosiHue 0 0a30BOTO YPOBHS CETH BOJOTOKOB MyTEM MHTEPIOISALUU BHICOT BOJAOPA3ACIOB U UX
BbluMTaHusd u3 ucxoaHbIXx BbicoT (Clubb et al., 2022). Ilogxom OJIM30K K METOIUKE
ABTOMAaTHU3UPOBAHHOTO BBIJCJIICHHS JIOJIMH U WX JTHUII, NMpeIoKeHHo# (Straumann, Purves, 2008),
I7ie BOKHBIM OSTalloOM SIBJIIETCS CpaBHEHHME BBICOT siueek LUdpoBbix mopenel penbeda (LIMP)
C BBICOTOM  JPEHaXXHOW CeTH  OKpyXKaloumx BojopasnenoB. llpensapurensHo — Oblia
MHBEHTApU3UpPOBaHa pevHas ceThb. MccnenoBanuchk NOIMHBI pek AnuHoi 6oiee 100 kM, TOCKOJIBKY
y PEK MEHbIIEH JTMHBI JIOJUHBI CIMIIKOM y3Kue A aHanuza (MeHee 100 m). BekropHble faHHbIE
HydroAtlas Oblmm reHepanu3oBaHbl, BepuUIMPOBaHBl U JomnojHeHbl 1o OpenStreetMap
(ter «waterways») u cauMkaMm Google Planet 3a 2022-2024 rr. B urore 6butn oTo0pansl 63 peku
U BBIJIEJIEHO COOTBETCTBYIOILIEE YNCIIO JOJIHUH.

Pactp Valley Depth 6bu1 peknaccuduuupoBan mo Haubojiee pe3KuUM IepenagaM TIyOuHBI,
YTO MO3BOJISIET BBIABUTH YETKWE TPaHMIBl JIOJHH, BBIpAXKEHHBIE CKJIOHaMHM (Straumann,
Purves, 2008). [lyi1 paBHUHHBIX 1 HU3KOTOPHBIX pek Typuuu cpeaHss riyOMHa AOJIMH COCTaBIISET
100-200 m (Kuzucuoglu et al., 2019), mosTomy 1uana3oH KJIaccoB pekjaccu(puKaiuy ObUT BHIOpaH
aHaJoruuHeM. Ha ydacTkax ¢ HEUYETKMMHU TpaHMLIaMH, OCOOEHHO Ha HIKHHMX y4acTKax JOJIMH,
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OPOBOJAMJIOCH py4YHOE JACHIU(PUPOBAHME MO CHUMKAM C BBICOKMM MPOCTPaHCTBEHHBIM
pazpemenuem Google.Planet (puc. 1).

Puc. 1. [Ilpomecc BelieneHHMs y4YacTKOB JOJAUHBI . KbI3BUIBIpMAaKk ¢ TMOMOIIBIO  PYYHOM
MHTepHpeTayy (BBepXy) U J0JIuHbI p. Mopanu-Yaii ¢ moMoIibio NOTHOCThIO aBTOMATU3UPOBAHHOTO
MeTona (BHH3Y). Ycnosnvie 0003HaueHus: a — PacTpOBOE HW300paKE€HHE TIYOWHBI JOJWUHBI H
BEKTOPHBIA CIIOM peku, b — pe3ynapTaT mnepekaacCupUKaIid PacTPOBOTO H300paKEHUS TITyOHWHBI
JOJIMHBI, C — PE3YJIbTAT aBTOMAaTHUECKOT0 0ObeANHEHHS K1accoB, d — BEKTOp peKU Ha M300paKeHUH
Google.Planet, ¢ — oxonuatenpHblii BekTOop nosmHbl. Fig. 1. Process of delineating parts of the
Kizilirmak River valley using manual interpretation (top) and the Morali-Cay River valley using a
fully automated method (bottom). Legend: a — valley depth raster and river vector layer, b — result of
valley depth raster reclassification, ¢ — result of automated class union, d — river vector on
Google.Planet image, e — final valley vector.

Ha BTOopom stane ucnonb3oBaymch ganHbie Corine Land Cover 3a 1990 u 2018 rr. Knacchr
3eMJICTIONBF30BaHMS JAHHOTO UCTOYHUKA ObUTH 00bennHeHbl B 10 kaTeropwuii (Tadm. 1).

Ha cnenyromem 3Tamne Kjacchl 3eMJICMIONIB30BaHUS ObUIM PAaH)XKUPOBAHBI MO UX CIIOCOOHOCTH
obecrieunBaTh KIOUEBbIC SKOCUCTEMHBIC YCIIyTH (Tabi. 1). bamiel skonornyeckoit 3 pexkTuBHOCTH
HA3HAYAJIUCh JKCIEPTHBIM MYyTEM HAa OCHOBE PA0OT IO OIIEHKE SKOCHUCTEMHBIX YCIYT B MHUPE
(Maes et al., 2013; Bukvareva et al., 2021) u B Typuuu (Ersoy Tonyaloglu, 2025; Ozsahin,
Uygur, 2014), a TakkKe HCCIENOBAHUH 10 OTAEIBLHBIM yciyraMm: KoHTpoib sposuu (Ozsahin,
Uygur, 2014), perynupoBanue croka (Azgin, Celik, 2020), nemoHupoBaHue yriepoaa u
ouonpoaykruBHocTh (Karahalil et al., 2018; Comakli et al., 2025), k1umaTuueckoe peryirupoBaHue
(Onur, Tezer, 2015). CornacHo HekoTopbiM pabotam (Bukvareva et al., 2021; Yuan et al., 2023),
3¢ deKTUBHOCTh (PYHKIIMOHUPOBAHUS IKOCHUCTEMBI ONM3Ka K MOHSATUIO MOTEHIMAIBHOTO 00BEMA
HKOCUCTEMHBIX YCIYT, T.€. BCeX Ojar, KOTOpble IKOCHCTEMBI MOTYT MpPEeNOCTaBIATh. s ka0
JONUHBl peKH ObUI MOJY4YeH HHTETPUpPOBaHHBIA Oamn 3hdekTuBHOCTH (QYHKIIMOHUPOBAHUS €&
sKocucTeM. [Jyist 3Toro mpuMeHsiiace cieayromas hopmyna:

n
1
VEE = ————— X Z(LU- x EEL)
max EEI ~ ¢ ! !
i=1

rie VEE — s¢ddexktuBHOCTD QYHKIIMOHUPOBAHUS PEUYHBIX 3KocucteM, LU — mond oT muiomaau
JIOJIMHBI PeKH, 3aHATast KiaaccoM 3emuienoib3oBanus i, EEI — unnexc a¢dextuBHOCTH dKOCHCTEMBI
JUIS KJIacca 3€MIITIONIb30BAaHMs 1, 1 — KIAcC 3eMJIETIONIb30BaHMsI, N — KOJHMYECTBO KIIACCOB
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3EMJICNIONB30BaHus BHYTpU noiuHbl peku. Max EEI — »3to MakcumanbHOoe 3HaueHue EEI,
paBHoro 18 (tabm. 1). Popmyna pacuéra >¢dexTuBHOCTH (DYHKIMOHUPOBAHUSA PEUHBIX
HKOCHUCTEM — 3TO HOPMAIM30BAaHHAs CyMMa HHJEKCOB 3KOCHUCTEMHOH 3(deKTHBHOCTH Il BCeX
KJIACCOB 3€MJICTIONb30BAHMST BHYTPH JIOJIMHBI, YYWTBHIBAIONIYI0O WX IPOIEHTHOE COOTHOIICHHE.
MBpI TaKke OLEHMIM HW3MEHEHHsI SKOCHCTEMHON A(PQPEKTHBHOCTH Ui JIOJIHH, PACIOJIOKEHHBIX
B KOHTMHEHTAJIbHBIX U BJIQXKHBIX PETMOHAX, BBICOKOTOPbsX (Bhime 1500 M H.y.M. BC), Ha KpyThIX
CKJIOHAX (KpyTH3HA > 12°) U Ha TEPPUTOPUSIX C CUIBHO pacwIeHEHHBIM peibedoM (MHIeKC Terrain
Ruggedness Index > 15). Jlnst 3Toro ObLIN BBLACICHBI 30HBI BBICOKOTOPbS ITyTEM peKiIaccu(huKaIium
LIMP; Tepputopun C CHIBHBIM pacuiieHeHHeM penbeda Ha ocHoBe pactpa TRI; 30HBI KpyThIX
CKJIOHOB TIO PacTpy KPYTH3HBI; a TAaK)K€ TPAaHHUIIBI KOHTUHEHTAIBHBIX U IPUMOPCKUX IKOPETHOHOB
o AaHHbIM uccnenoanus (Cergi et al., 2024).

