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Soil formation in technogenic landscapes: trends, results,
and representation in the current classifications (Review)

For hundreds of years, humans have been a soil formation factor. With the recent
industrial development of vast territories, the formation of soils in technogenic and post-
anthropogenic conditions requires more attention. This study reviews the literature on
the soils of human-transformed or human-made landscapes (technogenic landscapes),
in which soil formation starts on a new technogenic substrate. Such soils may occur in
different bioclimatic conditions. We focused on processes that govern soil morphology
and the subsequent transformation of these soils. Ofien, the soils of technogenic
landscapes are characterized by high bulk density values and by the presence of dense
contact. Their properties are affected mainly by organic matter accumulation (humus,
litter, and peat). The paper also covers approaches to the reclamation of technogenic
landscapes, the main stages, and partly the reclamation options. It is noted that the
efficiency of reclamation activities depends on the available resources and timely
decision-making. We assessed the efficiency of soil reclamation methods and suggested
technogenic landscape survey techniques. The major approaches to soil classification
in technogenic landscapes in national and international soil classification systems
are briefly discussed, and an approximate correlation of soil names used in different
systems is suggested. All considered classifications provide the opportunity to assess
the soil properties and specifics of soil formation in technogenic landscapes. However,
in most studies, the soil diagnostics are limited to top-order taxa only.

The paper contains 3 Figures, 2 Tables, and 140 References.

Keywords: Soil formation; technogenic landscapes; reclamation; soil classification;
coal mine; dump rock; Technosol
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Introduction

The development of the post-industrial economy does not reduce industrial
output or the rate of mineral extraction. On the contrary, the manufacturing
productivity increase is accompanied by the transformation of large natural
landscapes into technogenic barrens (technogenic landscapes). The formation and
structure of technogenic landscapes are governed by human engineering activities
to extract and process minerals [1]. Engineering soil transformation has the most
significant impact on soils compared to agricultural and urban cases [2] because
it leads to a drastic transformation not only of soils themselves but also of all soil
formation factors. Soil formation in technogenic landscapes is accompanied by
biocenotic succession [3], as well as changes in microclimate, initial substrate
properties, and terrain features [4]. As opposed to human-transformed (disturbed)
soils, where the natural processes are just corrected, soil-forming processes in
technogenic landscapes utilize the “new” substrate [5].

Although some countries faced disturbed area problems as early as the 19th
century, technogenic landscapes have become an object of soil research relatively
recently. Itwas facilitated, firstly, by asignificant increase in environmental footprint
in the second half of the 20th century, and secondly by gaining experience in soil
reclamation [6]. Until recently, the research on industrially disturbed territories has
covered, mainly, the countries of Europe, the former USSR, and North America.
By the beginning of the 1970s, technogenic landscapes were studied in the USA
[7, 8], the DDR [9], Great Britain [10], Germany [11], Czechoslovakia [12], and
Poland [13]. In Russia, as reported by the Public Committee for Safe Industrial
and Mining Practices, by 1965, the reclaimed area exceeded 60.000 hectares [14].
In recent decades, a sharp increase in mineral deposit extraction has occurred in
developing countries, so the geography of research has expanded significantly to
cover China [15-17], India [18-20], South America [21-23], and Africa [24, 25].

The ever-increasing interest in technogenic landscapes is also related to
their significant impact on adjacent areas. Thus, the risk of extreme flooding
is higher in areas of intense mining [26—28]. Technogenic landscapes are also
subjected to erosion and solifluction processes [21, 29]. Drain water ingress into
migration flows affects ground and surface waters [30—32]. Artifacts containing
carbonaceous material are prone to spontaneous combustion [33], which reduces
the air quality [34].

Technogenic landscapes have not only negative but also some positive effects.
In some cases, the fertility of mining waste is higher than that of natural soils [35].
There are cases when soils suitable for plant growth are produced from mining waste.
Such waste is prepared by grinding stony fractions, adding active organic matter,
and, sometimes, pH neutralization [36]. In the soils of technogenic landscapes, a
particular field of study is their carbon sequestration capacity [37-39].

Regardless of the type of activity that produced technogenic landscapes and
soils, there are always geochemically (and sometimes geomorphologically)
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unstable formations. The forces driving the balancing of their surface properties
with environmental factors are not only the soil formation drivers but may be
caused by pedogenesis. For this reason, the studies of the soils of technogenic
landscapes are of great interest.

This review analyzes the existing global approaches to soil formation in
technogenic landscapes, their reclamation, and their placement in the soil
classification system. We consider the soils created through self-remediation or
by reclamation of mining waste dumps, mineral processing waste, construction
waste, and marine sediments deposited onshore during dredging operations. We
paid particular attention to coal mine dump soils, as coal mining is the leading
industry that expands technogenic landscapes. In addition, coal is mined on all
continents except for Antarctica and in every climatic zone.

Characteristic features of soil formation in technogenic landscapes

Physical properties of parent materials. Compaction and decompaction. As
technogenic landscapes are formed, significant volumes of various substrates are
extracted or moved by heavy machinery. As a result, soil formation usually occurs
on over-compacted substrates. Even when the process does not include surface
leveling or the use of heavy equipment (for example, in water development
projects), the soil density of technogenic landscapes is still higher than the density
of natural soils in the adjacent areas [40]. While the density of the technogenic
landscape soils composed of sandy, loamy and clayey substrates (loose rocks) is in
the range of 1.1-1.8 g/cm’, it can reach 2.5 g/cm? for stony surfaces. In both cases,
as soils are formed, the density does not remain constant and changes through two
alternating and opposite compaction and decompaction processes [41].

Technogenic soils compaction often continues even after a human activity
is completed. For instance, stony soils continue to be compacted regardless of
the climatic conditions through packing (shrinkage) of the soil-forming substrate
(Table 1). Extra soil compaction occurs when the soils are used for agriculture
[42], and, subsequently, as polyculture is replaced by monoculture [43]. The high
density of loose soils in technogenic landscapes leads to low water permeability.
Therefore, the soil formation on the surface of drill cuttings in a humid climate
is hydromorphic [44], which is also detected in moderately humid areas covered
by a fertile soil layer [45]. Reducing processes identified by increased methane
emission [46] or formation of ferromanganese nodules [47] are detected in the
soils formed on stony substrates.

Decompaction occurs as a result of root system development initiating the soil
structure formation [15]. Because loamy soils contain more material suitable for
structure formation than stony soils, their deconsolidation is faster.

Spatial and vertical heterogeneity. Heterogeneity is typical of the soils of
technogenic landscapes. Spatial heterogeneity (Fig. 1) is found at sites where
the surface is composed of various substrates [17, 48]. A pronounced profile
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heterogeneity is formed during reclamation, as rocks are laid layer-by-layer. It is
also produced as young soil mature. In a humid climate, the textural differentiation
of the profile of the technogenic landscape soils is caused by eluvial and illuvial
processes [49]. In technogenic formations composed of stony rocks, the soil
profile differentiation is due to physical, biophysical, chemical, and biochemical
disintegration [50]. It is noted that the intensity of disintegration of coarse rock
fragments is higher in arid areas, while for gravel and sand, it is higher in areas
with optimal moisture content [51].

Fig. 1. Scheme of the formation of technogenic landscape
spatial heterogeneity in surface mining

Organic matter accumulation. Soil profile differentiation by organic matter
content is a distinctive feature of most technogenic landscapes. Organic matter
can be both inherited from soil-forming rocks (lithogenic), e.g., in the soils of coal
mine dump, or generated by soil and biological processes. As many authors note
(Table 1), the soils of technogenic landscapes, regardless of the rock composition
and climatic conditions, feature intense organic matter accumulation rates
exceeding those in natural soils. In the areas where organic matter accumulation
occurs in zonal soils, organic carbon in technogenic landscapes is fixed by humus
accumulation.

High organic matter accumulation rates are also found in the soils with soil-
forming rocks enriched with lithogenic organic matter [61]. The accumulation
of humus increases from stony to sandy [58] and further to loamy rocks [82]. In
areas where the formation of thick humus horizons is not a feature of the zonal soil
formation, the intensity and peculiarities of organic matter stabilization processes
in the soils of technogenic landscapes are determined by the lithological properties
of the substrates [83]. In the soils enriched with fine fractions (< 0.01 mm), high
organic matter accumulation rates can also be found in subtropical and tropical
climates [19, 64]. In such areas, they are also found on stony substrates capable of
producing fine particles upon weathering [20, 23].

It should be noted that humus accumulation is not the only process of organic
carbon accumulation in the soils.
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For example, in soils on calcareous rocks within technogenic landscapes,
the abundance of soil microorganisms contributes to a higher rate of particular
organic matter accumulation compared to mineral-bonded organic matter. This
effect increases with the soil heat [65]. When the activity of plant organic matter
destructors is suppressed for various reasons, plant litter is accumulated on the
surface of technogenic landscapes [66, 69]. During the formation of herbaceous
ecosystems, the predominance of litter accumulation over humus accumulation is
observed in the first stages of vegetation development [67]. In forest ecosystems
of boreal and sub-boreal climates, litter accumulation often replaces humus
accumulation [68]. Specific organic matter stabilization processes in the soils
within technogenic landscapes include carbonizing plant residues in highly acidic
rocks [70] and their mummification during the soil formation in arid areas [47, 54].

Organic matter oxidation. In technogenic landscapes where humus substrates
form the surface, organic matter dehumification occurs. The upper layers of natural
soils stored for subsequent use in reclamation are subjected to mineralization to a
greater extent [25, 40]. The reason for this is that the bulk humus layer in the soil
profile being formed is slowly involved in metabolic processes. In 30-year-old
soils from Siberian coal mine dumps, the biologically active layer thickness does
not exceed 10 cm. The microbial biomass and basal respiration values only come
close to the background value in the topmost 5-cm thick layer [84].

Another manifestation of organic matter mineralization in the soils of coal
mine dumps is combustion occurring as spontaneous combustion of the dumps.
Combustion is not a soil process. Nevertheless, it affects both the soil-forming rock
composition [75] and the properties of the soils at the adjacent sites [41]. A less
intensive process of lithogenic organic matter oxidation is called decoalification
[85]. Along with mineralization [74], decoalification involves coal carbon in the
formation of humus systems and soil microbial communities [72, 73]. It is noted
that the carbon balance in the soils of technogenic landscapes remains positive
after the decomposition of lignite. 60% of the CO, released from such soils is
provided by the degradation of carbonates [86].

Acidification and gypsification. The acidity of the technogenic landscape
soils is also associated with oxidation processes (Table 1) Minimal pH values are
characteristic of soils formed on sulfide-containing wastes of ferrous and non-
ferrous metallurgy and coal mining. Oxidation of sulfides at such sites leads to the
termination of plant communities [87]. In humid areas, this process initiates acid
drainage, which increases heavy metal mobility [88]. When the soils are formed on
carbonate rocks, exposure to acid solutions leads to leaching or decarbonatization
[81]. The latter is often accompanied by gypsum formation: gypsification of the
entire soil profile or the upper part [29, 80].

Soil properties and environmental conditions. The soil formation in
technogenic landscapes does not always follow the trend of pedogenesis typical
of zonal soils in natural conditions. The primary reason for this is the soil-forming
substrate properties. The trends of local natural and technogenic pedogenesis
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coincide only where the properties of technogenic substrates are close to those
of soil-forming rocks in undisturbed soils. This is most evident in a moderate
continental climate, where humus accumulation is the leading process of soil
formation on both dumps of loamy rocks and natural loamy soils. Besides, this is
a primary process for the soils in hotter and more humid regions but only on rocks
with a high lithogenic humus accumulation potential. Such rocks contain or can
produce a sufficient amount of fine mineral material [89, 90].

The evolution of eluvial and illuvial processes leading to texture-differentiated
soils is typical of humid climate areas. Illuvial processes are primarily found
in stony substrates, especially consisting of rocks less resistant to weathering.
However, the high density of technogenic substrates and their shrinkage can
minimize the manifestation of any soil processes.

Another important feature is that the surfaces of most technogenic landscapes
are differentiated in their relief, density, composition, and some other soil-
forming rock properties. Under such conditions, the evolution of soils and topsoil
is diversified [41], while the divergence of soil geochemical processes in time and
space contributes to further isolation of evolutionary trends [91].

Reclamation of technogenic landscapes

On the practical side, the soil formation in technogenic landscapes is a
transformation of the substrate properties to make them “useful” and facilitate
further use of the technogenic landscapes. “Useful” functions are selected
and adjusted while reclamation is in progress. Conventionally, reclamation is
understood as restoring soil fertility to a degree suitable for agriculture and forestry
[11]. Recently, the concept of reclamation has been somewhat changed, mainly
due to expanding its goals and objectives. Today’s reclamation is the formation of
a sustainable neo-landscape that meets the soil-ecological state specifications and
has the soil functions defined at the design stage [92]. Such a definition suggests
that the result of reclamation is creating sustainable soil cover, contributing to the
reproduction of the key ecosystem components with a certain level of fertility
[41]. In practical terms, results of the soil formation in technogenic landscapes
should be considered through the soil-ecological efficiency of reclamation [4].
Let us explain that by soil-ecological efficiency of reclamation, we mean the
ability of the soils of technogenic landscapes to perform the functions inherent for
natural undisturbed (zonal) soils in the same area.

Modern approaches to reclamation involve four main stages (Fig. 2). At
the first planning stage, we define reclamation goals and objectives and assess
the required and available resources for implementing methods and options of
reclamation [17, 57, 93].

At the engineering stage, the relief and surface layers of a technogenic
landscape are formed, including horizontal surface arrangement and slope
reduction. Boulder rocks resistant to supergene transformation are often used to
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stabilize the slopes mechanically and ensure geomorphological stability. When
building flat and slightly sloping areas, it is better to cover the surface with
potentially fertile substrates (PFS) suitable for soil formation. One example case
is the disturbed areas of Mangyshlak and the foothills of the Tien Shan within
Kazakhstan. It shows that substrates already transformed by soil formation are
more susceptible to soil processes [94]. In a moderate climate, humus material of
fertile soil layers (FSL), pre-stored before mineral deposit development, is used
for surface backfill [38, 43, 48, 95]. Where FSL resources are in low supply, the
fertile layer can be mixed with other rocks (usually loamy). It was established that
the acceptable mix ratio is 50%. With 75% loam content, the ability of the soil to
self-repair is sharply reduced. Adding more rocks to FSL decreases the resistance
of the reclaimed soil to stress [96]. Some reclamation guidelines suggest backfill
with FSL not immediately after the dump formation, but 4-5 years after; the soil
will settle down and be inhabited by plant communities [97].
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Fig. 2. Reclamation activities flowchart

When the neo-landscape body is composed of phytotoxic substrates, chemical
reclamation is used at the engineering stage [56]. Chemical ameliorants make the
root zone suitable for plant growing [64, 87, 98, 99]. They also reduce the mobility
of pollutants [77]. Chemical reclamation is also used for soil improvement. The
use of mineral fertilizers [46], ash [76], some organic [19, 100], and municipal
solid waste [78] are widespread. Recently, particular attention has been paid to the
use of coal produced by incomplete combustion of wood [18, 25], animal bones
[101], or fossil coal [102] in reclamation. It was found that in climatic conditions
unfavorable for humus accumulation, pyrocarbons promote the fixation of carbon
and other nutrients in soils [103]. The presence of lignite particles in the soil
facilitates herbaceous vegetation growth and mortmass accumulation [104].
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Thekey objective of the biological stage is forming a layer of soil and vegetation
over the surface of a technogenic landscape. The layer properties should meet the
goals of reclamation. Note that some goals do not require the biological stage
at all. For example, there is reclamation for construction when structures and
industrial sites are built within a technogenic landscape. Reclamation for fishery
provides the lowest soil-ecological efficiency. It is often limited to slope flattening
and creating shallow ponds for subsequent fish farming [16]. Overgrowing of
technogenic landscapes can be considered as a particular case of reclamation.
This option also excludes the biological stage. Surrounding ecosystems, which
usually have a substantial biological capacity, promote vegetation growth on the
soil-forming substrate [59]. For coal mine dumps, the soil-ecological efficiency of
overgrowth is often higher than conventional forestry and agricultural reclamation
technologies [22, 105].

The post-engineering stage. With the proximity to large settlements, a wide
variety of rock compositions, and landforms (some of them are unsuitable for any
further use), in some cases, technogenic landscapes are promising for recreational
(tourist) reclamation. For example, dumps are “technogenic mountains”, so
they are attractive for residents of plain territories. The reason for technogenic
landscape attractiveness is their specific macro- and mesorelief and the presence
of various rocks and vegetation areas that may form a wide range of forest,
meadow, and rupicolous ecosystems. The soil-ecological efficiency of this option
depends on the properties of stored substrates and the intensity of the subsequent
use of an area [93].

Reclamation of a technogenic landscape for water protection aims to maintain
the sustainable functioning of water bodies, both natural and created through
industrial activities. This option rarely covers the entire technogenic landscape.
Usually, it applies to the areas adjacent to water bodies. It was established that
under a humid climate, the storm runoff coefficient at unreclaimed sites is
2-3 times higher than at reclaimed ones [26]. Such results are possible when
multilayered perennial plantings on suitable soils are created on the surface of a
technogenic landscape.

Forestry reclamation is widespread in humid and subhumid areas. The
high efficiency of this option largely depends on the eluvial processes in soils.
However, because of the high substrate density, the survival rate of seedlings
is low [53]. Moreover, some cereal plants may hamper the growth of woody
plants [21]. Dissected topography minimizes these factors and increases the soil-
ecological efficiency of forestry reclamation [55, 106]. It is also noted that areas
covered with deciduous forests show faster litter transformation than coniferous
forests [63]. In this way, the microbiocenosis similar to that in natural soils is
formed [66]. The use of sea buckthorn (Hippophae rhamnoides L.) in reclamation
contributes to nitrogen accumulation in the soils [107]. In some cases, the rates
of soil nitrogen accumulation in sea-buckthorn plantations exceed those in areas
with leguminous grasses [15].
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Agricultural reclamation has the highest soil and ecological efficiency. The
primary reason is that this reclamation option aims to form highly fertile soils. It
is achieved through surface leveling, application of fertile substrates [38, 109],
fertilizing [42], sowing crops [21], and maintaining the required fertility in the
root layer [43, 71]. For this reason, agricultural reclamation is only appropriate for
large areas [57]. Nevertheless, many references have described the use of crops in
reclamation without radical soil improvement [20, 56, 78].

The review of research on reclamation has enabled us to identify some
measures to increase the soil cover remediation efficiency (Fig. 3). First of all, we
should assess the climatic conditions of the technogenic landscape location: the
amount of precipitation, biologically active temperatures, evaporation rate, and
other metrics. Then, the natural soils of adjacent areas should be studied to assess
the zonal soil formation trends and identify the accompanying soil processes. The
next step is to evaluate the quantity and quality of available FSL and PFS and
classify technogenic substrates by their degree of suitability for soil formation.
The reclamation options can be selected both for the entire technogenic landscape
or specifically for its sections. Further, the substrates to be deposited on the surface
and relief formation methods should be selected. Having evaluated all the above-
listed conditions, we should select plant species for biological reclamation. At this
step, it is important to take into account the ecological flexibility of plant species.

Sequence Object assessment and development of recommendations
1 Climatic conditions assessment
2 Identification of zonal soil formation trends
3 Assessment of locally available fertile and potentially fertile substrates
4 Assessment of the man-made landscape rock properties
5 Selection of the reclamation option
6 Selection of the rocks to be deposited on the surface
Selection of the surface relief formation method
Selection of plant species for biological reclamation
resctl:ie:t(i)(i).n Planning Engineering Biological

Fig. 3. The steps of technogenic landscape survey and recommendation development

The soil-ecological efficiency depends on the availability of resources and
their use in due time. Obviously, all reclamation conditions and resources should
be evaluated at the planning stage for maximum efficiency. A shortage of such
resources as FSL and PFS at the engineering stage can significantly reduce the
reclamation efficiency. At the biological stage, there are few chances to change the
reclamation activities. Therefore, under a shortage of FSL and PFS, the artificial
substrates should spatially and vertically alternate reasonably, and diverse relief
formation methods should be used. It will contribute to a) the efficient use of
the reclamation resources; b) the avoidance of “exotic” combinations of the
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soil-forming rock properties, climatic conditions, and plant species used at the
biological stage; c) the increased biological diversity of a technogenic landscape.

Classification of soils in technogenic landscapes

Soil classifications in technogenic landscapes are just over two decades old,
so they are based on the modern concepts of soil genesis. Before that, there was
a long period of assessing the technogenic substrate suitability for growing crops
and trees, or, conversely, selecting plants for industrial site greenspace expansion
[109]. The result of the long efforts is the categorization of technogenic substrates
into several classes by their potential fertility and phytotoxicity [11, 98, 110, 111].
Other research that was conducted before the creation of soil classifications for
technogenic landscapes was technogenic landform grouping. Such grouping and
rock classification can be found in several regulatory documents [112, 113]. In
this paper, we will not dwell on these approaches. We only note that they served
as the foundation for the classifications of the technogenic landscape soils.

Along with categorization according to the characteristics of substrate and
relief features, it has been proposed to categorize technogenic landscapes by the
degree of soil features preservation [114] and the structure of the newly formed
soil profile [115]. The need to assess the diversity of phytocenosis formation
conditions in disturbed areas has facilitated the development of landscape feature
classifications. Taranov et al. [116] showed that various combinations of soil
formation conditions within a single technogenic landscape could produce forest,
sod-steppe, meadow, or bog evolution of young soils. Such a differentiation
of conditions has become a foundation for classifying the soils of technogenic
landscapes proposed by Eterevskoy et al. [117]. Besides the above attributes,
the advantage of the proposed classification compared to the rock classifications
widespread at that time is the use of soil properties that reflect elementary soil
processes and the thickness of genetic horizons.

Nevertheless, these approaches were not further developed since, at that time,
the surface substrates in disturbed areas were not considered to be soil or soil-like.
The key reason for this attitude is the considerable predominance of rock features
in the soils of technogenic landscapes and the weak development of classical soil
horizons. However, despite the initial heterogeneity of technogenic substrates,
most of them perform soil functions to provide living organisms with nutrition
and moisture. In addition, the soils formed on such substrates eventually acquire
features of zonal soils [118]. We consider that the listing of the Technosol into
the World Reference Base for Soil Resources (WRB) was the tipping point in
recognizing the surface substrates of technogenic landscapes as soils. From this
moment, the modern classification of the soils of technogenic landscapes began.

WRB classifies not only formations with “traditional” soil attributes but also
any substrates located within two meters from the surface and in contact with the
atmosphere (except for ice and water bodies deeper than 2 meters). The classification
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principles are based on the measurable soil profile attributes. Their relations to soil-
forming processes and the possible use of the soils are also taken into account. The
key feature of Technosols is a significant amount (> 20%) of artifacts in the top
layer 1 m thick and/or the presence of a low-permeability artificial geomembrane.
The key qualifiers, specific to Technosols, include Ekranic, Urbic, Spolic, Garbic,
stony and over-compacted soil qualifiers, Isolatic, Linic, Leptic, Hyperskeletic, and
Subaquatic, Tidalic, Reductic, and Cryic only [119].

With its sufficiently broad interpretation of the soil concept and classification
principles, allowing national classification systems to be fitted into, the WRB system
has quickly gained popularity [100, 101, 120-123]. However, it should be noted that
in most listed studies, the use of the WRB classification is limited to the use of the
term Technosol without further subdivision into reference soil groups. Even fewer
works assess technogenic landscape soils with additional qualifiers [39, 62, 120].

Another general substantive classification of the technogenic landscape soils
is the Soil Taxonomy developed by the US Department of Agriculture [124]. In
this classification, the soils of technogenic landscapes are not separated as an
individual group. By their genetic properties, most of these soils are categorized
as order Entisols: young soils without morphologically distinct horizons [49,
65, 125]. The suborders are divided by soil moistening and thermal conditions.
By mineral component properties, stony soils of technogenic landscapes are
categorized within the suborder of Orthents. In contrast, sandy soils belong to the
suborder of Psamments. The suborders are divided into great groups based mainly
on temperature and water regime characteristics. Thus, stony soils of technogenic
landscapes in areas with precipitation equally distributed throughout the year (udic
moisture regime) belong to the suborder of Udorthernts [43, 46, 113, 126]. In the
areas with a temporarily dry climate (ustic moisture regime), these soils should be
classified as Ustorthents. Special attention to the anthropogenic influence on soil
formation is paid at the subgroup level. Among other subgroups, there are subgroups
diagnosed by the presence of human-altered or human-transported materials in
soil profiles. The soils of technogenic landscapes mainly belong to the subgroups
of Anthrodensic soils (soils with a dense contact due to mechanical compaction,
e.g., compacted mine spoil) and Anthroportic soils (soils having 50 cm or more of
human-transported material in their profile). However, the Typic subgroup is more
often used to describe such soils [43, 113]. The soils of technogenic landscapes with
better-developed genetic horizons can be classified as the order of Inceptisols [49].
More detail is added at the level of soil families (within subgroups), where classes
for human-altered and human-transported are specified: Methanogenic, Asphaltic,
Concretic, Gypsifactic, Combustic, Pyrocarbonic, etc. Local soil characteristics
can be reflected at the series level. Finally, landscape features (slope steepness,
slope exposure, the presence of new material in surface cover, etc.) are taken into
account at the lower level of taxonomy (soil phase), which is essential for the soil
classification and practical use [124]. Although Soil Taxonomy is a very complex
and practically oriented classification system, it is not used much when dealing with
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the soils of technogenic landscapes in the United States. Often, other terms are used,
e.g., minesoils [37, 43].

The groupings of human-transformed soils and some other national soil
classifications [5, 126—129] are also based on substantive principles. The new
Russian soil classification system (RSC) also belongs to substantive-genetic
classification systems [130]. According to its principles, formations with
“rudiments” (morphologically unexpressed genetic horizons) cannot be diagnosed
as soils because they do not have sufficiently conservative features. It is proposed
to call them “technogenic surface formations” (TSF) and, unlike soils, divide them
not into classes, types, and subtypes, but groups and subgroups. Such groups are
distinguished by formation conditions and potential suitability for further use.
For instance, Quasizems are TSFs, in which the surface is composed of humified
substrates. Naturfabricants are TSFs devoid of a humus layer and formed of mineral,
organic, or organomineral materials. Artifabricants include TSFs composed of filled
artificial material of various origins (household, industrial, and agricultural waste).
An advantage of the RSC is separating a specific group of Toxifabricants TSFs
composed of toxic substrates. Unfortunately, more detailed diagnostics taking into
account the nature and degree of toxicity is not developed yet. The criteria for
distinguishing TSF subgroups are material composition and occurrence.

Technogenic formations with poorly developed genetic horizons (W: weakly
developed humus layer and/or O: litter and peat layer) are categorized as the initial
soil formation trunk, poorly developed soil order [131]. Depending on the soil-
forming rock composition, poorly developed soils are divided into petrozems,
psammozems, and pelozems with further specification into humic, calcareous,
and gypsiferous soils (e.g., types petrozems, humus (protohumus) petrozems,
carbopetrozems, and gypsum petrozems). The fundamental division into TSF and
poorly developed soils, and the unique features of their functioning in technogenic
landscapes, make the diagnostics and soil/non-soil identification quite challenging
[80]. Still, the RSC is often widely used in the Russian academic literature on
disturbed areas [75, 84, 132, 133].

The classification of the technogenic landscape soils developed by the Institute
for Soil Science and Agrochemistry (ISSA), Siberian Branch, Russian Academy
of Science [34, 104, 134-136] offers a more detailed differentiation of surface
formations at the rock-soil interface. This classification is generally applied in
Russian academic literature. According to the principles of this classification,
just like in the WRB, any surface substrate in contact with the atmosphere is
categorized as soil [137]. In the ISSA classification, the technogenic landscape
soils are categorized not as TSF and not as initial soils (like in the RSC) but as
the post-lithogenic soil formation trunk. Instead of orders, this system has classes
(branches) distinguished by the lithoreflectivity of soil-forming rocks. Embryozem
soils are categorized as biogenically undeveloped soils. Embryozems are formed
on clay, loamy and sandy substrates and easily weathered stony sedimentary
rocks. The lithogenically undeveloped soils class includes Eluviozems. They are
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developed on coarse-clastic massively crystalline and strongly metamorphosed
sedimentary rocks. The Technozem class includes the soils with artificially formed
horizons. According to the number of artificial horizons, Technozems are divided
into differentiated and nondifferentiated types.

Embryozems and Eluviozems are divided into types by the soil features
governed by the plant community development. Initial, organic-accumulative,
sod, humus-accumulative, and dry peat types are distinguished, and their
gleyic analogs for the Embryozem class are identified. In the first versions of
the classification [67, 137], the Embryozem subtypes were distinguished by
the processes accompanying the primary type-diagnostic processes (e.g.,
typical, leached, podzolic). However, with the broader geographic coverage of
the technogenic landscape studies and factual basis, the approaches to subtype
differentiation have changed. Therefore, in the latest ISSA classification editions
[138], the properties of the type-diagnostic horizons reflecting the conditions of
soil formation are used as the subtype criteria. Along with typical subtypes, the
cryptopedogenic subtype is distinguished in initial embryozems. Felty, litter, and
peat subtypes are distinguished in organic-accumulative soils. Xerophytic and
hygrophytic are distinguished in sod soils, and the coarse humus-accumulative
subtype is distinguished in humus-accumulative soils.

With such approaches to the soils grouping, the ISSA soil classification is more
functional-genetic than substantive. Therefore, this classification significantly
simplifies the mapping of technogenic landscapes and facilitates the quantitative
assessment of their soil-ecological state [4, 105, 139], particularly using remote
sensing methods [140].

Despite the different approaches to soil diagnostics in the above classifications,
we tried to correlate the major taxa by the features representing soil conditions and
young soil formation trends (Table 2). Table 2 shows that the features based on the
soil-forming rock properties are sufficiently represented in all classifications. The
same applies to the constructed soils with artificially created horizons. The exception
is technogenic landscapes composed of toxic rocks. In some classifications (RSC
and the Soil Taxonomy), such substrates are not considered soils because they do
not fulfill one of the main functions: enabling growth and development of plant
communities. However, the rock toxicity to specific plant species may be different.
Therefore, in our opinion, they should be classified as soils. In the WRB, the soil
toxicity is accounted for by the Toxic additional qualifier. In the ISSA classification,
the soils formed on toxic rocks and the soils not featuring organogenic horizons yet
are identified as initial Embryozems and Eluviozems.

The effects of elementary soil processes, despite their weak performance in
technogenic landscapes, can be assessed using natural soil features. For the soils
of technogenic landscapes, the most suitable features for such assessment are the
accumulation of organic matter: humus, litter, and peat accumulation. In addition,
the organogenic horizon features in the sites with climax vegetation communities
enable us to identify the soil formation trends [138].
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Evaluating the suitability of the considered classification approach for the
technogenic landscape soils, we can conclude that all of them are applicable
for adequate assessment of these soils. However, the literature review indicates
low demand for such classifications. In the studies where modern classifications
are referred, soil diagnostics are limited to top-order taxa only. We suppose that
the main reason is the relatively short period of special studies of these soils.
Secondly, most classifications rely mainly on inherited rock features, making it
difficult to consider the spatial heterogeneity of technogenic landscapes.

Table 2
Key technogenic landscape soil taxa used in most common classification systems
Classification
Features/ Soil Taxonom ISSA Soil
processes RSC (2004, 2008) WRB (2015) (2014) Y Classification
(2010, 2020)
Soil-forming rocks
Naturfabricats and
Toxifabricants:
(toxi-) abralites, | Technosol: Ekranic,| Entisols: Orth-
Dense (toxi-) lithostrates Urbic, Spolic, ents, Udorthents, All Eluviozems
(carbo-, gypsum-) Linic, Leptic, and Ustorthents | and Embryozems
petrozems and Hyperskeletic All Inceptisols
(carbo-, gypsum-)
humus petrozems
All Naturfabricants,
Artifabricants, and
Toxifabricants Technosol: Urbic, | Entisols: Psam-
Loose Pelozems and Spolic, Garbic, ments, Fluvents All Embryozems
Psammozems, Reductic, Cryic All Inceptisols
humus Pelozems
and Psammozems
Toxic All Toxifabricants Tec}.mosoy with N/A* Initial Eluviozems
toxic horizons and Embryozems
Quasizems: Technosol: Isolatic, Differentiated and
Constructed S Lo . .
soils Replantozems and | Linic, with Trans- | Entisols: Fluvents | undifferentiated
Urbiquasizems portic features Technozems
Organic accumulation features
. Pelozems, All Technosol with Inceptisols: Orggmc-accu-
Litter Psammozems, . mulative and sod
. Folic and Proto- | Gelepts, Cryepts,
accumulation| (carbo-, gypsum-) . . Embryozems and
folic horizons Udepts, Ustepts .
Petrozems Eluviozems
Humus Pelozems All Technosol with Inceptisols: Sod and humus-
Humus and Psammozems . . .
. Humic, Molic, Cyepts, Udepts, accumulative
accumulation| (carbo-, gypsum-) . .
Umbric horizons | Ustepts, Xerepts embryozems
Petrozems
Pelozems, Incentisols: Organic-accumula-
Peat Psammozems, Technosol with p ’ tive peat Embryo-
. . . Aquepts, Gelepts,
accumulation | (carbo-, gypsum-) Histic horizons zems and dry peat
Cryepts, Udepts .
Petrozems Eluviozems

Note. N/A: no data available.
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Conclusion

The literature review indicates that, at present, the soils of technogenic
landscapes are of scientific interest globally. An essential part of the studies is
local and aimed at analyzing the soil features of individual technogenic sites.
However, the geographic coverage of soil studies in technogenic landscapes
has expanded in recent years. With their short lifespan and specific formation
factors, the soils of technogenic landscapes are not in equilibrium with the
environment. Therefore, their key feature is dynamic transformation. Trends
of soil-forming processes in technogenic landscapes do not always follow the
zonal features. The formation trends of zonal and technogenic soil coincide if
artificial substrates have properties close to soil-forming rocks in undisturbed
soils. Along with soil-forming rock properties, young soils are often formed by
organic matter accumulation processes. In various conditions, it could be humus,
litter, and peat accumulation. High humus accumulation rates in the soils of
technogenic landscapes are detected not only in moderate climate areas but also
in a hotter and more humid climate. This is possible on rocks enriched with fine
particles or capable of releasing them through weathering. The high density of
technogenic substrates and their shrinkage negatively affect soil formation. The
surface of most technogenic landscapes is highly differentiated by relief, density,
composition, and some other soil-forming rock properties. In such conditions,
the development of soils and topsoil is diversified, while the divergence of soil
geochemical processes in time and space contributes to the further isolation of
evolutionary trends, which are often opposite.

The soil formation efficiency in technogenic landscapes is primarily determined
by the efficiency of reclamation activities, which depends on the availability of
resources and their use in due time. The maximum efficiency is achieved if all the
conditions and resources for reclamation are evaluated at the planning stage. At the
engineering and, even more so, at the subsequent biological stage, there are few
opportunities to improve the reclamation efficiency. Therefore, under a shortage
of FSL and PFS, the artificial substrates should spatially and vertically alternate
reasonably, and diverse relief formation methods should be used. It is necessary
to: a) efficiently use reclamation resources; b) avoid “exotic” combinations of
soil-forming rock properties, climatic conditions, and plant species used at the
biological stage; c) increase the biological diversity of technogenic landscape.

Modern soil classifications are sufficient for evaluating the properties and fea-
tures of the soil formation in technogenic landscapes. At the same time, the lit-
erature review indicates low demand for such classifications. In the works where
modern classifications are referred, soil diagnostics are limited to top-order taxa
only. This fact, as well as individual features of each technogenic landscape and
the lack of appropriate generalization, negatively affect the development of the
functioning and reclamation concepts of technogenic landscapes. The develop-
ment of the methods and approaches to assessing their soil-ecological state also
gets complicated, as well as the design and improvement of reclamation technolo-
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gies. We believe that our analysis of the soil properties, classifications, and ap-
proaches to reclamation will contribute to a better understanding of technogenic
landscape functioning and their efficient use, and will promote further research on
the concepts of the soil formation in technogenic landscapes.
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HN3meHeHHe NPOTHBOIPO3MOHHOM CTOMKOCTH OPOIIAeMBbIX
Cepo-KOPUYHEBBIX MOYB CyX0i CyOTPONMYECKOH 30HbI
A3zepOaiizkaHa B 3aBUCUMOCTH OT JaBHOCTH UX OPOILIIEHUS

Pa6oTa BEINOIHEHA [0 TOCYIAPCTBEHHOMY 3aJaHHI0 VIHCTUTYTa TI0YBOBEICHHS
1 arpoxuMuu HarmoHanpHOM akanemMun Hayk AsepOaiiakana,
A3sep0aiiPKaHCKOTO TOCyIapCTBEHHOTO aPXUTEKTYPHO-CTPOUTENBHOTO YHHBEPCUTETA,
A3zepOaii>kaHCKOTO TOCYAapCTBEHHOTO YHHBEPCUTETA HE(YTH U IPOMBIIIIIEHHOCTH.

Bnepevie usyuenvt u uznoscenvl pesyibmamsl UCCIEO0BAHUL NO USMEHEHUIO
NPOMUBOIPOIUOHHOU CMOUKOCIU OpOuaemMblx cepo-kopuuneswvix nous (WRB (2014)
Haplic Kastanozems / Haplic Calcisols) npedzopHuix u pasnunusix meppumopuii cyxot
cyomponuueckou 30Hbl A3epbauiddxicana 6 3a8ucumMocmu om 0agHOCMU UX OPOULEHU.
Buisignenvt  usmenenuss mop@onozuteckux npoghunel, QUIUUECKUX U XUMUYECKUX
CBOUICME  YETUHHBIX U OpPOUIAeMbIX CepO-KOpUYHesbix nous. Onpedenena c643b
KONU4eCmeeHHbIX noKazameinell NpOMu0IPOUOHHOU CIMOUKOCU NOYE C 8ENUYUHAMU
pasmwieaioweti cKopocmu NOmoKa ¢ 6000NPOYHOCHIbIO CHIPYKMYPbL, NIONMHOCHIbIO
nouBdbl, GLICOMOIU  6bICIMYNOS uiepoxosamocmu. Jlana oyeHka U YCMAHOBIEHA
3a8UCUMOCb NAOMHOCIU MEePOOll Pasvl, NIOMHOCMU CIOHCEHUA U NOPOSHOCHU
0pouaeMbIX CePO-KOPUUHEBLIX NOUE O COOEPHCAHUS 2YMYCA, 2PAHYIOMEMPULECKOL0
cocmasa U OA6HOCMU UX OPOULEHUA. YCMAHOBIEHO, 4mO NPOMUBOIPOSUOHHYIO
CMOUKOCMb CEPO-KOPUUHEBLIX NOUE 8 3ABUCUMOCTU OM 0ABHOCHU UX OPOULEHUS. NO
Mepe CHUdMCeHUs OOHHOU pasmbleaioweli CKOpoCmu NOMOKA U NPOMUBOIPOSUOHHOU
VCMOUYUBOCU  MONCHO PACHONONCUMb 6 CLeOVIoWull pAd. YeruHa—opoulaemble
(oxono 100 1em)—oagnoopouiaemvie (6onee 300 1em)—rnosoopowaemvie (20-25 nem,).
Ha ocnosanuu nonyuentvix pesyibmamos onpedeieHo Mecmo cepo-KopUiHegbix oy 6
3a8ucumMocmu om 0agHOCMU OPOUEHUs 8 CUCmeMe MeHCOYHAPOOHOU Kidccugurayuu
WRB (2014): yenuna, HacvluyeHHas 2neeBas KapOOHAMHASL MAHCENO-CYNUHUCMAS CePO-
xopuunesasa nouea — Duric Gleyic Calcic Kastanozems (Loamic); — nosoopuiaemvle
cepo-kopuyHesvle (20-25 nem), mowHaa HO8as opowiaemas KapOOHAMHAS MAKHCENO-
cyenuHucmas cepo-kopuunesas nousa — Newly irrigated Grey Cinnamonic (20—
25 years old) — Someric Calcic Kastanozems (Loamic),; — opowaemas cepo-kopuunegas
nousa (oxono 100 nem), mowHas OKVILIMYPEHHAS OpowlaeMas KapOOHAMHAS
msacenocyanunucmas  cepo-kopuunegas novea — Someric Kastanozems (Anthric,
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Loamic); — oasnoopwaemvie cepo-kopuunesvie (UppucayuoOHHO-AKKYMYISAMUGHDbIE)
(6onee 300 nem), mowHas eneedas OKYIbMYPEHHA OAGHOOPOUIAEMAs KAPOOHAMHAS
msidiceno-cyenunucmas cepo-kopuunegas nousa — Gleyic Petrocalcic Kastanozems
(Anthric, Loamic).

KaroueBsie cioBa: Haplic Calcisols; cepo-KopH4HEBBIE MOYBBI; JAIHTEIBHOCTD
OpPOLICHHUSI; HPPHUTAlIMOHHAS 9pO3ust; AzepOaiimkan

Jst murupoBanus: ['ypbanos D.A., Pamazanosa .M., I'yceitnosa C.M., I'ypbanosa 3.P.
VI3MeHeHnEe TNIPOTHBOIPO3HOHHOH CTOMKOCTH OpPOLIAEMBIX CEPO-KOPHUYHEBEIX II0YB CYXOH
cyOTponmueckoil 30HBI A3sepOaii/pkaHa B 3aBUCUMOCTH OT JAaBHOCTH HX OpOIICHUS //
Bectauk Tomckoro rocymapcrBeHHOro yHuBepcurera. buonmorms. 2021. Ne 56. C. 33-59. doi:
10.17223/19988591/56/2

BBenenue

[maBHas mpoOiiemMa MUPOBOTO 3eMeNBbHOrO (POHa, OCOOCHHO B 3aCYLIMBBIX
30Hax, — JAerpananus [ 1—4]. BeIcokuii ypoBeHb BOBICYCHHOCTH 3€MEJILHOTO (POH-
Jla B CEeNbCKOXO3SIICTBEHHBIH 00OPOT B CYXOCTENHOW 30HE MAacTOMII NpH Tepe-
BEINIACE CKOTA, HECOONIOOeHUU NPABUL U HOPM NOTUBA 8 OPOULACMOM 3eMAedenuu
YacTO COMPOBOXKIAETCS AeryMu(HUKalueH, 3aCOIeHUEM, Pa3BUTHEM MPOLIECCOB
BETPOBOI U UppUrallMOHHOM 3po3uH [1, 5, 6]. B mupe 31% cymm noxsepxeHo Bo-
JTHOH 3PO3HHM; €KETOIHO CMBIBAETCS B MUPOBOI OKkeaH 10 60 MIIp/ T MOYBEHHOTO
Marepuaina [7]; B bemopyccun miomanb 3poaupOBaHHBIX TTIOYB 3aHUMAET OKOJIO
480 Thic. Ta [8], B Poccuiickoit ®enepannu — u3 36,5 MIIH ra ceiabXo3yroAauid, moj-
BEP)KCHHBIX BOAHOU 5p03uH, 24,7 MITH T'a COCTABIISIET MAITHS, BEIMBIBACTCS OKOJIO
1,5 mapa T mogopoanoro ciost [9], B CILIA mogHOCTEIO pa3pyLIEHO UITH CepPhe3-
HO TIOBPEXACHO OKoio 115 MiH ra maxoTHOW 3emiu, 313 MIH ra B pa3nudHON
CTEMeHHU MOJBEP)KEHBI IPO3UOHHBIM TporieccaM. CortacHo mporHo3y MHcTUTy-
Ta HabIONeHHH 3a cocTostHueM Mupa (Hplo-Mopk) Ipu cymecTByOmUX TeMmax
pazButus 5po3uu k 2030 . TIIOIOPOJHON 3eMJIM Ha IUIAHETE CTaHET MEHbIIE Ha
960 mupn T [4, 7]. B cBsi3u ¢ 3TUM TOYHAS OIICHKA 3PO3UH, BHI3BAHHON OPOIIICHU-
€M, UMeeT Ba)KHOE 3HaYeHHeE /IS pa3pabOTKH TUIaHa YIIPaBISHHUS dPO3UeH U KOH-
Tponem 3arpsizHeHus [10]. Cpenn MOYBEHHBIX MMOKa3aTeiel HEMOCPEACTBEHHOE
BIIMSIHME HA OMACHOCTh UPPUTAIIMOHHOMN 3PO3HH OKa3bIBaeT MPOTUBOIPO3HOHHAS
CTOMKOCTB TMOYBHI (pa3Mep W BeC OTICIBHBIX MOYBEHHBIX YACTHIl W arperaTros,
[IepOX0BATOCTh MOBEPXHOCTH MOUBHI) [0, 11, 12], a ee KpuTEepHUeM CIyKUT «pa3-
MBIBAIOIIAs! CKOPOCTHY BOTHOTO ITOTOKA, IPH KOTOPOH HAYMHACTCS «CIUIOIIHON
oTpbIB yacTull [13]. ITu nporuecchl MUPOKO PacpOCTPAHEHbI Ha MPEATOPHBIX U
PaBHUHHBIX TEPPUTOPHIX CyXOCTEITHOH 30HBI A3epOaiikana, U HppUraOHHAs
9p0o3Hsl NPOSBIIAETCS HA IUIomaau Oosee 255 ThIC. Ta. Yiepo, KOTOpbIil Mpu4nHs-
€T UPPUTALHOHHAS dPO3US CEITHCKOMY XO3AHCTBY PECITyOIHKH, MPOSBISETCS HE
TOJILKO B Pa3pylIEHUH CTPYKTYPHI ITOYB, HO U B BEIHOCE U3 MOUYBbI IUTATEIBHBIX
anemeHnToB [14, 15]. OgHako 3aKOHOMEPHOCTH W3MEHEHHUS MTPOTUBOIPO3NOHHON
CTOMKOCTH OpOILAEMBIX CEPO-KOPUYHEBBIX MOYB CYXOH CyOTpOMHUYECKON 30HBI
Aszep0aiipkaHa B 3aBHCHUMOCTH OT TaBHOCTH OPOILICHUST MHOTOOOPA3HEI M HEMIO0-
CTaTOYHO W3y4YE€HBI, TOITOMY MPOBEJACHHE MCCIEIOBaHUI B 3TOM HalpaBlIeHUH
SIBIISIETCSI aKTyaIbHBIM [16].
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Lenp HacTosmiel pabOTBI — HCCIIEAOBATh M3MEHEHHE MPOTHBOIPO3ZHOHHON
CTOMKOCTHU OPOLIAEMBIX CEPO-KOPUYHEBBIX I10YB IIPEATOPHBIX U PABHUHHBIX TEp-
pUTOpHIA CyXO¥ cyOTpomnmueckor 30HBI A3epOaii)kaHa B 3aBUCUMOCTH OT JIaB-
HOCTH opouleHus. Ha ocHOBaHMU NOJIy4EHHBIX PE3YJIBTATOB ONPENEIUTh MECTO
CEPO-KOPUYHEBBIX II0YB B 3aBUCUMOCTH OT IaBHOCTH OPOLIEHUS B CUCTEME MEXK-
nOyHapoaHoi knaccudukaru WRB (2014).

MaTepnam,I U METOAHUKH HCCJICT0BAHUSA

OOBEKT UCCIECIOBAHUS — CEPO-KOPHUIHEBBIC MOYBBI MPESATOPUI M PABHUH CyXOil
cyOTpondeckoi 30HbI A3epOaiimkaHa. B kimaccmukamy YU TMAarHOCTHKE TI0YB
CCCP 1977 1. cepo-KOpUUHEBBIE MOUBBI OTHOCAT K pedeparuBHOil rpymme — Grey-
cinnamonic soils /Luvic Calcicoils/ Luvi-Calcic Kastanozems [17] (omMHEHHBIE Kap-
OOHATHBIC TMOYBBI C MAJOTYMYCHBIM MPOQIIEM, KallITAHOBO-KOPUYHEBBIM I[BETOM
BEPXHETO TOPH30HTA, TI0 CTPOCHHIO M CBOMCTBAM SIBISIOTCS TEPEXOTHBIMH MEXITY
KOpUYHEBBIMH TIOYBaMU M cepo3emamu) [18, 19], mo wiaccudukaimm mous Asep-
OaifpkaHa — k cepo-kopraHeBbIM (Grey Cinnamonic) [20], mo WRB (2014) — Haplic
Kastanozems/ Haplic Calcisols [21]. B Tab1. 1 mpuBeneHb! 0ObEKThI NCCIEIOBAHUMN U X
MecTornoyioxeHve. OOIast IIoma b Cepo-KOPUUHEBBIX MTOYB COCTABIISIET OKOJIO 1,4 MITH
ra. B reoMop(oornueckoM OTHOIICHUH OHU TIPUYPOUCHBI K PEATOPHBIM HAKIIOHHBIM
PaBHIHAM, pacwICHEHHBIM ITOATOPHSIMH, YBAINCTO-XOJIMICTHIMHI, B OCHOBHOM BOJTHO-
9PO3MOHHBIMHE, AKKYMYJISATHBHBIME (popmamu penbeda Kypa-Apasckoil HU3MEHHOCTH
(Beitnaran, Eenax n Arman), [Tprapasckoit onock! (brsicysap), I'irmka-Kazaxckoro
MAcCHBa, KOTOPBIN pacrioiiaraeTcs MEKITy TOpHBIME XpeOTamu bomnbinoro u Masoro
Kapkaza (Akcrada), roxxHOTrO0 ckiiona bonbimoro KaBkasa (Axcy) 1 ogHoxbst bosbiio-
ro Kaskaza (I'eokuait) [14]. [TouBooOpasyrommmMu MoporaMi cepo-KOPUYHEBBIX TIOYB
Beiinaranckoro paifoHa SIBISFOTCS MICOHACTO-METKO3EMHUCTO-KapOOHATHBIE CYTITUHKH
WITH JICCCOBUJTHBIC CYIIMHKH U TIMHBI, EBIAXCKOTO — JISIOBUATIGHHBIC U JICTIOBAAITb-
HO-TIPOIOBUAIEHBIE KapOOHATHBIE CYITIMHKH, ATAIICKOTO — aJUTFOBHAIBHO-TIPOITIOBH-
QJTBHBIC BATYHHO-TAICYHUKOBBIC MEJTKO3EMICTBIC OTIOKEHM, BrusicyBapckoro — omep-
TeJIeHHBIE, BBICOKOTHFIICOHOCHBIE CYIIMHUKHA CO CMECBHIO TaJICYHHUKOBBIX OTIIOMKCHHM,
AKCTaUHCKOTO — BEpXHEUCTBEPTHYHBIE, TSHKEIOCYNIMHUACTHIC M JICTKOIIMHICTBIC all-
JFOBHAJTFHO-TIPOITIOBHABHBIEC OTIIOKEHHS, AXCYHHCKOTO — IIHHCTEIE COJIEHOCHBIE OT-
JIOKEHUSI AJITFOBUATIBHO-TIPOTIOBUATIBHOTO IIPOUCXOKACHHUS, | e0KJalicKoro — recyaHu-
KM, BTyHHO-TAJICYHIKOBEIE CJIOUCTHIC OmIoKeHMs. [1odBo0OpazoBarebHbII Iporiece
LEUHHBIX MOYB MPOTEKAET B OCHOBHOM B YCIIOBHSIX HEJIOCTATOYHON BIAXKHOCTH MPH
OCITa0JICHHOM WJIH 3a9aCTYI0 HEPOMBIBHOM BOJHOM PEXKIME, a OPOIIaeMBIX — B IIPO-
MBIBHOM HPPHTAIMOHHOM PEKMME YBIKHEHHUS Ha (JOHE CMEHBI TIEPHOIOB HUCXOMIS-
11ero (TIPOXJIaTHbIN) M BOCXOMIAIIETO (CyXOH JICTHUI) JIBIDKCHHI pacTBOPOB, B COCTABE
KOTOPBIX Npeo0raiatoT GUKapOOHAThI KaNIbIMs ¥ MarHust [ 14].

Kimvar Tepputopwii pactipocTpaHeHUS CEpO-KOPHIHEBHIX IOYB 3aCyIUIABBIN
C BBICOKOH TEII000ECICUCHHOCTHIO M HEIOCTATOYHBIM aTMOC(EPHBIM YBIAXKHE-
HreM. 3UMa 3acylIINBasi, TeIIas CO CPeIHEH TOIOBOM TEMIIEpaTypoil B sTHBape
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+1-+2 °C. CHeXHBI MOKPOB HeycToHuMBEIi. Jleto xapkoe — +25...426 °C (B
utone). CpeHerooBas Temieparypa Bo3ayxa cocrasiuger +14...+15 °C, cymma
akTuBHBIX Temmeparyp — 3 5004 500 °C, rogoBoe KOIMYECTBO BBITAIAIOIIAX
ocagkoB — 250-500 MM, MAakCUMyM UX HPUXOAUTCS Ha OCCHHE-3UMHE-BECEH-
HUH mepuon, jeto 3acyunmBoe. Koaddumuent ypnaxuenus — 0,3-0,5. MHnekc
cyxoctu — 2,0-3,0. Cymmapnas paguarus cocrasisier 122,5-128,5 kkan/cm?,
tom >10 °C — 210-240 nnet, to °C — 240270 nmueit [21]. Benencrue
HHU3KOTO KOJIMYECTBA BBHINA/IAIOIIMX OCAJIKOB M BHICOKOTO HHJIEKCA CYXOCTH LeTMHHAS
PACTUTEIHHOCTh Ha HCCIIEAYEMBIX TEPPHTOPHAX OCTalach HA HEOONBIIHX ILIO-
mandax u npejacTtabieHa 3demeponnaMu, 00poaadeBO-THITYAKOBBIMH, TTOJBIHHO-
00pOIaueBBIMH, MOXOKEBEIBEHBIME cooOmecTBamMu (Tabm. 1). Bennuwnna nenvs-
HOU (huTOMacchl cyxocTenmHoN nonockl Hu3kas (52,0-95,0 u/ra). 3HauntenbHast
9acTh CEPO-KOPUIHEBBIX TIOYB OCBOEHA ITOT OOTapHOE M OPOIIAEMOE 3eMIICICITHE.
B Mop¢onornueckoM OTHOLIEHUH CEpO-KOPUYHEBBIE MOYBBI XapaKTEPU3YIOTCS
YeTKoU muddepeHnanueit mpoQuiis, XOpoIIo arperipOBaHHBIM T'YMYCOBBIM T'O-
pusonToM (AU 1 A/B —40-50 cm), HanmuneM kapOOHaTHO-UIUTIOBHAIBHOTO TOPU-
3oHTa Bea. CocTaB 0OMEHHBIX OCHOBaHHMI ITOKA3BIBAET BEICOKYIO HACHIIIIEHHOCTD
noys kaTHoHOM Ca (19-29 mr-sks./100 r. mouBsl). BenuuuHa a30Ta B BEpXHUX
ropuzoHTax coctasmuset 0,20-0,30%. Oraomenne C:N —7,0-9,0. [To rpanymome-
TPUUYECKOMY COCTaBYy MOYBBI TSDKEJIIOCYTIMHUCTBIE U JIETKOIIMHUCTBIE, C TIPE00-
JIaJaHUEM TIBUIEBATHIX YAaCTHUII, CTEIICHb UIMCTOCTH cocTaBisieT — 42-52%. Co-
JiepKaHue BOJOMPOYHBIX arperatoB >0,25 mm — 43-48%, rymyca — 2,28-2,65%,
Bononponuiaemocts — 1,1-1,2 mm/mMuH, pH — 7,5-8,5 [22].

OCHOBHBIE METOZIbI UCCIIEIOBAHMS ITPOTHBOIPO3UOHHON CTOMKOCTH CEpO-KOpUY-
HEBBIX IIOYB — CPaBHUTEIBHO-TeOrpaduueckuii (reorpapuieckue 3aKOHOMEPHOCTH
pacnpezieneHus JaHHBIX TIOYB MO TPaHYJIOMETPHYECKOMY COCTaBy M TyMYCHPOBaHHO-
CTH ITAXOTHOTO TOPH30HTA) M CPABHUTEIEHO-aHATIMTHIECKUHA. Ha THITIYIHBIX yaacTKax
3aJI0)KEHBI TI0YBEHHBIE pa3pe3bl, OMpeNeNieHbl BBICOTHI HAJl YPOBHEM MOPSI U UX Te€0-
rpaduIecKre KOOPIMHATHL, MPOBEACHO MOP(OIOrHIeCKOe ONHCAHNE, TT0 TCHETHIC-
CKHMM TOPH30HTaM OTOOpaHbI OYBEHHBbIE 00pasikl [19, 21, 23, 24]. [IpoTrBo3po3u-
OHHAs CTOMKOCTb IOYB OIPEIESICHa TOHHOW pa3MBbIBAIOIIECH CKOPOCTBEO TIOTOKA — 10
M.C. Ky3nenosy [13], BOZOIPOYHOCTh arperaTtoB — METOAAMU CYXOTrO M «MOKPOTO»
arperatHoro aHami3a 1o CaBBUHOBY, IIOTHOCTB TBEPIIOH (ha3bl — MMKHOMETPHYECKIM
METO/IOM, TPaHYJIOMETPHUYECKUI COCTaB — MeTOZIoM IuneTky (Bapuant H.A. Kaunn-
CKOT'0 TIpH TIOZITOTOBKE K aHANM3Y MOoUBHI upadocharasmv metonom o C.U. [lonroBy
u A.W. JInumaHOBOI1), TNIOTHOCTH MOYBBI — OypOM TIO OOIIENPHHATON MeToauKe [25,
26]. 3HaueHne BHICTYIIOB IIEPOXOBATOCTH TI0YB OMPEIEIECHO 0 COOTHOIICHHIO

A=0,7dw
b
e dw — CpPeOHEB3BELICHHBIA OUaMETp BOJONPOYHBIX arperaroB. BenwmuuHa

paccumuTaHa 1o pe3ynpTaraM CTpYKTYpHOTo aHanu3a noussl o metony H.U. Cas-
BHHOBA IPY UCXOHOM BiaxkHoctu W [27], cogeprxanue odmero rymyca dw — o
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N.B. Tropuny B Moaudukanui HUKUTHHA, IEIUTION030JUTHYECKAsT aKTUBHOCTD —
aNMUTUKAIIMOHHBIM METOJIOM I10 Pa3JIOKEHHUIO XJI0MYaToOyMaXKHOTO MOJIOTHA (T10-
BTOPHOCTh — TpexkparHas) [28]. Craructuueckas oOpapabOTKa IMOIyYIECHHBIX
JTaHHBIX IpoBozieHa 1o b.A. JlocniexoBy [29].

Pe3ysabTarsl Hccaeq0BaHUS U 00CYKICHTE

OpolieHue UMeeT TeHJCHIUI0 U3MEHATh Mopdosiornyeckue, GU3ndecKue u
XMMUYECKHE CBOIMCTBA MOUYBHL, Aejas UX IIOJOOHBIMHI ITOYBaM, 00pa30BaBIINMCS
MIPH TIOBBIIIEHHOM KOJMYECTBE OCAJKOB B 3aCYIUIMBBIX U MOJIy3aCYyILUTUBBIX 30-
Hax [30]. BeraBiaeHo, 9TO CEIbCKOXO3SIIICTBEHHOE MCIIOIBb30BaHNE IIETMHHBIX Ce-
PO-KOPUUYHEBBIX ITOYB B 3aBUCUMOCTHU OT MX TeorpauuecKoro pacrioioKeHus Ha
Pa3HBIX IIUPOTaX, COCTaBa M CBOUCTB MMOYBOOOPA3YIOMINX MOPOI, JABHOCTH OPO-
LIeHUS TPUBENO K Pa3IMyHbIM MOP(OIOTHIECKUM U3MEHEHHUSIM TOYBBI M MOIII-
HOCTH T€HETHYECKHX TOPH30HTOB U SIBISIETCS OJHUM M3 OCHOBHEIX (DaKTOpPOB,
OTIPENeNAIONINX U3MEHEHHE POTUBOIPO3HOHHON CTOWKOCTH MOYB CYXOCTEIHOM
30HBI A3epOaiikana. YCTaHOBICHO, YTO HOBOOPOIIAEMBIE CEPO-KOPHYHEBEIE T10-
yBbl B ArgamickoMm (Kypa-Apa3sckas Hu3MeHHOCTh) U [eoruaiickom (TMOIHOXKbE
rop Bonbmoro Kaskasa) palioHax HaxXoIATCS B HaYallbHOW CTaJIMA OCBOCHUS U
OpOIIEHUST; TpeolI1afaeT 0COOEHHOCTh 30HAIIBHOTO MMOYBEHHOT0 THMA. OKYIbTY-
peHHbIH cnol (MomHOCTh 25-30 cM) chOpMHUPOBAH HE MOJHOCTHIO, HOBBIC IMa-
xoTHble (Al —22-27 cM) 1 moanaxoTHbIE TOPU3OHTHI (A2 — 15—16 cM) HecKoMb-
KO YIUIOTHEHBI. B IaXOTHBIX M MOANAaXOTHBIX TOPU30HTAX CTPYKTypa yXYIIIEHa,
OMYILEH YPOBEHb KApOOHATHBIX M THIICOBBIX TOPU30HTOB. MaKCUMaJIbHOE UX Ha-
KOTUIEHHE OTMEUEHO B HIDKHUX Topr3oHTax. B bumscyBapckom (ITpuapasckast mo-
noca), EBnaxckom (Kypa-Apasckas HU3MEHHOCTB), AKCTaUHCKOM (MEXIy Top-
HbIMH XpebTamu bombiroro u Manoro Kaekaza) 1 AXCyHHCKOM (TOXKHBIA CKJIIOH
Bonbmoro KaBka3za) paifoHax cepo-KOPUYHEBBIE OpPOIIAEMBIE TTOYBbI HAXOSATCS
BO BTOPOH CTaIuy KyJIBTYpPHOTO TIOYBOOOPA30BaTENBHOTO Iporecca. Mopdomro-
THYECKoe CTpoeHHe Mpoduis pe3Ko OTIMYAETCS OT UEIMHHBIX U HOBOOpOILAe-
MBIX TI0YB C TpeoOIaJaHneM MPU3HAKOB, NMPHUCYIINX OKYJIBTYPEHHBIM HOYBAM.
IIpoduns obnanaet yeTkoii nBeToBOH Tuddepenimanueii. CHopMUpOBaH OKYIIb-
TypeHHBIN cior (52—56 cM), MaxoTHBIM TOPH3OHT COCTaBIsIET 25-28 cM; mMoa-
MaXOTHBIA — 24-26 cM, WILTIOBUATBHO-KapOOHATHBIA TOPU3OHT BBIPAXKEH Cl1ado,
cHkeH 10 96-101 cMm. JlaBHOOpOIIaeMbie (MPPHUTAIlHOHHO-aKKyMYJISITHBHBIC)
cepo-kopuuHeBble mouBbl B busacysapckom (IIpuapasckas nonoca) u beiinaran-
cxkoM (Kypa-Apa3ckas HU3MEHHOCTh) paliOHAX MO BO3JAEHCTBUEM IITUTEIHHOTO
OpOIIEHHUST MYTHBIMH BOJAaMH M TOCTOSSHHONH 0OpaOOTKH MONHOCTBIO TOTEPSIIH
MIPU3HAKY 30HAJBHBIX MEPBHYHBIX TOYB M IPHOOPETH 0COOBIN THUII OYBEHHOTO
npoduist. 3To, IPEXkAe BCEro, OTHOCUTCS K PACHPEENEeHHIO TyMyca, KapOOHAaTOB
U THUIICa B TOYBEHHOM Ipodrte. Pa3BuBasch B yCIOBHAX IPOMBIBHOTO HppHTa-
LUOHHOTO PEXHMa YBIAXKHEHUS, COMPOBOXKIAEMOr0 MPUBHOCOM MYTHBIMH IIO-
JIMBHBIMHU BOJIaMU [TUTATEIbHBIX 3JIEMEHTOB, PACTBOPUMBIX COJIEH U B3BELIECHHBIX
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YacTHIl, HA MOIIHBIX arpoOMpPpPUTAIMOHHBIX OTIOXCHUSIX CEPO-KOPHYHEBEIE II0-
YBBI IPHOOPETAIOT MOHOTOHHBIA CEPOBATO-KOPUYHEBATHIN I[BET, OJHOPOAHOCTD
IpoQuiIs M CIOXKCHUS, HONHOCTHIO C(HOPMHUPOBAHHOTO OKYIBTYPEHHOTO CIIOS
MOITHOCTBIO 65—70 cM. Ha riry6une 61-83 cMm BeTpedaroTcs morpeOeHHbIe TOpH-
30HTEL.

IIpoTuBO3pO3UOHHAS YCTOMIMBOCTD IOYB SIBJISETCS MHTETPAIbHBIM [TOKa3aTe-
JIeM, KOTOPBI HEBO3MOXKHO 0OBEKTHBHO OLIEHUTH TOJIBKO ITPH IIOMOIITH KaKOTO-TO
OIIHOTO (hakTOpa, a LEeNecoo0pa3HO MPUBJIEKATh K aHAIU3Yy JApPYrue MOKa3aTelnu
arpodusmueckoro coctossHus o4B [3, 13]. I'ymyc siBisieTcst ofHUM 13 (PaKTOpOB,
CHIDKAIOLIUX TOABEPKEHHOCTh IOUBBI 3PO3UOHHBIM IIPOIECCaM, ITyTEM «CKJIe-
WBaHUSD) TPAHYIOMETPUIECKAX DJICMEHTOB B MUKPO M MAaKpOAarperarsl, 00pasys
TyMaThl KaJIbIMs U MarHusi, KOTOpPbIE BBIIAJAIOT B OCAJ0K M CIIyXaT LIEHTpaMu
arperaroo0pasosanus [31, 32].

IIpu uccrnenoBaHNM NPOSBIECHUS HUPPUTAIMOHHOM 3PO3UH Ha CEpo-KOpUd-
HEBBIX MOYBAX, KOTOPHIE Pa3BUBAIOTCS Ha PAa3IMIHBIX MO TEHE3HCY MOYBOOOpa-
3yIOIIUX MOPOJAX, YCTAaHOBIEHO, YTO Haubosee MHTCHCUBHO OHA MPOTEKaeT Ha
HOBOOPOIIIAEMBIX BapHaHTaX, PACIIONIOKEHHBIX Y TIOMHOXBS rop bompmoro Kas-
Ka3a, IMEIOIUX NPUIIOHATHIN U HAKJIOHHBIH penbed, a Takxke B Kypa-Apasckoit
HU3MEeHHOCTH. [I0uB00Opa3yomuMu MopogaMy Ha STHX TEPPUTOPHSX SBISIOTCS
MECUaHUKH, BaTyHHO-TAJICUHUKOBBIE CIIOUCTBIE OTIOXKEHUS, AIIIOBHAIBHO-IIPO-
JIOBUAJIFHBIC BAJTYHHO-TAICYHUKOBBIC MEIKO3EMHCTBIE OTIOXEeHUSI. Ha Takmx
MOYBAX C YXYAIIEHHEM arpo(pU3UIecKUX CBOMCTB BO3PACTAET MOJBEP>KEHHOCTD
9pO3HH, KOTOPAsT MOXKET IIPUBECTH K MOJHOM MOTEpe TyMyCOBOTO TOpHU30HTA [22].
BoBneueHue cepo-KOPUUHEBBIX MIOYB B OPOIIACMOE 3eMIIEAEINE OKa3bIBAJIO He-
TaTHBHOE BO3/ICHCTBHE HAa OPraHUYECKYIO YaCTh OYBEI, IPOSBUBIINCH B CHIDKE-
HUM COJACPKAHUS TyMyca, YTO OKa3aJloCh JIOBOJBHO MH(OPMATHUBHBIM IIPU CO-
MTOCTABIICHUH JAHHBIX 110 TYMYCY LEIUHHBIX M OpOIIaeMbIX mouB (Tadm. 2). Co
BpEMEHEM IOCJIE PACHAIIKH U OPOLICHUS LENUHBI IOTEPU I'yMyca MOCTEIEHHO
3aMEUIIOTCS, ¥ CITYCTsl HECKOJIBKO NIECSTIIECTHH €T0 CoAepiKaHue B IIOYBE CTa-
oumszupyercs [33, 34], 4ro u HabIIOAAETCS HA TEPPUTOPUAX JABHOOPOIIAEMbIX
(MppUTaIIIOHHO-aKKyMYJIATUBHEIE) TIOUB.

IIpu comocraBieHUH CPEAHECTATHCTUUECKUX MAHHBIX rymyca (M) BbISBU-
JOCH, YTO BEIMYHMHA ITOTEPh TYMyca IPH OPOIICHUHN 3aBHCUT TAKXKe OT TaBHOCTH
OpOIIEHUs OYB. B IIeIMHHBIX MOYBAX COJEpKaHUE TyMyca, II0 CPEAHECTATHUCTH-
YECKUM JTaHHBIM, B CMBIBaeMEBIX 30Hax (0—25 cMm) coctaBmiio 2,68%, a mocie opo-
LIeHUs eTro BeJnuuHa cHu3miack Ha 0,47% B HoBoopIaemsbIx, Ha 0,30% — B opo-
maembix U Ha 0,19% — B maBHOOpPOIIaeMBIX (MPPHTaliOHHO-aKKYMYISITHBHBIX )
BapuaHTax. Pemraromias poib B HAKOIUIEHUU ITOYBEHHOTO OPTaHUYECKOTO Bellle-
cTBa (TyMyca) MPUHAUICKHUT TPABTHUCTON pacTUTeIbHOCTH [34]. B HOBOOpOIIA-
€MBIX CepO-KOPUYHEBBIX MTOYBAX II0 CPABHEHHUIO C OPOLIAEMBIMU U JJABHOOPOIIIA-
€MBIMH CHIDKCHHUE COIEPKaHUs TyMyca OOBSCHICTCS HE TONBKO HEIOCTaTOYHBIM
MOCTYIUIEHHEM B NOYBY OPraHUYECKOTO BEIECTBA MOCIE XJIOMUaTHUKA, TOMU-
JOPOB W TIICHUIIBI, HO W HEOONBIINM COJCP)KaHIEM B PACTHTEIHFHBIX OCTaTKaX
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azora. /3 opolraeMbIX IIOYB JaBHOOPOIIAEMbIE XOPOIIO0 MHKPOATPETHPOBAHBI U
OTJIUYAIOTCS OTHOCHUTEIHHO HAMOONBIIMM COACPIKAHUEM B MAXOTHBIX TOPH30H-
Tax rymyca (2,49%). 9To MOXHO OOBSICHUTH IPUBHOCOM MYTHBIMH TIOJTMBHBIMH
BOJIAMU MUTATEIBHBIX 3JIEMEHTOB, PACTBOPHUMBIX COJICH, B3BCIICHHBIX YACTHI[ U
WX HAaKOIUICHHEM JJINTENHEHOE BPeMs. ATPOMPPUTAIIOHHEIE CIOM ITOKa3BIBAIOT
CHIDKEHHUE COMIEPKAHUS TyMyca 10 CPABHEHHIO C BEpXHUMH FOPU30HTAMHE, HO €T0
cojiepKaHue B cpeaHuX yacTax nmpopmis (25-50 u 50-100 cm) opoiaeMpIX TIOYB
Bcerna oombie (1,78-2,29% u 0,93-1,34%), uem B nenuuubIx —1,19% u 0,72%.
[ox BnusHEEM OpOUICHUS W3MEHWIOCH PACHpEieIeHIe TyMyca 110 MPOQUIIIO.
B naBHOOpOIIIaeMbIX MOYBAX TYMYC PacIpeielicH pABHOMEPHO IO BCEMY ITOYBEH-
HOMY nipoduiro 10 50-100 cm.

Tao6bnumma2[Table?2]
Copnep:xaHue rymyca B Cepo-KOpPHYHEBBIX MOYBAX B 3aBUCUMOCTH

OT JIaBHOCTH OPOLUECHUS
[The humus content in Grey Cinnamonic soils depending on the age of irrigation]

Tny6usa Yo Conepxanue
Opasua, | ciydaes, mir. ymyea
ITouBsi [Soils] obpasiia, Y e [Humus
cM [Number of content], %
[Depth, cm] | cases, pcs.] (M= W;M)
0-25 20 2,68+0,076
Cepo-kopruHeBast (LIeJIMHA) 25-50 20 1.190.113
[Grey Cinnamonic] (virgin soils) 50100 20 0’ 794 0: 053
0-25 26 2,214+0,092
Hosoopraemsie cepo-kopuanessie (20-25 ner) ’ .09
[Newly irrigated Grey Cinnamonic] (20-25 years old) 25-30 26 1,780,098
yme Y Y 50-100 26 0.930,067
0-25 25 2,38+0,105
Opomaembie cepo-kopuaHeBsie (okoino 100 ner) 25-50 25 1.8540.91
[Irrigated Grey Cinnamonic] (about 100 years old) ? ?
50-100 25 1,02+0,097
JlaBHOOpIIaeMBIE (MPPUTALTUOHHO-
AKKyMYJIATHBHBIE) CEPO-KOPHYHEBBIE 0-25 31 2,49+0,121
(6omnee 300 net) 25-50 31 2,29+0,118
[For a long time - irrigated Grey Cinnamonic] 50-100 31 1,34+0,109
(over 300 years)

Ilpumeuanue [Note]: M* m, — cpenHss apupMeTHIECKas C OIUOKOH cpemHed apudmeTHye-
cKkoif [Mean and standard error of the mean].

CreneHb NPOTUBO3PO3MOHHON CTOMKOCTH IOUB LIEIE€CO00PA3HO ONMPEAETsTS,
MIPUMEHsIsT OMOMArHOCTHKY [36], KOTOpas pearupyeTt Ha OTpUIaTeIbHbBIC BUIOM3-
MEHEHHsSI Ha paHHHX dTanax ux nposieieHus. OAWH U3 YyBCTBUTEIBHBIX METOJIOB
OMOIMAarHOCTHKA — ONpEIENICHIE [EeINTIOI030JUTHIECKONH aKTHBHOCTH TOYBHL
[Ipu 5TOM cTeneHb ee MPOSBICHUS 3aBUCUT OT YPOBHS 3POJMPOBAHHOCTH MIOYBHI,
BO3/IENBIBAEMBIX KYJIBTYp U TaBHOCTH opoineHus [36]. [Ipu moBbImeHny memto-
JIO30JIMTUYECKON aKTUBHOCTH B OpOIIaeMOM BapuaHTe (3 ypoxasi 3eJIeHOH Macchl
B rox ¢ 1 ra) mpoOMCXOAWUT MHHEpPAIH3AIHS HEIYMADUIIMPOBAHHBIX PACTUTEIIh-
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HBIX OCTaTKOB ¢ MMMOOWIH3AINEeH a30Ta, KOTOPBIH BEICBOOOKIAIOT MUKPOOpPTa-
HU3MBL. 3[1€Ch YacTh I'yMyca MUHEPAIU3YETCsl, YTO MPUBOAUT K MOBBIIICHUIO CO-
Jep KaHus B TI0YBE JaOMIBHBIX TYMYCOBBIX BEIIECTB 3a CYET HOBOOOPa30BAHHBIX
T'YMYCOBBIX BEIIECTB.