Tabauna 1. Dxonoruveckas 3pHEKTUBHOCTD KIIFOUEBBIX KJIACCOB 3€MJICTIOIH30BAHUS.
Table 1. Ecological efficiency of key land use classes.
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BonHo-60m0THBIE Yyroabst 3 3 3 3 3 2 17
Jlyra u mactouia 2 3 3 3 3 2 16
Cazpl ¥ IUTaHTaluA 2 2 2 2 2 2 12
Heopomaemble mamnu 2 2 2 2 2 1 11
Bonausie 00beKTHI 3 0 1 3 0 3 10
OpomraeMble MalHu 1 1 1 1 2 1 7
Hezaneuarannsie Teppuropuu
C Pa3peKEHHOU PACTUTENBHOCTHIO 1 1 1 1 1 1 6
win 0e3 pacTUTEIHLHOCTH
3anedaTtaHHbIE TEPPUTOPUU 0 0 0 0 0 0 0

Pe3yabTaTsl M 00Cy:KICHHE

Cospemennas cmpykmypa 3emnenonvzosanusi. bonee 40% momany T0JIUH KPYNHEUIINX PEK
HenTpansHoii, Bocrounoii u KOro-Boctounoit AHaToaMu 3aHATO OpPOLIAEMBIMU MALTHAMU (pHC. 2).
Bricokoropusie nonuHbl BocTouHOW AHATONMH BBIIEISIOTCS MpeoOnanaHueM nactouil. JlomimHbl
BIIQXKHBIX MPUMOPCKUX PErnoHOB Oosee yeM Ha 50% 3aHATHI calaMU U BUHOTPAJHHMKAMH, TaKXKe
BCTpeyaroTcs HarboJiee 3ajiecéHHbIe JOIUHBL. BoaHO-000THBIE Yro/bst 3aHUMAIOT He 6oee 2%.

Ha naumbonee »skosormuyecku 53(QeKTuBHbIE 3KOCUCTEMBI — BOJHO-OOJIOTHBIE YTOAbS —
npuxoaurcs MeHee 1%, ¢ HauOombiiel noneit y p. Apac Hexpu (6%), rie HaXoa9TCsl OCHOBHBIE
HayuyHble cTaHiuu npupomooxpanHoi HIIO KuzeyDoga. Cnenyromue 1o 3hdekTuBHOCTH
OKOCUCTEMBI — JIeCHBbIE — 3aHUMArOT Juiib 10% momanu A0nuH, ¢ HAHOONBITUMHU 3HAYCHUSIMHU
oonee 30% y Mambsix pek B YepHomopckom u Cpeam3eMHOMOPCKOM peruonax. Haumbonee
pacipoCTpaHEHHBIM KJIacC 3€MIICTIONb30BAHUS — Calbl U BHUHOTPAJHUKH, a TO aOCOJIOTHBIM
3HA4YeHUsIM IUIOIIAAM OOJIbIIE BCErO OpOIIAeMbIX MalleH. B cymme Ha Bce aHTPONOTEHHOE
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MOAM(UIMPOBAHHBIC JIAHAAPTHI MpUxoauTcss Oonee 65%, YTO MO3BOJSET TOBOPUTH O BBICOKOU
CTETNEHU aHTPONOI€HHOM TpaHCc(hOopMaUK PeYHbIX J0JHH B Typrum.

Puc. 2. Tunsl noauH o npeodagaronieMy Kiaccy 3emienoibzoBanus, 2018 r.
Fig. 2. Valley types by predominant land use class, 2018.

Ha pucynke 3 mnoka3aHbl [0JIMHBI, Haubojee MpPeICTABUTEIbHbIE B CBOEM THIIE IIO
npeobiasaroIieMy Kiaccy 3emilenoiib3oBaHus. Camble ysA3BMMbIE K IOCIIEACTBUSAM H3MEHEHMS
KJIMMaTa KOHTHMHEHTAJIbHbIE PErHOHBbI JOJMH PEeK 3aHATHl OpolllaeMbIMU HamHsAMH. [lactOuiia
U JIyra, Kak 3KOJOrmuecku Oosiee 3((eKTHUBHBbIE KJIACCHI 3€MJICNOJIb30BAaHUS, BCTpPEYArOTCAd Ha
BbicoTax 700-1000 m H.y.M. BC Ha monorux ckijoHax, a jeca COXpaHSIOTCS Ha CaMbIX KPYTBIX
yacTax npo¢uid. Cazpl TATOTEIOT K POBHBIM TeppacaM, U3peaka npeolaas Ha O0JIbLIMX BbICOTAX.
KpyTble CKIOHBI 4acTo pacnaxaHbl, YTO YCHWJIMBAE€T 3PO3MI0 M YMEHBIIAET IOJ3EMHBIA CTOK.
HwxHue yactu npoguieil B IpUMOPCKUX pernoHax HamboJsee ysI3BUMbI K HaBOJHEHUIM. bosbias
UX 4acThb OCTAETCs He3aledyaTaHHOU, HO y pek UepHomopckoro u Cpenn3eMHOMOPCKOIO PErHOHOB
1o 40% mniomany HU30BUI 3aHATa ropoiaMu. HamOomblnyto 5KOIOrHYecKyl 3(PQGEeKTHBHOCTh
COXPAHSAIOT BBICOKOTOPHBIE peuYHble JOJUHBI BocTouHOW Amnatonuu u peruoHa Mapmapa.
JIOAMHBI MaJbIX PEK OTJINYAIOTCS OOJIBIION COXPAaHHOCTBIO JIECOB M JYTOB, YACTMYHO U3-32 MEHee
yI0OHOTO Ui OCBOCHUS MONIEPEYHOT0 CTPOEHUS TOJIUHBI C Y3KMMHU ITOMMaMu U TeppacaMu.

Tunvr u memnol usmenenus zemaenoavsosanus. Oxkono 40% mnomaau nonuH 3a 1990-2018 rr.
IpeTepIie U3MEHEHHs B CTPYKTYpe 3eMJIETI0NIb30BaHMs, Hanbojee MaciuTabHast TpaHCPOopMaLus
3aTPOHYJIa HW)KHHUE YacTU JOJMH KPYNHEWIIUX PEK, a TAKKE€ BEPXOBbA KPYIHBIX U CPEAHHUX PEK
B apuaHoi 30He (puc. 4). Hambosee AMHAMUYHBIMU KJIacCaMHM OKa3alMCh OpOIIaeMble MaIlHU
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U caJipl, MIIOMIAAb KOTOPBIX yBeauumiach y noiud LlentpanbHoit Anaronuu Ha 10-22%, u nonun
IpUMOpPCKUX peroHoB Ha 10-24%. OTMmeueHo COKpallleHHE OpOIIAEMBIX MaIleH B IPUMOPCKHX
pernonax, OreiickoM u CpeauszemHomopckoM — Ha 20-40% (Oponrec, I'enus, Kénprouait).
[Inomaau cagoB cokpaTHiUCh Ha 26% B 10JIMHAX apUAHBIX 30H. BOJIBIIMHCTBO OpOLIaEMBbIX MallleH
3JIeCh MepeNuIn B Kareropuio HeopomraeMeix (Oprene, Katicam6a, Oponrec). bonee 20% mromiamm
nonuH Cakapbs, Jxeiixan, Jlenuc-Yaiisl, Turpa nepenuin U3 HEOPOIIaeMbIX NAIIEH B OPOILIAEMBIE.