IIpy4viHEl yCTOMYMBOCTH Pa3HBIX TUIIOB IOYB K BOJHOM 3PO3WH B 3HAUH-
TEJIbHOM Mepe CBSI3aHBI C MX T'PaHyJIOMETPUUYECKUM cocTaBoM [25, 37], ompe-
JIETISIOMAM XapaKTep CBsI3eW MEXAy 4YacThlamMu M uX mpodHocTs [34]. Uc-
CJICZIOBaHUSI MTOKA3bIBAIOT, UTO B CEPO-KOPUYHEBBIX I0YBAX B 3aBUCUMOCTHU OT
JAaBHOCTH OpPOIIEHUS T'PaHYIOMETPHICCKUN COCTAB MPETEPIIET OIpEICICHHBIC
U3MEHECHHS — OTMEUYAeTCsl WITIOBUUPOBAHUE MIUCTON (PpakIMy U3 MaXOTHBIX
CIIOCB ITOYB B IIOANIAXOTHBIC M HIDKEIIE)KAIINE TOPH30HTHI (Tabi. 3). B maxoTHBIX
ciosix (0—25 cM) HOBOOPOIIIAEMBIX CEPO-KOPUYHEBBIX IT0YB COACPKAHNUE YACTHUIL
¢paxmun <0,001 MM HIDKE (24,2%), yeM Ha HEeTUHHEBIX (25,8%), opomraeMbIx
(27,4%) u paBHOOpomambIx (28,4%) mouBax. I[lon BiAMSIHHEM 3PO3MOHHBIX
MIPOIIECCOB MMPOUCXOANT YTSDKEICHIE TPAHYIIOMETPHIESCKOTO COCTaBa IMaXxOTHO-
ro cios nouBsl [36]. Cpeanecratuctudeckue 3HadeHus ¢paxkuuit <0,01 MM u
<0,001 MM MMOKa3BIBAOT, YTO HAUMEHBIIIEE TIepeMeleHIe WINCTON (Qpakiuu ¢
naxoTHbIX cioeB (0-25 cMm) mouB B moamnaxoTHsle ciou (25-50 cM) mo cpas-
HEHHIO C HOBOOPOIIAEMBIMH II0YBaMH OTMEUEHO Ha OpOIIaeMOM BapHaHTe (Ha
0,6%), a Hanbonbee (Ha 8,2%) — Ha JaBHOOpoIIaeMoM. OTMEYEHO, YTO B IPO-
Iecce OPOUICHHUS CHIDKEHHUE HIINCTOH (PpaKkIluy BO BCEX BaPHAHTAX IPUBOAMIIO
K YBEIHUYEHHUIO KoJIuuecTBa (pusndeckoil muHel (Ha 0,6—3,5%) U yTsSKeICHUIO
TpaHyJIOMETPHUECKOro cocTraBa. Hambompimee comepskaHHe YaCTHIl (HPaKITHid
<0,001 u <0,01 MM B MaxOTHBIX U MOAMAXOTHBIX CIOSX JIaBHOOPOIIAEMBIX Ce-
PO-KOPHYHEBBIX MOYB YKa3bIBAET HA UX OTHOCHTEIHHO BBHICOKYIO IPOTHBOIPO-
3MOHHYIO YCTONYMBOCTb IO CPaBHEHMIO C IICIMHHBIMH, HOBOOPOIIAEMBIMU U
OpOIIacMBIMH BapHAaHTAMH.

CrnocoOHOCTh TyMyca CKJICHBAaTh, LIEMEHTHPOBATh YaCTHUIIBI MOYBHI B BOJO-
MIPOYHEIE arperaThl HEMOCPEACTBEHHO JOJDKHA CKa3bIBATHCSI HA MPOTHBOIPO3H-
OHHOH cToiiKOCTH ToYB [38], U BOIONPOUYHOCTh MOUBEHHOH CTPYKTYpHI, KaK U
MHOTHE JIpyTHe CBOWCTBA MOYBHI, THHAMUYHA W M3MEHSCTCS B IMPOCTPAHCTBE H
BO BpeMeHH [4, 39, 40]. HexoTopsle uccieoBaTeny CUUTAIOT, YTO II0YBa, HAXO-
JIIasicst O ATTATENFHBIM aHTPOTIOTEHHBIM BO3IEHCTBHEM C1a00 MUKpOArperi-
pOBaHa, MPOTUBO3PO3UOHHAS CTOMKOCTh HEYIOBIETBOPUTENbHAS, @ CIOCOOHOCTD
K arperupoBaHuio cinabas [41], B CBA3M C 3THM 0COOCHHOE 3HAYCHHE MMEET XO-
polrasi CTpyKTypa MOYBBl B paiiOHAX ONACHOCTU INPOSIBICHHUS HPPUTALOHHOI
apozun [42].

HccnenoBaHus MOKa3bIBAIOT, YTO (PU3UUECKOE COCTOSHHE CEpPO-KOpUYHE-
BEBIX IT0YB BO MHOTOM 33aBHCHT OT aBHOCTH OPOIICHHS, CITOCO0a MOJIMBA, BO3-
JICJIBIBAEMBIX KYJIBTYp M XapaKTEPU3YeTCsl pa3IMUHBIM arperaTHbIM COCTAaBOM
(Tabm. 4).

Heopomaemsle (LieJIMHHBIE) CEPO-KOPUYHEBBIE TOUBBI XapaKTEPU3YOTCS J10-
BOJILHO HEIUTOXHMM COepKaHUEeM TIIBIONCTHIX oTaenbHocTei (11-16%).
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Taonuma3[Table 3]
JlaHHBIE IPAHYJI0OMETPHYECKOI0 COCTABA CEPO-KOPHYHEBbIX 0YB
B 3aBHCHMOCTH OT JaBHOCTH OPOIIEHHS
[Data on the granulometric composition of Grey Cinnamonic soils
depending on the age of irrigation]

R E N Dpaxkius [Fraction]
5? 2 0,01 mm, % <0,001 mm, %
2 5|9 E
2|84
ITousa ~ &° g
S21(58 | Mtm, |SD| CV | MEm, |SD| CV
© =2 !
E\ o |53
= = £
=
Cepo-kopuunesas (mennna) | 0-25 | 20 |57,6+0,80(4,64| 8,04 | 25,8+0,30 |1,71| 6,60

[Grey Cinnamonic] (virgin soils) |25-50| 20 [59,2+1,25(7,38(12,45|27,7+0,42 (5,41(19,54
HoBoopiiaemsie cepo-
KOPUYHEBbIE (20725 J'[eT) 0-25 26 56,7+1,186,76|11,93 | 24,2+1,04 (5,94 (24,81
[Newly irrigated Grey 25-50| 26 |58,7£1,26|8,47|14,42|26,7+0,82 |5,52|14,42
Cinnamonic] (20-25 years old)

Opoluaemeie cepo-
KOpUYHEBbIE (OK()J'[() 100 J'[eT) 0-25 15 59,6+1,21|7,48|12,55| 27,4+0,77 |4,83|17,60

[Irrigated Grey Cinnamonic] 25-50| 25 ]60,2+1,4816,26|11,12|28,0+0,95|4,16|18,90
(about 100 years old)
JlaBHOOpI1IaEMEBIE CEPO-
KOpPHYHEBEIC (MPPUTAIIHOHHO-
aKKyMy.HSITI/IBHI)Ie) 0-25 31 60,8+0,85(5,21| 8,58 | 28,4+0,68 (4,80|18,91
(60mee 300 yer) 25-50| 31 |64,3£0,93]5,36| 8,34 | 36,6+0,88 (5,01|17,45
[For a long time-irrigated Grey
Cinnamonic] (over 300 years old)
IIpumeuanue [Note]: 3nech U nanee B Tadbmuuax [Here and further in the tables] M+m, , — cpennss

apudmernaeckas ¢ omubKoi cpenneil apudmerndeckoit [Mean and standard error of the mean];
SD — cpenHekBaparuueckoe oTKIOHeHue [Standard Deviation]; CV — k03 duIHEHT BapHaun
[the Coefficient of variation].

Bonompounslit arperarasiii coctaB (>0,25 MM) B ropuzonte 0-25 cM TaHHBIX
TIOYB TIPH CperHecTaTucTHIeckoM 3HaueHnH (54,08%) yka3pIBaeT Ha UX CPEIHIOI0
CTPYKTYPHOCTb. BerencTBue opolieHus cepo-KOpUIHEBBIX TIOUB COIEPIKaHHE BO-
JIOTIPOYHBIX arperaroB >0,25 MM B axoTHBIX closx (0—25 c¢M) MOYBHI IO CpeIHe-
CTaTHUCTUYECKUM 3HAUEHHMSAM 0 CPABHEHHIO C IETMHHBIM BapuaHToM (54,08%)
cHkaercs 10 35,83% B HOBOOpOLIAEMBIX, B opolIaeMblX — 10 38,23% u B uppu-
TalMOHHO-aKKYMYJISITUBHBIX (TaBHOOpOIIaeMbIX) — 10 40,40% . 3nech BBIABIACTCS
3aBUCHMOCTD arpeTHPOBAHHOCTH ITAaXOTHBIX CIIOEB ITOYB C CONEp)KaHHEM TyMyca,
penbeda, ToIBO0OPa3yIOMUX MOPOJ, AABHOCTU OPOILIEHHUS U T.JI. Pe3ynbrars! ycra-
HOBJICHHSI BOZOTIPOYHOCTH arperaroB MOATBEPKAAIOT, YTO OpPOIIaEMEIE CepO-Ko-
PpHUYHEBBIE MTOYBHI, 0COOEHHO HOBOOPOILIAEMBIE, HMEIOT HU3KYIO BOIOIPOYHOCTb.

OKyneTypHBaHHE ITOYB TODKHO OBITH HAITPABJICHO HA YIYUIICHHUE arpOXHMU-
YEeCKHUX U (PU3HUECKUX CBOMCTB [43, 44], a u3MeHHEHHE CTPYKTYPbI 3pOJUPOBAH-
HOU TTOYBHI MIPUBOANT K M3MEHEHUSM BEIMYMH IUIOTHOCTH, 0OIIeH MOPHCTOCTH.
BnakxHOCTb MOYBBI COBMECTHO C COJIEp)KaHHUEM I'yMyca U3MEHSIOT €€ MJIOTHOCTb,
a CTPYKTYPHOCTb | INIOTHOCTH — BOJOIIPOHUIIAEMOCTH [45].
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Cpennee copepsxanie BOAONPOYHBIX arperaros pasmepom >0,25 mm
B C€PO-KOPHYHEBLIX I0YBAX B 3aBHCHUMOCTH OT JaBHOCTH OPOLICHUS
[Average content of water-resistant aggregates > 0.25 mm in size
of Grey Cinnamonic soils depending on the age of irrigation], %

Taonumad [Table4]

I'imy6una Yucno
obpasua, | 00pasnos,
ITouBsI [Soils] cM LLIT. Mxm,, | SD| CV
[Depth, | [Number of
cm] samples, pcs.]
Cepo-KopuuHeBas (LienruHa) 0-25 20 54,08+2,27|4,27(12,03
[Grey Cinnamonic] (virgin soils) 25-50 20 42.91+3,36(3,81[14,50
HoBoopiaemblie cepo-KOpHUHEBbIE
(20-25 ner) 0-25 26 35,83+3,81(5,41(24,81
[Newly irrigated Grey Cinnamonic] 25-50 26 31,95+4,17|5,52(17,45
(20-25 years old)
grfr’iog‘:t:g%‘;‘:y’ gﬁgiﬁoln?g]““) 0-25 25 [38,23+1,26|4,80|18,91
(about 100 years old) 25-50 25 37,29+1,48(5,86(17,60
JlaBHOOpIIIaEMBIE CEpO-KOPHUUHEBBIE
(MppUTaIIIOHHO-aKKyMYJISSTHBHBIC) 0-25 3] 40,40+2,31|5,35(20,96
(bonee 300 net) . . 25-50 31 [39.50+1.12(8.12]18.42
[For a long time-irrigated Grey Cinnamonic]
(over 300 years old)

YeM MEHBIIE INIOTHOCTH MOYBHI U JIy4lle €& OCTPYKTYPEHHOCTh, TeM OOJIbIIe
3Ha4YeHHE BOIOIIPOHUIIAEMOCTH H, CJIE0BaTENbHO, MEHBIIIE CKOPOCTb CTEKAFOIINX
Bozi. OmpeneneHre INIOTHOCTH CEPO-KOPHYHEBEIX II0YB IIPU Pa3HOH TaBHOCTH
OpPOIIEHUsI CBUICTEIBCTBYET 00 OTIMYMSX 10 JAHHOMY TOKa3aresto (Tabi. 5).

TabOnumaS5[Tables5]

ILnoTHOCTH CEePO-KOPUYHEBBIX MMOYB B 3ABUCUMOCTH OT TAaBHOCTH OPOIIICHUSA
[The density of Grey Cinnamonic soils depending on the age of irrigation]

I'mybuna [TnotHoCTS, T/CM?
Yucno : 3
obpasa, [Density, g/ cm
ITouBsI [Soils] cM 06%a3u33’ H;T'
[Depth, | Iumbero Mzm,, sD | ¢cv
em] samples, pcs.]
Cepo-kopuuHeBas (IIenuHa) 0-25 20 1,190+0,021 {0,080 6,88
[Grey Cinnamonic] (virgin soils) 25-50 1,352+0,034 (0,098 9.29
HoBoopiiaemblie cepo-kopUuHEBbIE
(20-25 ner) 0-25 2% 1,286+0,041 |0,161]| 13,54
[Newly irrigated Grey 25-50 1,365+0,023 (0,116 3,77
Cinnamonic (20-25 years old)]
Oroma, oo 0ae) o33 | [ Lawsnaar [o1ie
(about 100 years old)] 25-50 1,414+0,025 |0,115| 6,98
JlaBHOOpIIaeMBIE CEpO-KOPHUUHEBBIE
(MppUTaIIIOHHO-aKKyMYJISITUBHEIC) 0-25 3 1,384+0,025 0,160 | 11,56
(Gonee 300 xer) 25-50 1,420+0,010 0,074 5.21
[For a long time-irrigated Grey
Cinnamonic (over 300 years old)]
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B nenmHHBIX MOYBaX MIIOTHOCTH B TaX0THOM cioe (0—25 cm) o cpegHecTaru-
cTuueckuM 3HadeHusMm (M) cocrasmser 1,19 r/cM?, a ¢ miyGHHON BO3pacTaeT 10
1,35 r/em? (cimoti 25-50 cm). CpaBHHUTENbHAS XapaKTEPUCTHKA CEPO-KOPUUHEBBIX
MOYB CBUICTEIBCTBYET, YTO B 3aBUCUMOCTH OT JJABHOCTU OPOIICHHS B MTAXOTHOM
cinoe (025 cM) mpOMCXOIUT AOCTOBEPHOE MOBBIMICHHE TUIOTHOCTH CIIOKEHUS
1o 1,29 r/cm® (HoBoOpomiaemeie, Gomee 2025 ner) u 1,38 r/cm® (maBHOOpOIIIA-
eMBbIC CEPO-KOPUYHEBBIC (MPPHUTAIMOHHO-aKKyMYJIATUBHBIC), Oonee 300 Jer).
Hanbonee ynioTHEHHBIH WILTIOBHANBHBIA TOPH30HT UPPUTAUOHHO-AKKYMYJIs-
THUBHBIX (IaBHOOPOIIAEMBIX) II0YB OTMEUEH TaM, IJIe COAEpKaHnue (H3MUECKOM
muHbI coctapisier 64,3%. Craructuueckas oOpaboTka JAaHHBIX MOKa3aa, 4To
Hanbosee BHICOKHE BEIMYMHBI KO GHUINEHTa BapHalldH IDIOTHOCTH CIIOKEHHS
(SV'=13,54%), npu cpenHekBaaparndeckom oTkiaoHeHn# (SD = 0,161) u ommnodxe
cpennet Bemmuunbl (m,, = 0,041), HabmronaeTcss B HOBOOPOIIAEMOM BapHMaHTE.
OnHako NaHHBIC MOKAa3aTeld HAXOAWINCh B MpeaesaX JOIMYCTUMBIX ONTHMAIIb-
HBIX 3HAYCHHH IDIOTHOCTHU CIIOKEHHS JJIS ITOYB CENbCKOX03IHCTBEHHOTO HUCTIONb-
3oBanus (o knaccudukanuu H.A. Kaunuckoro — 1,31-1,55 r/cm?).

KonmdecTBeHHYI0 XapaKTEpPHUCTHKY NPOTHBOIPO3NOHHONW CTOMKOCTH ITOYBHI
JIAF0T KPUTUYICCKHUE BETMYMHBI Pa3MBIBAIOIINX CKOPOCTEH B 3aBHCUMOCTH OT HX
TPaHYJIOMETPUIECKOTO COCTaBa, KOIIMYECTBA BOAOMPOUYHBIX arperartoB [13]. Uc-
CIICTIOBAHUSIMU BBISIBIICHO, YTO HAWOOJNBIIEH NOHHON pa3MBIBAIOIICH CKOPOCTH
MMOTOKa 00NamarT Heopolaemble (mienwHHBIe) moyBbl — 0,070-0,072 m/c, He-
CKOJIBKO MEHBIIIE — OPOIIIAeMbIe BAPUAHTHI TOJ] POXKb + BHKa + parc — KyKypy-
3a + cos + copro + aMapaHT — SYMEHb + BHKa (3 ypoxas B To ¢ 1 Ta) U pOXKb.
Poxsb, KyKypy3a, cos, JIOIepHa, xJom4aTHuK, amapast (0,063-0,050 M/c), motom
CIIelyeT JTaBHOOPOIIaeMBIi (MpPUTAIlIOHHO-aKKYMYJISITUBHEII) BAPHAHT IO JIFO-
LIEpHY, TBep/as MIIeHUIa, XJIOMYaTHUK, TOMAThL, KyKypy3a, cos (0,048-0,050 m/c)
(Tabn. 6). HoBoporraemblie cepo-KOpHYHEBBIE TIOYBHI C IUIOTHOCTBIO He Oolee
1,286 r/cm? 6e3 pacTUTEBHOCTH HIIH O] TOMATHI, XJIOMYATHUK, TBEPAYIO MTIICHH-
Iy, POXKB, KYKypY3Y, IMEIOT CaMyI0 Malylo TOHHYIO Pa3MBIBAIOILYIO CKOPOCTH TI0-
toka (0,048-0,049 m/c). CTOMKOCTb K pa3MbIBY OpPOIIAEMbIX U JAaBHOOPOILIAEMBIX
(MppHUrannoHHO-aKKyMYISITHBHBIX ) TIOUB, OUYEBHIHO, CBSI3aHA C COACPKAHUEM T'y-
Myca, TIOTIOICHHBIX OCHOBAHHH U BO3/ICTIBIBAEMBIX KYJBTYP (KOPHEBBIC CHCTEMEI,
CKpEIUISs YaCTHIBI TI0YB, ITOBHIIIAIOT COIPOTHBIIEMOCTH OTPHIBY arperaTon), KO-
TOpBIE CO3/IAI0T BOJIOIIPOYHYIO CTPYKTYDY.

[opucTocTh 3aBUCHUT OT TPaHYJIOMETPHIECCKOTO, MUKPOATPEraTHOTO COCTaBa
U CTPYKTYpBI MOYBBI, OT ()OPMBI MOYBEHHBIX YACTHII, ITIOTHOCTH UX YIAKOBKH,
U B 3aBHCHMOCTH OT W3MECHEHHS BOJOMPOYHOCTH CTPYKTYPHI IIOYBBHI MEHSIIOTCS
MOPUCTOCTh U YCTOMYMBOCTD TIOYBBI K Pa3MBIBAIOIIEMY JCHCTBHIO BOJAHOTO II0-
ToKa Tipu opoireHuu [13]. Hanbonpiee 3Hau€HHE TOPUCTOCTH, MPH TUIOTHOCTH
TBepIOoH (aser 2,65-2,67 r/cM>, OTMEUEHO HAa HeopomiaeMoM (IIeIMHA) BApUAHTE
(49-55%), B maBHOOpOIIaEMOM (MPPUTAITHIOHHO-aKKyMYIISATUBHEIN) — CHIDKACTCS
10 47-49%. Ilo cpaBHEHHIO C HOBOOPOIIAEMbIM U JABHOOPOIIAEMBIM (HppHTa-
IUOHHO-aKKyMYJIITUBHBIM) BapHaHTaMHU IIOPUCTOCTH HA OPOIIAEMOM BapHaHTE
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MIpY TUIOTHOCTH TBEPIO# (a3er 2,66—2,77 r/cM® COOTBETCTBOBAIA B TIpeaeiiax JI0-
MMyCTUMBIX ONTUMaJIbHBIX 3HaueHui (51-52%).

Taonuma6b6[Table6]
JdoHHasi pa3sMBbIBaOIIasi CKOPOCTH MOTOKA PHIXJILIX IAXOTHHIX TOPU30HTOB

CEPO-KOPUYHEBBIX IMOYB B 3ABHCUMOCTH OT JTABHOCTH OPOINCHUSA
[Bottom flow erosive velocity of loose arable horizons
of Grey Cinnamonic soils depending on the age of irrigation]

[TouBbI, TABHOCTH OpOIIEHHS, arpoGoH
[Soils, duration of irrigation,
agricultural background]

JloHHas pa3MbIBaroIas
CKOPOCTb IIOTOKA, M/C
[Bottom erosion
flow rate, m/s]
[InoTHOCTE TBEPAOH
(ba3bl ouBHI, T/CM3
[Density of the solid
phase of soil, g/cm?]
ITopucrocts arperaron
[Porosity of aggregates], %

Cepo-kopuuneBas (uennHa) [Grey Cinnamonic] (virgin
soils): TIONIBIHE TOpBKast [Artemisia absinthium), Gopomad
0OBIKHOBEHHBIH [Andropogon ischaemum), oBcsiHULIA 0,070 2,67 55
KameHwucrtas [Festuca sulcata), npIpeit mon3ydauii

[Elymus repens], ceunopoit mansaatsiit [Cynodon dactylon],
KOBBUIb BOJIOCATHK [Stipa cappilata], MSTIVK TyKOBUYIHBIN
[Poa annual; nonbisb ropbkast [Artemisia absinthium], 0,072 2,65 49
MBIIIEXBOCTHUK MalleHbKUU [Myosurus minimus),
MOXKEBEJIBHUK OOBIKHOBEHHBIN [Juniperus com-

munis), poTOTIaBHYUK STMUKOBUAHEIH [ Ceratocephala
testiculata], kOBBUIb BosIOCATUK [Stipa cappilata]
Hosoopmaemsie (20-25 set) [Newly irrigated Grey Cinnamon-

ic] (20-25 years old): xyomyatauk [Gossypium tomentosum], 0,048 2,73 50
ToMarsl [Solanum lycopersicum], kykypy3a [Zea mays];

TBepaas muenuna [ Triticum durum], Kykypy3a [Zea mays]; 0,048 2,60 51
poxb [Secale cereale], xnmomyarauk [Gossypium

tomentosum], Tomatsl [Solanum lycopersicum], 0,049 2,72 50

TBepaas muenuua [ Triticum durum]

Oporaemsie (okoso 100 set) [Irrigated Grey Cinnamonic]
(about 100 years old): Poxs [Secale cereale] + Buka o3umas 0,063 2,66 52
[Vicia villosa] + panc [Brassica napus L.] — kyKypy3a
[Zea mays] + cos xynsrypHas [Glycine max] + copro
IByLBETHOE [Sorghum bicolor] + amapaHT GarpsiHbIN
[Amaranhtus cruentus] — ssYMeHb OOBIKHOBEHHBIN
[Hordeum vulgare] + Buka ozumas [ Vicia villosal;
Poxsb [Secale cereale], xykypy3a [Zea mays], cos 0,050 2,73 51
KyaeTypHas [Glycine max], morepHa NOoceBHAast
[Medicago sativa], xnomuatauk [ Gossypium tomento-
sum), aMapaHT OarpsHblil [Amaranhtus cruentus);
Poxb [Secale cereale], xnomuarauk [ Gossypium tomen- 0,049 2,72 48
tosum], TBepaas mmennua [ Triticum durum), Kykypysa
[Zea mays], amapanT OarpsiHblil [Amaranhtus cruentus)
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OkoHuaHnue Taba. 6 [Table6 (end)]
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[Soils, duration of irrigation, 8 Eg8 é z B3l AP
agricultural background] 285 oE2% 3%
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JlaBHOOpIIaeMble (MPPUTAllHOHHO-AKKYMYJISITHBHBIE)
(6omee 300 net) [For a long-irrigated Grey Cinnamonic] (over
300 years old): monepHa nocesHas [Medicago sativa]; 0,050 2,71 49
TBepaas mineHuna [ Triticum durum), XJIOMUATHUK
[Gossypium tomentosum], Tomatsl [Solanum lycopersicum], 0,048 2,70 47

KyKypy3a [Zea mays], cost kynbTypHast [Glycine max]
JaBHOOpIIaeMbIe (MPPUTAlIHOHHO-aKKYMYJISITHBHBIC)
(6onee 300 set) [For a long time-irrigated

Grey Cinnamonic] (over 300 years old): JIfoIlepHa IOCEBHAS 0,049 2,70 49
[Medicago sativa), poxs [Secale cereale], xnom4aTHuK
[Gossypium tomentosum], Tomatsl [Solanum lycopersicum];
monepHa nocesHas [Medicago sativa], cost KyabTypHast 0,048 2,71 49
[Glycine max], Tomarsl [Solanum lycopersicum), Kykypy3a
[Zea mays], xnonyatHuk [ Gossypium tomentosum)]

BaxHBIM KOJIMYECTBEHHBIM INapaMEeTPOM IMOYBEHHOH CTPYKTYpBHI SIBISIETCS
CPEIHEB3BEUICHHBIN JUaMETP BOJOYCTOMYMBEIX arperaTroB, KOTOPBIA UMEET 3Ha-
YUTEJIbHYIO IPOCTPAHCTBEHHYIO U BPEMEHHYIO H3MEHUUBOCTS [13, 46]. YcTaHoB-
JICHO, YTO HanOOJBINAs BEMUMHA CPEAHEB3BEIICHHOTO JHaMeTpa BOIOYCTONIHN-
BBIX arperaroB OTMEUEHA B IIETIMHHBIX CepO-KOpUUHEBbIX nouBax (0,67—0,74 Mm).
[Ipu comocraBneHNH MOTYICHHBIX JaHHBIX HAOIIOMAETCS 3aKOHOMEPHOE YMEHB-
HIEHUE HTOTO MOKAa3aTess OT LIEIMHHOTO BapUaHTa K HOBOOPOILIAEMOMY U Jaiee K
JABHOOPOIIaeMOMY (MpPHUTAIMOHHO-aKKyMYJIATUBHON ) BapuanTaMm (ot 0,67-0,74
10 0,27-0,31 mMm) (puc. 1), T.e. 4eM OombllIe TOYBA NOABEPKEHA UPPUTALIMOHHON
9PO3HH, TEM MEHBIIE CPEIHEB3BEIICHHBII JHaMETP BOIOYCTOHINBEIX arperaTos.

Bonbimii cpeHEeB3BEIICHHBIH THaMeTp BOJOYCTONUUBBIX arperaroB y LEJIUH-
HBIX II0YB IO CPAaBHEHHIO C HOBOOPOIIIAEMBIMH, OPOIIAMBIMHE F TaBHOOPOIIIaEMEI-
MH (MPPUTAIMOHHO-aKKyMYJISITUBHBIMU ) CEPO-KOPUYHEBBIMU IIOUBAMH OOBSICHSIET-
CsI TEM, UTO B BEPXHEM CIIO€ ITOYBHI B (DOPMUPOBAHUH BOIOYCTOWIHNBOH CTPYKTYPHI
3HAYUTEbHAS. POJIb MPUHAUISKUT IyMmycy. IIpu onpeneneHUH NpOTUBOIPO3UOH-
HOW CTOHKOCTH K pa3MbIBAOIIEH CKOPOCTH TIOTOKA BBISBICHO, YTO HAHOOJbIIIECH Be-
JTUYUHBI 005111 LIeJMHHBIE cepo-KopuyHeBble mouBkl — 0,0710+0,102) (Tabm. 7).

Bricokast cCOmpoTHBIISIEMOCTE pa3MbIBY JaHHBIX MTOYB, OYEBHIHO, CBSI3aHA C
OTHOCHUTEIBHO BBICOKUM COJICP)KaHHEM I'yMyca, HU3KOH IJIOTHOCTBIO CIOXKEHUS
MIOYBEI, CIIOCOOHBIX CO3JaTh BOJOIPOYHYIO CTPYKTYpY. Bemuanna pa3meIBaromieit
CKOPOCTH ITOTOKAa HOBOPOOIIIAEMBIX CEPO-KOPUUHEBBIX IIOYB IIPH COMOCTABICHUU
¢ nenuaaeiMy Ha 0,025 M/c MeHbIIE.
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d, mm

0.70 —
0.65 —|
0.60 —|
055 —
050 —|
045 —
040 — I
035 —|
030 —|
025 —|
020 —|
015 —

T
1

T
2

T
3

T
4

Puc. 1. 3aBUCUMOCTb CpeTHEB3BELIEHHOTO JUaMETpa BOIOYCTOHUUBBIX arperaTton
CepOo-KOPUUHEBOH MOYBBI B 3aBUCUMOCTHU OT IaBHOCTH opolueHus. [1o ocu opauHar —
CpeIHEeB3BEIICHHBII AUaMeTp BOJOYCTONUYHMBBIX arperaros (d, Mm); 1o ocu
abcuucce (mousa): 1 — nenuHa; 2 — HoBoopouraembie (20-25 net); 3 — oporaembie
(oxono 100 net); 4 — naBHOOpOLIAEMBIE (UPPUTALMOHHO-aKKYMYIIITUBHBIE)
(6omee 300 ner). I — maxoTHsIit ropu30HT; II — MOAMAaXOTHBI TOPH30HT
Fig. 1. The weighted average diameter of water-resistant aggregates
of Grey Cinnamonic soils depending on the age of irrigation.

Y axis - the weighted average diameter of water-resistant aggregates (d, mm); X axis - (soil): 1 - Virgin,
2 - Newly irrigated (20-25 years old), 3 - Irrigated (about 100 years old), 4 - Long-irrigated
(irrigation-accumulative) (over 300 years old). I - Arable horizon; II - Subsurface horizon

Cinnamonic soils depending on the age of irrigation|]

Taonuma7[Table7]

IIpoTHB0O3PO3HMOHHAA CTOMKOCTD PHIXJIbIX NAXOTHBIX TOPU30HTOB

CEPO-KOPHYHEBLIX MOYB B 3aBUCHMOCTH OT JaBHOCTH OPOIIECHHS
[Anti-erosion resistance of loose arable horizons of Grey

CpenHss BbIcOTa

Yucio Pa3meiBaromas
oBpasiion, J—— BBICTYITIOB
HOTOKA. M/C IEPOXOBAaTOCTH, MM
ITouBs! [Soils] [NmTi) [Blumng’ fiow [Average height
umber of the roughness
of samples, speed, m/s] profrusions, mm]
pes.] MEm,, MEm,,
Cepo-ropunesas (uenina) 20 0,0710+0,102 0,40+0,75
[Grey Cinnamonic (virgin soils)]
Hogoopiaemsie cepo-
Kopuunesbie (20-25 ger) 26 0,0485+0,098 0,083
[Newly irrigated Grey Cinnamonic
(20-25 years old)]
OpotaeMble cepo-KOPUIHEBBIE,
(oxono 100 ner) 25 0,05400,116 0,25£0,91
[Irrigated Grey Cinnamonic]
(about 100 years old)]
JlaBHOOp11aEMBIE CEPO-
KOpPHYHEBBIE (MPPUTALIIOHHO-
akkyMmymsTHBHEIE) (6omee 300 net) 31 0,0495+0,079 0,27+0,074

[For a long time-irrigated
Grey Cinnamonic (over 300 years old)]
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U3 oporraeMbix cepo-KOPUIHEBBIX MTOYB HAHOOJBIIEH pa3MbIBaIOIIeld CKOPO-
CTBIO MTOTOKA OTIHYaeTcs opolraeMblii BapuadT (0,054 m/c), a HauMeHbIIel — HO-
Boopomiaemblit (0,04—0,05 m/c). OmHako 1o KiacCH()UKAIMU OPOIIaeMbIX TIOYB
AszepbaiixaHa IPOTUBOIPO3MOHHON CTOMKOCTH MO MATHOAIBHON IIKaJle Opo-
IaeMblii ¥ JaBHOOPOIIAeMbIH (MpPHTAllHOHHO-aKKyMYJISITHBHEIN) BapHUaHTHI
OLIEHUBAIOTCSI KaK CPEIHHE.

[lepoxoBaToCTh OTpakaeT COCTOSHHE IIOBEPXHOCTH MOYBEI U ITO3BOJISIET OLIe-
HUTH TOTCHI[MAIBHBIC MOTEPH MOYB OT BOAHOU 3PO3MHU. AHAIHM3 MOJYYCHHBIX
JaHHBIX IO IIEPOXOBATOCTH MOBEPXHOCTH OPOIIAEMBIX CEPO-KOPHIHEBHIX IOYB
(Tabmn. 7), moKa3bIBAET, YTO IO CPEAHECTATUCTUUECKUM 3HAUCHUSM HauOONIbIIas
CpenmHss BEICOTa BBICTYIIOB IIEPOXOBATOCTH OTMEUEHA B TaBHOOPOIIaeMOM (Hp-
PHUrallMOHHO-aKKyMYJIITUBHOM) BapuaHte (0,27 MM), 3aTeM clieyeT OpOIIaeMBblil
BapuanT (0,25 MM), a HanMeHbIass — B HoBoopomaemoMm BapuaHte (0,19 mm).
BbIsiBNIEHO, UTO HAUMEHBINAS PA3MBIBAIOIIAsl CKOPOCTh OTOKA U CPEAHSS BHICOTA
BEICTYIIOB IIEPOXOBATOCTH OTMEYAIOTCS B JABHOOPOIIAEMOM (MPPHUTaliOHHO-aK-
KyMyJIATUBHOM) BapuaHTe. Kak BHIHO U3 Tabn. 7, MO Mepe YBEIUYCHUS UHTCH-
CHBHOCTH Pa3BUTHS SPO3NOHHBIX MPOIIECCOB TPH MTOJIUBE M JABHOCTH OPOIICHHUS
IPOTUBO3PO3UOHHASL CTOMKOCTh OPOIIAEMBIX ITOYB YMEHBIIAETCS.

BriBoabI

1. Opo3ust cepo-kopuuHeBbIX MouB (mo kiaccuguxamuu CCCP — Grey-
cinnamonic soils /Luvic Calcicoils/ Luvi-Calcic Kastanozems, AsepOaiimkana —
Grey Cinnamonic, WRB (2014) — Haplic Kastanozems/ Haplic Calcisols) B cyxoii
cyOTpornmaeckoi 30He AszepOaiipkaHa UMeeT 3HAYUTEIBFHOE PACIpOCTpaHeHHe, U
OpOLICHNE 0Ka3aJI0 3HAYNUTENILHOE BIMSHUE Ha ITPOLIECCH M CBOMCTBA JAHHBIX MOYB.

2. BBIsIBIIEHO, YTO BCIIEACTBUE YMEHBIICHUS coaepkaHus rymyca (2,21%) Bo-
JonpovHasi cTpykrypa (35,83%) HOBOOpOIIaeMbIX IOYB UMeEJIAa HU3KYIO IPOTHBO-
3pOo3uOHHYI0 cTOMKOCTE (0,048-0,049 M/c), YeM IlemUHHBIE, OpolIacMbIe U JaB-
HOOpoOIaeMble (MPPUraliOHHO-aKKYMYJIATHBHBIE).

OTMeueHO yMEHBIICHHE BEIMYMHBI CPETHEB3BEUICHHOTO IHWaMeTpa BOIO-
MPOYHBIX arperatoB oT HenuHHbIX (0,6—0,74 MM) K JaBHOOpOIIAEMBbIM (MppHra-
IMOHHO-aKKyMyJIATUBHBIM) (0,31 MM) 1 HOBoopomiaeMbiM rmouBam (0,27 Mm).

3. YcraHOBIEHO, YTO U3 OPOILAEMBIX TIOYB HAMOOJNBIIEH Pa3MbIBAIOIIEH CKO-
poctero notoka (0,054 M/c) Tpu cpeHECTATUCTHYSCKOM 3HAUYCHUH 110 BBICOTE
BBICTYIOB ImiepoxoBaTocTd 0,25 MM oTnyaics opomaemblii BapuanT. Ho mo
KJIacCHU(HKAIIIH OpPOIIaeMBIX TOUB A3epOaiikana 3HaYeHUE MPOTUBOIPO3NOH-
HOM CTOWKOCTH 1O MATHOAIILHOH IIKajle OLIEHUBAETCS KaK Cpe/lHee.

4. Cepo-KOpHUYHEBBIE TIOUBEI B 3aBUCHMOCTH OT JaBHOCTH OPOIICHHUS MOYKHO
PactoJIOKUTh B PAZ B MOPSJKE CHIDKEHHS IPOTMBOAPO3MOHHON CTOMKOCTH: 11e-
nuHa — opomiaeMble (okoo 100 et) — maBHOOpoIIaeMeie (6onee 300 ser) —
HoBoopomaeMsle (2025 net). [IpoBeaeHHas ctaTucTudeckasi 00paboTKa MOIy-
YCHHBIX JAHHBIX TOATBEPKIACT MX TOCTOBEPHOCTb.
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5. Ha ocHOBaHMY TIOIyYEHHBIX PE3yIBTaTOB OMPENENIEHO MECTO CepO-KOpHU-
HEBBIX IIOYB B 3aBUCUMOCTH OT JJABHOCTH OPOIICHHS B CUCTEME MEKTyHAPOTHOM
knaccuduranua WRB (2014):

— LEJIUHA, HACLIWEeHHAs 2llee6as KapOOHAMHASL MANCENO-CYNUHUCAS CepO-
xopuunesas nousa (Virgin soils, Saturated gley calcareous heavy loamy — Duric
Gleyic Calcic Kastanozems (Loamic));

— HOBOOpIIIaeMbIe cepo-KopuaHeBbie (20-25 net), mownas Hosas opouiaemas
KapboHamuas msaxceno-cyenunucmasn cepo-kopuunesasn nousa (Newly irrigated
Grey Cinnamonic (20-25 years old), Powerful new irrigated calcareous heavy
loamy Grey Cinnamonic-Someric Calcic Kastanozems (Loamic));

— opolnaemasi cepo-kopuaHeBas rmousa (okoio 100 ser), mowHas okyavmyper-
Has opoulaemas KapOOHAMHAS MANCENO0-CY2IUHUCIAS Cepo-KOPUUHEsds no4ea
(Irrigated Grey Cinnamonic (about 100 years old), Powerful cultivated irrigated
calcareous heavy loamy-Someric Kastanozems (Anthric, Loamic));

— IaBHOOPIIAEMBIE CEPO-KOPUYHEBBIE (MPPUTAIIOHHO-aKKyMYJISITHBHBIC)
(6onmee 300 ner), mowHas eneegas OKYIbMYPEHHAS OABHO Opoulaemas Kap-
bonamuas msiceno-cyenunucmas cepo-kopuyrnesas nousa (For a long time-
irrigated Grey Cinnamonic (over 300 years old), Powerful gley cultivated for a
long time irrigated calcareous heavy loamy Grey Cinnamonic-Gleyic Petrocalcic
Kastanozems (Anthric, Loamic)).
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Changes in anti-erosion resistance of irrigated grey Cinnomanic soils
of the dry subtropical zone of Azerbaijan depending on the age of irrigation

The dry subtropical zone of Azerbaijan is located in an erosion-hazardous zone,
and irrigation erosion manifests itself on an area of more than 255 thousand hectares.
The damage caused by irrigation erosion to the agriculture of the republic is manifested
not only in the destruction of the soil structure, but also in the removal of nutrients
from the soil. At the same time, the patterns of change in the anti-erosion resistance
of grey Cinnomanic soils /Luvic Calcisols /Luvic-Calcic Kastanozems (according to
the classification of the USSR), grey Cinnamonic soils (according to the classification
of Azerbaijan), (on WRB (2014)-Haplic Kastanozems / Haplic Calcisols) in the dry
subtropical zone of Azerbaijan, depending on the age of irrigation, are diverse and not
fully studied. Therefore, conducting research in this direction and assessing the anti-
erosion resistance of grey Cinnamonic soils is relevant for Azerbaijan.