Puc. 3. V3MeHeHune mnpeoOaaaromero Kiacca 3eMJICNONb30BaHUS 0 MPOAOJIBHBIM MPOdUIIsIM
Mpe/ICTaBUTENIeH pa3HbIX TUIOB JOJUH I10 MpeodiasaoiemMy Kiaccy 3emienonb3oBanus B 2018 r.
Fig. 3. Change in the prevailing land use class along longitudinal profiles of representatives
of different types of valleys by prevailing land use class in 2018.

Knacc necoB npeteprien He3HaUUTENbHBIE MpeoOpa3oBaHus (CokpaiieHue MeHee yeM Ha 1%),
1 OTMEYEHO yBenuueHue Ha 7-10% ecoB B JOJIMHAX CPEAHMX PEK, TAKUX TaK DpMeHeK Yaiibl,
Omen Yaiipl. B OGonbuielt crenenu (1o 16%) cokparuiach J€CHCTOCTh JOJIHMH MajbIX pPEK
(Kompyuaii, I'épmec). OObluHO Ha Mallble PEKHM MPHUXOAATCS HauOOJee LEHHbIE IKOCHCTEMBI,
U ceiluac X OCBOCHHE MHTCHCU(PHUIIMPOBAIOCH. AHAJIOTUYHAS TUHAMUKA HAOIIOJAETCsI U 110 BOJIHO-
00J0THBIM yroabsiM. CpellHue COKpaIIeHHs COCTaBIAIOT MeHee 1%, a Ui OTAETbHBIX KPYITHBIX PEeK
cokpaienue gocturaet 9% (Axapuaii). [lonoxxutenbHas nuHamMuka HaOmoaaeTcss y Apac-HeXpH,
I/Ie YBEJIUYWIACh TOJI1 BOAHO-OONOTHBIX yronuil Ha 6% HecMoTps Ha uccienoBanus (Akturk
et al., 2024; Atesoglu et al.,, 2025) 00 akTUBHOM XO3SIIICTBEHHOM OCBOEHHUHU 0CO0O OXPaHSIEMbBIX
pHUIIapUAHCKKUX 30H 3TOM pEeKH.

HaubGonee pacmpocTpan€HHbBI T TpaHCOpMAIMK BO BCEX JOJMHAX — MEPexXo]l
HEOpOIllaeMbIX MallleH B opoiaemMbie — 16% Bcex mpeobpa3zoBanuii. B 2 pasa meHsble Tepputopuii
JOJMH TEpeluld M3 OpolIaeMbIX MamieH B Heopomaemble (7%). Okono 10% nepenun wu3
OpoIllaeMbIX TAallleH B Cajabl, a W3 HeopomaeMeix — 4%. B 1enom HauOonblne H3MEHEHHS
B JIONIMHAX KOCHYJHUCH KIJIACCOB CaJ0OB, OPOIIAEMBIX M HEOPOIIaeMbIX TMalleH, JyroB (Tabm. 2).
bonee 30% OTKpBITBIX MPOCTPAHCTB C PA3PEKEHHON PACTUTENHHOCTHIO TMEPEUUIM B KaTErOpHUIO
JTYyroB M TACTOWII, T.e. HAOMIOJaeTcs MAaCIITaOHBIM MPOLeCC 3apacTaHus MaJIOTPOAYKTUBHBIX
TEPPUTOPUN M HX Tepexon B Oojee dKoioruueckd 3(P(HEKTUBHYIO TPYMIY 3eMIIEHOJb30BaHUS.
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Haubouiee nieHHast kaTeropusi 3eMJICNIOIB30BaHUS — Jieca — MO IUIOIAAN OCTAJINCh HEU3MEHHBIMH,
OJTHAKO TIOJIOBMHA BCEX JIECOB MOBEPIiach TpaHCHOPMALIMU BO B3aUMOJICHCTBUU C KJIACCOM JIyTOB
u mactOum. [Ipormecc 3apactaHusi JIyroB jecamMu B 2 pa3a MHTEHCHBHEH OOpaTHOro mepexoia,
OJIHAKO Jieca, CTaBIIME JIyTaMH B pe3yjbTaTe MOXApOB M JETPAJallid PACTHTEIBHOCTH, BEIHKH.
Kareropust BogHO-00JIOTHBIX YrOJuii CpaBHUTEIBHO CTaOWIIbHA, MEPEeX0abl HAOIIOMAIOTCS TOJIBKO
C KJlaccoM JIyroB. HawmMeHee TMpOJIYKTHUBHBIC THIIBI 3€MJICTIONIb30BAHMS — 3arieyaTaHHBIC
TEPPUTOPUN — YBEJIMYWINCH B muomaau 3a nociennue 30 jer B 10 pa3, ocHOBHas 3acTpoiika
OCYIIECTBIISIIACH 3@ CYET CAIOB.

Puc. 4. Peunsie nonuHel, nperepnesinue npeoodpazosanus 1990-2018 rr.
Fig. 4. River valleys that underwent transformations in 1990-2018.

Oyenka usmeHneHutl sKonoeuyeckol spgpexmusnocmu. I10J0BUHA PACCMOTPEHHBIX JOJIMH PEK
npeTeprena W3MEHEHUs] 3KOCHCTeMHON 3((deKTHBHOCTH, B OOJbLICH CTENEHW OTPUIATEIbHBIX,
KOTOpBIE CBSI3aHBI B TIEPBYIO OYEpE/b C IEPEX0J0M HEOPOIIAEMBIX IMalleH B MeHee d3(PPEKTUBHBIC
KJIacChl, B OCHOBHOM B opomIaeMble nmamHu (puc. 4). OTpunarensHble Iepexoabl COCPEIOTOYCHEI
B apUIHBIX M TIPUYCTHEBBIX 30HAX KpPYMHBIX peK. [loJokuTenpHbIE NEpexXoabl CBS3aHBI C
MepeX0J0M OpOIIAEMbIX MalleH B 0ojiee 3KOJIOTHYECKH S(P(PEKTUBHBIE KIACCHl — HEOPOIIAEMbIC
NallHK W Cajbl; M C 3apacTaHUEM OTKPBITHIX IPOCTPAHCTB C PA3PEIKEHHON PACTHTEIHHOCTHIO
Y MCIIOJIb30BAaHUEM OBIBIIMX HEOPOIIAEMBIX MAIllleH JUIS CaJOB W IUIAHTAlMd. Pexxe moBblmeHne
s¢dekTuBHOCTH HAOIIONACTCS y 3aleyaTaHHBIX TEPPUTOPHH, M3PEAKa B MPUMOPCKHUX pPETrHOHAX
3areyaTaHHbIe TEPPUTOPHUU MIEPEXOIAT B OPOLIaeMbIe ITALTHN HITH CaJIbl.

Cpennsist sxosornyeckas 3PQPEeKTUBHOCTh JOJNMH cocTaBisieT 63 Oamna. CpenHue 3Ha4YEeHUs
JUIsL BCEX JIOJIMH He M3MeHUIHUCh ¢ 1990 r., HO mpociexuBaeTcsi MpoCcTpaHCTBEHHas AuddepeHus
u3MeHeHn. OTpunareabHble Mepexo/ibl XapaKTePHbI A KPYMHBIX U KPYIMHEHIINX peK apuaHbIX
peruoHoB. [loyokuTeNbHBIE M3MEHEHHUS BCTPEUAOTCS peke, OOBIYHO B MPHUMOPCKUX PErHoHax
y MaJIbIX pek (puc. 5).