The aim of this research is to study the changing of the anti-erosion resistance of
irrigated grey Cinnomanic soils in the foothill and plain areas of the dry subtropical
zone of the republic, depending on the age of irrigation. Based on the results obtained,
the place of grey Cinnomanic soils in the international classification system WRB
(2014) was determined. The research was carried out on grey Cinnomanic soils of
heavy loamy and light clayey granulometric composition of the foothills and plains
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of the dry subtropical zone of different irrigation periods, in the territories: Grey
Cinnomanic (virgin soils) — Beylagan (39°46'02.2"N, 47°36'13.3"E) and Yevlakh region
(40°60'67.75"N, 47°17'02.71"E); Newly Irrigated Grey Cinnamonic (20-25 years old) —
Agdash region (40°6324.62"N, 47°49'11.92"E) and Geokchay region (40°37'10.5"N,
47°44'29.5"E); Irrigated Grey Cinnamonic (about 100 years old) — Bilasuvar
(39°48'36.49"N, 48°43'35.24"E), Yevlakh (40°44'34.18"N, 46°96'51.13"E), kshu
(40°55'39.53"N, 48°35'04.18"E), and Aghstafa region (41°06'11.17"N, 45°28'07.32"E);
For a Long Time-Irrigated Grey Cinnamonic (about 300 years old) — Bilasuvar
(39°44'25.56"N, 48°42'52.72"E) and Beylagan region (39°76'45.13"N, 47°59'13.50"E).

The research methods are comparative-geographical (geographical patterns of
distribution of these soils according to the granulometric competition and humus
content of the arable horizon) and comparative-analytical. On the plots, soil sections
were laid, a morphological description was carried out, soil samples were taken from
the genetic horizons (Field guide of soils in Russia (2008), FAO. Guidelines for soil
description (2006), IUSS Working Group WRB. World Reference Base of Soil Resources
2014, update 2015, Kallas and Tanzybayev (2001)). The anti-erosion resistance of soils
was determined by the bottom erosion flow rate-according to Kuznetsov MS. (1981),
the water resistance of the aggregates — by methods of dry and “wet” aggregate analysis
according to Savvinov, the specific gravity of the solid phase — by the pycnometric
method, the granulometric compotition — by the pipette method, soil density — with a
drill according to the generally accepted method (Arinushkina, 1970; Vadyunina and
Korchagina, 1986]. The value of the protrusions of soil roughness was determined by
the ratio A= 0.7 4w, where g is the weighted average diameter of the water-resistant
aggregates. The value 4y was calculated based on the results of the structural analysis
of the soil by the Savvinov method at the initial moisture content W (Grigoryev and
Makkaveev, 1979), the content of total humus — according to Tyurin, modified bu
Nikitin, cellulolytic activity — by application method for the decomposition of cotton
canvases (Kazeev, Kolesnikov and Valkov, 2003).

Depending on the age of irrigation, we revealed changes in the morphological
profile of soil and qualitative indicators of physical-chemical properties of grey
Cinnamonic soils during cultivation. In newly irrigated grey Cinnamonic soils, the
cultivated layer (25-30 cm thick) is not fully formed, new arable (A1-22-27 cm) and
subsurface horizons (A2-15-16 cm) have been formed and are somewhat compacted,
the structure is deteriorated, the level of carbonate and gypsum horizons is lowered. The
profile of irrigated soils differs sharply from virgin and newly irrigated soils, has a clear
colour differentation; a cultivated layer is formed (thickness - 52-56 c¢m), the arable
horizon is A1-25-28 cm, subsoil - A2-24-26 cm, the illuvial-carbonate horizon is poorly
expressed, down to 96-101 cm. Long time-irrigated (irrigation-accumulative) soils
under the influence of long-term irrigation with turbid waters and constant cultivation
have lost the signs of zonal primary soils and acquired a special type of soil profile — a
monotonous grayish-brownish colour, uniformity of profile and composition, a fully
formed cultivated layer with a thickness of 65-70 cm; burried horizons are found at a
depth of 61-83 cm. A distinctive feature of the irrigated and irrigation-accumulative
(long-irrigated) variants of grey Cinnamonic soils — an increase in the microaggregates
content, a high content of physical clay (60.8-64.3%), which, when compared with
the non-flush type of water regime (virgin), causes not very high humus content of
the upper (0-25 and 25-50 cm of soil) horizons (2.29 and 1.78% humus), their weak
resistance to the destructive action of water (See Tables 2 and 3). The content of water-
resisant aggregates >0.25 mm in layers (0.25 cm) of the soil in comparison with virgin
(54.08%) decreases to 35.83% in newly irrigated, in irrigated - to 38.23 % and in
irrigation-accumulative (long-irrigated) - up to 40.40% (See Table 4); the highest values
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of the coefficient of variation of density (CV = 13.54), with a standard deviation (SD =
0.161) are observed in newly irrigated soils (See Table 5).

A high bottom erosive flow rate was noted in virgin soils is 0.070-0.072 m/s,
somewhat less - in irrigated (0.050—-0.063 m/s), in long-irrigated (irrigation-accumulative)
(0.048-0.050 m/s) and in newly irrigated soils - 0.048-0.049 m/s (See Table 6). The
highest value of porosity, with a solid phase density of 2.65-2.67 g/cm?, is noted on
non-irrigated (virgin) soils (49-55%), in long-irrigated (irrigation-accumulative) soils,
it decreases to 47-49%, and on irrigated at a solid phase density of 2.66-2.77 g/cm?
corresponded within the permissible values (51-52%) (See Table 6). The values of
the weighted average diameter of water-resistant aggregates decreased from virgin
to newly irrigated and to long-irrigated (irrigation-accumulative) soils (from 0.67-
0.74 mm to 0.27-0.31 mm) (See Fig. 1). The highest value of the ratio of anti-erosion
resistance to erosion flow velocity was observed for virgin grey Cinnamonic soils
(0,0710£0,102 m/s). The maximum average height of roughness protrusions was noted
in long-irrigated (irrigation-accumulative) soils (0.27 mm), then irrigated (0.25 mm),
and the smallest - in newly irrigated (0.19 mm) soils (See Table 7).

We revealed that depending on the age of their irrigation, the anti-erosion resistance
of grey Cinnamonic soils, as the bottom erosion flow rate and anti-erosion resistance
decrease, can be arranged in the following row: virgin soils — irrigated — long-
irrigated — newly irrigated.

Based on the results obtained, we determined the place of grey Cinnamonic soils
in the international classification system WRB (2014): Virgin soils - Saturated gley
calcareous heavy loamy - Duric Gleyic Calcic Kastanozems (Loamic); Newly irrigated
Grey Cinnamonic (20-25 years old) - Powerful new irrigated calcarecous heavy loamy
Grey Cinnamonic - Someric Calcic Kastanozems (Loamic); Irrigated Grey Cinnamonic
(about 100 years old) - Powerful cultivated irrigated calcareous heavy loamy - Someric
Kastanozems (Anthric, Loamic); For a long time-irrigated Grey Cinnamonic (over
300 years old) - Powerful gley cultivated for a long time irrigated calcareous heavy
loamy Grey Cinnamonic - Gleyic Petrocalcic Kastanozems (Anthric, Loamic).

The paper contains 1 Figures, 7 Tables, and 46 References.

Key words: Grey Cinnamonic soils/Luvic Calcisols/ Luvic-Calcic Kastanozems
(according to the classification of the USSR), grey Cinnamonic soils (according to
the classification of Azerbaijan), (on WRB (2014)-Haplic Kastanozems / Haplic
Calcisols); the age of irrigation, irrigation erosion, humus; water-resistant aggregates;
erosion resistance, Duric Gleyic Calcic Kastanozems (Loamic), Someric Kastanozems
(Anthric, Loamic), Gleyic Petrocalcic Kastanozems (Anthric, Loamic).
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Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2021. Ne 56. C. 60-85

BUOTEXHOJIOI'USA 1 MUKPOBHOJIOT U

VK 606:579.852.11+66.911.38(571.1)
doi: 10.17223/19988591/56/3

N.C. Auapeesa', A.C. Cadaros!, JL.U. Ilyukosal,
E.K. EmenssinoBa’?, H.A. CosioBbsinoBa’, I.A. Bypsak', B.A. TepHoBoii'

"Tocyoapcmeennblil HayuHblLil yeHmp eupyconocuu u buomexnonro2uu « Bekmopy
Pocnompebraoszopa, p.n. Konvyoso Hosocubupcroii obnacmu, Poccus
2Hosocubupckuti 20¢y0apcmeeHHbill MeOUYUHCKUL YHUBEPCUMem
Mumn3zopaea, e. Hosocubupck, Poccus

BcerpeuaemocThb n cBOlcTBA 0aKTepHii LiepeyCHOM IPyNnbl
B a3p030./1X atMochepHoro Bo3ayxa Hosocubdupckoii o6aactu

Pabora BeImosHEeHa Npy ozAepkke [ocyaapcTBeHHOTO 3aMaHus
«Hzydyenne 6ropa3sHo0Opa3ust MUKPOOPIaHM3MOB B aTMOC(HEPHBIX a3pO30IIIX»
OrtpacneBoii Hay4HO-HCCIIEeI0BaTENbCKOH TporpaMMel PocriorpebHanzopa
Ha 2016-2020 rT. «IIpobireMHO-OpUEeHTHPOBAHHEIE HAyYHbIE HCCIEJOBAHNS B 00JIaCTH
SMHA. Ha30pa 3a HHPEKIMOHHBIMH 1 IIapa3UTaPHBIMU 0O0JIE3HAMMY, 11. 2.4.6.

Ilpedcmasnenvl  Oanmvle nO  6CmMpedaeMocmu U ONPeOeleHulo  COUCMS
cnopoobpasytouwux Oaxkmepuii epynnvl Bacillus cereus 6 obpasyax manouszyueHHwix
6bicomHbIX  ammocgepnvix asposoneii Hosocubupckoii obracmu, nonyueHHvix npu
camonemmom 30HOUPOBAHUL AMMOChepbl, U 8 adPO30IAX, OMOOPAHHBIX 8 NPUIEMHOM
croe 8030yxa amoeo e pecuona. baxmepuu yepeycrnoii epynnot Bacillus cereus (Bc)
u Bacillus thuringiensis (Bt), noosudog Bt ssp. kurstaki, Bt ssp. galleriae, a maxkoice
uzonamul Bt ¢ neonpedenennvim cepomunom, oOHapyscentvle KAK 6 bICOMMHbIX, MAK
U 6 NPU3EMHBIX ABPO30NAX, NPOAGIANU BbICOKYIO AHMUOUOMUUECKYIO AKMUBHOCHb K
Mmukpoopearuzmam pooa Staphylococcus, Candida, Bacillus, nonupesucmenmuocms no
omuowenuio Kk anmubuomuxam. [Ipu ucciedoeanuu GUOXUMULECKUX NPUZHAKOG bakmepull
OaHHOU 2pYnnbl  OOHAPYIICEHBI WIMAMMbL, 00nadarwue blcoKou ¢hocghamasnotl,
NpomMeonumu4ecKol, TUNOIUMUIecKoll U amMuloIumuyeckol akmusiocmamu npu pH 5,0—
9,0, umo mooicem 6vIMb UCNONTBL306AHO 8 DUOMEXHON02UL OISt PAZPAOOMKU NPOOYYEHNO8
hepmenmos. Yemarnosneno, umo danHvle 6akmepuu npoOyyupyiom maxue epmenmol
azpeccuu, Kax goconunasvl, 2eMOIUUHbBL, NPOMEA3bl, HYKIEOTUMUYecKue pepmenmel,
AGNAIOWUECS  NPUSHAKAMU — namozeHHocmy. Beisenen wmamm  B.  thuringiensis,
obnadarowuil  ebipadicenHou cekpeyueli komniexkca PHKa3z, —nepcnexmuenviii  0ns
paspabomiu npomugosupycHulx npenapamos npomus PHK-cooepoicawux eupycos.

KuawueBble caoBa: Bacillus cereus; Bacillus thuringiensis;, 0u0a’po30iu
arMocdepsl;  cnopoobpasyiomie  Oakrepud;  (epMEHTAaTHBHAs  AKTHBHOCTE;
AQHTHOMOTHYECKAs aAKTHBHOCTD

Js mutupoBanus: Anznpeea 1.C., Cadaro A.C., Ilyukosa JL.U., EmenssnoBa E.K.,
ConosbsinoBa H A, Bypsik I A., Teprosoii B.A. BcrpedaemocTs 1 cBolicTBa GakTepHii IiepeyCcHOMH
IPYNIBI B a3po30iix arMocgepHoro Bo3ayxa Hosocubupckoit obmactu // Bectuk Tomckoro
rocynapcTBeHHOro yausepcurera. bruomorms. 2021. Ne 56. C. 60-85. doi: 10.17223/19988591/56/3
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BBenenune

CocTaB U CTpyKTypa cooluiecTB OakTepuil, BXOASIIUX B COCTaB O10a’po30-
neit, popmMupyeTcs 1Moy BO3AeHCTBIEM MHOTOKOMITOHEHTHBIX,, MEHSIOIINXCS (hak-
TOPOB CpEbl, BKIIOYAIOIINX MMOTOJHBIE YCIOBHUSA, Teorpaguueckoe MoloXKeHue,
BpeMsI CYTOK, CE€30H T0f[a, COCTaB aTMOC(epsl, HATMINE TOYECIHBIX NCTOYHHUKOB
MUKpoopranu3MoB [ 1, 2]. Ciopoobpa3yromiue 6akrepun rpymmsl Bacillus cereus,
HMEIOIIIE OONIBIIOE YKOHOMIYECKOE, METUIIMHCKOE W OMOJIOTHIEeCKOe 3HAYCHNE,
BCTPEYAIOTCA MOBCEMECTHO B TIOYBAX M BO3/AYXE, B TOM YHCIE B a’3pO30JIAX IIy-
CTBHIHHBIX [3] ¥ Tponuueckux [4] MIHUPOT, OOHAPY)KUBAIOTCS B COCTABE «OPTaHU-
YEeCKOI» MBUIH, BO3ACUCTBYIOIICH Ha pabounX, CBA3aHHBIX C PACTEHHUEBOJCTBOM
1 TIPOU3BOJICTBOM CEIBCKOXO3SHCTBEHHOH MPOIYKIIMK BO BPeMsI MOJIEBEIX padboT
[5], 1 MOryT OBITH NMPUYMHOM BO3HHKHOBEHUS HH(DEKLIMOHHBIX 3a001E€BaHUM.
TpaHCTIOPTHEIA TIEPEHOC MUKPOOPTAaHI3MOB B aTMoc(epe PUKCHpyeTcs Ha 3Ha-
YUTEbHBIE paccTOsHU. Hampumep, IIMHA TPAeKTOPUHU MEPEeHOCa BO3IYIIHBIX
Macc, cofepkamux OakTepun IepeycHOH Ipymmsl, ¢ fora 3amagaoi Cudbupu 1o
Anonun B Teuenue 93 4 coctasuia 4 700 km [6]. Kpome nepeHoca Ha nanbHue
PaCCTOSIHUSA, CITOPOOOpa3yoIre OaKTEpUH CIIOCOOHBI OCTaBAThCS KUIHECTIOCO0-
HBIMU U TIOCJI€ BEPTHKAIBHBIX MOABEMOB Ha BbIcOTY 10 20 kM [7, 8], uTO ne-
MOHCTPHPYET X yCTOHYMBOCTh K YD-uHIyMpoBanHOMY noBpexaeanto JJHK,
BBICYIIMBAaHUIO U dKCTPEMalbHBIM TeMmepaTrypaM [9]. 3HauuTeabHOe BHUMaHHUE
HCcIeIoBaTeNeil MPUBIEKIIN COOBITHS, CBSI3aHHBIC C ITBUTBIO B A3HH U IIEPEHOCOM
ee B JApYyrue PeruoHbl, M3-3a UX HEOIarompusaTHOTO BO3ACHCTBHUS Ha SKOCHCTE-
MBI U 310pOBbe uenoBeka. OTHOCHTEbHAS YUCICHHOCTE BUIOB Firmicutes Cy-
LIECTBEHHO yBeIUYMIIach B MbUIEBBIX oOpasuax (44,3 = 5,0%) no cpaBHEHHIO C
MECTHBIMHU 00pasnamu 6e3 meiiu (27,8 £ 4,3%) [10].

B uepeychyo rpymnmy Oanuii g0 HEJaBHEro BpeMEHHM BKIodain 12 BU-
noB pona Bacillus: B. cereus, B. thuringiensis, B. anthracis, B. mycoides,
B. pseudomycoides, B. weihenstephanensis, B. gaemokensis, B. manliponensis,
B. cytotoxicus, B. toyonensis, B. bingmayongensis, B. wiedmannii. C 2017 1.
B OTy TpyMIly OTHECEHHI emle 9 HOBBIX BUAOB: B. paranthracis, B. pacificus,
B. tropicus, B. albus, B. mobilis, B. luti, B. proteolyticus, B. nitratireducens,
B. paramycoides [11]. IlpencraButenu nepeycHou rpynmsl B. cereus, B. mycoides,
B. weihenstephanensis, B. wiedmannii, B. cytotoxicus AIMEIOT TeIbIA PSJI TIaTO-
TeHHBIX NPU3HAKOB, BKIIOYAs aAre3WHBI, YHTEPOTOKCUHBI, T€MOJIM3HHBI, SBIIS-
FOTCS TIPUYMHON MOPYM MUIIEBBIX MPOAYKTOB [12]. B. anthracis — Bo30yauTeNb
CUOUPCKOIL A3BBL, B. thuringiensis — aTOreH HACEKOMBIX, UCIIOJIb3yEMBIN B Kaue-
CTBe OMOKOHTpoJIMpyIoliero arenra [ 13]. TemneparypHbIid ONTHMYM pocTa 00JTb-
LIMHCTBA MPEJCTABUTENEH LIePEyCHOM TPyl OaKTepUil TO3BOJISIET OTHECTH UX
K Me30puIaM, OMHAKO B. weihenstephanensis, B. wiedmannii — nicuxpotoie-
paHTHBIE, a B. cytotoxicus — TepMOTONiepaHTHbIE MUKpoopranusmel [14]. ITpu-
YaCTHOCTh OaKkTepuu B. cereus K MHINEBBIM OTPABICHUSAM n3BecTHa ¢ 1950-X IT.
MuKpoopranu3Mbl 3TOTO BUIa MOTYT BBI3BIBaTh TUapelo, 3a00sieBaHue, TOX0XKee
Ha Ta30BYIO TaHTPEHY, THCBMOHHIO, MCHUHTUTHI, CENTUIIEMHUIO, OaKTePHEMHUIO,
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SHIO(TAIBEMHAT, SHIOKAPINT, CAITBITNHTUT, KO>KHBIE HH(EKINH, HHPHIIIPOBAHIE MO-
YEBBIJIETUTENBFHOTO TPAKTa, BCTPEYaThcsa B BUAE HO30KOMHAIbHBIX HHpeKiwmii [15].

Bricokast pepMeHTaTHBHAs, aHTHOMOTHYECKAS,, HHCCKTUIMIHAS AaKTHBHOCTH
OaxTepuii LepeyCHOM TPYIIIBI HAXOAT MIUPOKOE MPUMEHEHHE B OMOTEXHOIOTHH
IUTs pa3paboTKU OMOTIpeIapaToB pa3InIHOTO Ha3HaueHus. biraronaps npogyKim
TUIPOIUTHYECKIX (PEPMEHTOB U IIUPOKOTO CIIEKTPa aHTUOMOTUYECKUX COeINHE-
HUH, METa0OIHTHI B. cereus 00Maar0T BBICOKOW aHTUMHUKPOOHOH aKTHBHOCTBIO,
B CBSI3U C 4eM OHMoMacca CIiop BBEIEHA B COCTaB TaKUX IpenapaToB-MpoOHOTH-
KOB, KaK «Toioriepun» [16], «0akTucyOTHI», «(DIOHUBII, «1Iepeodnoren» [17],
JpyTruX TpernapaToB A MeAUUWHBI U BeTtepuHapuu [18]. Lltammel B. cereus
MIATOTEHHBI IS OOJIBIIOTO KpyTa HACEKOMBIX: YCeITyeKpBUTHIX Lepidoptera, nepe-
MMOHYATOKPBUIBIX Hymenoptera, xecTKOKpelbIX Coleoptera, a Takxe Tapaka-
HOB Leucophaea maderae. Cautaior, 9to (haKTOpaMH ITaTOTEHHOCTU B. cereus
cnyxuT docdonumaza C. OnHako BEAyUIYIO pojib Cpeau Bo3OyauTeneil Oakre-
pHAIBHBIX OOJIe3HEH HACEKOMBIX HWMEET YpPe3BBIYAHO T'e€TEPOTCHHBIH TOKCH-
HONIPOAYUUPYIOIIUN BUA B. thuringiensis, ITaMMbl KOTOPOTO Pa3JIMYAIOTCA IO
enoMy paay (GU3HOIOro-OHOXUMHUYECKHUX MPU3HAKOB, CIIOCOOHOCTH K CHHTE3Y
(hepMeHTOB, OaKTEPUIITHOIOOOHBIX BEIIECTB, a TAK)Ke NHCEKTUIIUTHOCTH 1 CIIel-
npuaHOCTH K HacekoMbIM [13]. CpaBHEHHE WHCEKTHIMAHOW ¥ aHTUMHKPOOHOM
aKTUBHOCTEHl pacTBOPOB MapaclopaibHbIX BKIIOUCHU B. thuringiensis BbISBUIO
CYILIECTBOBAaHUE MPSMOM KOPPEIBIINY MEXIy HUMH. BEIICHEHO, 9T0 MOp(hOBapHI
B. thuringiensis MOTYT TIPOSIBIIATh KaK B3aUMHBIM aHTaroOHU3M, TaK U MPOTUBOMHU-
KpoOHoe Bo3neiicTBue Ha B.megaterium, B. subtilis, B. laterosporus [19].

B cBs131 ¢ HAKOMUBIIUMECS CBEICHUSIMU O BIUSTHUH MUKPOOHUOTHI aTMOC(hephl
Ha KIIMMaTHYECKHE TPOLECCH, COCOOHOCTH BEI3BIBATE AJUIEPTHUCCKHIE PEAKITIH
1 3a00JIeBaHUs YeNIOBEeKa, TPAHCIIOPTHUPOBATHCS Ha OOJBIINE PACCTOSHUS AKTHB-
HOCTB MICCIIEAOBaHNI OMOTEHHOI KOMIOHEHTHI aTMOC(EPHI B MAPE 3HAYUTENHEHO
BBIPOCJIa, B TO BpeMs Kak oOmmpHast Tepputopusi Cubupu mo-npexHeMy OTHO-
CHUTCS K MAJIOM3YYeHHBIM TeppuTopusaM. s 3anaguoit Cubupu mccienoBanus
a’po3oeil aTMocgepbl CPaBHUTEIHHO HEMHOTOYHCIICHHBI: MPOBEIEHBl MOHH-
TOPUHIOBBIE HCCJIEOBAHUS COCTaBa, KOHLUEHTPALMH KyJIbTUBUPYEMbIX MHKpO-
OpPraHU3MOB M CYMMAapHOTO Oejlka B aTMOC(EpHBIX BBICOTHBIX U IMPH3EMHBIX
aspo3oisix Hajx Kapakanckum 6opom, Ha rutomaakax B 1. Kiroun u . KosibiioBo
HoBocubupckoit 06acTu, BBIAEICHO U 0XapaKTEPU30BaHO OOJIBIIOE KOTUIECTBO
KyJIBTHBAPYEMBIX OakTepuil u rpuOoB [20—22]; ¢ mpuMeHEHHEM MOJIEKYIJISIPHO-
OHMOJIOTHYECKUX METOAOB B MPU3EMHBIX a3po30sax CHOMPCKOro peruoHa uccie-
JOBaHBI TAKCOHOMHYECKHIH COCTaB, CE30HHAS M CyTOYHAS THHAMHUKA MUKPOOHBIX
coobmecTB [23], mpoObl oToOpaHbl B Auana3zone temmneparyp 48 °C (ot 26 mo
—22 °C). 3uMoii 10 cpaBHEHUIO ¢ JieToM HaOironamu B 5—170 pa3 cHU)KEHUE BBI-
xona JIHK, u3BneuenHoil u3 Ouomaccsl, Haxojseics B Bo3ayxe. OTAenbHBIX
WCCIICIIOBAHUM O HAMUWU Bacillus cereus v IpyTHX MpeNCcTaBUTENEH epeyCHOM
TPYMIBI B a3p030JIsIX aTMOC(EepHOro Bo3ayxa TeppuTopuu 3ananHoi Cubupu B
JIuTeparype NpakTHUECKU He NPeJICTaBIIeHO.
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Bocnonmaenne HegocTaromei HHOOPMAIIIH O COCTABE, KOHIIEHTPALIUH MAKPO-
6uoTel atMocgepsl Cubupu, UMeroIel MIaHeTapHOE HKOJIOTMYECKOE 3HAYCHUE,
MTOVCK HOBBIX IITaMMOB IUIsT OOHOBJIEHUS 0a3bl MIPOLYIICHTOB OMOJIIOTHYCCKH aK-
THBHBIX BEIIECTB C PacCIINPEHHBIM AUANa30HOM JeHCTBHS, MOHUTOPHHT IIaTOTEeH-
HBIX MHKPOOPTAHI3MOB B a3pO30JISIX BO3AyXa IS MPOMIIIAKTHKH U TIPEIOTBpa-
IIeHHs 3a00IeBaHuil — 3a/1a41 ¢ BO3PACTAIOIIEH aKTyaIbHOCTBIO.

Lens naHHOTO MICCIEOOBAHMUS — ONPEIEICHIE BCTPEYaeMOCTH U CBOMCTB Oak-
TepHU TPYNITBL B. cereus B MPU3EMHBIX aTMOC(HEPHBIX a3pO30JIAX U B a3PO30IIAX
BBICOTHBIX, ITOJYYEHHBIX IIPH CAMOJICTHOM 30HIMPOBAaHUK aTMocdepsl HoBocu-
Oupckoit obacTu, pacnoiaokeHHo! Ha tore 3ananHoir Cubupu, oueHka OnoTex-
HOJIOTUYECKOTO ITOTEHIINAIIA BBIICTIEHHBIX MUKPOOHBIX H30JISATOB.

Marepuajbl 1 METOANUKH HCCJIET0BAHUS

Omobop obpazyoe asposzoneil. llpuzeMHbie PoOLI BO3IyXa OTOMpPAIN Ha BbI-
coTe 2 M B UMIIMHKEPHI ¢ pacxogoM 50 ni/MuH, cogepxamue 50 M pacTBopa
Xenkca «BIOJIOT» (Poccust), mo 30 MuH 4 paza 3a CyTKH €XEeMECSIHO Ha IIJI0-
IIaJKe, UCIONb3yeMON B KauecTBEe IMpUMepa yyacTKa ¢ aHTPOIIOTeHHOM Harpys-
Ko, pacrionioxeHHo# B 11. KombiioBo HoBocubupcekoii o6mactu. CpeqHuii 00bemM
BO3JlyXa, IPOIMYIIEHHBIN Yepe3 UMIMHIXKEP, cOCTaBsa okoso 1 500 1. Ot6op
BBICOTHBIX IIPOO aTMOC(EpPHOTO BO3IyXa OCYIIECTBIUIN Haa TeppuTopuei Kapa-
KaHckoro 6opa B 50 kM K rory or HoBocubupcka (TpaHUIIbI TPACKTOPUH MOJIETA
camornera: 54°26'38" c.m1., 82°30'47" B.11.; 54°10'55" c.m1., 81°44'00" B.11.) ¢ IOMO-
pio naboparopun «ONTHK-D», CMOHTUPOBaHHOM Ha camonete AH-30 u 3atem
Ha TVY-134. Kapakanckuii 00p UcclienoBaii Kak IpUMep OTHOCHTEIBHO YHUCTOTO
9KOJIOTHUECKOTO 3TasnoHa. [IpoOsl 0TOMpanu B AHEBHOE BpeMs, OCIE0BATEIBEHO
Ha BeicoTax 7 000, 5 500, 4 000, 2 000, 1 500, 1 000 1 500 M B Teuenne 6—10 MuH
C UCIIONIB30BAaHUEM UMIIMHIXKEPOB ¢ pacxogoM 50 i/MuH, copepxamux 50 mi
pactBopa XeHkca. B 3aBHCHMOCTH OT BpeMeHH 0TOOpa 00heM BBICOTHOU MTPOOBI
Bo3xyxa cocranisin 300-500 .

TuTp MUKPOOPTaHW3MOB B BBICOTHBIX M IPH3EMHBIX IPOOAX OMpPEACISIIA B
nepecuere Ha 1 M> aTMOC(epHOTO BO3ayXa.

O0pa3ubl aTMOC(EPHBIX adpo30JIeii B TPEX MOBTOPAX BHICEBAIN HA CTaHAAPT-
HbIE NMUTATENbHbIE Cpenbl [24]: pbIOHBIN MUTATENBHBIM arap, Kpaxmaao-aMMU-
auHBIA arap, MOoYBeHHBIN arap, cpexy Cabypo «®BYH T'HI] IIMb» (Poccus),
XKUJKYI0 U arapu3oBaHHyio cpeny LB «Difcoy (CIIA), no3Bosstomnue BbIIBUTH
MHKPOOPTaHU3MBI Pa3IMYHBIX TAKCOHOMUYECKUX Tpyn [24, 25], 1 uHKyOupoBa-
mu npu Temneparypax 28-30 u 610 °C B teuenue 3—-20 cytok. MHauBuayanb-
HBIE KOJIOHMH MHKPOOPTaHU3MOB HCITOIB30BAIH IS TOTYIEHHS YUCTHIX KyIBTYD
U MOCIEIYIONIEro aHaau3a (peHOTUNHYIECKUX CBOIcTB. Biausuue pH cpexnsl Ha
POCT MEKpPOOPTaHU3MOB OIIPEAEIUTH MPH KyJAGTHBHPOBAHUN IITAMMOB Ha BapH-
aHTax arapu3oBaHHo# cpeabl LB ¢ pH 5,0, 7,0 u 9,0. TemneparypHblii Auana3on
pocTa OIpeneTsUT IpH KyITETHBHPOBAHNH IITAMMOB Ha arapu30BaHHBIX Cpemax
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pu Temneparypax 5, 20, 30, 37, 42 u 55 °C. Mopdoi0oruto KJIeTOK MHKpOOpra-
HU3MOB HCCJIEIOBATI METOJIOM (ha30BO-KOHTPACTHON MUKPOCKOITUH C TIOMOIIBIO
Mukpockona Axioskop 40 «Carl Zeiss» (I'epmanums). J{ns najgpHEUIero uccie-
JIOBaHUS OTOOpaHbl 25 GakTepUaIbHBIX U30JATOB MO (PEHOTUITUYECKUM U TEHOM-
HBIM TpPU3HAKaM, COOTBETCTBYIOIIMX OaKTEpWSAM TpyMIBl Iepeyc. B kauectse
KOHTPOJIBHBIX HMITAMMOB MCIIOJB30BaHbI THUIIOBBIE IITAMMBI U3 COCTaBa KOJIJICK-
nuu Gaktepuit, bakreprodaros u rpudos ®EYH I'HI BB «BekTop» Pocnorpe6-
Haja3opa: wramm B. thuringiensis ssp. kurstaki B-916, mrammsbl B. thuringiensis
ssp. galleriae B-966 u B-997, mrammel B. cereus B-1367 u B-277.

Ckpunune gepmenmamugnoll akmugrnocmu Kyiomyp. JIMTIOINTUYECKYIO aK-
THBHOCTbH ONpPENEISIM Ha KEITOYHOM arape M arapu3oBaHHOHM cpene LB, co-
AeprKaiiei dpupbl KUpHBIX KUCIOT, ¢ gobasnenuem 0,01% CaCl,. B kauectse
cyoctparos ncnonsioBann 1,0% monomaypar (TBuH-20) 1 MoHOOMEAT (TBUH-80).
Yamku co cpemoil, 3acesHHbIE HCIBITYEMbIMH KyJIbTypaMH, BBIIEPKUBAINA B
tepmoctare npu 28-30 °C B TeueHue 2 cyToK. AMUIOINTHIECKYIO aKTUBHOCTh
KYJBTYp OIIPENENIAIN MPU X BhICEBE HA KpaxMallo-aMMHUa4YHbII arap, IpOTeoJu-
THYECKYIO0 — TI0 CITOCOOHOCTH K THJIPOJIM3Y JKeJaThHA M Ka3eHMHa MOJIOKa [26].
CriocoOHOCTh K TeMOJIM3Y YYUTHIBAJIM, BBICEBas KyJIbTYphl Ha cpeny LB c mo-
OaBlieHHEM KpoBH OapaHa. Hykiea3Hyro akTHBHOCTH HCCIIeIOBalH Ha cpene LB
¢ nobasnenuem [JHK «Sigmay (CLHA) [26]. Conepxanue mnazmuanoit JTHK B
M30JISITaX OMPEIEISTA CKPUHIHTOM T10 CTaHIAPTHON MeToauke [26].

Cnoco0HocTs k cekpennu PHKa3 B kynsrypansnoii cpene IIJII'T npu kynsru-
BHpOBaHUM Oaktepuii ipu Temneparype 30 °C B TeueHue 18—24 4 onpenersiiy mo
HAKOIUICHHUIO KUCIIOTO-PACTBOPUMBIX MIPOILYKTOB, 00Pa3yIOIIUXCS IPU THAPOIH3E
BbIcokorronmuMepHoit PHK apoxokeit (1 Mr/mur). 3a eqUHHAIYY akTHBHOCTH (hepMeH-
TOB NMPUHUMAJIU UX KOJIMYECTBO, Karaiusupyouiee obpazosanue 1 A, kucmo-
TOPACTBOPUMBIX MPOAYKTOB B TeueHue 60 muH mpu 37 °C B 50 MM Tpuc-HCI,
pH 8,0. Coctas cpenst [IAI'T (r/m): menton — 9,27, ApoxckeBoit SKCTpakT — 5,00,
NaCl - 3,00; 10 mi 50% mmunepuna, 2 mit 20% rmoko3sr; pH 7,0-7,2 [27].

AHTHOMOTHYECKYIO aKTUBHOCTb HCCIICAYEMBIX IITAMMOB OMPENEIsLTH Kiac-
CHYECKUM AN (PY3HOHHBIM METOJOM OTCPOYCHHOTO aHTAaroHW3Ma (METOA Tep-
HNEeHUKYISpHBIX mTpuxoB) [28] Ha cpene LB mpu temmneparype 37 °C. B ka-
YEeCTBE MATOTCHHBIX TECT-IITAMMOB NpuUMeHsun: Staphylococcus aureus ATCC
6538, Bacillus subtilis ATCC 6633, Candida albicans 620, Klebsiella pneumoniae
B-4894, Escherichia coli ATCC 25922, Salmonella typhimurium 2606, Shigella
sonnei 32 U3 cocTaBa KOJUIEKIMM OakTepuii, 6akrepuodaros u rpu6os ®bYH
I'HIT Bb «BekTop» Pocnorpebnanzopa. KoHTposb Xapakrepa i akTHBHOCTH PO-
CTa TeCT-IITaMMOB — UX MapauIeNbHBIN oceB Ha yamku [leTpu ¢ Tol xe nuta-
TEJILHOU cpesiol 0e3 UCIBITYEeMOU KyJIbTYPHI.

UyBCTBUTENBHOCTD UCCIENYEMBIX KYJBTYp K aHTUOMOTUKAM OIpeeIsUTH TUCKO-
T(hy3MOHHBIM METOIIOM C TIPUMEHEHHEM CKOB Tipor3BoacTBa HULID (Poccus).

lenernueckuii aHanmu3 6akTepuaIbHBIX U30SATOB MPOBEEH ¢ moMolubto [TLHP
co cnenuduyeckumu npaiiMepamu Ha 16S pPHK [29]. HykiienHOBBIE KHCIOTHI



Bcmpeuaemocmes u ceoiicmea 6axmepuii yepeycroii cpynnoi 65

BBIJICIISUIN U3 CYTOUHBIX BETETaTHBHBIX KIIETOK, KOHTPOIUPYS OTCYTCTBHE CIIOPO-
00pa3zoBaHUsl MUKpOCKOITUecKH. KiieTku GakTepHanbHBIX H30JITOB pa3pyllaiu
musupyrommM Oydepom (Habop pearentoB s BoiaeneHus JJHK/PHK, «HITD
Jlutrex» (Poccus)) u Beinensnu cymmapuyro JJHK cornmacHo mpunaraemoit K Ha-
oopy mHcTpykimu. [P nposenen ¢ ucnonp3oBanueM Oydepa M MoIMMepassl
npousBosicTBa «CnbOH3uM» (HoBocubupck, Poccus) B COOTBETCTBUM C WH-
cTpykuuei no npuMenennto. st nposenenud 1P ncnons3oBanu cueayroniyo
nporpammy: 94 °C — 10 ¢, 60 °C — 15 ¢, 72 °C — 30 ¢, 40 nuxiios, 3arem 72 °C —
7 muH. Iponykts! [P ananusuposamu B 2,0% arapos3nom rene. Hykneoruna-
Hble nocnenosarensHocty 16S pPHK 6akrepuii onpenensian Ha aBTOMATHYECKOM
cexBeHarope Applied Biosystems 3130x1 «Hitachi» (CIIA) ¢ ucmnons3oBaHreM
Habopa ABI prism Big Dye terminator V3.1 cycle. [Ins cekBeHUpOBaHUS HCIIONb-
30BaJIM IPOYKTHI aMIuTHuKau JmuHoH 1 360 m.0. BelpaBHHBaHUE MTPOBEICHO
¢ momoipio nporpammel «Lasergene 9». dunoreHeTHUECKuil aHAIU3 OCYILECT-
BJICH C TIOMOIIBIO IporpaMMHoro obecrnedeHus «MEGA 7».