Kak BuaHO M3 pUCyHKa 6, B apHIHBIX PErHOHAaX IMPOUCXOAUT CHH)KEHUE HKOJOTHUYECKOM
spdexTuBHOCTH n0auH Oosiee yeM Ha 30%, mpuuéM B OCHOBHOM 3a CUET KPYHMHEWIIMX pEK,
TOT/Ia KaK B IPUMOPCKUX PErnOHaxX HAOJIOAAI0TCS MOJIOKUTENIbHbIE H3MEHEHHsI, HO MeHee ueM 5%
U TOJIBKO B JIOJIMHAX MaJIbIX pek. BeposATHO, poJib JOJIUH Ui CMATYEHHs MOCIEeICTBUH N3MEHEHUs
KJIMMaTa B aCMeKTe PErylupyIONX U MOJIEPKUBAIOLINX IKOCUTEMHBIX YCIYT B apHJIHBIX 30HAX
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OyIeT CHIKAThCS, HO MOXKET MOBHIMIATHCSA B MPUMOPCKUX PETHOHAX. B BBICOKOTOPHBIX PETHOHAX
Typuuu Ttakxke HaOmogaercss npeoOnaganue (Ha 20%) AOTUHHBIX TEPPUTOPHI CO CHUKEHUEM
skosiorndeckoil 3ddexruBHOCTH (Tabm. 3). B oTiMume OT KOHTHMHEHTAJIbHBIX 30H, 31€Ch 3TO
MIPEUMYIIECTBEHHO CBSI3aHHO C MEPEX0I0M JIYTOB B MEHEE IKOJOTHMUYECKH Y(PPEKTUBHBIE KIACCHI, B
OCHOBHOM B OTKPBITBIE TIPOCTPAHCTBA C Pa3pEKEHHBIM PACTUTEILHBIM IMOKPOBOM HIIM OPOIIAEMbIE
namHu. Mexay TeM, B 30HE BRICOKOTOPbS B Yallle BCETO HAOIIOJAOTCS MOJIOKUTEIEHBIC IEPEXO0/IbI
13 KJiacca cazioB B Oosiee 3 (eKTUBHBIE — Jieca U 00JI0Ta, YTO CBSA3aHO C MEPEHOCOM JIaHHOTO THIIA
X0341CTBA B HHU3HWHHBIC, MPUMOPCKHE pEernoHbl. HecmoTps Ha mpeoOiiagaHue OTPHUIATEIBHBIX
MEPEeX00B, HA JIOJMHHBIX y4aCTKaX ¢ KPYTHIMU CKIIOHAMHU M CHJIBHOW pacuwiIeHEHHOCTHIO penbeda
HanpotuB Oousibiie Tepputopuil (mpuMepHo Ha 30%) ¢ TMOBBILIEHHEM 3KOJOTMYECKON
P PeKTHBHOCTH. B OCHOBHOM 3TO CBSI3aHO € 3apacTaHHEM OTKPBITHIX IPOCTPAHCTB C Pa3peKEHHON
PacTUTENLHOCTHIO. AHAJIOTHYHAS CUTYalusl HAOTI0MaeTCs Ha CHIIBHO PACWICHEHHBIX YIaCTKaX.

Tabauna 2. Martpuiia Tpanchopmalii KaTeropuil 3emienosibzoBanus 3a 1990-2018 rr. B pedHbIx
nosmHax Typuuu. Table 2. Land use category transformation matrix for 1990-2018 in river valleys
of Turkey.
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¥ 2018 486 | 2376 | 1764 | 2374 [ 1307 ] 632 | 613 [1330] 77 [9960

OCHOBHBIM TPECHAOM HU3MCHCHHA 3CMIJICTIOJIb30BAHUA ITOCIICAHUX 30 ger B PCYHBIX OOJIMHAX
Tpr[I/II/I SIBIISIETCS  MAaCCOBBIU NNepexo; HEOPOHUIACMBIX IAIICH B OpPOMIACMbIC, TOTI'Ja KakK
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MOCIIE/ICTBUSL U3MEHEHHs KJIMMaTa B apUAHBIX PErHOHAX YYaIlaloTCS W MHTEHCH(PHIUPYIOTCH.
Pactér notpebienue Bopl B YCIOBUSAX YBEIMUUBAIOIIETOCS pUCKa e€ neuuuTa B CTpaHe, KOTOPBIN
B T.4. mporHosupyercst OOH (United Nations, 2024). O1oT Tun TpanchopMmanuyd B HauOOJIbIICH
CTENIEHU BO3JCHCTBYET HA COKpAIlEHUE BOJHOIO CTOKAa M JIOJTOCPOYHYIO TpaHC(HOPMALHUIO
rugponorndeckoro pexkuma  (Pusatli et al, 2009). HawuGonpmme TeMIel H3MEHEHUS
3eMJICTIONIb30BAaHMSI M OTPHUIATEIbHBIC TEPEXO0/Ibl IKOJIOTHIECKON (D(HEKTUBHOCTH HAOIIOIAOTCS
y KpYIHEHIINX U KPYIHBIX PEK, HAa KOTOPbIX pacrnosoxeHbl ocHOBHbIE I'DC. Tlono0HbIe H3MEHEHUS
MOTYT MOBJIUATH HA SHEPreTUUYECKYIO0 0€3011aCHOCTh CTPAHBbI, a CO BPEMEHEM — U Ha JPYTUe CEKTOpa
SKOHOMHMKH.

Puc. 5. Ilepexon KmaccoB 3eMIICTIONB30BAHUS 10 3KoJIorudeckoit adpdextuBroct B 1990-2018 1T
B peunbix nonuHax Typruu. Fig. S. Transition of land use classes by environmental efficiency in
1990-2018 in the river valleys of Turkey.

JlaHHBIN pe3ynbTaT MOATBEP)KIACTCS HMCCICAOBAHUSAME, YKA3bIBAIOIMMH Ha HHTCHCHUBHOE
pacIMpeHue THAPOTEXHUYECKOW HMH(PACTPYKTYphl Ul WPPHUTALMOHHBIX LENEH B HMCCIIEyeMBbIil
Nepuoj, B 4acTHOCTH, B peruoHe FOro-BocrouHoii AHartonuu, rae peanusyercs KpynHeHIuni
B Typrun OJHOMMEHHBIA NPOEKT PErMOHAIBHOTO Pa3sBHTUS B OOJIACTH HCIIOJIIB30BAHUS BOJHBIX
1 3eMenbHBIX pecypcoB (Sakal, 2022). B psane 6acceiinoB kpymnubix pek (Kbizpuibipmak, Cakapbs,
CeiixaH) KOHTHMHEHTAJbHBIX PErHOHOB CTPaHbl B pPacCMAaTPUBAEMBIH MEPUOJ OTMEYaeTcs
MHTEHCUBHBIA POCT 3arpsi3HEHMs BOJBI XJIOpUAAMHU M Cylb(aTamMH, 4TO CBS3aHO C YBEIWYEHUEM
3arpsA3HEHHOTO yI0OPEHUSMHU MOBEPXHOCTHOIO CTOKA B PE3yJbTaTe MHTEHCU(DUKALUU HpPUTALUU
(Yavuz et al., 2024). Kak nmoka3pIBatoT HallIM pe3yJabTaThl (puc. 3), y OOJIBIIMHCTBA PEYHBIX JI0JIUH
opolIaeMble Yrobsi HAXOATCS B BEPXOBbSIX, U3-3a YET0 yXYALIECHHE KauecTBa BOJbI U JeTpajalus
MPUPEUHBIX U PEYHBIX IKOCUCTEM NMPOUCXOAUT HA OOIIMPHBIX yJaCTKaX HUXKE M0 TEYESHHUIO.

Ota npobiiema Takke HOCUT TPAaHCTPaHWYHBIHN XapakTep B nonuHe EBdpata, rie 3arps3HéHHble
BOJbI, B T.4. U3-32 CEIbCKOXO3sIiiCTBeHHON Hppuranuu, nomnanaotT B Mpak u Cupuito (Giovanis,
Ozdamar, 2025). B pekax YepHomopckoro perumoHa (Hampumep, Emmmibipmak), HaOmonaroTcs
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IIPOCTPAHCTBEHHbBIE 3aKOHOMEPHOCTH, IIPU KOTOPBHIX CEIbCKOXO3AWCTBEHHBIE CTOKHU W3 BEPXHETO
TEUEHUsS] BBI3BIBAIOT PE3KHE CKAYKM KOHIEHTpauuu a3ota u (ochopa B HUKHEM TEUCHHUH,
yCyryouisist 3BTpoUKaIMI0 1 00pa30BaHUe MOPCKUX OTJIOKECHHN B AeTbTaX pek. B p. Kei3puibipmak
CEeITbCKOXO3SHCTBEHHBIE CTOKM B BEPXHEM M CPEIHEM TEYECHUH IMPUBOJAT K IMOBBIIICHUIO YPOBHS
MOTEHIMATIBHO TOKCUYHBIX 3JIEMEHTOB — XeJle3a U aJllOMUHMUS, — IPEBbILIAs JOIYCTUMBbIE 3HAUECHHUS
U TpEeACTaBiisAis ONACHOCTh JJsl 3J0pOBbs JkuTened ropoga CaMcyHa B HIKHEM TEUEHHUH
(Ustiin Odabas1, Ceylan, 2023). Mexmy Tem, u3 13 CymecTBYIOIMX PaMCAPCKUX BOIHO-00IOTHBIX
yroguii B Typuum 3 Haxomsatcs B nenbTax pek (I'€kcy, I'emus, Kbizbuibipmak). AKKymynasuus
3arps3HSIONIMX BEUIECTB B JACIBTaX M MX IBTPOPHKANMSA H3-32 AaKTHBHOTO CEIBCKOTO OCBOCHHS
JIOJIUH U OTCYTCTBHS JOJUHHBIX JIECOB, CIOCOOHBIX CHUXATh INOMAJaHUE 3arps3HUTEIb B PEUHbIE
BOJbI, OyJeT CHUXAaThCs CpenooOpasyroulyl0 (QYHKLIHIO BOJHO-OOJIOTHBIX YroJud, OCOOEHHO
BaXKHYIO /Ui BoaoruiaBaromux ntutl (Dervisoglu, 2021).

Puc. 6. M3meHnenue skonorudeckoid 3pGeKTUBHOCTH peuHbix noiauH Typruu 3a 1990-2018 rr.
B Pa3HbIX SKOPErHMOHAaX: pa3Mep Kpyra OTpakaeT JJIMHY PEKH, oCb X — IMPOLEHTHbIE 3HAYCHMS
u3MeHeHust 3kocucreMHoi 3¢ dexrtuBHocTu. Fig. 6. Changes in the ecological efficiency of river
valleys in Turkey from 1990 to 2018 in different ecoregions: the size of the circle reflects the length
of the river, the X-axis corresponds to the percentage change in ecosystem efficiency.

B Typuumu 3emienonb3oBaHHE B PEYHBIX  JIOJMHAX  PEryIUpyeTcs  KOMIUIEKCOM
3aKOHOJIaTEJIbHBIX AKTOB PAa3HOTO YPOBHs, HO KIJIIOYEBas poOJib MPHHAUICKUT BogHOMY 3aKOoHY
Ne 831 (typ. «Su Kanunuy») u 3akony 00 oxpyxatomei cpeae Ne 2872 (typ. «Cevre Kanunuy).
OTH 3aKOHBI YCTaHABIMBAIOT OOLIME MPUHIUIBI OXPAaHbl BOJHBIX PECYPCOB, IMPEIOTBPALCHHS
3arpsA3HEHUsT W YCTOWYMBOIO HCHOJBb30BaHUS 3eMenb. OJHako Haubojiee KOHKpPETHOE
peryaupoBaHHE  OCYLIECTBISETCS 4Yepe3 OaccefHOBOE  IUIAHMPOBAaHHE, KOOPIMHHpPYEMOE
I'eHepanbHBIM  JUPEKTOPATOM TOCYHAPCTBEHHBIX THMIPOTEXHHMUYECKHMX paboT Ha OCHOBE
[TnanoB ynpasienusi peunbiMu Oaccerinamu (Typ. «Nehir Havzas: Yonetim Planlary). O1tu nnansi,
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paspabaTeiBacMbie I 25 KPYIHBIX PEYHBIX 0ACCEHHOB, JOJDKHBI OMPEICNIATh JOMYCTHMbBIC BHIBI
NESITeILHOCTH, 30HUPOBAHUE M TPUPOJIOOXPAHHBIE MEPHl B Mpeiesiax BOJOCOOPOB, BKIIOYAS
JTOJTUHBI.

Tadmmua 3. [IpoueHT TIOmAaM [JOJAMH C  YBEIMYCHHEM/YMEHBIICHUEM  3KOJIOTHYECKON
3G PEKTUBHOCTH 10 SKOpernoHam/Tonorpadpudeckum 3ouam Typrun B 1990-2018 rr.

Table 3. Percentage of valley area with increasing/decreasing ecological efficiency by
ecoregion/topographic zone in Turkey for 1990-2018.

CuiibHO
ApuaHbie H Bricokoropse, | Kpyrbie .
IIpumopckue pac4jIeHEHHbIE
KOHTHHEHTAJIbHbIE PETHOMDI > 1500 m CKJIOHBI, R
€rHoHbI ny.m. BC >12° i
P y TRI > 15
VBenuuenue
9KOJIOTHYCCKOM
41 49 44 60 57
3¢ (HEeKTUBHOCTH,
mrormanas %
VMmenbnieHue
9KOJIOTHYSCKOM
59 51 56 40 43
3¢ HEeKTUBHOCTH,
mrormanas %

Kputnuecku BaXXHBIM JJISi COXpPAHEHMsI HKOJIOTWUYECKUX (GYHKIHMM IOJMUH SBISETCS CTaTycC
punapuanckux 0ydepHbIx 30H. VX BblieJIeHHE U PeXUM OXpaHbl periiaMeHTupytotcs [lonoxenuem
0 3ammTe OEperoBbIX JHMHUM W 3aKOHOM O IOYBEHHOW COXPAaHHOCTH M 3E€MJICTIONh30BAaHUH
(Ne 5403). 3akon Ne 5403 u cBsi3aHHBIE MMOJ3aKOHHBIE aKThI MPEANUCHIBAIOT BhIJCICHHE OydepoB
BJIOJIb BOJIOTOKOB, TJI€ OTPAHUYMBAIOTCS WJIM 3alpeliatoTcsl oNpeAeseHHbIe BHUbI IEATEIbHOCTU
(pacnamika, CTPOMTENBCTBO) JUIsl 3alIUThl BOJHBIX PECYpCOB, MPEIOTBPAIICHUS 3PO3UU U
coxpaHeHus OuopaszHooOpasus. IllupuHa 3THX 30H BapbUPyeT B 3aBUCHMOCTH OT KaTeropuu
BOJIOTOKA M YKJIOHA MECTHOCTH, HO, KaK MOKa3bIBAIOT HalIU pe3ynbTarhl U pabotel E. Akturk c
coaBropamu (2024) um A. Atesoglu ¢ coaBropamu (2025), nmaxke B mnpenenax (HopMaiabHO
OXpaHsSeMbIX PUIIAPUACHCKUX 30H 3HAUMUTEIbHbIE TUIoMIaau (6osee 30%) 3aHITHI CENbX03YTObSIMH,
YTO yKa3bIBaeT Ha MpoOjeMbl ¢ coOoeHneM pexxuma 1 3hdekTuBHOCTRI0 KOHTpOJIsL. bosee Toro,
punapuaHcKue 30HbI MOTYT ObITh mHUpHHON He Oosiee 2500 M, a yarie y KpYIHBIX peK SKCIEePTHO
BBIACISAIOTCSA 30HBI mupuHOM 100 M, U HEe Ha BceX peKax, a TOJIbKO Ha IKCHEPTHO BBIOPAHHBIX
(Akturk et al.,, 2024). Kakx moka3zajo Haiie HCCICIOBaHHUE, PEAJbHO JOJIMHBI, T.e. HamOoJiee
(YHKIIMOHATBHO 3aBUCHMMBbIE OT peKd yacTH Janamadra, Moryt gocturate 5000 m — B 2 pasza
6ombiIe O(UIIUANTBHO AOMYCTUMON MaKCHMalbHOM IIMPUHBI pumnapuanckoro Oydepa B Typruwu.
[Ipu sTOM MHOTHE Jieca U BOJHO-OOJIOTHBIE YroJibs COCPEIOTOUCHBI Ha MAJIbIX PeKaxX M HE UMEIOT
3TOr0 OXPAaHHOIO CTaTyca, YTO YacTUYHO OOBSICHIETCS MPOTHUBOPEUMSIMH B OQHUIMAIBHBIX
cTpaTeruuyeckux JokymeHTax. C OJHOH CTOPOHBI, TPHPOJOOXPAHHOE 3aKOHOJATEIbCTBO
(ITpuponooxpanubiii 3akoH Ne 2872, 3akOH O NMOYBEHHON COXPaHHOCTH M 3€MJIETOJIb30BAHUU
Ne 5403) wu wmexnayHapoanele oOsizatenbctBa (Pamcapckas konBeHuusi, KouBeHuus o
Oouopa3zHooOpazuu) TpeOYyIT coxpaHeHus skocucteM nonuH. C Jpyrodd, 3akoH O CEITbCKOM
pasButun (typ. «Kirsal Kalkmma Kanunu») u monuTHka mpoaoBOJIBCTBEHHOW O€30MacHOCTH,
peanu3yemas yepe3 MMHHUCTEPCTBO CEIBCKOTO M JIECHOTO XO3SAHCTBAa, aKTMBHO CTUMYJIHPYIOT
CENIbCKOXO3SHCTBEHHOE  OCBOCHME, BKJIOYas  OpPOLIEHHWE B  JOJMHAX  apUAHBIX  30H,
YTO MOATBEP)KJACTCS HAIIMMU JaHHBIMM O MaccoOBOM II€pexoje HEOpOIIAeMbIX IalleH
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B opomaembie (Cooper et al, 2013; World Bank Group, 2022). Pa3Butue uppHUrairioHHON
MHOQPACTPYKTYpbl (KaHajJbl, HACOCHBIE CTAaHIMK) B JIOJMHAX TaKXKe YacTo KypHpYyeTcs
['eHepanbHBIM JUPEKTOPATOM TOCYAAPCTBEHHBIX THAPOTEXHUYECKHX padOT B paMKax KpPYITHBIX
MPOEKTOB pa3BUTUA peruoHoB (Hampumep, GAP Ha [Oro-BOCTOKE), YTO MOXKET BCTYNAaTh B
KOHQUIMKT C TENSIMH COXPaHEHHs PHUIIAPHAHCKUX SKOCHUCTEM. YpOaHHW3aIMs B HHU30BBAX JIOJHH
perynupyercss 3akoHoM O MyHHnunanurerax (typ. «Belediye Kanunu») u 3akoHOM o0
rpagoctpoutensctBe Ne 3194 (typ. «imar Kanunuy»), HO, Kak TIOKa3alo Halle HCCIeJOBaHHUE,
MMEHHO 3/1eCh HaOI0IaeTCsl KOJIOCCAJIBHBIN POCT 3alledyaTaHHBIX MOBEPXHOCTEH, YCYTyOJSIOMIMNA
PHUCKH HaBOJHEHHH U YXyAIICHHE Ka4eCTBA BOJIbI, HECMOTPS Ha TIOJOXKEHHUS O 30HAX 3aTOIUICHUSI.