Brigenennsle mTaMMbl MUKPOOPT@HU3MOB XPaHWIH MIPU HU3KOTEMIIEpaTyp-
HOM 3aMOpaKMBaHUH B KojuieKuuu npuponusix uzonatos ®bYH I'HIL Bb «Bek-
Top» Pocrorpebnanzopa.

Cmamucmuueckas 06pabomxka oannwlx. Pacder dmcna KyJsTHBUPYEMBIX MH-
KpPOOPraHU3MOB B Ipobax mposezeH o metony Kepbepa [30], mpu 3ToM konmuue-
CTBO MHUKPOOPTaHU3MOB YCPEIHSUIH T10 3 ITapallieisiM BEICESTHHBIX po0. CpemHero-
JIOBbIe CYMMapHbIe BEJIMYMHBI YUCICHHOCTH KYJIETUBUPYEMBIX MUKPOOPTaHU3MOB
pacCCUNTHIBANI KaK CPEIHHE 10 MOBTOPHOCTSM + JIOBEPHUTEIHHBIA WHTEpBAN Ha
ypOBHE 3HAUUMOCTHU 95%, npumensis t-kputepuil CtoronenTa (p < 0,05).

Pe3ysabTarsl Hccaeq0BaHuS U 00CYKIeHAE

Ha teppuropun tora 3amagnoit Cubupu ¢ 1998 r. mpoBOAUTCSI MOHUTOPUHT
OMOTEeHHOW KOMITOHEHTHI a3p030Jiel aTMOoc(hepHOro Bo3IyXa Ha BEICOTaxX 110 7 KM,
3aKITFOYAIOLIUICS B U3yUYCHUU KaY€CTBEHHOTO U KOJIMYECTBEHHOTO COCTABA KYJIb-
THUBHPYEMBIX MUKPOOPTaHn3MoB. O011ast KOHIIEHTPAIHsI MUKPOOPTaHU3MOB B ad-
po3oisix HoBocubupckoit ob1actu, pacnonoxkeHHoN Ha rore 3anagHoit Cubupw,
COCTaBIIAIA B Pa3HBIX MP0oOax B cpeqHeM OT MeHee equHuIbl 10 5% 10° KOE/M?,
IIPY 9TOM KOHILIEHTpaLus NCUXPO(UIBHBIX MUKPOOPTaHU3MOB, CIIOCOOHBIX PACTH
npu Temmeparype 6—10 °C, B pa3HbIx 00pa3nax Moria CocTaBisTh ot 3,20%10? qo
1,13x10° KOE/M®. Cpean BbIICICHHBIX MUKPOOPTaHU3MOB Mpeobnananyu 6akre-
pHH, CpeqHsIsT KOHIIEHTpaIws TprOoB B 00pa3iax He npebimana 10% ot obrero
KOJIMYECTBA M30JIATOB. BcTpeuaeMocTs cC1opooOpasyromux MUKPOOPIaHU3MOB B
BBICOTHBIX ITPO0Ax 32 TOJBI MOHUTOPHHTA COCTABIISIIA OT OOIIETro KOJIMYECTBA BEI-
nensieMblx MuHUMYM 0,5% B 2005 1. 1 MakcumyMm 55% B 2011 r.; a1 Ha3eMHBIX
o6pasioB — 0,1% B 2002 . 1 makcumyMm — 83% B 2016 1. Conmepxanue Oaxrepuit
LepeyCHOM IpyMIIbl B pa3HbIX 00pa3liaX TaKkKe 3HAUUTEIBHO OTINYATIOCh, COCTaB-
nsis1 ot 0,1 110 6,5% OT 0011IeT0 KOMYeCTBa BhIIEIIeMbIX Oaruiut. CpeTHerooBoe



66 HU.C. Anopeesa, A.C. Cagpamos, JI.H. Ilyuxosa u op.

3Ha4YEHHE COJEePIKaHUs COPOOOPa3yoMUX OaKTepHil B BBICOTHBIX U IPU3EMHBIX
npobax aTMoc(epHBIX adpo30JIel MPeACTaBIeHo Ha puC. 1.
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Puc. 1. CpexHeronoBoe 3Ha4eHNE COAEPKaHUS CIIOPOOOPa3yIoNINX OaKTepHil B BRICOTHBIX
(4) n mpuzemuBIX (B) mpobax arMocdepHbIX asposorneit HoBocnbupckoit obmactu, %
[Fig. 1. The average annual value of the content of the spore-forming bacteria in high-altitude (4)
and surface (B) samples of atmospheric aerosols of Novosibirsk region], %

KonudecTBo BBIIENSEMBIX KYJIBTUBHPYEMBIX CIIOPOOOPA3yIONINX OaKTepHi,
3HAYHUTEIEHO OTIMYAOIIEecs] B pa3HbIe TOlbl HAOIOJCHUS, NPEACTABICHO Ha
puC. 2, TaHHbIE TEHOMHOTO aHaJIN3a — Ha puC. 3.

HHTepecHo, 9TO B HCCIIEAyeMBIX 00pa3lax a’spo3oiicii, OTOOpaHHBIX MOCIE
JUIUTEJIBHOTO JIOXKIIA WM OOMJIBHOTO CHEromasa, KIeTKH MHUKPOOPTaHHW3MOB He
0o0HapyKUBAIMCh WIH MPUCYTCTBOBAIN B €IMHHYHOM KOoIH4YecTBe. B kauecTBe
puMepa TaKOW CUTYallul MOXKHO MPUBECTH PE3YIbTAThI BHICEBOB 3UMHHX BBICOT-
HBIX a’po3oneit ot 22.12.2010, 29.01.2013, metaux BbicOTHRIX — OT 30.05.2000,
24.08.2008, mpuzemHbIx mpod ot 14-15.08.2012, ot 18-19.08.2015, tae kynb-
TUBUPYEMbIC MHKPOOPTaHU3MBI OTCYTCTBOBAIIH, T.€. HAOIOMAJICS CBOCOOPA3HBII
3¢ deKT BEIMBIBAaHHS YaCTHIl a3P0O30JIeH U3 aTMOCQephl, YTO MOXKET ObITh OJHOM
W3 TIPUYUH 3HAYMTEIBHOTO OTIIMYHUS KOHIICHTPAIWH BBIICISIEMBIX MHKpPOOpPTa-
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HU3MOB B Pa3HBIX 00paslax, a B pe3ylibTaTe — M B CYMMapHBIX CPEIHETOHOBBIX
JTAaHHBIX.

10000
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Tox npo6oor6opa [Sampling year]

KonuuecTBo KyIbTUBUPYEMBIX
bacteria]

criopoobpasyromux 6akTepuit
[The number of cultivated spore-forming

Beicothble [Altitude] ™ ITpusemusie [Surface]

Puc. 2. CymmapHO€E KOJTMUECTBO KYJIBTHBHPYEMBIX IITAMMOB
CIOPOOOPa3yIOMIUX OaKTEepHUHl, €XKETOHO BBIENIIEMBIX M3 00pa3IioB
BBICOTHBIX W MPHU3EMHBIX aTMOC(EpHBIX adpo3oneit HoBocubupckoii odmactu
[Fig. 2. The total number of cultivated strains of spore-forming bacteria annually isolated
from samples of high-altitude and surface atmospheric aerosols
of the Novosibirsk region]

W3 mpu3eMHBIX ¥ BBICOTHBIX P00 aspososieit ocenn 2016 1., 0TOOpaHHBIX B
nepro]] NpeolinagaHus Oro-3alaHbIX BeTpoB M3 Kazaxcrana, Xapakrepusylo-
IIUXCS TIOBBIICHHBIM COAEP’KAaHHEM ITBIICBBIX KOMIIOHEHTOB M 0CO00 BBICOKOM
YUCIEHHOCTBIO CIOPOOOpasyromuX OakTepuil, BbIeNEeHB 225 OaKTepHalbHBIX
H30JIATa, U3 KOTOPBIX 62 00pa30BBIBAIN HIOCTIOPHI.

HItamMMmbl copooOpa3syromux OakTepuil MO ONpefeNeHH0 (heHoTHInYe-
CKHX CBOWCTB M JTAaHHBIX TEHOMHOTO aHaim3a (CM. pUC. 3) OTHECEHBI K poaaM
Bacillus, Paenibacillus, Brevibacillus, Lysinibacillus, Oceanobacillus n psany
npyrux. Cpenu MUKpOOHBIX H30JIATOB ATOTO IMEpHOa Mpeodiaganu OakTepuu
pona Bacillus, no COBOKYITHOCTH PU3HAKOB OTHECEHHBIE K BUJIaM B. beringensis,
B. boroniphilus, B. megaterium, B. firmus, B. korlensis, B. pumilus, B. subtilis,
B. brevis, B. licheniformis n qpyruM.

Bakrepun, wneHtudunmpoBanuele kak Bacillus cereus (Bc) w Bacillus
thuringiensis (Bf) noaBuaoB Bt ssp. kurstaki, 0OHapy>XEHbI KaK B BHICOTHBIX, TaK
U B IPU3EMHBIX Ipo0ax, MTaMMBI Bt ssp. galleriae W30mMpoBaHBI U3 IPU3EMHBIX
aTMOC(EpHBIX a3pO30JIeii.

Cremyer OTMETHTB, YTO Cpeld OAaKTEpHANFHBIX HM30JIITOB IEPEyCHOU TIpyII-
Bl OTCYTCTBOBAJIM TIaTOTeHHbIe Oakrepuu Bacillus anthracis, Tak KaK KIETKH
BCEX BBUICJICHHBIX IITAMMOB IMOJBWXHBI, 00aganu Gochoinnazon, meI0qHon
¢docdarazoii, MPOSBIUIN TEMOTUTHYECKYIO, TIA3MOKOAryIa3Hyl0 aKTUBHOCTH,
YCTOWYHBEI K IEHUIWIINHY, YTO HE SBISICTCS CBOMCTBEHHBIM U OaKTEPHiA BHIA
B. anthracis (tabmn. 1, 2).
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Bacillus sp.

Bacillus psychrosaccharolyticus ATCC 23296

Bacillus beringensis strain 80

Bacillus firmus isolate SI 2

76| ® cbses

Bacillus korlensis strain KSS4
 cbsss

64 | Brevibacterium frigoritolerans IHB B 15515
— ® Cg9

® cg3

Bacillus subtilis strain HSN 07

Bacillus sp. Al Dhabi 21

Firmicutes bacterium JF983206
* 1173

® Cgas

Lysinibacillus fusiformis JF970585

«{ Bacillus megaterium strain 202.1

Lysinibacillus fusiformis strain R112
Lysinibacillus sphaericus BPHM1
Cboes

Lysinibacillus KP723524

® Cboss

¥ Cg39

Bacillus cereus isolate HR55

@ Cbogo

Bacillus cereus strain INNNN

Lysinibacillus sphaericus strain NCIM 2478
® Ccbo77

@ Cboe4

® Cg32a

Bacillus thuringiensis Bt185

@ Cb940

Bacillus cereus isolate HR46

Bacillus anthracis strain RA3
@ Cga2

Bacillus anthracis strain S2CB42
Bacillus halmapalus strain FJAT 44660
@ Cboes5

@ Cb9o74

Lysinibacillus sphaericus strain BCHB83
Lysinibacillus fusiformis CESNVD 1
Lysinibacillus sphaericus strain LSR1
Lysinibacillus sphaericus CLS BA8 4

4{ @ Cbo61
63| Lysinibacillus sphaericus BI132

@ Cg14
T{ Lysinibacillus fusiformis strain Z6
Brevibacillus invocatus ZLynn1000 20
| & Cbo97
100 Brevibacillus brevis ZLynn800 23

Brevibacillus choshinensis JSM 05182138
Brevibacillus nitrificans S1868
87| @ Cgasa
* cg32
Brevibacillus parabrevis strain B4
‘0 Cb976

100 Bacterium ocnta172Ib777offp11
911 Brevibacterium pityocampae TSTB15 118

—
002

Puc. 3. dunoreneruueckoe 1epeBo, MIOCTPOSHHOE Il OAKTEPHiA, BBIAETEHHBIX
u3 a’po3soieii arMochepHOro Bo3ayxa, Ha OCHOBE CPAaBHEHHS C M3BECTHBIMHU
mTaMMaMH. AHaJIU3 IPOBEICH METOJOM «0OBEIMHEHHS OMIKaUIINX coceneiny
C HCIIOIBb30BaHKEM 2-TlapameTpudeckoi Mmozrenu Kumyps
[Fig. 3. The phylogenetic tree constructed for bacteria isolated from atmospheric
aerosols based on comparison with known strains. The analysis was carried out
with the nearest neighbor method using the Kimura 2-parameter model]

B nureparype nmpuBOIATCS JaHHBIC aHAIM3a CXOMHBIX 00pasIoB, Il aBTO-
paMu MOKa3aHO, YTO a’pPO30JIH, IPUBHECEHHBIC C MBUIBI0 M3 A3WH, TaKKe CO-
Jepxaiy OoJbliee KOJIMIecTBO BUIOB Oaruut (23,8% oT o0miero KoinudecTsa),
yeM MecTHbIe oOpasisl 0e3 mbutu (13,3%), BKiItodast BUIbI, TECHO CBSI3aHHBIE C
Bacillus cereus. B u3onsarax B. cereus, BBIICIICHHBIX U3 00pa3IloB a3po30JieH, co-
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Iep KalluX IbUIb, aHAJIN3 TCHOB YHTEPOTOKCHHOB IIOATBEPIMII Hanuuue (axro-
poB BupyneHTtHoctH [10].

Tabmnuna 1 [Table 1]
IIpn3Haku mMTaMMOB 0anuILL, 6JU3KHX HA (PUIOreHeTHYECKOM JiepeBe

K Buaam Bacillus cereus w Bacillus anthracis
[Characteristics of bacilli strains that are close to the species
Bacillus cereus and Bacillus anthracis on the phylogenetic tree]
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ITanouku
mo 12 us| 1,0~ EST
Cb-989 | pyenouxax | 1,2x | + ec |t + + + R -
[12rodsand| 3-5
in chains]
Cg-42 —«= —— | + |« | + + + + R —
Cb-940 —«— —«— |+ [« |+ + + + R -
Cg-45 —— —— + —— + + + + R —
Cg-39 —«— —~— |+ | | + + + + R +
Cg-46 —«— —~«— | + || + + + + R —
Cb-946 —«— —«— |+ | == + + + + R —
Cb-958 —«— —«— | + | =« | + + + + R -
B. cereus
—«— B I e + + + R _
ATCC 10702
B. cereus
B-277 —«— —«— | | —« + + R —
B. cereus* —«— —«— | /= | —« + + +/— + R —
B. anthracis* —«— —«— — EC — - - — S —
B. thuringi-
| e | [ W= [BST |+ || R +

Ipumeuanue: * no [31]; «+» — MOJTOKUTETBHOE MPOSIBIICHUE TIPH3HAKA; «—» — OTPUIATENFHOE
MpOosIBJICHNE TPU3HAKa; «+/—» — BapuabenpHOE MposiBieHne npu3Haka; EC — cropsl smmmn-
tudeckue neHrpansHeie, EST — cropsl smumntrdeckne cyOTepMuHaANBHBIE; R — ycTOWYHB K

AQHTUOMOTHUKY, S — YyBCTBUTENICH K aHTHOUOTHKY.

[Note: * according to [31]; “+” - Positive manifestation of the characteristic; - Negative manifestation
of the characteristic; “+/—" - Variable manifestation of the characteristic; EC - Elliptical central spores,
EST - Elliptical subterminal spores; R - Antibiotic resistance, S - Antibiotic sensitivity].

@ %

Depmenmamusnas akmusHocms. BUOXUMUYECKHE MPU3HAKU BBIIEIEHHBIX
IITaMMOB B¢ 1 Bf TOBOJIIBHO CXOXKH: BCE HCCIIEyeMbIe ITaMMBI POy IIHPOBAIIH
KaTajasy, IpoTeasbl, o0Jafanyu aMUIOIUTUYECKOH, (ocaTasHOH, jxenaTuHas-
HOHM, TeMOIUTHYECKOH aKTUBHOCTSIMH, BBIPDAXKEHHBIMH B Pa3HOM CTENEHH; TH-
JPOIM30BaU ITIOKO3Y ¢ 00pa30BaHUEM KHCJIOTHI, HO HE ra3a, He yTHIIN3UPOBaIN
caxapo3y ¥ MaHHHT, KaK [PaBHII0, 00Ia[aIH IUIA3MOKOAryIa3HOH aKTHBHOCTBIO.
Brustenen mtamMm Bt Cb-527 ¢ BBICOKON HyKJI€a3HON aKTHBHOCTBIO. 3a HEOOIb-
MM HUCKITIOYCHHEM OTIIMYUS BBIIENCHHBIX IITAMMOB HPOSBIISUINCE B COOTBET-
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CTBUH C BUIOBBIMH XapaKTEPUCTUKAMU [25] B HAJTMYHUH WM OTCYTCTBUHU ypeasHl,
JIMTIA3HOH U JINTIOJIMTUYECKOW aKTUBHOCTEH (TadI. 2).

Tabnuna 2 [Table 2]
Buoxumunyeckue npusnaku mrammoB Bacillus cereus n Bacillus thuringiensis,
BbI/JIeJIEHHBIX U3 aTMOC(epHBbIX a3po30Jieii
[Biochemical characteristics of Bacillus cereus and Bacillus thuringiensis
strains isolated from atmospheric airaerosols]
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Btk | 32-04 + |+ |+ |+ [+ ]+ ]+ [+ ]+ + — | K] =
Btk | 63-04 + + + + + + + |+ | + + _ K —
Btk | 41-18 + + + | + + | + + [+ | £ + — K | =
Btk | 100-04 + |+ |+ [+ [+ + [+ [+ + + - | K] =
Btk | 118-17 + |+ | £ [+ [+ + [+ [+ =+ + - | K| -
Btk | 78-04 + |+ + [+ [+ + [+ [+ + + T K | =
Btk | 31-04 + [+ + [+ [+ ]+ [+ ]+ [+ - ]TKIJ[-
Btk 5-18 + + + + + + + [+ | £ + - | K| -
Btg | Sn-50 + |+ |+ [ £ [+ ]| -]+ [+ = + - [ K| -
Btg | Sn-56 + + + + + — + |+ | £ + - | K] =
Btg | Sn-60 + + + + + + | + | + + - | K| -
Btg | Sn-66 + + + + + - + |+ | + + - | K| -
Bt | Cb-527 + + — + + + — + + + _ K _
Btg | B-996 + + | + + |+ — + |+ | + + —_ | K| -
Btg | B-997 + |+ |+ |+ |+ =+ |+ * + - K| =
Btk | B-916 + + | + + |+ + [+ [+ | + + — K | =
B.cereus* -+ -1+l +1+1-1+1+ + _ | K| =
B. anthracis* — + + + + _ + — _ — ¥ K _
B. thuringiensis®* | + + + + + + + + + + _ K _

Ipumeuanue: * mo [3

Bacillus thuringiensis ssp. kurstaki; Btg - Bacillus thuringiensis ssp. galleriae).

]; «+t» — monoxurtenbHas peakuys; «—» — OTpULATEIbHAs PEaKLus;
«*» — ci1abo BbIpaxkeHHas peakuus; «K» — ruaposn3 yrieBosa ¢ 00pa3oBaHHEM KHCIOThL; Be —
Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus thuringiensis ssp. kurstaki; Btg —

Bacillus thuringiensis ssp. galleriae.
[Note: * according to [31]; “+” Positive reaction; “— Negative reaction; “+” - Weakly expressed reaction;
“K” - Hydrolysis of carbohydrate to form an acid; Bc - Bacillus cereus,; Bt - Bacillus thuringiensis, Btk -
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CBCI[GHI/I}I 10 PE3UCTCHTHOCTU K aHTHOMOTHKAM OIMHAKOBO Ba’XHbI KaK IIpU
HCIOJb30BAHNU MUKPOOPraHU3MOB B OMOTEXHOJIOTUYCCKUX nponeccax B Kade-
CTBC, HAlIpUMEP, CCIICKTUBHOIO arc¢Hra, Tak U JJIsI BO3SMOXXHOCTHU OI'paHHUYCHUA
Pa3BUTHSA BbI3bIBACMbBIX MU HH(l)eKHHfI. I[aHHBIe 0 pE3UCTECHTHOCTU HUCCIIEAYC-
MBIX IITAMMOB K aHTHOMOTHKAM PEACTABICHBI B Tabm. 3.

Tabauma 3 [Table 3]
YyBcTBUTEABHOCTH IITAMMOB Bacillus cereus v Bacillus thuringiensis kK aHTHOMOTHKAM
[Sensitivity of Bacillus cereus and Bacillus thuringiensis strains to antibiotics]

AHTHOMOTHKY (MKI/IUCK)/ 30HA MTOAABICHUS POCTa B MM
[Antibiotics (ug / disc) / growth inhibition zone in mm]
sle B2 ls|a =
[Iramm %gig§§§§%€§§8?%€8c%?%§§§§€2~
< 13} B 13) = S Qg
B EE PR EEEE R HE TR
Z2|52lcel2gsEzZ2EESElE88s8 52852
BB B R R B e
g 1578 E“ S IE < 2 F |5 = |& |2
S|
Bc |B1367 122 |22 | 251252012 |20 |20 25|18 |15 |12 | 17 | 18
Bc | B-277 | 1511612014 20| 15|20 | 15| 0 [ 18] 0 | 10| 10 | 12
Bc|Cb946 | 0 |19 |22 |24 (24| 0 |12 0 | 15|22 0 |12 0 |15
Bc |Cb958 | 18 | 19 [ 23 127 20|10 (23 [14]23|10] 0 [10] 20| 15
Bc [ Cb989 130153027 0 [10] O [35]35[12| 14|16 20| 20
Be | Cg45 | 17 (23|20 11 | 18| 0 |20 | 16| 0 [ 12| 0 | O | 11 | 11
Bc| Cg42 | 13| 0| 0 |20]12] 0] 0 |15]) 0 16| 0] 0| 12 ] 12
Bc| Cg42 [ 15122 0 |20(21 121914 0 | 18| 0 | 14| 17 | 11
Bc| Cg39 | 8 | 0 [ 1427 |11 | 12251528 | 15|12 | 15| 24 | 22
Bc| Cg46 | 12| 0 [ 15]125]120|10] 2023 |25|15] 10| 15] 18 | 20
Btk| 24-17 | 17 [ 2125|1241 19] 0 ]21] 0] 0] 0] 01]14] 0 0
Btk| 1805 | 2026|2430 |25] 18] 0 [ 13|12 10| 0 | 18| 16| 20
Btk| 3204 | 0 [20] 16|28 |20[20] 16| 12) 0| 0| 0 |10]| O 0
Btk| 50-04 | 0 [ 24|28 | 1522|1224 | 18| 15]20| 9 | 15] 0 | 25
Btk| 18-15 [ 1711912012 0| 9 | 11| 0] 0] O] O 12] 9 | 11
Btk| 01-40 | 18] 0 [ 25129211719 | 15| 0 | 15| 0 | O | 19 ] 20
Btk| 32-04 | 19|21 ]125|30(21| 0| 0] O] 020 0] 15]22] 17
Btk| 63-04 | 16 | 21 |1 24| 21| 18| 0 | 15/ 0| O | O | O [ 14] 0 | 15
Btk| 41-18 | 17 | 23 24| 12|22 | 13| 14| 15] 1123 20] 16| 21| 20
Btk| 100-04 | 20 | 24 | 28 | 26 | 25| 251251 20| 0 | 17| O | 10] 15| 23
Btk| 118-17| 20| 20| 24| 24| 22| 181 22| 20| 10| 16| 0 | 20| 20 | 20
Btk| 78-04 | 20| 24| 0|27 0] 0 (21|14 9| 0] 0| 11| 0 | 20
Btk| 31-04 | 10| 19| 26| 2524 19(25| 0| 0] O | O | 12| 13 | 15
Btk | 5-18 11 |10 )11 [ 18 |21 |18 | 10| O | O | O | O | 8 0 |19
Bt |Cb-527 |17 {20 |20 |23 21| O |21 202020 |27 |12 14 | 12
Btg| Sn-50 | 11 [ 10|16 |10] 9 [ 11|11 | O] O] OO ]10]|] O |12
Btg| Sn-56 | 17 | 24 {22 | 24120 |16 |18 13 ] 0 | 0 | O [14] 14 | 12
Btg| Sn-60 | 19 | 25[25]126(19]10[ 9 | 9|0 | 0] 0 10| 0 |13
Btg| Sn-66 | 17 |23 23] 0 |21 |13]10[17] 0| 0] 0 [11] 9 |12
Btk| B-916 | 19 {23 119120(19| 0 |14] 0 [10] O | O | 18] O | 19
Btg| B-996 | 0 |26 (23] 0 [20]20] 19|18 10 15]10] 10| 0 | 10
Btg| B-997 [ 20123 125] 0 |24 |13 ] 11 [15] 0 | 0 ] 1324|1215

Ipumeuanue [Note]:

Bc — Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus
thuringiensis ssp. kurstaki; Btg — Bacillus thuringiensis ssp. galleriae.
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B MHOTOYNCIICHHBIX JIUTEPaTyPHBIX UCTOYHUKAX OTMEYACTCS, YTO OOJBIIIH-
CTBO U30JIATOB B. cereus yCTOWYMBO K NCHUIMUIMHAM U [Ie(aIOCTIOPUHAM, YTO
paccMmaTpuBaeTcs Kak CIeICTBUE MPOMyKIyH [-akramas [32]. Pan pabor, kaca-
FOIIMXCS M3YYCHHS 1yBCTBUTEIBHOCTH IITAMMOB B. cereus K aHTHOMOTUKAM, TI0-
KasbIBaeT, YTO 3a MOCIICTHHE ACCATHICTHS K HEKOTOPBIM M3 IperapaToB HaunHa-
eT popMUpOBaThCA PE3UCTEHTHOCTD, HE XapakTepHas paHee [33]. MccnenoBanus
MOCTICTHUX JIET CBUACTENBCTBYIOT O MPUCYTCTBUU OakTepuii Buna B. cereus, co-
JepIKAIIUX KaK MHOXKECTBEHHBIC TEHBI TOKCHHA, TaK U MPOSIBISIFOIIUX MYJIBTHY-
CTOMYMBOCTH K aHTHOMOTHKAM, B TIPUPOIHBIX NCTOYHHKAX M B Ka4eCTBE KOHTA-
MUHAHTOB Pa3lIUYHBIX IPOLYKTOB [34].

BrrsicHeHO, 4TO BCE MCCIeayeMble B HACTOSIIEH padoTe mTamMMbl Be u Bt pe-
3UCTEHTHBI K MOJIMMHUKCHHY, OKCAIIWILIHHY, OCH3MINCHUIMIUTHHY, a TAKXKe K nedy-
pOKCHMY (IaHHBIC B TaONWIly HE BHECEHBI), YTO COINIACYETCS C JINTEPATyPHBIMHU
ceenenusmu [33]. Hckmouenune cocraBisu mrammbl Be B-1367 u Bt Cb-527,
MPOSIBUBIINE K JAHHBIM AHTHOHMOTHKAM BBICOKYIO UYBCTBHUTENHHOCTH. Bombmiast
YacTh MITAMMOB OKa3allaCh PE3UCTEHTHOW K IedanocrnopuHaM (uedaieKcruny,
nedaioTuHy U nedaxiopy). BakHO OTMETHTB, YTO BBIACNEHHBIE W3 adpO30JIeH
mramMMel Be, kpome mtamma Be Cg-45, mokas3any BRICOKYIO YYBCTBUTEIBHOCTD K
IUIPOQIOKCAIMHY, HO OYeHb OTIHYAJIHCH 110 BOCTIPHUMYHBOCTH K BAHKOMHIIVHY,
OTMEUCHHBIM Ha TPAKTHKE KaK aHTUOMOTHKU pe3epBa, 3H(EKTUBHBIC B JICUCHUH
uHpekwn B. cereus (cM. TabI. 3). BEICOKyT0 4yBCTBUTENEHOCTH BCE IITAMMBI Be 1
Bt nposiBIIM K POKCUTPOMHUITIHY, SPUTPOMUIIUHY U, 38 UCKITIOUCHUEM InTaMma Bt
24-17, x nmuHe30MuAy (IaHHbIe B Ta0I. 3 He mpuBeneHsl). Kpome mrammos Bt Cb-
527 u Bc B-1367, Bce uccnegyeMble MITaMMBI LIEPEYCHOI IPyIIIBI OKA3aIHCh MOJIH-
PE3UCTEHTHBIMH, TPOSBII YCTOHYUBOCTD K IMIECTH—TIITHAAIATH AaHTHOMOTHKAM.

Anmubuomuueckas axmuernocmy. B pa3HON CTeneHH BBIAEICHHBIE U3 ad3p030-
Jiel mraMmbl Bt 1 Bc TIOAaBISIM POCT MaToreHHbix npoxokedt C. albicans, Hau-
OOJBIIYI0 aKTMBHOCTH MPOsIBWIM ITammbl Btk 24-17, 18-15, 09-01-40, 63-04
(Tabn. 4). AHTH(YHTATEHOE JEHCTBHE IMTAMMOB Bt 00yCIIOBIMBACTCS MPOMYKIIUEH
(hepMEeHTOB W3 KJlacca TUAPONA3 U aHTHOMOTHYecKuX coeauHeHui [35]. Ltamm
Bt Cb-527 u psix irtaMMoB B¢ TOTIOTHHATENBHO 3()()EKTHBHO yTHETAIH POCT IpaM-
MOJIOKUTETIBHBIX TECT-IUTaMMOB S. aureus, B. subtilis. IpamoTpuiiateibHbIe TECT-
IITAMMBI TIPOSIBIUIM 3HAYUTEIIFHO MEHBITYI0 YyBCTBHUTEIBHOCTH K aHTHOHOTHYE-
CKOMY JieiiCTBHIO IITAMMOB B? u Bc: yrHeTeHHe pocTa mraMMa E. coli Habmonamu
TIOJ] BO3JICHCTBHEM CEKPETUPYEMBIX METa0OJIMTOB MTaMMoB Btk 5-18, 41-18, 09-
01-40; mrammsr Btk 24-17, 63-04, 118-17 u 5-18 orpaHn4uBany pocT MITaMMa
S. thyphimurium. tamm K. pneumoniae IposiBUI pe3UCTEHTHOCTh OTHOCHTEIEHO
BCEX IITaMMOB Bt u Bc, ucnons3yeMbix B onbite. ClienyeT OTMETUTh TaKxkKe, YTO
THTIOBOM KOJDICKIIMOHHBIN mTamMM Bc B-1367 3HaunTeNbHO yCTymanm mpUpOTHBIM
A3POM30JLITAM I10 YCTOMYMBOCTH K aHTUOMOTHKAM M aHTUMHUKPOOHOI aKTHBHOCTH
(cMm. Tabm. 3, 4).

[IpoTuBOMUKpPOOHAsI AKTUBHOCTH OAKTEPHUil IEPEYCHOM TPYIIIbI, B YACTHOCTH
B. thuringiensis, paHee MmokKa3aHa 110 OTHOIIEHUIO K OakTepusm Bacillus subtilis,
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Erwinia herbicola, Erwinia amylovory, Pantoea agglomerans, Enterococcus
avium, Staphylococcus aureus, Bacillus amyloliquefaciens, Bacillus pumilis,
Bacillus thuringiensis [36], TpoTHBOrpHOKOBas aKTHBHOCTh — IO OTHOIICHHUIO
k rpubam poma Aspergillus [35]. M3BecTHa Taroke JUTHYECKas AaKTHUBHOCTb
B. cereus x nmanoOaktepusiM [37], TIOKa3aHa TPOMYKIMs IMMTaMMOB B. cereus
UWS8S 1Byx (yHIHCTaTH4eCKUX aHTHOMOTHKOB, TIOJIABIISIOINX POCT HaTOreHHO-
ro rpuba Phytophthora medicaginis [39]. TlonTBepkaeHne CBeJCHUN 00 aKTHB-
HOCTH OakTepuil iepeyCHOM IpyMIIbl IPOTUB OIM3KOPOACTBEHHBIX OakTepuit [19,
35] — anTaroHu3M MmMTaMMOB B. thuringiensis ssp. galleriae B-996 u B-997 mno
OTHOIIEHHIO K ITaMMaM B. cereus B-277 u B-1367. 3oHa nu3uca 3Tux Oakrepuit
O] BIIMSTHUEM CEKPETUPYEMbIX MeTaboIUTOB mTaMMoB Btg B-996 n B-997 npu
MIPUMEHEHUH METO/Ia OTCPOYSHHOTO aHTarOHMW3Ma COCTaBislIa 16 MM (JlaHHBIE B
TabJ. 3 He BHECEHBI). 30HBI YTHETEHHSI POCTa TECT-IIITAMMOB B YCJIOBHUAX MTPOBE-
JIeHHOTO ombITa MeHee 10 MM IpeHeOpeXNMO Majbl U OTHECEHBI K OTPHUIIaTeNb-
HBIM pe3yIIBTaTaM.

Ta6numa 4 [Table 4]
AHTHOHOTHYECKAS AKTUBHOCTDH IUITAMMOB Bacillus cereus u Bacillus thuringiensis,
BbIIeJICHHBIX U3 aTMOC(epHBbIX a3po3oJieil
[Antibiotic activity of Bacillus cereus and Bacillus thuringiensis
strains isolated from atmospheric aerosols]

TecT-mTaMMBI TATOTEHOB / 30HA YTHETCHUS POCTa, MM
[Test strains of pathogens / zone of growth inhibition, mm]
©“ v g
3 S 3
S 2 g B = 5 -
S 3 s g 8 £ 2
Itamm % < 2 3 S = g
| < s | £ S = S 2
[Strain] S - N g S = s
3 = S 3 5 = S
= E S 3 5 E 2
= 2 =
S | S S 3 a £ ”
A %! 3
Bc | B-1367 0 0 24 0 0 0 0
Bc | B-277 20 12 25 0 0 OR OR
Bc | Cb-946 30 25 25 0 0 0 OR
Bc | Cb-958 25 25 23 0 0 0 0
Bc | Cb-989 0 0 26 0 0 OR OR
Bc | Cg-45 0 0 10 0 0 0 0
Bc | Cg-42 30 25 23 0 0 0 0
Bc | Cg-39 20 30 15 0 0 0 0
Bc | Cg-46 25 25 26 5 0 0 0
Btk | 24-17 7 0 41 0 0 17 5
Btk | 18-15 11 0 45 0 0 12 5
Btk | 32-04 6 0 35 0 0 10 6
Btk | 50-04 5 0 30 0 6 4 4
Btk [09-01-40 7 0 46 0 17 11 4
Btk | 32-04 6 0 35 0 30 10 6
Btk | 63-04 4 0 40 0 4 20 8
Btk | 41-18 5 0 42 0 30 10 7
Btk | 100-04 3 0 40 0 16 6 7
Btk | 118-17 6 6 25 0 0 25 6
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OxonuaHnue Tabx. 4 [Table 4 (end)]

TecT-1TaMMbI IATOTEHOB / 30Ha YTHETEHHUS POCTa, MM
[Test strains of pathogens / zone of growth inhibition, mm]

v V s

S 3 3
S 2 g 5 5 E 3
IITamMmm : E '§ § S 5 g
: g E E 2 3 B >
[Strain] S < g g S BN s
S = = 3 8 = 3

= 2 2 3
% q 5 3 = £ “

A S 3
Btk | 78-04 9 0 41 0 6 14 5
Btk | 31-04 3 0 28 0 6 4 4
Btk 5-18 10 0 30 0 33 30 11
Bt | Cb-527 30 25 22 0 0 0 0
Btg | Sn-50 0 0 40 0 0 0 0
Btg | Sn-56 0 0 25 0 0 0 0
Btg | Sn-60 7 0 40 0 0 0 0
Btg | Sn-66 7 0 20 0 0 0 0
Btk | B-916 5 0 40 0 0 5 0
Btg | B-996 7 15 45 0 0 7 0
Btg | B-997 7 10 40 0 0 7 0

Ipumeuanue [Note]: Bc — Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus
thuringiensis ssp. kurstaki; Btg — Bacillus thuringiensis ssp. galleriae; OR — ocnabnenue pocra
[the weakening of growth].

Mramm Ch-527, uneHTHOUITUPOBAHHBIN COMTACHO (PEHOTHITMYECCKUM TIPH-
3HaKaM Kak Bacillus thuringiensis (konn. Ne B-1378), B oTiuune oT Apyrux Bbl-
JETICHHBIX IITaMMOB Bf MMeJ HENOABIKHBIEC KJIETKU, P KyJIBTUBHPOBAHUH B
KHUIKOW cpelie Ha TepMOCTaTHPOBAHHOM Kadaiike o0pasyroline KpyIHble arpera-
ThI (XJ101bs1) (pUC. 4, A), KOTOPBIC TIPH MPEKPAIICHUN MTEPEMEITUBAHNS CPEIbI B
KOPOTKOE BpeMs OCaXJIAIUCh B BUJIE PHIXJIOro ocajka (puc. 4, B). Ecte MHeHue,
YTO arperanus KIETOK MOXET OBITh CTpaTeTHeil MOBHIIICHHUS UX BEDKUBAEMOCTH
B CYPOBBIX YCIIOBUSX, TAKHX, HAIPUMED, KaK BBICOKas /1032 YABTPa(UOIETOBOTO
M3Iy4deHUs1 Ha OombInoi Beicote [9]. Knetku mramma Bt Cb-527 o6pa3oBbIBaIN
MOIIHBIE Kancydbl (puc. 4, C), 4To He XapaKTEPHO IS TUTIOBBIX IITAMMOB B, po-
[eCCc aKTUBHOTO 00Pa30BaHMUs SHAOCIIOP U IAPACIOPANTBHBIX KPUCTAJIIOB IIPH €T0
BBIpAIUBAaHUU B >KUAKOHN cpene mpu Temmneparype 37 °C HaumHaucs yxe k 24 1
KYJIETHBUPOBaHUSA (Y JPYTHX BHIICICHHBIX INTAMMOB Bt — Ha 3—5-€ CyTKn).