Takum o00pa3oMm, CyIIecTBYIOImIash 3aKOHOAATENbHAs cucTeMa Typluu TMpH3HAET BAKHOCTh
peUHBIX TONUH © (OpPMANBHO COJEPKUT WHCTPYMEHTHI I WX 3aIuThl  (OacceifHoBoe
TUTAHUPOBaHUE | eHepaNbHBIM JUPEKTOPATOM TOCYJAPCTBEHHBIX THAPOTEXHUYECKHX padoT,
punapuanckue Oydepsl no 3akoHy Ne 5403). Opnako kimroueBas MpoOJieMa 3akKIoYaeTcs B
(bparMeHTUPOBAaHHOCTH  YNpaBieHUs (pa3HbIE BEIOMCTBA — | eHepalbHBIA  JUPEKTOpaT
rOCYyJapCTBEHHBIX  THAPOTEXHWYECKHX  pabor,  MHHHCTEPCTBO  CENBCKOTO  XO3AHCTBA,
MUHHCTEPCTBO OKpYXaromel cpensl ¥ ypOaHW3aIlMH, MPOYHe MYHHIIUTIAIUTETHI), KOH(MIHUKTE
MIPUOPUTETOB, HEAOCTATOYHOW COTJIACOBAHHOCTH TUIAHOB Pa3HBIX YPOBHEH M CIIabOM KOHTpOJIE
coONIoIeHNs TPUPOJOOXPAHHBIX OrPaHUYEHHUH, OCOOEHHO B pUIMApHAHCKUX Oy(hepHbIX 30HaX
(Gol et al., 2017; Selek B., Selek Z., 2019). Hamu pe3ynbTaTsl, IeMOHCTPUPYIOLTHE TIPeOOIaaHNe
HETaTUBHBIX H3MEHEHUH IKOJIOTHUECKOr 3(h(HEKTUBHOCTH UMEHHO B HanboJiee yI3BUMBIX apHIHBIX
JIOJIMHAX KPYMHBIX peK, riae cocpeaotoueHsl ['DC u oponraeMbie 3eMiIH, OpsIMO YKa3bIBalOT Ha TO,
YTO TEKyIlee pPEryIupOBaHHE HEAOCTAaTOYHO A(P(PEKTUBHO Al OallaHCUPOBKH SKOHOMHUYECKOTO
pa3BUTHUS M  DKOJOTMYECKOW YCTOWYMBOCTM B  YCJIOBHMSX KIMMAaTHUYECKUX  HM3MEHEHUi
(UN WWDR, 2024; CMCC, 2022), 9To TaxXe 4acTUYHO MOoATBepx aaeTcs B padborax S. Delipmar ¢
M. Karpuzcu (2017). Heobxoamma Oosiee >KeCTKash MHTETpalusi OIEHKA DKOCHUCTEMHBIX YCIyT
JOJUH (BKJIIOYask UX POJb B YIJIEPOAHOM CEKBECTPALUU, PETYIMPOBAHUU CTOKA M TMOAJEP>KaHUU
O6uopa3zHooOpasusi) B MpOLEAYphl IJIAaHUPOBAHUS 3E€MJICTIOIB30BAaHUS M OLEHKY BO3JCHCTBHS Ha
OKPYXKAIOLIYI0 CpeAy s KPYINHBIX TIPOEKTOB, a TaKkKe YCHIEHHE MEKBEIOMCTBEHHON
KOOpJIMHAIIMM WU MOHHUTOPHHra COOJIIOJICHUS pPEXMMa OXpaHbl pHIapuaHckux OydepoB Ha
HAI[MOHAJILHOM U 0acCefHOBOM YPOBHSIX.

Kputnuecku BaXHBIM JJISi COXpPAHEHMsI HKOJIOTUYECKUX (YHKIHMM IOJMUH SBISETCS CTaTyC
peuHbix OydepHbIXx 30H. VX BbIIeNeHHE M PEXUM OXpaHbl periiaMeHTupyrorcs [lonoxeHuem
0 3amuTe OeperoBbIX JTUHUN U 3aKOHOM O TOYBEHHOW COXPAaHHOCTH U 3eMJIETOJIb30BaHUMU.
HlupuHa 5TUX 30H BapbUpPyeT B 3aBUCHUMOCTH OT KaTErOpHH BOJOTOKAa M YKJIOHA MECTHOCTH,
HO, KaK TOKa3bIBAIOT HaIIM pe3yapTaThl W apyrue pabotel (Akturk et al, 2024; Atesoglu
et al., 2025), maxe B mpenenax ¢opMaiabHO oxpaHsieMbix OydepoB Oonee 30% 3aHATHI
CEJIbXO3yro/IbSIMH, YTO YKa3bIBaeT Ha MpoOJjeMbl ¢ COOMIOACHHEM pexuMa U IPPEKTUBHOCTHIO
KOHTpoJs. Pumapuanckue 30HbI HE MOTYT ObITh mupuHOM Oosiee 2500 M, a Ha KPYHMHBIX peKax
yaiie dKcrepTHo BbiAensitorcs 30HbI 100 M. bonee Toro, Oydepsl BBIIEISIOTCS HE Ha BCEX peKax,
a TOJIbKO Ha 3KcrepTHO BbIOpaHHBIX (Akturk et al., 2024). Kak mokazano Hame uccieloBaHHUE,
peanbHO JO0iMHBI MoryT pgocturath 5000 M — B 2 pa3a Oousblie OQHUIMATBHO JIOMYCTUMOM
MaKCUMaJIbHOW IMUpUHBL. MHorue jeca u 00J0Ta COCPelOTOUYEHBl Ha MaJbIX PEKax U HE MMEIOT
OXpaHHOI'O CTaTyca.