Mtamm Bt Cb-527 ornuuaincst Takke OT APYTHUX HM30JIMPOBAHHBIX M3 ad3p030-
Jiel mTaMMOB Bt BBICOKOW UyBCTBHTEIHHOCTBIO K aHTHOMOTHIECKUM TIperaparam
(x 17 u3 21 aHTHOMOTHKA, UCIIOIB30BAHHOTO B OMbITE). B OTIMYME OT OCTaNBHBIX
mramMmMoB Bt miramMm Bt Cb-527 vMen cXOiHy!o o mTaMMaMu Bc BBICOKYIO aHTH-
MHUKPOOHYIO aKTUBHOCTh OTHOCUTEIBHO IPaMITOIOKHUTENILHBIX IITAMMOB S. aureus,
B. subtilis (cM. Tabmn. 3). O0HapyxeHHbIe ocoOeHHOCTH mTamMMma Bt Cb-527 moryt
OBITH 0OYCIIOBJICHBI XapaKTEPHBIM ISl LIEPEYCHON IPyIbl 0OMEHOM IIIa3MHUIaMU
Kak MeXAy B. thuringiensis, Tak ¥ JPYTUMH OJMM3KOPOACTBEHHBIMH BHIAMH, TIPH-
HauIexKamMu K rpynne Bacillus cereus [39]. [Tnasmunuasie JTHK npencrasnsior
0COOBIf MHTEpeC Kak CoIeprkaliie BHEXPOMOCOMHBEIE TE€HBI PE3UCTCHTHOCTH K
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AHTUOMOTHKAM U JpyruM (hakTopam cpeiipl OOMTaHus. AHaIW3 ITaMMOB Bt u Bc,
M30JIMPOBAHHBIX U3 adPO30JIEH, MOKa3al, YTO KaK XapaKTepHO Ui 3THX BUAOB [39],
BCE OHH COIEprKaT IUIA3MHUIBL. JIEKTPOPOpEerpaMMBl, OTPAXKAIOIINE COCTAB ILIA3-
musbIX JJTHK 1 uX HoABHKHOCTB, U1sI BCEX IITAMMOB OKa3aJIMCh JOCTATOYHO CXOA-
HBIMH. AHAJIN3, TIOATBEPSKAAIONIHI PE3UCTEHTHOCTh IITAMMOB K aHTHOMOTHKAM B
3aBUCHMOCTH OT COCTaBa M HAJIMYMS TUIA3MH/I, B HACTOALIEH paboTe He MPOBOANIIH.

[Mramm Bt Cb-527 mponmyrnmposan komimiekc PHKa3 ¢ koHmeHnTpanueit o
350-400 e.a./mn xynerypansHoi xunkoctu (KXK). Panee nmpoBeneHHBIME 3KcIie-
pPUMEHTaM{ HaMH [TOKa3aHa MPOTHBOBHPYCHAS aKTUBHOCTH OTAEIBHBIX (hpaKmumit
KK mrammoB B. thuringiensis, coaepXaiux BHEKJIECTOUHbIE HU3KOMOIEKYIISP-
seie (ot 15 mo 20 x/la) u BeicokoMonekyispHbie PHKa3b1 (mopsinka 55 k/la), mo
OTHOIIEHHIO K BUPYCY Tpunma yenoBeka A/Aichi/2/68 (H3N2) u Bupycy rpumnma
nrut] A/chicken/Kurgan/05/2005 (H5N1) [40], gTo coracyercsi ¢ auTeparyp-
HBIM JTAHHBIMHU O MIPOTHBOBHUPYCHOM akTHBHOCTH OakTtepuanbubix PHKa3 npotus
BHPYCOB, B KaueCTBEe HyKIIEMHOBOU KHcIOTHI copepxamux PHK [41]. Bricokas
rxoHueHTpanus PHKa3, cekperupyeMsix mrammoM B. thuringiensis Cb-527, cBu-
JETENBCTBYET O MEPCIIEKTUBHOCTH €TO UCTIONIE30BAHS IS pa3paboTKy mpenapa-
TOB, HAIPABIICHHBIX Ha MojaBieHue pasMHokeHus PHK-comepxammx BupycoB.
JononHuTeNbHBIE MCCIEIOBAHNS TIO3BOIT OOJiee TOYHO HACHTH(UIMPOBATH
mramM Bt Cb-527 u onTUMU3UPOBATH BO3MOXKHOCTU €r0 OUOTEXHOJIIOTHUECKOTO
MIPUMEHEHHS B Ka4eCTBE IIPOTHBOBUPYCHOTO CPENICTBA.

B

Puc. 4. Mopdonorns kieTok 1 0coOeHHOCTH pocTta mramma Bacillus thuringiensis Cb-527
B xxukoit cpene (poro M.C. Annpeesoit): 4 — knetku mramma B. thuringiensis Cb-527
B CKOIUICHHSX (XJIOTBSX) TPH KYJBTHBHPOBAHHUU B XKHUIKOH cpezie (Ppa3oBbIil KOHTPACT,
x2500); B — ocanok kieTok mramma B. thuringiensis Cb-527 npu KynbTHBHPOBaHUH
B )KHIKOM cpene (cieBa), — mramM Bacillus cereus B-277, cpena paBHOMEpHO MyTHast
(cmpaBa); C — KpHCTaJUIBL, CIIOPHI U KaICYJIbl KIETOK mramMma B. thuringiensis Cb-527
(dazoBrrit KoHTpacT, X2500)

[Fig. 4. The morphology of cells and the growth characteristics of strain Bacillus thuringiensis Cb-527
in a liquid medium (Photo by Irina Andreeva): A. B. thuringiensis Cb-527 strain cells in clusters (flakes)
when cultured in a liquid medium (phase contrast, X2500); B. On the left - The sediment of cells of the
B. thuringiensis Cb-527 strain when cultured in a liquid medium; on the right - the Bacillus cereus B-277
strain, the medium is uniformly turbid; C. Crystals, spores and capsules of B. thuringiensis Cb-527
(phase contrast, x2500)]
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3akir0ueHne

B pesynberare MHOTOJIETHETO MOHUTOPUHTa OMOTEHHOI KOMIIOHEHTHI aTMoche-
psl HoBocnOupckoii o0acTh, pacroiokeHHO!M Ha tore 3amaaHoi CHoupH, moka-
3aHO, YTO 3Ha4YE€HNUE KOHIEHTPAIlUUd MUKPOOPTaHU3MOB B HUCCIIEAYEMBIX a3p030JIsIX
KOJIEOAIOCh B pasHbIX Mpo0ax B CpeaHeM OT MeHee eauHMIs! 10 5x10° KOE/Mm>.
UHCIEHHOCTh KyABTUBUPYEMBIX CIIOPOOOPa3yIOIUX OaKTepuii, BKII0Uasi OaKTepuu
TPYIIIEI IEpeyC, B pa3HbIe BPEMEHHBIE TIEPHOIBI TakXKe OblIa IIepeMeHINBa, THTP
BBIJIETSIEMBIX M30JIITOB B PA3HBIX MPOOaX MOT OTINYATECS HA 5 TOPSIIKOB.

B nccnenoBaHHBIX 00pa3ax BEICICHEI OakTepuu B. cereus u B. thuringiensis,
B TOM YHUCJIe TIOABUIIOB Bt ssp. kurstaki, Bt ssp. galleriae. Ilokazano xapaxrep-
HOE JUISA TIPEICTaBUTENICH STUX TaKCOHOB HAJHYHE TaKUX (PEPMEHTOB arpeccuH,
Kak (ochounaspl, TeMOIU3UHBL, IPOTEa3bl, HyKICONUTHYECKHE (HEPMEHTHI. 3a
HCKITIoueHreM mTamMMmoB Bc B-1367 u Bt Cb-527, Bce mTaMMbl a3pOU30JIATOB
B. cereus n B. thuringiensis NposSBUIM MHOXXECTBEHHYIO yCTOHYHMBOCTb IO OT-
HOIICHUIO K aHTHOMOTHKAM, IIONTBEPKIas JUTEpaTypHBIC TaHHBIE O BCe OOJb-
IIEM PacIpOCTPAHEHUU IMOTUPE3UCTEHTHOCTU CPEAM BBIBISEMBIX MPUPOIHBIX
MHUKPOOHBIX H30JTOB. BBIpaskeHHass aHTHOMOTHYECKash aKTUBHOCTh LITAMMOB
B. cereus u B. thuringiensis oka3aHa OTHOCHTEJIbHO BO3OYIUTENS KaHIUI030B
Candida albicans 1 TpaMTIOIOKHUTENBHBIX MTAaMMOB S. aureus u B. subtilis, B
eIMHUYHBIX CIIyJasx — IPOTUB IITAMMOB B. cereus.

U3 asposoneit arMmocdepHOro Bo3ayXa BhIJCICH aTUITUYHbBIA HOBBIHA IITAMM
B. thuringiensis Cb-527, obnanarouuii Beicokoit mpoxykuueit PHKa3, uto mo3so-
JISIeT PEKOMEHIOBATh €T0 IS pa3padOTKH MPOTHBOBUPYCHBIX ITPETIApaTOB IIPOTHB
PHK conepxammux Bupycos. llItammsl B. cereus u B. thuringiensis, IpOsIBUBIINE
BEIPOKCHHYIO (DepMEHTAaTHBHYIO, aHTHOMOTHUECKYIO aKTHBHOCTD, JICTIOHHPOBA-
Hbl B Konneknun 6akrepuii, 6akrepuodaros u rpudos ®5YH I'HI[ Bb «Bexrop»
PocnioTpebnan3opa ans nanpHEHIHX pa3paboTOK B KauecTBE MCTOYHHKOB Qep-
MEHTOB U COCAMHEHMH, HHTHOUPYIOUIUX Pa3BUTHE MATOT€HHBIX MUKPOOPTaHU3-
MOB U BHPYCOB.

Jumepamypa

1. Smets W., Moretti S., Denys S., Lebeer S. Airborne bacteria in the atmosphere: Presence,
purpose, and potential // Atmospheric Environment. 2016. Vol. 139. PP. 214-221. doi:
10.1016/j.atmosenv.2016.05.038

2. Wei K., Zheng Y., Li J., Shen F., Zou Z., Fan H., Li X., Wu C., Yao M. Microbial aerosol
characteristics in highly polluted and near-pristine environments featuring different
climatic conditions// Science Bulletin. 2015. Vol. 60. PP. 1439-1447. doi: 10.1007/s11434-
015-0868-y

3. Soleimani Z., Goudarzi G., Sorooshian A., Marzouni M.B., Maleki H. Impact of Middle
Eastern dust storms on indoor and outdoor composition of bioaerosol // Atmospheric
Environment. 2016. Vol. 138. PP. 135-143. doi: 10.1016/j.atmosenv.2016.05.023

4. Akila M., Priyamvada H., Ravikrishna R., Gunthe S.S. Characterization of bacterial
diversity and ice-nucleating ability during different monsoon seasons over a southern
tropical Indian region // Atmospheric Environment. 2018. Vol. 191. PP. 387-394. doi:
10.1016/j.atmosenv.2018.08.026


http://dx.doi.org/10.1016/j.atmosenv.2016.05.038

Bcmpeuaemocmes u ceoiicmea 6axmepuii yepeycroii zpynnoi 77

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Madsen A.M., Zervas A., Tendal K., Nielsen J.L. Microbial diversity in bioaerosol samples
causing ODTS compared to reference bioaerosol samples as measured using Illumina
sequencing and MALDI-TOF // Environmental Research. 2015. Vol. 140. PP. 255-267.
doi: 10.1016/j.envres.2015.03.027

Kobayashi F., Maki T., Kakikawa M., Yamada M., Puspitasari F., Iwasaka Y. Bioprocess of
Kosa bioaerosols: Effect of ultraviolet radiation on airborne bacteria within Kosa (Asian
dust) // Journal of Bioscience and Bioengineering. 2015. Vol. 119, Ne 5. PP. 570-579. doi:
10.1016/j.jbiosc.2014.10.015

Griffin D.W. Terrestrial microorganisms at an altitude of 20,000 m in Earth’s
atmosphere // Aerobiologia. 2000. Vol. 20, Ne 2. PP. 135-140. doi: 10.1023/B:AE
R0O.0000032948.84077.12

Griffin D.W. Atmospheric movement of microorganisms in clouds of desert dust and
implications for human health // Clinical Microbiology Reviews. 2007. Vol. 20, Ne 3.
PP. 459-477. doi: 10.1128/CMR.00039-06

Yang Y., Itahashi S., Yokobori S.I., Yamagishi A. UV-resistant bacteria isolated from upper
troposphere and lower stratosphere // Biological Science in Space. 2008. Vol. 22. PP. 18—
25. doi: 10.2187/bss.22.18

Yoo K., Han I., Ko K.S., Lee T.K., Yoo H., Khan M., Tiedje J.M., Park J. Bacillus-
dominant airborne bacterial communities identified during Asian dust events // Microbial
Ecology. 2019. Vol. 78. PP. 677-687. doi: 10.1007/s00248-019-01348-0

LiuY., Dul., Lai Q., Zeng R., Ye D., Xu J., Shao Z. Proposal of nine novel species of the
Bacillus cereus group // International Journal of Systematic and Evolutionary Microbiology.
2017. Vol. 67, Ne 8. PP. 2499-2508. doi: 10.1099/ijsem.0.001821

Buehler A.J., Martin N.H., Boor K.J., Wiedmann M. Psychrotolerant spore-former growth
characterization for the development of a dairy spoilage predictive model // Journal of
Dairy Science. 2018. Vol. 101, Ne 8. PP. 6964—6981. doi: 10.3168/jds.2018-14501
ITaToreHbl HACEKOMBIX: CTPYKTYPHBIC U QYHKLHOHAIBHBIC aCIIeKThl / 104 pef. B.B. Tiymoga.
M. : Kpymistii ron, 2001. 736 c.

Ramarao N., Lereclus D., Sorokin A. The Bacillus cereus group // Molecular Medical
Microbiology / eds by Y.-W. Tang, M. Sussman, D. Liu, 1. Poxton, J. Schwartzman. Vol. 2,
Chapter 59. New York : Elsevier, 2015. PP. 1041-1078.

Bottone E.J. Bacillus cereus, a Volatile Human Pathogen // Clinical Microbiology Reviews.
2010. Vol. 23, Ne 2. PP. 382-398. doi: 10.1128/CMR.00073-09

Williams L.D., Burdock G.A., Jiménez G., Castillo M. Literature review on the safety of
Toyocerin, a non-toxigenic and non-pathogenic Bacillus cereus var. toyoi preparation //
Regulatory Toxicology and Pharmacology. 2009. Vol. 55, Ne 2. PP. 236-246. doi: 10.1016/j.
yrtph.2009.07.009

Hoxunenko B.JI., [Tepensirun B.B. [IpoOuoTHKH Ha OCHOBE CIIOPOOOPA3YIOIIUX OaKTepUit
1 ux Ge3omacHoCTh // XuMuaeckas u ouonorudeckas 6ezonacHocts. 2007. Ne 2-3. C. 20—
41. URL: http://www.cbsafety.ru/rus/saf 32 2f.pdf (mata o6pamenus: 08.11.2021).
Medén K.M., Ocunosa N.I"., BacuiseBa E.A. Pe3ynsTarsl CpaBHUTENEHOTO HCCIISIOBAHUS
HOBBIX BETCPUHAPHBIX MPOOHOTHKOB Hpwiic W namudiop // Becrauk Poccuiickoro
yHUBepcuTeTa Jpyx0bl HaponoB. Cepust: Memuiaa. 2006. Ne 2. C. 27-31. URL: https://
cyberleninka.ru/article/n/rezultaty-sravnitelnogo-issledovaniya-novyh-veterinarnyh-
probiotikov-irilis-i-patsiflor/viewer (nara obpamenus: 08.11.2021).

Yeo I.C., Lee N.K., Cha C.-J., Hahm Y.T. Narrow antagonistic activity of antimicrobial
peptide from Bacillus subtilis SCK-2 against Bacillus cereus // Journal of Bioscience and
Bioengineering. 2011. Vol. 112, Ne 4. PP. 338-344. doi: 10.1016/j.jbiosc.2011.06.011
Safatov A.S., Andreeva L.S., Buryak G.A., Marchenko V.V., Ol’kin S.E., Reznikova [.K.,
Repin V.E., Sergeev A.N., Belan B.D., Panchenko M.V. Tropospheric bioaerosols of
Southwestern Siberia: Their concentrations and variability, distributions and long-term


http://www.cbsafety.ru/rus/saf_32_2f.pdf

78

HU.C. Anopeesa, A.C. Capamos, JI.H. Ilyuxosa u op.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

dynamics // Nucleation and Atmospheric Aerosols / eds by C.D. O’Dowd, P.E. Wagner.
Dordrecht : Springer, 2007. PP. 741-745. doi: 10.1007/978-1-4020-6475-3 146
Annpeesa U.C., CadaroB A.C., IlyuxoBa JIL.U., EmenesnoBa E.K., Bypsx T'A.,
Ounbkun C.E., Pesnuxosa UK., Oxnonkosa O.B. Kynprusupyemble MHUKpOOPraHU3MBI B
BBEICOTHBIX TIpo0ax a’po3osneii Bo3yxa ceBepa CHOMPH B X0OJ1e CAMOJIETHOTO 30HIPOBAHUS
arMocdepsl // Bectnux HmkHeBapTOBCKOro rocymapcTBeHHOTo yHuBepcutera. 2019.
Ne 2. C. 3-11. doi: 10.36906/2311-4444/19-2/01; URL: https://e.lanbook.com/journal/
issue/312018 (mara obpamrenus: 08.11.2021).

Andreeva LS., Safatov A.S., Morozova V.V., Tikunova N.V., Emelyanova E.K.,
Solovyanova N.A., Babkin 1.V., Buryak G.A., Puchkova L.I. Saprophytic and pathogenic
yeasts in atmospheric aerosols of Southwestern Siberia // Atmospheric and Oceanic Optics.
2020. Vol. 33, Ne 5. PP. 505-511. doi: 10.1134/S1024856020050024

Gusareva E.S., Gaultier N.P.E., Premkrishnan B.N.V., Kee C., Lim S.B.Y., Heinle C.E.,
Purbojati R.W., Nee A.P., Loha S.R., Yanqing K., Kharkov V.N., Drautz-Moses D.I.,
Stepanov V.A., Schuster S.C. Taxonomic composition and seasonal dynamics of the air
microbiome in West Siberia // Scientific Reports. 2020. Vol. 10, Ne 1. PP. 21515. doi:
10.1038/541598-020-78604-8

Mertonp! obmieit 6akrepuonoruu. T. 3 / mon pen. @. Tepxapna, P. Mroppas, P. Koctunoy,
1O0. Hecrepa, B. Byna, H. Kpura, I'. ®ununca. M. : Mup, 1984. 264 c.

Bergey’s Manual of Systematic Bacteriology. Volume 3. The Firmicutes / eds by P. Vos,
G. Garrity, D. Jones, N.R. Krieg, W. Ludwig, F.A. Rainey, W.B. Whitman. Springer-Verlag,
2009. 1450 p.

Manmuaruc T., @puu 2., ComOpyk k. MeTonbl reHeTHYeCKOM HHKeHeprH. MOJIeKyIIIpHOE
KkioHuposanue. M. : Mup, 1984. 480 c.

Yasuda T., Nadano D., Tenjo E., Takeshita H., Kishi K. The zymogram method for detection
of ribonucleases after isoelectric focusing: analysis of multiple forms of human, bovine, and
microbial enzymes // Anal. Biochem. 1992. Ne 206 (1). PP. 172-177. doi: 10.1016/s0003-
2697(05)80029-6

Singh V., Haque S., Singh H., Verma J., Vibha K., Singh R., Jawed A., Tripathi CR.M.
Issolation, Screening, and Identification of Novel Isolates of Actinomycetes from India
for Antimicrobial Applications // Front. Microbiol. 2016. Ne 7. PP. 1-9. doi: 10.3389/
fmicb.2016.01921

Wang Y., Qian P.-Y. Conservative fragments in bacterial 16S rRNA genes and primer design
for 16S ribosomal DNA amplicons in metagenomic studies // PLoS One. 2009. Vol. 10.
Articlee 7401. doi: 10.1371/journal.pone.0007401

Ammvapun W.II., Bopob6seB A.A. Craructuueckue METOABI B MUKPOOHOJIOTHYECKHX
uccnenopanuax. JI. : Menrus, 1962. 180 c.

PyxoBozncTBO 10 MEANIIMHCKON MHKpoOHonoruy. YacTHas MeIUIUHCKAass MUKPOOHOIOT U
U oTHoyornueckas aumarHoctuka wHpekuwit. Ku. I / mom pen. A.C. JlaGuHCKOW,
H.H. Koctrokosoii, C.M. UBanosoii. M. : BUHOM, 2010. 1152 c.

Bottone E.J. Bacillus cereus, a volatile human pathogen // Clinical Microbiology Review.
2010. Vol. 23, Ne 2. PP. 382-398. doi: 10.1128/CMR00073-09

Crpauynckuii JI.C., KoznmoB C.H. CoBpemeHHass aHTHMHKpPOOHas XHMHOTEpAITHsL.
PykoBoncTBo st Bpaueii. M. : boprec, 2002. 432 c.

Yibar A., Cetinkaya F., Soyutemiz E., Yaman G. Prevalence, enterotoxin production and
antibiotic resistance of Bacillus cereus isolated from milk and cheese // Katkas Universitesi
Veteriner Fakultesi Dergisi. 2017. Vol. 23, Ne 4. PP. 635-642. doi: 10.9775/kvfd.2017.17480
Kumar S.N., Mohandas C., Nambisan B. Purification of an antifungal compound, cyclo(l-
Pro-d-Leu) for cereals produced by Bacillus cereus subsp. thuringiensis associated with
entomopathogenic nematode / Microbiological Research. 2013. Vol. 168, Ne 5. PP. 278~
288. doi: 10.1016/j.micres.2012.12.003


https://doi.org/10.36906/2311-4444/19-2/01
https://e.lanbook.com/journal/issue/312018
https://e.lanbook.com/journal/issue/312018
http://dx.doi.org/10.1134/S1024856020050024
http://dx.doi.org/10.1016/j.micres.2012.12.003

Bcmpeuaemocmes u ceoiicmea 6axmepuii yepeycroii cpynnoi 79

36. Zheng D., Zeng Z., Xue B., Deng Y., Sun M., Tang Y.-J., Ruan L. Bacillus thuringiensis
produces the lipopeptide thumolycin to antagonize microbes and nematodes //
Microbiological Research. 2018. Vol. 215. PP. 22-28. doi: 10.1016/j.micres.2018.06.004

37. Nakamura N., Nakano K., Sugiura N., Matsumura M. A novel cyanobacteriolytic
bacterium, Bacillus cereus, isolated from a Eutrophic Lake // Journal of Bioscience and
Bioengineering. 2003. Vol. 95, Ne 2. PP. 179-184. doi: 10.1016/s1389-1723(03)80125-1

38. Silo-Suh L.A., Lethbridge B.J., Raffel S.J., He H., Clardy J., Handelsman J.O. Biological
activities of two fungistatic antibiotics produced by Bacillus cereus UWS85 // Applied
and Environmental Microbiology. 1994. Vol. 60, Ne 6. PP. 2023-2030. doi: 0.1128/
aem.60.6.2023-2030.1994

39. Vilas-Boas G.T., Santos C.A. Conjugation in Bacillus thuringiensis: Insights into the
plasmids exchange process // Bacillus thuringiensis Biotechnology / ed. by E. Sansinenea.
Dordrecht : Springer, 2012. doi: 10.1007/978-94-007-3021-2_8

40. Aampeesa UN.C., 3akabynun A.C. HccrnemoBaHWe BHEKJICTOUHBIX HYKICOTHYCCKUAX
(depmenToB mTamMMoB Bacillus thuringiensis metogom 3umorpaduu // Colloquium-Journal.
2017. Ne 2 (2). C. 7-14. URL: https://www.elibrary.ru/item.asp?id=28922173 (nara
obpamenus: 16.11.2021).

41. Shah Mahmud R., Ilinskaya O.N. Antiviral activity of binase against pandemic influenza A
(HINT1) virus // Acta Naturae. 2013.Vol. 5, Ne 4 (19). PP. 44-51. doi: 10.32607/20758251-
2013-5-4-44-51

Hocmynuna 6 pedaxyuro 04.04.2021 2.; noemopno 17.08.2021 e.;
npunsma 25.11.2021 e.; onyonuxosana 29.12.2021 e.

ABTOpPCKMIi KOJJICKTUB:

Angpeesa Hpuna CepreeBHa, kaH/A. OHON. HayK, JOIEHT, B.H.C. OTAeNa OHOMH3UKH U YKOTOTHICCKHX
uccrenoBanuii, enepanbHoe OIOMKETHOE YIpEKACHUE HayKH [ 0cynapCTBeHHBII HayYHBII IEHTP BUPYCO-
norun u 6norexnonorun «Bekrop» Pocriorpednanzopa (Poccus, 630559, p.i. KonsrioBo, HoBocubupcekas
00macTh).

E-mail: andreeva_is@vector.nsc.ru

CadaroB Anexcannp CepreeBud, I-p TeXH. HayK, 3aB. OTAEJIOM OHO(GH3UKH H YKOJIOTHISCKUX HCCIEN0-
Banui, OenepanbHOe OIONKETHOE YUPEKACHUE HayKH [0CyIapCTBEHHBIN HayYHBIH IIEHTP BHPYCOIOTHH
u 6uorexnonoruu «Bexrop» Pocmorpebnansopa (Poccust, 630559, p.n. Konbsroso, HoBocubupekas 06-
JIacTh).

E-mail: safatov@vector.nsc.ru

IlyuxoBa Jlapuca BaHoBHa, KaH/I. OHOJL. HayK, B.H.C. OTAENA OHO(U3HUKH U SKOIOTUUECKHUX UCCIEIOBAHNUH,
DenepanbHOE OIONKETHOE YUpEXKICHHE HayKu [0CynapCTBeHHBIH HayYHBIH HEHTP BUPYCOIOTHH H OHOTEX-
Honoruu «Bekrop» Pocorpebranzopa (Poceus, 630559, p.11. Komsroso, HoBocubupckast 06macts).
E-mail: puchkova@vector.nsc.ru

EmennsinoBa Einena KoncraHTuHoOBHA, KaHA. OHOIN. HayK, C.H.C. OTAeNa OHO(PU3UKH U DKOTOTHICCKHX
uccrenoBanuii, enepanbHoe OIOMKETHOE YIpEKACHUE HayKH [ 0cynapCTBeHHBII HayYHBII IEHTP BUPYCO-
noruu u 6uorexHonorun «Bekrop» Pocnorpebranzopa (Poccus, 630559, p.i. KonbiioBo, HoBocubupckas
00I1acTh); NOIEHT KadeApbl THIHEHB! H dKoJIoruu, HoBocuOupckuii rocynapcTBeHHBII MEAUIUHCKHI yHH-
BepcuteT (Poccns, 630091, . HoBocubupck, Kpacusrit mpocmexr, 52).

E-mail: emelenl @yandex.ru

ConosbsinoBa Hagexxna AnexceeBHa, H.c. OTHeNa OHO(QU3NKN U SKOJIOTHUECKUX HccaenoBanuii, Dene-
panbHOe OIOMKETHOE YUpekAeHNe HayKu [0cyjapCcTBEHHBINM HayIHBIH [ICHTP BUPYCOIOTHH ¥ OHOTEXHOO-
run «Bexrop» Pocnorpedransopa (Pocens, 630559, p.ii. KonbsrioBo, HoBocubupckast 061macTs).

E-mail: solovyanova_na@vector.nsc.ru

Bypsixk I'nnnna AjnexceeBHa, H.C. oTIeTa OHO(DH3UKH U SKOJIOTHYECKHX HccrenoBaHuil, DenepanbHoe
OroLKeTHOE yupexkIeHre Hayku [ocyapcTBeHHBIH HayYHBIH IEHTP BUPYCOIOTHH U OHOTEXHOIOIHH «Bek-
Top» Pocriorpebransopa (Poccus, 630559, p.i. Konsroso, HoBocubupckast o6macTs).

E-mail: buryak@vector.nsc.ru


mailto:andreeva_is@vector.nsc.ru
mailto:safatov@vector.nsc.ru
mailto:puchkova@vector.nsc.ru
mailto:solovyanova_na@vector.nsc.ru
mailto:buryak@vector.nsc.ru

80 HU.C. Anopeesa, A.C. Capamos, JI.H. Ilyuxosa u op.

TepHoBoii Biragumup AjiekcaHapoBu4, KaHj. OHOJ. HayK, 3aB. JlabopaTopuel oTesa MOJEKYIIpHOU
Bupyconoruu, denepanpHoe OrOIKETHOE yUpeKAeHHE HayKu [0CyjapcTBEHHbII HayYHBIH LIEHTP BUPYCO-
soruun u 6uorexHonorun «Bekrop» Pocnorpedransopa (Poccus, 630559, p.n. KonbiioBo, HoBocubupckas
0011acTh).

E-mail: tern@vector.nsc.ru

For citation: Andreeva IS, Safatov AS, Puchkova LI, Emelyanova EK, Solovyanova NA, Buryak GA,
Ternovoi VA. Occurrence and characteristics of Bacillus cereus group bacterial atmospheric aerosols in
Novosibirsk region. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State University
Journal of Biology. 2021;56:60-85. doi: 10.17223/19988591/56/3

Irina S. Andreeva', Aleksandr S. Safatov', Larisa I. Puchkova', Elena K. Emelyanova'?,
Nadezda A. Solovyanova', Galina A. Buryak', Vladimir A. Ternovoi'

!State Scientific Research Center of Virology and Biotechnology “Vector” of Rospotrebnadzor, Koltsovo,
Novosibirsk region, Russian Federation
’Novosibirsk State Medical University of the Ministry of Health, Novosibirsk, Russian Federation

Occurrence and characteristics of Bacillus cereus group
bacterial atmospheric aerosols in Novosibirsk region

The microbial diversity of atmospheric bioaerosols involves microorganisms
that can cause allergic and infectious diseases or toxic effects. They include bacteria
of the Bacillus cereus group (B. cereus, B. thuringiensis, B. anthracis, B. mycoides,
B. pseudomycoides, etc.), which can result in diarrhea, pneumonia, meningitis,
septicemia, and other infectious diseases. Accordingly, monitoring the presence of
Bacillus cereus group bacteria in aerosols is critical. However, practically no data
exist on Bacillus cereus and other cereus-group bacteria in southwestern Siberia’s
poorly investigated atmospheric aerosol environment. Bacteria of the cereus group
are capable of effective production of various biologically active compounds, with
important implications for biotechnology; microorganism strains with new capabilities
are being investigated. This study aimed to determine the occurrence and characteristics
of B. cereus group bacteria in ground-level and high-altitude atmospheric aerosols
in Novosibirsk region of southwestern Siberia, and to evaluate the biotechnological
potential of the obtained microbial isolates.

High-altitude atmospheric samples were collected over Karakan Pine Forest,
approximately 50 km south of Novosibirsk, at altitudes of 7000, 5500, 4000, 2000, 1500,
1000, and 500 m, by aircraft sounding. Boundaries of the aircraft flight path: 54° 26'38"
N, 82° 30'47" E; 54°10'55" N, 81° 44'00" E. Ground-level samples were collected at
various sites in Koltsovo settlement, Novosibirsk region. Impingers with a flow rate of
50 L/min containing 50 ml of Hanks’ solution were used for air sampling. The obtained
aerosol samples were sown on a set of nutrient media and incubated at 28-30°C and
6-10 °C. The titers of microorganisms in high-altitude and ground-level samples were
determined in terms of 1 m® of atmospheric air. Standard microbiological methods were
employed to study the phenotypic characteristics of the identified microbial isolates.
Lipolytic activity was determined on yolk agar and LB agarized medium containing fatty
acid esters with 0.01% CaCl,. The substrates used were 1.0% monolaurate (tween-20)
and monooleate (tween-80). Amylolytic activity of the cultures was determined by their
isolation on starch-ammonia agar, and proteolytic activity by their ability to hydrolyse
milk gelatin and casein (Maniatis T et al., 1984). The ability to hemolysis was taken
into account when cultures were plated on LB medium with the addition of ram’s blood.
Nuclease activity was studied on LB medium with the addition of Sigma DNA (USA)
(Maniatis T et al., 1984). The content of plasmid DNA in the isolates was determined
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by screening according to Maniatis T et al. (1984). The capacity for RNAase secretion
in culture medium (peptone - 9.27 g/l, yeast extract - 5 g/l, NaCl - 3.00; 10 ml of 50%
glycerin, 2 ml of 20% glucose; pH 7.07.2) during cultivation of bacteria at 30 °C, for
18-24 h, was determined by the accumulation of acid-soluble products, formed upon
hydrolysis of high-polymer RNA of yeast (1 mg/ml). Antibiotic activity of the studied
strains was determined by cross-strics (Yasuda T et al., 1992) on LB medium at 37 °C.
The following pathogenic test strains were used: Staphylococcus aureus ATCC 6538,
Bacillus subtilis ATCC 6633, Candida albicans 620, Klebsiella pneumoniae B-4894,
Escherichia coli ATCC 25922, Salmonella typhimurium 2606, and Shigella sonnei 32
(collection of FSBI State Research Centre Vektor of the Rospotrebnadzor). The genetic
analysis of bacterial isolates was performed using PCR with specific primers on 16S
rRNA. The calculation of the number of cultivated microorganisms in the samples
was carried out according to the Kerber method [Bottone EJ, 2010], and the number
of microorganisms was averaged over three parallels of the inoculated samples. The
annual average numbers of cultivated microorganisms were calculated as a mean + the
confidence interval at a significance level of 95% of #-Student’s (p < 0.05).

Percentages of spore-forming cultured bacteria in aerosol samples varied
significantly across the years of observation (1998—present): in high-altitude samples,
the minimum and maximum were 0.5% (in 2005) and 55% (in 2011), respectively,
and, in ground-level samples, the minimum and maximum were 0.1% (in 2002) and
83% (in 2016), respectively (See Fig. 1 and 2). Annual averages of total concentration
of microorganisms ranged from < 1 to 5x10° CFU/m?. The number of cereus-group
bacteria also varied significantly from sample to sample, with averages ranging from
0.01% to 6.5% of the total number of isolated microorganisms. A total of 2.025 bacterial
isolates, of which 62 formed endospores, were isolated from ground-level and high-
altitude aerosol samples collected during the predominance of south-westerly winds
from Kazakhstan in autumn 2016, and were characterized by increased dust-component
content. Spore-forming bacteria were identified as belonging to the genera Bacillus,
Paenibacillus, Brevibacillus, Lysinibacillus, and some others. Both high-altitude and
ground-level aerosol samples were shown to contain bacteria of the cereus group:
Bacillus cereus (Bc) and Bacillus thuringiensis (Bt), Bt ssp. kurstaki, Bt ssp. galleriae
subspecies; Bt strains with indefinite serotype were also found. Notably, Bacillus
anthracis species were not found (See Table 1). Screening for enzyme secretion
revealed Bt and Bc strains with pronounced proteolytic, phosphatase, lipolytic, and
amylolytic activities in a medium pH range from 5.0 to 9.0 (See Table 2). An atypical
strain of B. thuringiensis Cb-527, which demonstrates high production of RNase,
was isolated. All strains demonstrated hemolysis capability, were multi-resistant to
antibiotics (resistant to 6-15 drugs (See Table 3), and suppressed the growth of the
pathogenic yeast, Candida albicans, to varying degrees. The Bt Cb-527 strain, as well
as several Bc strains, also effectively inhibited the growth of Gram-positive test strains
of Staphylococcus aureus and Bacillus subtilis. Gram-negative bacterial test strains
were low-sensitive to the action of metabolites of the studied Bc and Bt strains (See
Table 4).

In high-altitude and ground-level samples of the studied atmospheric aerosols,
bacteria of the cereus group belonging to Bacillus cereus and Bacillus thuringiensis
species were found in amounts ranging from 0.01 to 6.5% of the total number of cultured
microorganisms isolated under experimental conditions. The presence of aggression
enzymes such as phospholipases, hemolysins, proteases, and nucleolytic enzymes
typical of representatives of these taxa, was found. We isolated Bc and Bt strains with
high levels of secretion of enzymes and metabolites that possess antibiotic activity;
these strains are promising as producers. The Bacillus thuringiensis Cb-527 strain (with
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10.

11.

12.

a pronounced secretion of the RNase complex) can be used for the development of
anti-RNA-containing virus drugs. The isolated Bc and Bt strains demonstrated multiple
antibiotic resistance, which confirms literature data on the increasing prevalence of
polyresistance among the identified natural microbial isolates.

The paper contains 4 Figures, 4 Tables, and 41 References.

Key words: Bacillus cereus; Bacillus thuringiensis; atmospheric bioaerosols;
spore-forming microorganisms; enzymatic, antibiotic activity
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HccnenoBanue BBITOMHEHO MpH nojepkke rpanta PODOU Ne 18-013-00758.

Ilokasano, ymo HabnoOeHue 3a MPAH3UMUSHLIMU OeUCEUAMY, CEA3AHHBIMU
¢ penpooykyueti NAMUCEKYHOHO20 DPUMMA U peyesbiMu OelcmeusMu, CéA3aHHbIMU
C NpOUsHEeCeHueM HeIMOYUOHANILHOZO ClI08A, CONPOBONHCOAemCs aKmueayuel He
MONLKO Mex 30H KOpbl, 20€e DACHOLONCEHbl COOMBEMCMBYIOuUE «O8USANETbHbIEY
WU «KOMMYHUKAMUBHBIE) 3ePKANIbHbIE HElPOMbL, HO U OpY2UX 30H ACCOYUAMUBHO,
cencopHoll U 08U2amensvHoll Kopel, a makoice bazanvhulx 2anenues. [lonyuennvie oannvie
C8UOEMeNbCMBYION 0 MOM, YO Camu No cede 3epKalbHble HEUPOHbL He 0DeCneuusarm
NOHUMAaHue Oelicmeull U HaMepeHutl, XOms U Y4acmeylom 6 OIMux npoyeccax.
Ilpeononazaemca, uymo smu HeUpoHsvl 00ecneuusam 63aumMooelicmsue Mexcoy
npe@poHmManbHOU KOpOl, CEHCOPHBIMU U O8ULAMENLHBIMU 0ONACMAMU KOPbI, A MAKHCE
Mecmamu. XpaneHus 6 Mo32e O8USAMENbHLIX npoepamm. Pesynemam e3aumooeiicmaus
IMUX CIMPYKMYP, NO-8UOUMOMY, — NOHUMAHUE OelcmEull U HamMepeHull Opyeux aroel.