[TonoxxuTenpHble TEHICHLUMU HAa CWJIBHO PACWICHEHHBIX y4acTKaX M y4acTKax C KPYThIMU
CKJIOHAMH CBSI3aHBbl C BOCCTAaHOBJICHHEM paHee JerpaJupoBaBIIMX B pe3yiabTaTe BbIIaca.
B nmpuMopckux permoHax MajbIX peK KpyThle CKJIOHBI, paHee 3aHAThIE JyraMH, 3apacTatoT JIECAMH,
YTO CBA3aHO C BOCCTaHOBJEHHEM  CHJIbBO-TIACTOPAJIBHBIX CHCTEM B  OreiickoM u
CpenuzemHomopckux peruonax (Ozcan et al, 2019). HecmoTps Ha UCKIIOYUTEIBHYIO
HKOJIOTUYECKYIO POJIb PEYHBIX JIOJMH B AapPUIHBIX pPErHoHaxX, CTPYKTypa M JMHAMHUKA
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3eMJICTIONIb30BaHMSI, KaK U CTETIEHb MX OCBOCHHUSI BO MHOTOM OCTAETCs CX0XKeH ¢ OOLIMMHU MO CTpaHe
tpernamu (Ozcan et al., 2019). lannas npobnema xapakTepHa HE TOJbKO ais Typuuu, HO U IS
psana apyrux apuaHeix crpaH Llentpamenoit Asum (Han et al, 2022) ¢ BBICOKOH pOJIBIO
CEIIbCKOXO03SUCTBEHHOTO CEKTOPa, TJIC PEKH OCTAIOTCS KJIFOUEBBIMU MCTOYHUKAMHU SHEPTUU U BOJIBI,
HEOOXOIUMBIM JIJISl XO3SHCTBEHHOTO pocTa. JIOMMHBI peK 3aHMMAIOT Malyro miomaas (MeHee 5%
OT IUIOIIAJM CTPaHbl), TPH HSTOM MOTYT TOJIACPKUBATh HSKOJOTUYECKUM OaaHCc OO0JbIINX
teppuropuii. Tem He MeHee, Oonee 65% ATUX IICHHBIX YYACTKOB aHTPOIOTEHHO MpeoOpa3oBaHa,
a OCTaBIIMECS TeppUTOpUU JHO0 Mano 3P(GEeKTHBHBI, JTUOO COKpAIIAlOTCS, B T.4. B PE3yJIbTATEe
KOCBEHHOTO aHTPOIIOTCHHOTO BO3JICHCTBYS M M3MECHCHUS KITMMATA.

Oecpanuuenuss uccieoosanus. B JaHHOM HCCIEAOBAHWU MBI pacCMaTpUBAaEM «COBPEMEHHOE
cocrosiHue» 1o AaHHbIM 3a 2018 r. Hecmotrps Ha TO, yrto 30-nmeTHuil mnepuon sBiSeTCS
JOCTaTOYHBIM BPEMEHHBIM JIMAIIa30HOM JISI BBISBIICHUS OOIIMX 3aKOHOMEPHOCTEH U3MEHEHUS Kak
3eMJIENIOJIb30BAHUS, TaK U IKOJIOTUYECKON APPEKTUBHOCTH JOJMH, 00Jiee CBEKUE JaHHBIE CIIEIaIn
Obl ucclieZIoBaHMs MOJOOHOTO poja Oojee TOCTOBEPHBIMU M akTyaidbHbIMHU. Hamm BbeiGop Corina
Landcover o60cHOBaH caMbIM BBICOKUM IPOCTPAHCTBEHHBIM pa3pelieHUeM Cpean 00IEeA0CTYITHbIX
OTKPBITBIX 0a3 JaHHBIX 10 3€MJICTIONH30BAHUIO M IMAPOKHM CIIEKTPOM TEMAaTHYECKHX KIIACCOB
3eMJIENIOJIb30BaHUS, YTO HEOOX0AUMO JUIsl TOJIOOHOTO poja uccienoBanuil. Bo3MmoxHo, nosiBieHne
HOBBIX 0a3 JaHHBIX WJIM pacmupeHue BpemeHHoro auanasona Corina Landcover mno3Boaut
B OyaylieM akTyaJu3upoBaTh U COBEPUICHCTBOBAThH JAHHOE MCCIIEIOBAaHNUE.

OmnpenenéHHoe orpaHuyeHue HakiaaapiBaeT u  Ham  BbeiOop [IMP, mockompky mis
ABTOMAaTHU3UPOBAHHOTO BBIJICTICHUS JIOJMH BEC JAHHBIX OYeHb Oombmiol — oxuH Taitnm [[MP
Copernicus-30 sBrsercs kBaapaTtom 100x100 kM, mostomy ckieerHas oomras [IMP Typruun numeer
Bec okoyio 10 I'6, oTyero mccnegoBaHue CTAaHOBUTCS Oojiee 3aTpaTHBIM 1O BPEMEHH U TpeOyeT
MOIIHOTO oOopynoBaHus. JlanpHelas aBTOMaTH3alUsl IMPOLIECCa BBIIEICHUS PEUHBIX JOJMH,
BO3MOXHO C HCIHOJBb30BaHUEM HCKYCCTBEHHOTO MHTEJUIEKTa, CMOXET VYIPOCTUTH 3TOT
HEOOXOUMBIH 17151 TO0OHOTO pojia UCCIIeIOBAHUHN dTaTl.