KirouyeBble cji0Ba: 3epKajbHble HEHPOHBI; KOPKOBbIE B3aHMMOJCHCTBHS;
HMHTEpIIpeTaLus AeUCTBUI U HAMEPEHU I

Jast uuruposanus: bymos 10.B., Yinakos B.JI1., Ceeriuk M.B., Kapramos C.1., Opnos B.A.
Ponb 3epkanbHBIX HEUPOHOB B MHTEpHpETALMH ACHCTBHiI M Hamepenuil / Bectnuk Tomckoro
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BBenenue
B nocnennue aecATHNeTHS MPUCTATLHOEC BHUMAHUE UCCIICAOBATEIICH TIPUBIIC-
KaloT TaK Ha3bIBaeMble 3€pKalibHbIE HEUPOHBI, KOTOPbIE OOHAPYKEHBI y KUBOT-
HBIX | YesoBeka. K HacTosmeMy BpeMeHH BBIICTICHBI TPY BUA 3ePKAIbHBIX HEH-
POHOB: «JIBUTATEIIbHBIE», KKOMMYHUKATHBHBIE» U «3MOLIMOHATIBLHBIEY, KOTOPHIE
OTIIMYAFOTCS BBIMOJHAEMBIMA (DYHKIIUSAMU | JIOKau3amuei [1].
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Cumraercsi, 94To XapakTepHbIM D[ -KOppEensTOM aKTUBAallUW 3€pPKaJIbHBIX
HEHPOHOB SIBISIETCS JeTpeccusi MIO-puTMa 4acToToi 8—13 I'l, KoTopeIi peru-
CTPHUpYETCS B IEHTPAIBHBIX 00JAaCTsIX KOPHI M HE IOJABIISCTCS MIPU 3PUTENBEHON
U CIyXOBOH CTUMYIALUH [2]. B uccnenoBaHusax ¢ OJHOBPEMEHHOW PETUCTpalu-
eit DMPT u D3I oOHapykeHa CBS3b MOIIHOCTH MIO-puTMa ¢ BOLD-curHamom
B CEHCOMOTOPHOM CETH, CETH KOHTPOJS BHUMAaHHS, MPEANOoIaraeMoi CUCTEMBI
3epKaIbHBIX HEHPOHOB, MEePEaHEN MOsSICHOW M3BWIIMHBI M OcTpoBKa [3]. Bmecte
C TeM NpOBeJIeHHbIE B TOM HAIIPABJICHUH UCCIENIOBAHUA Jalld HEOTHO3HAYHbIE
pe3ynbTarhl. B yacTHOCTH, IpU N3yYEHUH IEKTPUIECKON aKTUBHOCTH MO3T'a IIpU
HaOJIONEHUH 32 JABIKEHUSAMHU PYK U KaJeHTOCKONMMYECKU ABIKYITUMHUCS CTHMY-
JIAMH aBTOPHI IIPUXOIAT K BEIBOLY, UTO TIOABICHHE MIO-PHTMA MOXKET OBITH HC-
MOJIb30BAHO KaK MHJMKATOP aKTUBAIIUH 3epKaIbHBIX HEMPOHOB UeIoBeKa, HO d-
(exT cnalbIii ¥ HeHAICKHBIN 1 JIETKO CMEIINBACTCS C IOIaBICHIEM 3aTBUIOTHOTO
anbga-putMa [4]. [Ing pasrpaHudeHus 3aThJIOYHOTO anb(a- ¥ CEHCOMOTOPHOTO
MIO-PUTMOB ONPEAEISAIOT WHAMBUYaIbHBIN YaCTOTHBIM JUAalla30H CEHCOMOTOP-
HOTO pUTMa [5] WK IPOBOAST PETUCTPALIMIO 3aTHUIOYHOTO alb(a-puT™a [6].

Kpowme Toro, HekoTopsie uccienoBaren 7] BBIACISIOT B MIO-pUTME JBA TTO/I-
nuanasoHa 8—10 u 10-12 I'n, koTOphIe, IO UX MHEHUIO, (PYHKIIMOHAIBHO Pa3iIu-
yatorcs. [lokazaHo, 4YTO CHHYKEHHE MOIIHOCTH MIO-PUTMa B 3aJayax, CBI3aHHBIX
¢ HaOMIOIEHNEM, MBICIIEHHBIM NIPEACTABICHUEM U BBHIIIOJTHEHUEM JBMKEHUH, Ha-
OIroaeTCs TOJIBKO B BEpXHEM YacTOTHOM quarazone 10,5-13 Ty [8].

B psine uccrnenoBanuii 0OHapykeHbI 3HAUNTENbHbIE UHANBUAYaIbHbIE Pa3in-
YKsl pEaKTUBHOCTU MIO-PUTMa IIPU BBINOJIHEHUM JBUIaTeNbHBIX 3a1ad. B vact-
HOCTH, TIpY M3YyYEHUH U3MEHEHUN PEaKTUBHOCTU MIO-PUTMA y UCIBITYEMBIX OT
10 o 86 yieT py HAOIIONECHUH 32 JIEHCTBUSAMHU OOHAPYKEHO, YTO BRIPAKCHHOCTh
MOJIYJALIMU MIO-PUTMa YBEJIMYUBaeTcs ¢ BozpactoM [9]. B HemaBHeM uccienosa-
Huu [10] moka3aHo, 4TO BEIMYMHA CHIDKEHUS aMIUIUTYIBI MIO-PUTMA B CKOPOCTh
MOTOpPHOW aJanTaluy CBsI3aHBl C YPOBHEM HeBepOajbHOro mHTesekra [10].
NmeroTcst aHHbIE O TEHAEPHBIX Pa3InUMIX B CUCTEME 3€pKaJIbHBIX HEMPOHOB y
mone#t [11]. HexoTopsle nccieaoBaTeny 0TMEUAIOT, YTO MPHU U3YUYEHHUHU MpOoLec-
COB CEHCOMOTOPHOM KOOpAWHAIIMU PEUYH ILENecO00pa3sHO YUUTHIBATh HE TONBKO
U3MEHEHUsI MIO-pUTMa B anb(a-, HO U B OeTa-Auamna3oHe 4actot [12].

CornacHo momyisipHO# B HacTosiee BpeMs rumnotese [13], 3epkanpHbie Hel-
POHBI MOTYT CIYXHUTh HEHPOHAIBHOW OCHOBOM JJIsi MHTEPIIPETAUU ACHCTBUM,
MOApaKaTeIEHOTO 00yYeHNS 1 IMUTAIINH TTOBEICHUS NpyTuX Jrroneit. [1o MHeHMIO
uccienosarenei [13], 9To rocTuraeTcst myTeM KOIMMPOBAaHUS MO3roM Habrofare-
I JeMcTBUI ApYyroro 4eaoBeKa MOCPEACTBOM aKTyallu3allil COOTBETCTBYIOLINX
JBUTATENBHBIX TporpaMM. OZHAKO HE BCe MCCIENOBATENN PA3ACISIOT 3Ty TOUKY
3penus. B wactaoctu, ['per Xukok [14] Ha ocHOBe aHAMHM3a MMETOIIMXCS TaHHBIX
MIPUXOJUT K BBIBOZLY, UTO «PAHHSS TUIIOTE3a O TOM, YTO ITH KJIIETKH JIeXKAaT B OCHO-
BE MIOHMMAaHUs JEHUCTBHUS, SBISIETCA NHTEPECHOU U, HA NIEPBBIN B3NS/, Pa3yMHON
uzaeeil. OgHaKo, HECMOTPS Ha IIHUPOKOE MPU3HAHUE, 3TO MPEANONI0KEHUE HUKOT-
Ia He OBUTO aeKBaTHO IPOBEPEHO y 00€3bsH, a y JIOACH eCTh SMIHPHUICCKIE
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naHHbIe IpoTUB Heey. B. Koconoros [15] Buanut apyroe npotusopedne. [1o mae-
HUIO aBTOpa, CTOPOHHHUKHN TEOPHH 3€pKabHBIX HEHPOHOB B KauecTBe HeHpodu-
3UOJIOTUYECKON OCHOBBI TOHUMAHHUS JIEUCTBUI MOCTYJIHPYIOT, YTO AKTUBHOCTH
3epKaJbHBIX HEHPOHOB OTPAXKAET LIEIH YYXKHUX ACUCTBUI, IOTOMY YTO OHH aKTH-
BHPYIOTCS, €CIIM HaOIIomaeMoe JeHCTBHE IeNieHanpaBieHHo. OQHako ocTaeTcs
HESICHBIM, OTKY/Ia OHH (3€pKalibHbIe HEHPOHBI) «3HAIOT», YTO OMpeeieHHOE IeH-
CTBHE IleneHarpaBieHHo? Ha kakoil cTagum ux aKTHBAI[H OHH OOHAPY>KHUBAIOT
LeNb JBWKEHUS UM €€ OTCYTCTBHE? ABTOpP CUMTAET, YTO CUCTEMa 3€PKabHBIX
HEHPOHOB MOXKET OBITH AKTHBHPOBAaHA TOJHKO TIOCIE TOTO, KaK IeNb Habmonae-
MOTO JICHCTBUS OIPEENIAeTCS HEKOTOPhIMUA APYTUMH CTPYKTypamu mo3sra [15].
C BO3pa)k€HUSMU NIPOTUB TOT'O, YTO 3€pKajIbHbIE HEMPOHBI OTBETCTBEHHHI 3 I10-
HUMaHHe HaMEPEeHUH JPYTUX JIIoeH, BEICTYTIMIN H HEKOTOpbIe HeHPOo(hHUiItocodol.
B uwactaocTH, [larpurus U€pumsna [16] cunraer, 9To MOHMMaHWEe HaMEPEHUN
JPYroro 4eioBeKa OCYIECTBIIIETCS Ha YPOBHE OoJiee CIOXKHON HEHpPOHHOW ak-
THUBHOCTH, Y€M YPOBEHB OTJCIBHBIX HEHPOHOB. TakuM 0Opa3om, Borpoc 06 yda-
CTHHM 3€pKaJIbHBIX HEHPOHOB B MHTEPHpETAIK IEHCTBUI U HaMepeHuil TpedyeT
JIOTIOJIHUTEILHOTO U3Y4YEHUSI.

Ilens naHHOTO HCCIENOBAHUSA — U3YUYEHUE POJIU 3€PKAJIbHBIX HEHPOHOB B MH-
TEepIpETalNH TCUCTBUN U HAMEPEHHUM.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

B xozme npenBaputensHOrO 00CIEeTOBaHNS N3YyYSHBI OCOOCHHOCTH JIaTepatb-
HOW OpraHM3alliy MO3Ta C ONpe/eIeHrueM Benyeil pyku. J{ns BeIsABICHUS BEay-
mel pyku ucronp3oBana ankera AHHeT [17]. [lo pe3ymbratam aHKeTHpOBaHUS
MOJICYUTHIBANIM TOKa3aTenb MaHyanbHoro npeanoutenus ([IMII). B kauectse
MOJIEJIM KOTHUTUBHOM IESITEIbHOCTH UCIBITYEMBIM IIpe/ularajid JesTeIbHOCTb,
CBSI3aHHYIO C HaONIIOJIGHWEM M PENPOAYKUUEH MATHUCEKyHIHOTO pUTMa, C Ha-
OJIOmEHNEM W TPOM3HECCHHWEM HEIMOIMOHANBHOTO ciioBa. B kagecTBe mapke-
POB aKTUBHOCTHU 3€pKaJbHBIX HEHMPOHOB HCIOIB30BAIU JEMPECCHIO0 MIO-PHTMA
D3I, KOpKOBbIC B3aUMOJICHCTBHS Ha 4acTOTE 3TOTO PUTMa, pe3yibTarhl GMPT-
CKaHHUPOBAaHUS Mo3ra. B snexTposHuedanorpapuueckoM HCCICIOBAaHUM yua-
CTBOBAJIH JOOPOBOJIBIIBI, IPAKTUIESCKH 37I0POBEIC MY»UWHBI (31 YenoBeK) U KeH-
muHbI (34 yenoBeka), CTyIEHTHI B Bozpacte oT 18 mo 23 net. Bee ucnbityemble
Iam THQOPMHPOBAaHHOE COIVIACHE Ha ydacTHe B HeM. J[aHHOe HcclienoBaHUe
pasperieHo koMuccueil no ouostuxe buonornueckoro uuctutyta Tomckoro ro-
CylapCTBEHHOI'O YHUBepcuTeTa. i peleHys oCTaBIeHHbIX 3a/1au IPOBEIEHBI
HECKOJIBKO cepuil sxcriepuMeHToB. B nepBoit cepuu («HaOmoneHue 3a penpomyk-
Mel pUTMa») UCIIBITYEMBIA HaONIOAAl 3a PyKOH omeparopa, KOTOPhI BHaJaje
3allOMUHAN MATUCEKYHJHBIH PUTM, 3aTE€M CPEIHUM M yKa3aTeIbHbIM HallblaMH
BeAyLIEH pyKH BOCIPOU3BOAMI 3TOT PUTM, IIEPUOANYECKU HAXKUMas Ha KJIaBUILLY
«IIpoGem». Ilepuon putma 3aaBajcs 3pUTEIbHBIM CTUMYIIOM (CBETIIBIN KBaapar
CO CTOPOHOM 2 cM, MOsIBISIOIIHACS repuogndecku Ha 200 Mc B TIeHTpe 3areM-



Ponb 3epransupix HellpoH06 6 uHmMepnpemayuu Oelicmeuil U HamepeHuil ]9

HEHHOTO KpaHa MOHUTOpA). Bo BTOpoit 1 TpeTheli CeprsiX UCTIBITYEMbIi BHAYaIIe
3aIIOMUHA TSTUCEKYHIHBIA PUTM, TIOCJIE 3TOTO BOCITPOU3BOIUII 3TOT PUTM Mallb-
LIAMH JIEBOM PYKH, a 3aT€M — IPaBOil pykH. B 4eTBepTOl Cepuu UCIIBITYEeMBbIN Ha-
Omroza 3a ONepaTopoM, KOTOPbIi 6€33ByYHO OAHUMH I'yOamMu IPOU3HOCHII CIIOBO
«pa3», KorJa CTpeiika CeKyHAOMepa Ha SKpaHe MOHUTOpa epecekaia aenenus 0,
5, 10 u T.4. cexyHn. Beero crpenka cekyHmoMepa coBepiiaia 5 06opotoB. B ms-
TOH CepHUU UCIBITYEMBIH B YKa3aHHBIE MOMEHTHI BpEMEHH caM 0€33BYYIHO MPOH3-
HOCHJI CIIOBO «pa3». B xone skcrepuMeHTa orneparop pacroiaraics 3a CTOJIOM,
Ha KoTopoM Ha pacctostHIH 40—-50 cM 0T HEro HaXOAMIICS MOHUTOP KOMIIBIOTEPA.
VcnbITyeMslit IpU 3TOM HaXOAUJICS CIIEpenu U clipaBa Ha pacctostHuu 70-80 cm
OT HETO W, B 3aBUCHMOCTH OT WHCTPYKIIUH, CIICIWI 33 €r0 PyKOH Win TyOamH.
[Ipu penponyKIuy puT™Ma WM IPOU3HECEHUH CIIOB UCTIBITYEMBbIi 3aHUMAJl MECTO
oreparopa. [lepen BeITOIHEHIEM TIpeTaraeMoi IesTeIBHOCTH U B IIpoIIecce ee
BBITIOJIHEHUS perucTpupoBaiu 331 MOHOIMOMSPHO C MOMOIIBIO 24-KaHATBHOTO
sHIeanorpada-ananmmuzaropa «Hredanan-131-03» (pupma «Menukomy, 1. Ta-
ranpor, Poccus) B nobueix (F3, F4, Fz, F7, F8), uenrpansnbix (C3, C4, Cz),
Bucounbix (T3, T4, TS5, T6), remennsix (P3, P4, Pz) u 3aremounsix (01, O2)
orBeaeHusAX o cucreme «10-20%». B kauecTBe pedepeHTHBIX MCIOIb30BAJIH
orBeneHust Al u A2, pacriooxeHHBIE CTIpaBa W CJIEBa HAa COCIEBHUIHBIX OTPOCT-
Kax BHCOYHOU KOCTH. [IJi CHIDKEHHsI YPOBHS CETEBOM MOMEXU TaKKe yCTaHaB-
nuBajcs 3azemistiomuii anekTpox (N). C 1mensio HCKITIoYeHus apTe]aKkToB, CBs-
3aHHBIX C JIBUKEHUEM IJ1a3 U MBIIIEYHON aKTUBHOCTBIO, peructpupoBanu 00
1 OMI" mpimin mien U Jida. DnaekTpoas! as perucrpamund 00T ycTaHaBIHBaIH
HajJ OpOBBIO U Y HIDKHETO Kpas TJIAa3HOM BMAJMHBI JIEBOTO IVIa3a UCIBITYEMOTO.
[Ipu BBO#e aHanmoroBBIX CMTHAIOB B DBM uacToTa AHCKpETHU3AalMH COCTABIIS-
na 250 I'u. C nenbto BLAEIECHUS MIO-pUTMa dacToToi 8—13 I't 93T npenBapu-
TeNBHO (GMIBTpoBaH. I 3TOTO MPUMEHSIICS ToJocoBor GuisTp barTepBopTa
20-ro mopsiika ¢ ko3 QUIMEeHTOM HoAaBIeHus yacToT Beimie 13 I'm He MeHee
80 nb u yacror Hke 8 ' He Meree 40 1b. OtoT PuabTp obecmeunBaeT 3 dek-
TUBHOE (C MUHMMAJbHBIMU UCKAKEHUSIMH) BBIJENIEHHE HHTEPECYIOLIEH TOI0CH
gacToT. [Ipu 00paboTKe MOTYYEHHBIX TAHHBIX MOACUYUTHIBAIN MAaKCHMAaJIbHEIE
3HAYEHUSI KPOCCKOPPEISLUOHHBIX (YHKIMH M OLEHKH CHEKTPaJbHOH MOIIHO-
CTH Ha KOopoTKkuX (1,5 ¢), numeHHBIX apTedakToB, OTpe3kax 3amucu 991 3a 3 ¢
(«Don») u 1,5 ¢ («IloaroToBKay) A0 BHITOIHEHHUS TPAH3UTUBHOTO JAEUCTBUS (HAa-
JKaThe Ha KJIABHUIIY) WIA PEUCBOTO NEHCTBUS, BEIIONMHACMBIX HCIBITYEMBIM HIIH
OTepaTopoM, M cpasy Mocie yKa3aHHOTO cOOBITHS («BblmonHeHne neicTBus»).
[Ipn moncyere KPOCCKOPPETSIMUOHHBIX (PYHKIHH yYUTHIBAIH, YTO MaKCHMallb-
HBIIi BPEMEHHOI CIBUT IOJKEH ObITh He OoJiee OfHON NecATOW JJIMHBI peau-
3aIUy, KOTopas BEIOMpaach OOJbIe MIIM PaBHOW NECATH IEpHOJaM MIO-PHTMA
(1,5 ¢). Ans onuicaHus CrieKTpa MOIIHOCTH UCTIONIb30BaNaCh «HE(PUIBTPOBAHHASN
O30T u npuMeHsuioch npeodpaszoBanne Dypre. PacueT criekTpa BBIMOIHSICS C
anmnpokcuMalyel Ha ueisle rapmonuku (8, 9, 10, 11, 12, 13, 14, 15 I'u), uro
MIO3BOJISUIO CYIIECTBEHHO YIIPOCTUTH ITOCIEAYIONIYIO CTATHCTHIESCKYIO 00paboTKy
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Y CPaBHUTEJIBHBIA aHAU3 pe3yasTaroB. [Ipy crarucTuieckoit 00paboTKe JaHHBIX
UCTob30BaIU makeT «MatLab v6.5» u kputepuil BuiikokcoHa IS CBSI3aHHBIX U
HE3aBUCHMBIX BEIOOPOK.

B yacTu onbITOB MpH HAOMIONEHUH M PENPOAYKIIMK PUTMA, IPU HAOIIOAEHUN
Y TIPOU3HECEHUN CIIOB MCCIIEIOBAIM aKTHBHOCTH Mo3ra MetogoM GMPT. B atux
WCCIICZIOBAaHUSX YYacTBOBAIU JOOPOBOJBIBI — 20 MyxunH U 20 JKEHIIWH B BO3-
pacte ot 19 no 27 net, y4damuecs By30B. OT KaKI0T0 UCTIBITYEMOTO ITOJIyIE€HO CO-
IJIacHe Ha y4acTHE B SKCIIEPUMEHTAX, TAKKe 3all0JHEHBI (popMa JOOPOBOIBHOTO
HH(GOPMHUPOBAHHOTO COTIIACH S, OTIPOCHBIH JIUCT U comIacke Ha 00paboTKy mepco-
HaJbHBIX JaHHBIX. Pa3penienue Ha mpoBeIeHUE UCCIIEJOBaHUI Ha JIIOASX Tpeao-
craBieHo Dtuaeckoi komuccuerr HUL «KypuaroBckuii macTUTYT». B X018 TIpe -
BapHUTEIBHOTO OOCIIEIOBaHHS C IMMOMOIIBI0 aHKEThl AHHET BBISBISUIM BEIYIYIO
pyKky. MccrnenoBanne BKIIr0Ya10 HECKOJIBKO CEPUIl SKCIIEPUMEHTOB. B nepBoii ce-
PHUH UCTIBITYEMOMY TIPEABAPUTENBHO JEMOHCTPUPYIOT BUICOPOIIHK, B KOTOPOM B
LEHTpPE IKpaHa MEPUOANIECKH (depe3 5 ¢) MOosABIsAeTCs OeNblil KBaIpaT co CTOPO-
HOM 2 cM. McnbITyeMblil IOJIKEH 3alOMHUTE 3TOT PUTM. 3aTeM J€MOHCTPUPYIOT
BUJCOPOJIHK, IJ€ IIOKa3aHa pykKa oIleparopa, KOTOPhIi BOCIPOU3BOIUT ISTHCE-
KYH/IHBI PUTM, HAKUMasi CPETHUM U yKa3aTelbHbIM IMajbllaMd BEAyIIEH pyKH
Ha wraBumry «[IpoGem». ITocae 3TOro IEMOHCTPHUPYIOT BHACOPOIHK C M300pa-
YKEHHEM HENOABIDKHOU pyKH omepaTtopa. Bo BTOpoil U TpeTbell cepusx UCIBITY-
€MBbIi caM BOCIIPOM3BOIUT ISATUCEKYHAHBIM pUTM, Ha)KUMasi KHOIKH JIEBOM WK
MPaBoOi PyKOW B 3aBUCUMOCTH OT HHCTPYKIMU. 3aT€M UCIIBITYyEMOMY JIeMOHCTPH-
PYIOT BHICOPOIHK C M300paKeHUEM cTUMyIa (Oelblid KpecT Ha TeMHOM ()OHE B
LIEHTpE DKPaHa), Ha KOTOPbI JOkeH ObITh HApaBJIeH €ro B30p BO BpeMs OTAbI-
xa. B ueTBepToil cepum UCIBITYEeMOMY BHauyajle AEMOHCTPUPYIOT BUAECOPOIHUK C
n300paxkeHHe JIUIA ONeparopa, KOTOPBI B MOMEHTHI MEpeXofia CTPENKH CeKyH-
nmomepa gepes genenus 0, 5, 10 u T.1. CeKyHI IPOUZHOCUT CIIOBO «pa3y. 3areM
JEMOHCTPUPYIOT BUJICOPOIIUK C N300pakeHHEM HEMOABUKHOTO JIUIIA ONlepaTopa.
B msATO# cepun menmpITyeMOMy BHavajIe IEMOHCTPHPYIOT BHICOPOIIHK C M300pa-
KEHHUEM JIBUKYIIEHCS CTPENIKU CEKyHIoMepa. 3aTeM B yKa3aHHbIE MOMEHTHI Bpe-
menu (0, 5, 10 ¥ T.1. CeKyHA) UCTIBITYEMBIA CaM TPOU3HOCHT CIIOBO «Pas3y.

PesynbraTsl cTpykTypHO# U dyHKIMOHaNbHOIT MPT momyuenst B HBUKC-
rexaonoruit HUIL «KypuatoBckuit uHcTHTYT» Ha Tomorpadhe SIEMENS
Magnetom Verio 3 Tesla. [lns mony4eHus CTpyKTypHOTO HM300pakeHUs MO3ra
¢ BBICOKUM pazpemenueM (T1-B3Bemennoe n300pakeHUe) UCIIOIB30BAHEI CIIe-
JYIOIIHE apaMeTphl MOCIe0BaTeIbHOCTH OBICTPOTO I'PpaiueHTHOrO 3X0 (rapid
gradient echo): 176 cpe3oB, TR (Bpems moBtopenus) = 1 900 mc, TE (Bpems
9x0) = 2,19 mc, TonmuHa cpe3a = 1 MM, yroa mepesopora = 90, Bpems UH-
Bepcuu = 900 Mc, mose HabmroneHus = 250218 mm. Jlns momydeHus JaHHBIX
¢MPT ucnons3oBans! cneaytomue napamerpsl: TR =2 ¢, TE = 20 mc, konu-
YeCTBO Cpe30B — 42, pazmep Bokcena — 2x2x2 M. J[OMONTHUTENHHO MOTyde-
HBI JaHHBIE JUII YMEHBLIECHHUS TPOCTPAHCTBEHHBIX MCKAXKEHUH 3XO-TUIaHAPHBIX
H300paKeHUH.
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Bce pMPT-nanHbIC TpeIBApUTEBHO 00pabOTaHBI C MOMOIIBIO TakeTa SPMS.
B pamkax xakmoil U3 mapagurM BBIOTHEHBI TOMAPHBIC CPABHEHUS HA OCHOBA-
HuK cTaTUCTHKK CTHIOICHTA U OJIyYeHbl MHAUBH/YaJIbHbIC U TPYIIIOBBIC KaPThI
¢ ypoBHeM 3naunMoctH p < 0,001. Bece nmonydeHHbIE CTATHCTHYCCKIE KapThl Ha-
HOcUIHCh Ha mrabnonHoe T-1 u300pakeHHe M MPOM3BOIMIACH AHATOMUYECKAs
MPUBA3Ka «aKTHBHBIX» BoKcenoB K amiacy CONN.

PesyabTarsl Hccaeq0BaHuS U 00CYKICHAE

Pezynvmamul uccne0o6anus IneKmMpuiecKol aKMUGHOCMU M032a4 npu Ha-
0n100enuu u penpoodyKyuu NAMUCEKYHOHO020 pumma. V3ydeHwe larepaibHON
OpraHU3aIlMid MO3Ta HCHBITYEeMbIX TOKA3aJI0, YTO CPEAU MYXKYUH IIPeoOnafaroT
npaBIy (27 4eIOoBeK), UMEIOTCS aMOWIEKCTPHI (4 YelloBeKa) M OTCYTCTBYIOT JICB-
. Cpeu KeHIIUH Takxke Ipeodnafany npasim — 31, UMenuch aMOuaeKeTpsl — 1
Y JIeBLIH — 2.

N3yuenne KOPPENAIMOHHBIX U CICKTPABHBIX XapaKTEPUCTHK MIO-PHUTMA TIPU
HaOMIONEHUH M PETIPONYKINH IIATHCEKYHIHOTO PUTMA TIO3BOJIHIIO OOHAPYKUTD Y
MY>KYMH 1 KEHIUH 3aBUCUMOCTbh U3MEHEHHUN 3TUX XapaKTEePUCTHK OT YacTOTHI
MIO-pUTMa, BHJA W JTala BBIIOJIHIEMOH NEATEIHHOCTH. B wacTHOCTH, B cepHu
«Habmonenue 3a pernpoaykiuei putMa» Ha 3tamne «BrinonHeHue AedcTBU MO
CPaBHEHUIO C (POHOM Yy MY>KIMH HAOIIOAAETCS CTATUCTUIECKH 3HAYMMOE CHIDKE-
HUe crekTpanbHoit MomHocTu O3I B orBeaennu C3 Ha wactore 9 I'y Ha 10,1%
(p <0,005), a Ha gacrore 10 I'm — Ha 9,4% (p < 0,05). B TO )¢ Bpems Ha dTarme
«[loAroToBKa» Mo CpaBHEHUIO C (POHOM CTaTUCTUYECKU 3HAUUMbBIC U3MECHEHUS
CIIEKTpaJIbHOM MomTHOCTH D3I Ha YacTOoTaxX MIO-PHTMA Y MY>KUYMH OTCYTCTBOBA-
s CXOiHbIE U3MEHEHUS CIIEKTPaIbHOM MommHocTH D21 Ha 4acToTax MIO-pUTMa
oOHapyKeHBI MPH PEPOAYKIIMNA PUTMA JICBON M TpaBoil pykod. Tak, B cepuu ¢
penpoAyKIMeN puT™Ma IpaBoi pyKoil Ha atane «BpInoiaHeHe 1eHCTBUSD) 110 CpaB-
HEHHIO ¢ (POHOM y MY>KYMH HAONIONACTCS CTATHCTHUECKH 3HAYNMOE CHIKCHIHE
crekTpanabHoi MomHocty D01 B otBenenuu C3 Ha yactote 9 I'p Ha 22% (p <
0,01),anagacrore 11 I'm—na 33,5% (p <0,001), B orBeneHnu C4 Ha yactote 8 I'x
—Ha 18,5% (p < 0,001), a Ha wactore 11 I'm — Ha 2,1% (p < 0,02). 3aBUCUMOCTH
W3MEHEHNH CHEKTPAJbHBIX XapaKTEPHTCTHK MIO-PUTMA OT €ro 4YacTOTHI, BHMIA
U 3Tama BBIIOJNHAEMOI IesTeIbHOCTH OOHApY)XeHa M y >KHIIMH. B uacTHOCTH,
MpY PENPOAYLHH IATUCEKYHIHOTO PUTMA MPAaBOM PyKoil Ha drtamne «BrnoiaHeHue
JEeUCTBUS» MO CPaBHEHUIO ¢ (POHOM y HHUX HaOmiomaerca B orBeaeHHH C4 Ha
gactoTe 8 ['Il CTaTHCTHYECKH 3HAYMMOE MOBBIIICHNE CHEKTPATFHON MOITHOCTH
99T (p <0,01), a Ha yactote 9 I'1y B TOM ke oTBeneHUU — cHkeHue Ha 10,8%
(» < 0,02). BeposiTHO, 00HapYKEHHOE Ha OTAEIBHBIX YACTOTaX CHHU)KEHHUE CIICK-
TpaJIbHOW MOILTHOCTH MIO-pUTMa Ha dTanax «lloarotoBka» u « BrinoiaHeHue nei-
CTBHSD) OTPaXKaeT aKTUBALNIO «IBUTATEIBFHBIX) 3ePKaJLHBIX HEHPOHOB [1].

AHanu3 KOPKOBBIX B3aUMOJICHCTBUI Ha 4aCTOTE MIO-PUTMA MEX]Ty LICHTPalb-
HBIMH ¥ IPyTUMH 30HAMU KOPHI TIPH HAOIIONCHUN M PEIPORAYKINH MIATHCEKYHI-
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HOTO PHUTMa ITO3BOJIWJI OOHAPYXKHUTh y MYKYWH M KCHIIMH 3aBUCUMOCTH 3THX
B3aMMOJCHCTBHM OT BHJA M ATalla BBHINOIHICMON JEITCIBHOCTH. 3aBHCUMOCTD
KOPKOBBIX B3aWMOJICHCTBHUN OT BHJIAa W JTala BBINONHIEMOW NESTEIHHOCTH Y
MY>KYMH M JKEHIIUH MPU HAOIIONEHUN U PETPOAYKLIUH MATUCEKYHTHOTO pUTMa
WJLTIOCTPUpPYET puc. 1.

0,75 4 0,8 4 0.8 4

0.7 0,75 q 0.75 4
0,65 0.7 1 0.7 4
0,65 0.65 4
0.6 4
0,6 0.6 q
0.55 4
0,55 4 0.55 4
051 0.5 4 0.5 4
0,45 4 0,45 4 0.45 q
0,4 - 0,4 - 0,4 -
F7xCz F7xC4 CzxP4 CzT6 C4xT6 F7xCz CzO01
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u Brinonserne[Execution] m BrmonHeHHe[Execution] u BrimonHeHHe[Execution]
I-A I-B 1-C
0.7 7 0,68 4 0.7 4
0,68 0,66 0,68 .
0.66 4 0.64 1 0.66 4
0,64 I 0.62 1 0,64
2 4 2 |
0.62 056 | 0.62
0.6 q 058 0.6 1
0.58 : 0.58 1
0.56 - 0.56 1 0.56 1
0.54 1 0,541 0.54 1
0.52 4 0.52 4 0.52 4
0,5 - 0,5 - 0,5 -
C3xT4 C4xT6 C3xT5 CzTS CzxP3
® ®on[Background] = ®on[Background] u Don[Background]
Tloarotoska[Preparation] TloarotoBka[Preparation] TToaroroska[Preparation]
1I-A 1I-B 1-C

Puc. 1. 3aBUCUMOCTb KOPKOBBIX B3aUMOZICHCTBUI Ha 4aCTOTE MIO-PUTMA
OT BHJIa U dTalla BHINOIHAEMOH JiestenbHoCTH y My>kurH (I) u sxennumn (I1)

B cepusix «Habmronenue 3a penponykuueit putmay (4), «Penponykius purma
neBoi pykoii» (B) n «Penpoxykuust putMa mipaBoit pykoi» (C).
Ilpumeuanue: Ha OCH OPJMHAT OTJIOKEHBI 3HAYEHHUS KO UIIMEHTA KOPPEIALIH
B OTH. €J1.; IPUBEICHBI TOJBKO CTAaTUCTHYECKH 3HaYnMble (p < 0,05) pazanuns
[Fig. 1. Dependence of the found cortical interactions at the frequency of the mu rhythm
on the type and stage of the performed activity in men (I) and women (II)
in the series “Observation of rhythm reproduction” (A), “Rhythm reproduction
with the left hand” (B) and “Rhythm reproduction with the right hand” (C).

Note: the values of the correlation coefficient in relative units are plotted on the ordinate axis;
only statistically significant (p < 0.05) differences are shown]

Pezynomamor pMPT-uccnedosanua akmugnocmu mo32ea npu Hada100eHuu
U penpooyKuuu nAMUceKyHOHo2o pumma. V3ydenne narepaibHOW opraHu3a-
MM MO3Ta UCIIBITYEMBIX IT0Ka3ajo, 4To cpexd 20 MyX4MH IpeoOialatoT 1pas-
i (18 yenoBek), UMEIOTCs JIeBIH (2 YeIoBeKa) U OTCYTCTBYIOT aMOUICKCTPHI.
Cpenu 20 >xeHIUH TaKke npeodnanatoT mpasmu (17 yeroBek), uMeeTcs JieBIIa
1 2 aMmOHJeKCTpa.

CpaBHeHHe yciaoBHI HaONIOIECHNS 32 PYKOH ollepaTopa, KOTOPbIH BOCIIPOH3-
BOJUT ISATHCEKYHAHBIA PUTM, C COCTOSIHUEM, CBSI3aHHBIM C HAaOJIOICHUEM 32 He-
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MIOABIDKHOM PYKOH olleparopa, IMO3BONWIO OOHAPYKUTH Y MY)KYWH aKTHBAIHIO
CEHCOPHBIX, JBUTATEIbHBIX U ACCOLMATUBHBIX 30H KOPBI U B YACTHOCTH BEPXHEHN
0OHOW M3BWIIMHBI CIICBa, CpeHel JTOOHOH W3BHUIIMHEI CIIpaBa W CJIeBa, MPEICH-
TpanbHON U3BUJIMHBI CIIEBA, IPEKYHEYCA, 3aThIJIOYHON BEPETEHOBUIHON U3BIMHBI
CIpaBa, HaparuioKaMIoBON U3BUINHBI CJIE€BA, A3bIYHON U3BUIMHBI CIIPaBa U He-
KOTOPBIX JIPYTHX 30H KOPBI, @ TAKKE XBOCTATOI'0 SApa.

Y KCHIUH B TeX )K€ yCIOBHAX OOHApy)KeHa aKTHBAIlUsl BEpXHEH, cpemHelt u
HWKHEW JTOOHBIX M3BWIMH CIIPaBa, MpeLeHTPaIbHON U3BUIMHBI CIIpaBa U CJIEBa,
HAJIKpA€BOI W3BUJIMHBI CIIPaBa, CPEIHEN U HIYKHEW BHUCOYHBIX M3BHWIIHMH, CIIPaBa
U cIieBa, YIJIOBOI M3BUIIMHEI CIIPaBa U JPYTruX 30H KOPBI, a TaKke OJIEAHOTO HIapa
U CKOPIIYIIBL.