TouHoe ompeneneHue MHAEKCAa 3KOJOTHYECKOW 3(D()EKTUBHOCTH pPa3HBIX THIIOB 3KOCHCTEM
Y COOTBETCTBYIOIIUX UM KJIACCOB 3€MJICTIONBH30BAHUS SIBIISICTCS KOMIUJICKCHOM U CJIOKHOW 3aaueH,
TpeOyloIiei B T.4. MacIITaOHbBIX MOJIEBBIX UCCIEIOBAHUMN MM MOJIPOOHBIX CTATUCTUYECKUX TaHHBIX
JUig pacuéra MOTEHIMAIBHOTO, PEAIbHOTO U HEOOXOAMMOro 00bEMa HSKOCHUCTEMHBIX YCIYT.
[Togxonel Kk TakoMy pojay OIIEGHOK COBepIIaNuch psijgoM uccienoBarenedd (Liang, Song, 2022)
JUIS pa3HbIX TEPPUTOPHI, HO TMPEUMYIIECTBEHHO B paMKaxX OTIEIbHBIX PErHOHAIbHBIX
uccinenoBanuil. KpynHomacmrabuble ucciaenoBaHUS JJIs Pa3HbIX SKOPETMOHOB dalle TPeOyroT
WHTETPUPOBAHHBIX PE3YAbTAaTOB Ui OMNpENeNeHUs HHAEKca SKOJOorudeckoi 3¢ddexTuBHOCTH
KJIaCCOB 3eMJICTIONB30BaHMs. B cBoeM Hccie10BaHuu MBI IIpeAaraeM yrpomeHHYI0 cXeMy pacuéra
JAHHOTO HWHJAEKCAa Ha OCHOBE CpPAaBHEHHUS pPAa3HBIX KJIACCOB 3E€MJICNONB30BAaHUS MO MX BKIAY
B HauboJiee BaKHbIC ISl SKOPETHOHA SKOCHUCTEMHBIE YCIYTH Ha OCHOBE CYIIECTBYIOLIUX paboT
0 OILIEHKE YKOCHCTEMHBIX YCIYT U JUIsl OONBUIMX M HEOJHOPOIHBIX MO MPUPOAHBIM YCIOBUIM
Tepputopuid. [[ns Gonee neTanbHOM OLIGHKH HKOJOTUYECKOH 3(M(EKTHBHOCTH MOXKHO TakKke
YUUTHIBaTh OOJbIlIee KOJIMUYECTBO SKOCHCTEMHBIX YCIYr. B HamieMm #ccieioBaHUM MBI HE CTalu
BKJIIOUATh KYJIBTYPHBIE U MPOJIOBOJILCTBEHHBIC YCIYTH, MOCKOJBKY WX CpaBHHUTEIbHAs OIIEHKA IO
KJlaccaM  3€MJICTIONIb30BAHMs  BBITJIAIUT HauOoliee 3aTPYyAHUTENBHOM W HYXKJAoLIehHcs B
MOATBEPIKIAIOIIUX CTATUCTHYECKUX JaHHBIX. [I0CKONBKY HAIIMMU TEPPUTOPUATHHBIMU €AMHUALIAMU
WCCIIEIOBAHUS SIBJSIOTCS JOJMHBI PEK, HCIONIb30BaTh CTATUCTUYECKYI0 HWHOOPMAIHMIO TIO0
MOJIyYeHHBIM 00BEMaM CEeNbCKOXO3SIMICTBEHHON MPOAYKIIMU WM PEKPEAlMOHHON aKTUBHOCTH,
dbopMupyeMyr0 MO  aIMHUHUCTPATUBHO-TEPPUTOPUATHHBIM  COUHHUIIAM,  MPEACTaBISETCS
HEBO3MOXXHBIM. Takke BO3MOXXHO YUYUTBHIBaTh U JPYTHU€ PErYIHUPYIOIIUE W TOJICPKUBAIOIINE
yCIyrd. YUYUTBIBasl, YTO 3HAYUTEIHHYIO JOJIO JOJHH 3aHHMAIOT CEIbCKOXO3SWCTBEHHBIE YrOJbs,
OIICHKA KOCHUCTEMHBIX YCIYT KOTOPBIX MOXKET OBITh TPOTUBOPEUHBA B CHITY TOTO, UTO STU CHCTEMBI
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MOJIEPKUBAIOTCS YEJIIOBEKOM, Mbl OTPAaHUUMIIUCh TEMHU YCIyTaMU, PAH>KUPOBAHUE TIO KOTOPBIM IS
HaIIMX KJIACCOB 3€MJICIIOJIb30BAHUS BbI3BIBAET MEHbIIIE MPOTHBOpeunid. Takke Ui MOTydeHUs
0ojee NETaNbHBIX PE3YJIbTATOB MOXKHO YYUTBIBATH JUIS MOJAOOHOTO POJa MCCIECIOBAaHUH CTENeHb
AQHTPOTOTEHHOM HAarpy3Kd Ha pa3HbIX Y4acTKax OJHOTO M TOTO € Kjacca 3eMJICTIONb30BaHMS,
9TO 0COOCHHO aKTYaJbHO IS CEIbCKOXO3SHCTBEHHBIX 3eMEJIb.

BrIBOBI

HecmoTpst Ha TO, 4TO pEYHBIE JOJWHBI 3aHMMAIOT COBCEM HEOOJIBIIYIO IJIOMIANb CTpPaHBI,
0K0JI0 5%, W TpHU ATOM BBINOJHSIOT HCKIIOYUTENIbHBIE HSKOJIOTMYECKHE (QYHKLUUU B YCIOBHSX
HaApacTAOIIEr0 BOJHOTO CTpecca M KIMMATHUYECKHMX W3MEHEHWH B apHIHBIX peruoHax Typrww,
AQHTPOTIOTEHHOM TpaHchopMauu mojaBepraercs Oonee 65% TmUIOMATM PEYHBIX JOJUH CTPAHBI.
[Ipr 5TOM HauOONBIIMM W3MEHEHUSM C  OTPUIATEIBHBIM  Iepexo oM  3()(EeKTUBHOCTH
MIO/IBEpraroTcs €e HanboJsee ysI3BUMble KOHTUHEHTAIbHbIE PETUOHBI.

OCHOBHBIMU TpEHJAaMH CTaJMd MAacCCOBBIM IE€pPEX0Ji HEOpOIIAeMbIX MAallleH B OpOIIaeMble
(16% Bcex u3MeHeHHi), 0COOEHHO B apHAHBIX PETHOHAX; POCT 3aleyaTaHHbIX IMOBEPXHOCTEN
B HU30BbSIX MPUMOPCKUX PEK, YCYTyOISIOMINI pUCKH HaBOJHEHUH; yBeIMYEHHUE IUIOIIa/eH CaoB
B pUOpexHbIX 30HaX. HecMoTpst Ha (opmanbHOe peryinnpoBaHue, Haubobias TpaHchopManus
HaOJromaeTcsi WMEHHO B HamOoyiee IEHHBIX U YSA3BUMBIX JIOJIMHAX AapPHUIHBIX PETHOHOB,
YTO NPUBOJUT K CHIIKEHHIO HMX 3KoJjormdecko sddextuBHoctd Ha 30% wu Oosiee, TIIaBHBIM
00pa3oM u3-3a 3aMEeHbl €CTECTBEHHBIX IKOCHCTEM U HEOPOLIAeMbIX MallleH Ha MeHee 3((peKTUBHBIE
KJacchl 3emienosb3oBaHus. IIpocTpaHcTBeHHas aud@epeHnHanus MOKa3blBaeT YSI3BUMOCTb
BBICOKOTOPHBIX M KOHTHHEHTAJbHBIX JOJIMH, TIA€ NpeoOaaJaroT OTpULATENbHbIE IE€PEX0/Ibl
sppextuBHOCTH.  IlonokurenbHble  M3MEHEHHs  ObUIM  JIOKAJbHBIMH M XapaKTEpHBI
MIPEUMYIIECTBEHHO Uil IPUMOPCKUX PErMOHOB M YYaCTKOB C KPYThIMH CKJIOHaMM WJIH CHIbHOH
PacwIEHEHHOCThIO pelsibeda, 4TO MO3BOJISET MpPEANoararb, YTO CTOKOPErylupyromas (QyHKIUs
pEeUHBIX JO0JMH OydeT BhIIE IO CPaBHEHHUIO CO CpefooOpasyromeil M MoAnep KUBAIOLIEH.
CymiecTByromas 3akoHoJaTenbHast 0a3a, BKJIOYas IUIaHbl ynpaBieHUs OacceilHamMu u OygepHble
30HBI, (DOpPMaNbHO MPHU3HAET BAXKHOCTh JOJHMH, HO CTpajgaeT OT (parMeHTaluu, KOH(IIUKTOB
HMHTEPECOB MEX]y MPUPOJOOXPAHHBIMM U HKOHOMHYECKMMHM IPUOPUTETAMH, a TaKkKe claboro
KOHTPOJISI, YTO MO3BOJIAET CEJIbCKOXO35HCTBEHHOMY OCBOCHMIO 3aHMMAaTh CBhIIE 30% oXpaHsIeMbIX
TEPPUTOPHUI.

Qunancuposanue. VccnenoBaHue BBIIOJHEHO B paMKax peanu3anuu roc3aaanus Kadenpsi
¢usnueckoit reorpaguu  mupa u reoskonorun ['eorpaduueckoro  daxynprera MIY
uM. M.B. JIomoHnocoBa.
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LAND USE TRANSFORMATION AND ECOLOGICAL EFFICIENCY
OF VALLEY ECOSYSTEMS IN TURKEY
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River valleys in Turkey, while occupying less than 5% of its territory, play a key role in maintaining
the ecological balance of arid regions (over 60% of the country). This study assesses land use
transformation and its impact on the ecological functioning of 63 river valleys in Turkey from 1990
to 2018. An Ecological Performance Index was developed using valley identification using
Copernicus GLO-30 DEM and analysis of Corine Land Cover data. The results show that 65% of the
valley area is developed for economic use, with up to 40% occupied by irrigated croplands. The main
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change is the transition from non-irrigated to irrigated lands (16% of the converted area), accompanied
by a tenfold increase in sealed surfaces. It is noted that the ecological efficiency of valleys declines
precisely in those regions where their ecosystem services are most needed.

Keywords: ecological efficiency of land use, river valley identification, ecosystem services, climate
change adaptation, ecosystem transformation, valleys in arid regions.
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