I'pynmoBele cTaTUCTUYECKUE KAPThI, IOJYyUYEHHBIE Y MYKYMH U XKEHIIWH pU
CpaBHEHUHM MEXIy co00¥ ycIoBuiA HAONIOJCHUS 3a PYKOH omeparopa, KOTOPhIH
BOCIIPOM3BOJUT IISITUCEKYHJIHBIM PUTM, U COCTOSIHUEM, CBS3aHHBIM C IPOCMO-
TPOM BHJIEOPOJIMKA C U300paKEHUEM HENOABMKHOM PyKU OnepaTopa, HaHECEH-
Hble Ha mabioHHoe T-1 300pakeHue BHICOKOTO pa3pelieHus, MpeICTaBIeHbl Ha
puc. 2.
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Puc. 2. [pynmoBsle cTaTHCTUYECKUE KapThl, HAaHECCHHbIC Ha mabnoHHoe T-1 u3o6pakenue
BBICOKOTO pa3peLIeHus, OITyUYeHHbIe Y MY>X4HH (A4) ¥ XKeHIIUH (B) npu cpaBHEHUU
yCIIOBUI HAaOIIONEHUS 32 PyKOH oreparopa, KOTOPhI BOCIPOU3BOIUT 3aaHHBIN PUTM,
Ha)XKMMasl Ha KJIAaBULILY, U COCTOSIHMEM II0KOsI, KOIJa UCIIBITYyEMOMY IEMOHCTPHUPYETCS
BUJICOPOJIHK C U300paKeHHEM HETIOJBIKHOI PyKH omeparopa. 31ech U Jajee [IBETOBbIE
LIKaJIBl XapaKTepU3yIoT pa3Hble YPOBHU aKTHBALMK/JE€AaKTHBALIUU MO3TOBBIX CTPYKTYP:
KpacHbBIN 1IBET — MAKCUMAaJIbHAs aKTHBALMs, CHHUN — MaKCUMaJIbHAsl 1eaKTUBALUs
[Fig. 2. Group statistical maps plotted on a high-resolution template T-1 image obtained in men (A)
and women (B) when comparing the conditions for observing the operator’s hand, which reproduces
a given rhythm by pressing a key, and the state of rest when a video with the image
of the stationary hand of the operator is shown to the subject. Hereinafter,
color map scales characterize ed different levels of activation/deactivation of the brain
structures: red - Maximum activation and, blue - Maximum deactivation]
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[ennepHble pa3nuyuus NPOSBIINCH U B Pa3HON YHCIIEHHOCTH aKTHBHPOBAH-
HBIX MO3TOBBIX CTPYKTYp, U B Pa3HOM YPOBHE UX aKTHBalUU. Tak, eClii y MyxK-
YHH TIPH HAOITIOICHUH 3a OTIEpaToOpOM, KOTOPOH BOCIIPOM3BOAUT 3aaHHBIN PUTM,
aKTUBUPYIOTCA B BepXHel JI0OHOI n3BmiuHe crpasa — 0, cieBa — 43 Bokcena, TO
Y JKSHIIIH B TOH K€ M3BHJIMHE aKTUBUPYIOTCS ciesa — 0, cpaBa — 17 BOKCETIOB.
BeposiTHO, 0OHapy:keHHBIE Pa3InyMsl CBsI3aHBbl ¢ OCOOCHHOCTSMH JIaTepalbHOM
OpTaHM3aLHH MO3Ta Y MY>KIUH U JKCHIIHH.

CpaBHenue pe3ynbraroB ¢MPT-ckaHupoBaHUs MO3ra IPU PETIPOAYKLIUH TS~
THUCEKYHIHOTO PATMA C COCTOSHHEM TIOKOS TTO3BOJIMIIO OOHAPYKUTH Y MYKINH H
JKEHIIMH YaCTMYHO aKTUBAIIMIO TeX K€ 00JacTeld Mo3ra, 4To U IPH HAOIIONEHUH
3a penpoAyKIHeH puTMa, a IMEHHO BepXHel JI0OHOW W3BHIIMHEI CIIpaBa U CJIeBa,
cpeaHel TOOHOW M3BWIIMHBI CIpaBa, HIDKHEH JTOOHOW M3BHIIMHBI CIIpaBa, Mpe-
LIEHTPAJIBHOW U3BWIMHBI CIIPaBa U CJIEBA, CPEAHEN BUCOYHOM W3BUJIMHEI CIIPaBa,
0a3aJIbHBIX TAHIJIMEB, a TAK)KE CUHTYJISIPHOM U3BUJIMHBI CIIPaBa, THIIMOKAMIIA, H-
CYISIpHOU KOPBI CIIpaBa, MAHAAJIHHEI CIIpaBa U JPYTHX obnacteit Mo3ra. OqHako
1 00111ast YUCIIEHHOCTh aKTUBUPOBAHHBIX CTPYKTYD, U YPOBEHb UX aKTUBAIIMU OT-
JIYAIOTCS TIPH HAOMIONEHUH M PETIPONYKIIUN PHTMA.

['pynmoBeie cTaTcTHYECKUE KapThl, MOMYyYEHHBIE Y MYKUYUH U KEHIIUH IPU
CPaBHEHUH YCIIOBHI BOCIIPOU3BENCHHUS IIATHCEKYHAHOTO pUTMa JIEBOM PYKOH IO
OTHOIIEHHIO K COCTOSHHIO TIOKOA ¢ (pHKcanyell B3opa Ha Oellblif KpecT B IIEHTpe
9KpaHa, HaHEeCEeHHbIe Ha mabinoHHoe T-1 m300pa’keHne BBHICOKOTO pa3pelIcHus,
mpeacTaBieHbl Ha puc. 3. OKazaaoch, 4TO IPU PENpPOLYKIIMHA PUTMA JIEBOK PYKOM
TeHAEPHBIC Pa3INyus IMPOSBILIIOTCS Hamboiee apKo. Tak, eciau y My>KIuH 9uc-
JI0O aKTUBUPOBAaHHBIX BOKCEJIOB B 00JIACTH MPELEHTPATBLHON W3BUIIMHEI CIIpaBa U
CJIeBa COCTABIISIET COOTBETCTBEHHO 36 1 15 BOKCENOB, TO y JKEHITUH — COOTBET-
cTBeHHO 387 1 589 BOKCeNoB.

Pe3ynomameol uccinedosanus nekmpuieckoi akmugHoCmu Mo32a npu Ha-
On00eHuu u NPOUIHECEHUU HEIMOUUOHANBbHOZ0 cn06a. IIpoBeieHHbIE UCcCe-
JOBaHMS TIO3BOJIIUIN OOHAPYXXHUTh Y MY)KUMH H KCHIIWH B [EHTPAIBHBIX 00Ja-
CTSIX KOPbI CTAaTUCTHUYECKU 3HAYMMbIE U3MEHEHHsI CIIEKTpaIbHON MoImHOCTH DI
Ha 9acTOTax MIO-PUTMAa IpH HAOMIONEHUN W MPOU3HECEHUH HEIMOIIOHAIHLHOTO
cinoBa. OKa3aloch, YTO XapakTep ITUX U3MEHEHUH 3aBUCUT OT YaCTOThI JAHHOTO
pUTMa, BUAA M dTalra BBHIIONHACMON NesSTeNbHOCTH. B 9acTHOCTH, y MYXKYHH B
cepun «HaOmonenne 3a MpoOU3HECEHWEM HEIMOIIMOHAILHOTO CJIOBA» Ha JTare
«BrImonHeHHE IEHCTBHS» OOHAPYKEHO CTaTHCTHYECKU 3HaunMoe (p < 0,05) mo
CpaBHEHUIO C (POHOM CHIDKEHHE CHeKTpanbHOi MomHocTr D3I Ha 1,8% B oTBe-
nennn C3 tonmbko Ha yactoTe 8 ', Hapsmy ¢ 3TuM oOHapy»XeHBI CTaTHCTHYECKH
3HAYMMBbIE MEXIOJYIIapHbIE Pa3IMyisl W3MEHEHHH CIEeKTPaJbHOW MOIIHOCTH
MIO-pHTMAa Ha PAa3HBIX ATaIlax BEIOTHIEMON NeATeIbHOCTH. Tak, eciy y My»XIiH
B cepun «HabmrofeHue 3a mpon3HeceHneM HeAMOLMOHAIBHOTO CIIOBa» Ha JTare
«Brmonaenne neiicTBus» B otBeeHnn C3 Ha gactorte 8 ['11 ciekTpanpHas MorI-
HOCTh MIO-pUTMa MO CpaBHEHHIO ¢ ¢poHoM cHmkaercs (p < 0,05) na 1,8%, 10 B
orBeneHny C4 Ha TOM ke YacToTe HAONIOAAETCS MOBBIMICHUE MOITHOCTH HTOTO
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putMa Ha 6,3% (p < 0,02). [To-BnauMoMy, OOHapYKEHHOE HA HEKOTOPHIX YacTO-
TaX CHIDKCHHE CLICKTPAIBLHOM MOIIIHOCTH MIO-PHTMA OTPaXKaeT aKTHBAIHIO «KOM-
MYHHKATHBHBIX» 3€pKajJbHbIX HEHpoHOB [1], a HalileHHbIE MEXIONyIIApHbIE
pa3nuius B U3BMEHEHUH CIIEKTPATbHONW MOITHOCTH MIO-PUTMA CBUICTEIBCTBYIOT
0 TIPEUMYILECTBEHHON aKTHBAIIUH JIEBOIONYIIAPHBIX «KOMMYHHUKATHBHBIX» HEH-
POHOB.
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Puc. 3. IpynmoBslie cTaTuCTHYECKNE KapThl, HAHECEHHBIE Ha MadiaoHHoe T-1
n300pakeHHe BBICOKOTO pa3pelIeHHs, TIOyYeHHBIE Y MY>KIUH (4) 1 xeHIuH (B)
TIpU CPaBHEHUHU YCIOBUI BOCIIPOU3BEEHUS MATUCEKYHIHOTO PUTMA JIEBOU PyKOi

Y COCTOSIHUS TIOKOSI ¢ (pUKCAIMeH B30pa Ha OeIoM KpecTe B IEHTPE 3aTEMHEHHOTO SKpaHa
[Fig. 3. Group statistical maps plotted on a high-resolution template T-1 image obtained in men (A)
and women (B) when comparing the conditions for reproducing a five-second rhythm with the left

hand and at rest with fixation of the gaze on a white cross in the center of a darkened screen]

3aBUCHMOCTh U3MEHEHHH CIIEKTPAILHBIX XapaKTEPUCTHK MIO-pUTMa OT €ro
YaCTOTHI, BUJIA M JTala BHIMOIHIEMON JCATEIFHOCTH OOHAPYKEHA U Y HKEHIIUH.
Tak, eciii npu HAOIIOJCHUM 3a MPOU3HECEHHUEM HE3MOIIMOHAILHOTO CJIOBa Ha
srane «I[loaroroBka» B orBenenun C3 Ha yactore 10 I'ii HabIr0maeTcs CTaTUCTH-
yecku 3HauuMoe (p < 0,05) mo cpaBHEHHIO ¢ (POHOM CHMKCHHE CIECKTPAIBHOMN
momHoct D3I Ha 59,4%, To Ha dTarne «BeINnojJHeHNEe NEHCTBUA» B TOM XKe OT-
BeJICHUH OOHApPY)KEHO CTAaTUCTHYECKU 3HAYMMOE 10 CPaBHEHHIO C ()OHOM CHHU-
JKEeHHE CIeKTpanbHO MomHocT D3I Ha yacToTax Mio-putMa 10 't (Ha 26,6%,
p<0,01),12 'y (ma 33,2%, p <0,01) u 13 ' (Ha 56,5%, p < 0,01).

AHanmu3 KOPKOBBIX B3aUMOJICHCTBUI Ha YaCTOTE MIO-PUTMa MEXITY IICHTPaIb-
HBIMH M JIPYTHMH 30HAMH KOPBI TIO3BOJIMJI OOHAPYXUTh Y MY>KYHH W YKCHIUH
mpy HAOIONCHUN ¥ POU3HECEHUH CIIOB 3aBUCUMOCTh 3TUX B3aUMOJICHCTBUI OT
BHJIa W dTala BBITOIHAEMOHN JESITEIHbHOCTH. JTO MPOSBHUIOCH, B YaCTHOCTH, Y
MYXUHH U XEHIIUH B CTAaTUCTHUECKH 3HauuMoM (p < 0,05), mo cpaBHeHHIO ¢ (ho-
HOM, TIOBBIIICHHH YPOBHEH KOPKOBBIX CBSI3€H Ha 4acTOTE MIO-PHTMA Ha dTarax



96 10.B. bywos, B.)I. Yuwaros, M.B. Céemnux u op.

«ITonrotoBka» u «BeIMOHEHE ASUCTBUAY TIPU HAOIIOICHUH 32 IPOU3HECCHUEM
HEIMOIIMOHAIBHOTO CIIOBA. 3aBUCUMOCTh KOPKOBBIX B3aUMOJCHCTBUI OT 3Tama
BBITIOJTHSIEMOM JIEATEILHOCTH Y MYXKYUH ¥ JKCHIIWH MTPH HAOIIONESHUH 32 TIPOM3-
HECEHUEM HEAIMOIIMOHAIBHOTO CJI0BA HILTIOCTPUPYET pUC. 4.
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0,85 0.72 1
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1I-A 1I-B

Puc. 4. Paznuuns ypoBHEH KOPKOBBIX CBA3€H HA YAaCTOTE MIO-PUTMA MEXIy TallaMy
BBITIONHsIEMOH AesaTenbHOCTH «DPoH» — «IloaroroBkay (4), «@on» — «BeimonHeHue» (B)
y mysxuuH (1) u xenmud (1) B cepun «Habmronenne 3a mponzHeceHUEM
HEAMOLMOHAIBHOIO CII0Bay. [Ipumeuanue: Ha OCU OpIUHAT OTIIOKEHBI 3HAUCHUS
k03 (HUIMEHTa KOPPEISIHUU B OTH. €11.; Ha PUCYHKE IPUBEICHBI TOIBKO
CTaTUCTUYECKU 3HaYUMBIe paszmuuus (p < 0,05)

[Fig. 4. Differences in the levels of cortical connections at the frequency of the mu rhythm between the
stages of the performed activity “Background” - “Preparation” (A) and “Background” - “Execution”
(B) in men (I) and women (II) in the series *“ Observation of pronouncing non-emotional words”.
Note: the y-axis shows the values of the correlation coefficient in relative units;
the figure shows only statistically significant differences (p < 0.05)]

I'ennepHbIe pa3nuyus MPOSBIINCH, B YACTHOCTH, B TOM, YTO €CJIH Y MY)KIHH
Ha 3Tamax MOATOTOBKU U BBINOJHEHUHM PEUEBOrO ACHUCTBUS HAOMIONAETCS YCH-
JICHWE CBsI3ei MEXy TOOHOW M IIEHTPAILHOW 30HAMH KOPBI JICBOTO MOTYIIapHs
(puc. 4, 1), TO y >KEHIIMH — MEX Ay LIEHTPAIbHOI U BUCOYHON 30HAMH KOPBI TIpa-
Boro monymapwus (puc. 4, I1)

Pezynomamor pMPT-uccnedosanua akmugnocmu mo32ea npu Hada100eHuu
U npOu3HeceHuU HeIMOUUOHANbHO20 cnoea. CpaBHEHHE YCIIOBHII Habmrone-
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HUS 32 OIIEPaTOpOM, KOTOPHIH HMPOU3HOCHT CIIOBO «pa3» B MOMEHTHI II€pexoia
CTpeJIKHU ceKyHnoMmepa depes aenenud 0, 5, 10 ¥ T.4. CEKyH]] ¢ COCTOSHUEM MOKOSI
(TIpocMOTp BUIEOPOIIHKA € H300paKEHNEM HETIOABIKHOTO JIUIA OTIepaTopa), Imo-
3BOJIMJIO OOHAPY)KUTh Y MYXYUH aKTHBALIMIO CpelHell JTOOHOH M3BMIIMHBI Clie-
Ba, JIOOHOU OpOUTANBHOM KOPHI clipaBa, GPOHTAIBHOTO IOJIF0Ca CIIPaBa U CJIeBa,
BepXHEH BHCOYHON HM3BWIIMHBI CIIpaBa W ClieBa, CpEAHEH BHUCOUHOW M3BUIIMHBI
CIIpaBa M CJEBa, BUCOYHOW IUTOMIAKHU CJIEBa, HAJKPACBOH M3BIIIMHEI CIIPaBa, a
TaKKe TajaMmyca clipaBa U clieBa, XBOCTATOro A/pa, OJIeTHOTo mapa U CKOPIIYIIbI.
[ennepHbIe pa3nuuus MPOSIBIINCEH, B YACTHOCTH, B TOM, YTO Y MY>KUHMH TIpH Ha-
OMtofIeHNH 32 MPOM3HECEHHEM CJIOBa «pa3» aKTUBUPYETCS U OoJbllee KoJIuye-
CTBO MO3TOBBIX CTPYKTYp, ¥ OHU aKTHBHPYIOTCS CHibHee. Tak, eclid y My KIHH
py HAOJIOEHUH 32 OTIePaTOPOM, KOTOPBIH MPOU3HOCUT HEIMOIIMOHAIBEHOE CJIO-
BO, aKTHBUPYIOTCS B 00JIACTH BepXHEH BHCOYHON M3BWJIMHEI CIpaBa — 28, ciie-
Ba — 33 BOKcela, TO y KEHIIMH aKTHUBUPYIOTCS B TOHM e U3BMUJIMHE cripaBa — 7,
cieBa — 0 BOKCEJIOB.

I'pynmoBsie craTucTUYecKue KapThl, HaHECEHHbIe Ha mabnoHHoe T-1 u3o0pa-
JKEHHE BBICOKOTO Pa3pelICHus, TOyYeHHBIC Y MY)KIHH U KCHIIWH TPU CpaBHE-
HUU MEX]y COOOH yCIOBHI HAOMIONEHUS 32 ONEePaTOPOM, KOTOPBIA MPOU3HOCUT
CJIOBO «pa3» B MOMEHTHI IIEpeX0/ia CTPEIIKU CeKyHroMepa uepes aenenus 0, 5, 10
U T.I. CEKYHJ, U COCTOSTHHEM MOKOs (IIPOCMOTP BUAECOPOJIMKA C H300pakeHUEM
HETIOBYKHOTO JIMIIA OIIepaTopa), peACTaBIeHEI Ha pHC. 5.

R E E E E E A EE XXX
808000 0R00|888000R0O0R0
$0608606060680 6606066680680
68600000068 80000080868

BOOBBLH000 CHOLBHBLH0
0000000688 HH0000000 9

G &8ss se e LLLLEeee e e

A B

Puc. 5. ['pynnoBbie CTaTUCTHYECKUE KAPThI, HAHECCHHBIC Ha 1adnoHHoe T-1 n3o0paxenHue
BBICOKOTO pa3pelieHs, MOTyueHHbIe Y MY>KUHH (A4) 1 )keHIInH (B) npyu cpaBHEHUU
yCIOBUiT HAOMIONEHHS 32 ONIEPATOPOM, KOTOPBIN MPOU3HOCHUT CIIOBO «Pa3» B MOMEHTHI
nepexoa CTpesiku cekyHomepa yepes aenenus 0, 5, 10 1 T.1. ceKyHA, U COCTOSIHUEM
MOKOS! (IMTPOCMOTP BUACOPOJTUKA C H300paKEHUEM HETOJIBMYKHOTO JIMIIA OlepaTropa)
[Fig. 5. Group statistical maps plotted on a high-resolution template T-1 image obtained in men (A)
and women (B) when comparing observation conditions for an operator who pronounces
the word “RAZ” at the moments of transition of the stopwatch hand through divisions 0, 5, 10, etc.
seconds, and a state of rest (viewing a video with an image of the stationary operator’s face)]
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CpaBHeHuUE YCIIOBUI IPOU3HECEHUS CII0BA «Pa3» C COCTOSIHUEM IOKOS I103BO-
JIWJI0 OOHAPYKUTH Y MY>KYHH U JKEHIIWH YaCTUYHO aKTUBAIHIO TEX XKe obiacTeit
MO3Ta, YTO U MpH HaOIIIOICHNH 32 IPOM3HECEHIEM 3TOTO CIIOBA, a TAK)KE aKTHBA-
LIUIO BEpXHEH, CpeHel 1 HIDKHEN JT00HOH N3BUIINH, TOTIOJIHUTEIEHOX MOTOPHOM
KOPBI, MPEUEHTPAIIbHON U MOCTHEHTPAIBHOW U3BWIWH, CPEAHEN U BEPXHEN BHU-
COYHOU W3BWJIMH, NMPEIKINHbS, SI3bIYHON U KIIMHOBUIHON KOPHI, TajlaMmyca, TUIl-
moKamIa, 0a3ajbHBIX TAHIIINEB H MOIKeUKa. [ eHIepHbIe pa3nuius IpOsSBUINCE,
B YaCTHOCTH, B TOM, YTO Y MY>KYHH «3aUHTEPECOBAHHBIE» OOJIACTH MO3ra aKTH-
BHpYIOTCS cHITbHEe. Tak, eClii y My>KIMH YUCIIO aKTHBHPOBAHHBIX BOKCEIIOB B 00-
JIACTH MPELEeHTPaIbHON U3BUIIMHBI CIIPaBa U CJIEBa, COCTABIIAET COOTBETCTBEHHO
545 u 1 152 Bokcena, TO y )KE€HIIIUH — COOTBETCTBEHHO 446 1 388 BOKCemoB.

I'pynmoBsie craTucTuyeckue KapThl, HaHECeHHbIe Ha mabnonHoe T-1 u3o6pa-
JKEHUE BBICOKOTO pa3pelIeHus], OTyUeHHbIE Y MyX4nH (4) u >keHuwH (B) npu
CpaBHEHUH MEX]y COO0H yCIOBHIA MPOU3HECEHHUS CIIOBA «Pa3) BCIYX B MOMEHTHI
repexojia CTPeNKu ceKyHaomepa depes aeneHus 0, 5, 10 1 T.1. ceKyHI U coCTo-
SITHUEM TOKOS (ITPOCMOTP BHUJEOPOJIHKA C U300pakeHUEeM ABIDKYLIEHCS CTPETIKU
CEeKyHAOMepa), IPECTaBICHEI Ha puC. 6.
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Puc. 6. [pynmoBsle cTaTHCTHIECKHUE KapThl, HaHECEHHBIE Ha mabnoHHoe T-1 m3o00pakeHue
BBICOKOTO pa3pelIeHus], IOTyUYeHHBIC Y MY>K4HH (A4) ¥ »eHIuH (B) Ipu cpaBHEHUN
MEXIy CO00# yCIIOBUIT MPOM3HECEHHS CIIOBA «Pa3» BCIYX B MOMEHTHI IEPEX0Jia CTPEIIKU
cekyHaomepa uepes nenenus 0, 5, 10 v T.1. CeKyH[, U COCTOSIHUEM TOKOsI
(TIPOCMOTp BUICOPOITHKA ¢ M300pAKEHUEM JIBHKYIICHCS CTPEIKH CEKYHIOMEpa)

[Fig. 6. Group statistical maps plotted on a high-resolution template T-1 image obtained
in men (A) and women (B) when comparing the conditions for pronouncing the word “RAZ”
aloud at the moments of transition of the stopwatch hand through divisions
0, 5, 10, etc. seconds, and a state of rest (watching a video with a moving stopwatch hand)]

[IpoBeneHHbIe HcCIEeAOBAaHUS TIOKA3alld, YTO IpejjaraeMas JIesTeNbHOCTb,
CBsI3aHHAs ¢ HAONIONEHWEM M PENpONyKLIHEeH pUTMa, C HAOMIONEHUEM H MPOH3-
HECEHHUEM CIIOB, CONPOBOXKIAETCS aKTUBAIIUEH 3epKaIbHBIX HEHPOHOB, YTO MPO-
SIBUJIOCH B ICTIPECCUU MIO-PUTMA Ha OTAEJbHBIX YacTOTaX Ha dTarax MoArOTOBKU
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Y BBITIOTHEHUS TPAH3UTUBHBIX U PEUYEBBIX AercTBHM. OKa3a10Ch, YTO aKTUBAIIUS
3TUX HEMPOHOB Hallle BCEro COMPOBOXAAECTCS YCUIEHHUEM KOPKOBBIX CBSI3€H Ha
YacTOTE MIO-PUTMAa MEXKIY LIEHTPAIbHBIMU U APYTHMHU 30HAMHU KOpHI. BeposiTHO,
9TO YCHJIEHHE KOPKOBBIX CBfi3el OOYCIIOBIIEHO Nepenavyell CUTHAJIOB U3 CEHCOop-
HBIX, JIBUTATEIBHBIX U aCCOIIMATHUBHBIX 30H KOPHI B T€ 00JaCTH KOPHI, IIe pac-
TIOJIOXKEHBI «JIBUTaTEIbHbIE» U «KKOMMYHUKATUBHBIE» 3€pKaJibHbIe HEUPOHBI [1].

YCTaHOBIIEHO, YTO XapakTep OOHAPYKEHHBIX H3MEHEHUH 3aBUCHT OT YaCTOTHI
MIO-PUTMA, BH/Ia U dTara BBITOIHAEMOHN JESITeIbHOCTH U TeHACPHBIX pa3Iuunid.
OTH pe3yNnbTaThl COMTIACYIOTCS C INTEPATYPHBIME JaHHBIMU, KOTOPBIE CBUACTEIb-
CTBYIOT O TOM, YTO MIO-PUTM HEOIHOPOJICH, BKIIIOYAET PsIJl YaCTOT, KOTOpHIE, Be-
POSATHO, UMEIOT pa3Hoe (YHKIMOHAILHOE 3HaueHue [7, 8], a Takke O TOM, 4TO
PEaKTUBHOCTh MIO-PUTMA, a CJIEAOBATEIbHO, U aKTUBHOCTH 3€pKaIbHBIX HEUPO-
HOB CYIIECTBCHHO 3aBHCHT OT HHAMBHIyabHBIX 0COOCHHOCTEH YenoBeka [9,10].

Kakyto sxe ponb UrparT 3epKajibHble HEMPOHBI B MHTEPIPETAIH JACHCTBUI
¥ HaMEpeHH?

ComacHO momy/sipHO#l B HacTosiee BpeMs runotese [13], 3epkajibHbie Hel-
POHBI MOTYT CIIY>KUTh HEMPOHAJIBHONM OCHOBOW IUJISI MHTEPIIPETALNU AECHCTBHIA,
MOJPaXaTeIbHOT0 00Y4YEeHHUS 1 UMUTALIMHU TTOBEICHUS pyTuX jJroaeit. [Ipeanona-
raercs, 4YTo MOHUMAaHHE NEVCTBUI U HAMEPEHUHN OPYroro 4ejloBeKa JOCTUTAETCs
MyTeM KOMUPOBAHUS €ro ACUCTBUI MO3roM HabIroaTeNs HOCPEICTBOM aKTyallu-
3aI¥ COOTBETCTBYIONMIMX JIBUTATENbHBIX TporpamM [18]. OnHako ¢ 3T0# Toukn
3peHHsl HESICHO, MTOYeMY 3epKajibHble HEHPOHBI AKTUBUPYIOTCS HE TOJBKO MPH Ha-
OJIO/IEHVH, HO TAaK)Ke IPH BBITIOJTHEHUU W MBICJICHHOM BOCIIPOU3BEICHHN OHOTO
U TOTO *Xe AeiicTBus [1]. MOXXHO 0KHIaTh, YTO BO BCEX ITHX CIy4yasX yKa3aHHbIE
HEHPOHBI BBITOIHSIOT OJTHY U TY K& (QYHKITHIO.

Kak moxkaszanu pesyabTaTbl HalllMX TOMOTPA(QHUUECKUX HCCIICAOBAHUMA, BBI-
MTOJTHEHHE JICATEIEHOCTH, CBSI3aHHOU ¢ HAaOJIOICHUEM 3a PETIPOAYKIIUCH pUTMA,
COIPOBOXKAAETCA Y MYXKUYMH aKTUBAIMEeW BepxHEW JOOHON W3BHIUHBI CIieBa,
cpeaHel JTOOHON M3BMIIMHEI CIIpaBa M CJIeBa, MPEIEHTPaIbHON U3BUIIMHEI CIICBa,
MpeKyHeyca, 3aTbUIOYHONW BEPEeTEHOBUAHON HW3BIMHBI CIIpaBa, Mapardninokam-
TTOBOY M3BUJIMHBI CJIE€BA, SI3BIYHON M3BWIMHBI CIIPaBa M HEKOTOPHIX JPYTHUX 30H
KOPBI, a TAK)KE XBOCTATOTO si/ipa. Y >KEHIIWH B TEX )K€ YCIOBHSIX aKTUBUPYIOTCS
o0JIacTH BepXHeH, CpeHeH U HIKHEH JTOOHBIX U3BWJIMH CIPaBa, MPEIeHTPAIb-
HOW M3BWJIMHBI CIIpaBa U CJeBa, HAIKpaeBOW U3BUIIMHBI CIIpaBa, CPEAHEH U HUXK-
HEW BHCOYHBIX W3BWJIMH CIIPaBa M CIIEBA, YIIIOBOW M3BWJIMHBI CIIPaBa M JIPYTHX
30H KOPBI, a TaKXXe OJeIHOTO 1mapa U CKOpIynbl. BeposTHO, 3TH CTPYKTYphI 00-
pasyroT GYHKIMOHAIBHYIO CHCTEMY, KOTOpas o0ecriednBaeT IOHUMaHHUE TPaH3H-
TUBHBIX JI€WCTBUI M HaMepeHU. Ba)kHO OTMETUTH, YTO B COCTaB 3TOM CUCTEMBI
MOMHUMO 001acTelt Kophl (TIEpeaHss YacTh HIDKHETEMEHHOW KOPBI, HHKHSS YacTh
MPELeHTPaTbHON U3BUIIMHBIL, 3a]HsIsl YaCTh HUYKHEJIOOHOH U3BUIIMHBI), Tl HaXO0-
JISITCS «IBUTATEIBHBIC)» 3€pKATbHBIC HEUPOHHI [ 1], BXOAST U APyTHE 30HBI KOPHI,
a Taxoke 06a3anbHbIe TAHIIUN, KOTOPbIE CYUTAIOTCS MECTOM XPaHEHHS JBUTaTeIb-
HBIX IPOTPaMM. DTO MO3BOJISAET JyMaTh, YTO CaMH IO ce0e «IBUTATEILHBICY 3ep-
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KaJlbHbIEe HEHPOHBI He 00SCIICUYMBAIOT IIOHUMAHUE JCHCTBUH W HAMEPEHUH, XOTsI
Y Y4YacTBYIOT B 3THX Ipolieccax. B 3ToM 1iaHe MbI COMTUAapHBI C MHEHHEM HEKO-
TOPBIX HCCIIEIOBATENCH, KOTOPBIE TAK)KE CUUTAIOT, UTO CaMU 110 cebe 3epKaIbHEIe
HEeHpOHBI He 00eCeYNBAIOT IOHUMAHUE JISHCTBUI W HAMEPEHUH APYTHUX Jroei
[14—-16]. Ba)xHO OTMETHTb, YTO aKTHBAIIMIO 30H KOPBI IIPH HAOIIOIECHWH, BBIITOJI-
HEHUH U MBICJICHHOM MPEJCTaBIeHUU ACHCTBUI, KOTOPBIE HE BXOAAT B SAPO 3€p-
KaJIbHOM CHCTEMBI, OTMEUalH u Apyrue uccienonarenu [19, 20].

[IpoBeneHHbIe TOMOTpapUUECKUEe UCCIECAOBAHMS TAKKe MTOKa3aIH, YTO PENPo-
JOYKLHS pUTMa COIIPOBOXKAAETCS Y MY>KUMH U JKEHILUH YaCTUYHO aKTUBALEH TeX
ke obracTeit Mo3ra, 4To U IPHU HAOMIONEHUH 3a PENPOAYKLIKEH puTMa, 3 UIMEHHO
BepxHel T0OHON H3BUIIMHBI CIIpaBa U clieBa, CpeaHel IOOHOW N3BMUITHHEI CIIPaBa,
HWKHEH TOOHOW U3BUIIMHBI CIIpaBa, MpeleHTpaTbHON W3BUIMHEI CITPaBa U CJIEBa,
CpenHeH BUCOYHOW W3BUIIMHBI CIIpaBa, 0a3aIbHBIX TAHIINEB, a TAK)KE CHHTYIISP-
HOW W3BMJIMHBI CIIpaBa, TUIIOKAaMIIA, WHCYISPHON KOpBI CIpaBa, MUHAAIUHBI,
CIIpaBa U Apyrux obnacteii Mo3ra. BeposiTHO, IepeunciieHHbIe CTPYKTYPHI 00pa-
3yI0T ()YHKIIMOHAIBHYIO CHCTEMY, KOTOpasi 00eCreunBaeT penpoLyKIH0 PUTMA.
VYyactue yKka3aHHBIX CTPYKTYP B IpoLieccax BOCIPUATUS U PENIPOAYKLIUU pUTMa
MOATBEPXKIAIOT U HEKOTOPBIE JIMTEpaTypHbIE JaHHBIC, CBUICTEIbCTBYIOIIUE O
TOM, UTO BaYKHYIO POJb B 3THX MPOIIeCcCaxX UIParoT OOIIMPHBIE 00JIaCTH CITyXOBOM
Y MOTOPHOM KOPBI, IOTIOJIHUTENIbHAS MOTOPHAs KOpa, IpepoHTaIbHbIE 001acTH,
HIDKHSS TEMEHHAs T0JIbKa, 0a3ajibHble TaHIIMA U MO3KEUOK [21].

[TockonbKy pedb, KaK ¥ penpoAyKIUs PUTMA, SBJISIOTCS YACTHBIMHU CITy4asMu
CJIO)KHOW CEHCOMOTOPHOM IEATEIbHOCTH, CJIEA0BAIO OKUIATh, YTO 3aKOHOMEp-
HOCTH, OOHapYKEHHBIC TIPH BOCIIPUATHU BpeMeHH, OyIyT CIpaBeAIUBBL U B OT-
HOILLEHUU PEYH.

[IpoBeneHHbIe HAMU HCCTIEIOBAHUS MMOKA3aJIH, YTO HAOJIOJEHUE 3a OMeparTo-
POM, KOTOPBII MPOM3HOCHUT CIIOBO «pa3» B MOMEHTHI IIEpexojia CTPENIKU CEKyH-
nomepa uepe3 aenenus 0, 5, 10 u T.A. CEKyHJ, CONMPOBOXKIAECTCA y MY>KYMH aK-
TUBAIMEH pa3IMYHBIX 00JacTell MO3Ta U CpeJr HUX CpeAHel JOOHON U3BHUIIHHBI
clieBa, IOOHOM OpOUTATIBHOM KOPEI CIIpaBa, (POHTAIBEHOTO HOM0CA CIIpaBa U clie-
Ba, BEpXHEH BUCOYHOU MU3BWIMHBI CIIPaBa U CJIEBa, CPEAHEN BUCOYHOU W3BHUIINHBI
CIpaBa ¥ cJeBa, BUCOYHOH IJIOLIAJIKK CJIeBa, HAJKPA€BOM M3BWIIMHBI CIpaBa, a
TakKe TaJjaMmyca CIIpaBa M CJIeBa, XBOCTATOTO siApa, OJIETHOTO Mapa | CKOPITYIIEL.
[ennepHble pa3nuuus MPOSBUIINCH, B YACTHOCTH, B TOM, YTO y MY)KYHH TpPH Ha-
OJIONEHUH 3a TPOM3HECCHUEM CJIOBA «pa3» aKTHBUPYETCS M OOJbIIee KOJde-
CTBO MO3TOBBIX CTPYKTYP, U OHU aKTHBHPYIOTCS CHIIbHee. BepoaTHo, yka3aHHbIE
CTPYKTYPBI OTHOCSTCSI K CHCTEME, KOTOpast 00eCIIeunBaeT HHTEPIPETALNIO pede-
BBIX JCHCTBHIA.

ComnracHO MMEIIUMCS JaHHBIM «KOMMYHUKATHBHBIE» 3€pKajbHbIE HEHpO-
HBI, OTBEYaIonue 3a GopMUpOBaHHE PEUH Y YEJIOBEKa, HAXOATCS B BEHTPAIbHOM
00JIACTH TIPEMOTOPHON KOPHI ¥ OJIM3KO pacToNOKeHHON K Hell 30He bpoka [22].
OpHako MOJTy4YeHHbIE HAMH PE3YNbTaThbl CBUJETEILCTBYIOT O TOM, YTO B UHTEp-
MIPeTaINy PEIEBEIX NEHCTBHI IIOMUMO YKa3aHHBIX CTPYKTYP y4acTBYIOT JIOOHEIE,
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BHCOYHBIC ¥ TEMEHHBIE 30HBI KOPHI, a Takke 0a3aslbHBIC TAHIIMH. DTH TAaHHEIE
MOKA3bIBAIOT, YTO CaMU MO0 cebe «KOMMYHUKATHBHBIE» 3€pKaJbHbIE HEMPOHBI HE
00eCIIeunBaOT TOHNMAaHUE PEUEBBIX NEHCTBUH IPYTOTO YEIOBEKa, XOTSI M yda-
CTBYIOT B 3TOM IIpOLIECCE.

YcTaHOBIIEHO, UTO IIPOU3HECEHHE CIIOBA «Pa3) BCIYX COIPOBOXKIACTCA Y MYX-
YMH YaCTUYHO aKTUBalKel Tex ke oOnacTeid Mo3ra, 4yTo W MpH HAONIOAEHUU 3a
TPOU3HECEHUEM ATOTO CJIOBA, a TAK)KE aKTUBALIMEW BEPXHEW, CPEIHEN U HUKHEN
JTIOOHOW W3BWIIMH, JOTIOJIHUTEILHONH MOTOPHOM KOPBI, MPELUEHTPAILHONW U MOCT-
LICHTPAJIbHON W3BWIMH, CPEIHEH W BEpXHEW BUCOYHOW W3BWIWH, NMPEAKIUHBSA,
SI3BIYHOM M KIIMHOBUIHOW KOPBI, TajlaMyca, THIIOKaMIla, 0a3abHbIX TaHIJIUEB U
Mo3keuka. [enaepHble pa3iauyus NpOosBUIMCH, B YACTHOCTH, B TOM, UYTO y MYX-
YMH 3aWHTEpPECOBaHHbIE 00IACTH MO3ra aKTHMBHUPYIOTCS cuibHee. BeposTHo, me-
pEUHCIIEHHBIE MO3TOBBIE CTPYKTYPHI 00pa3yloT CHCTEMY, KOTopasi oOecTieunBaeT
MPOIYKIHIO PeYr. ITO MOATBEPHKIAIOT U PE3YABTaThl TOMOTpa@HUECKUX UCCIEA0-
BaHW [23], CBUIETEIHCTBYIOIIUE O TOM, YTO B 00ECIICUCHUH peueBOr (pyHKIIHH,
MMOMUMO PeYeBbIX IeHTPOB bpoka u BepHuke, y4acTBYIOT 3HaUNTENbHBIE 00IaCTH
MO3Ta ¥ B YaCTHOCTH JTUMOWIECKasi KOpa M MOAKOPKOBEIE CTPYKTYPHI.

OOHapy>XKeHHbIE B HAILIUX UCCIICIOBAHUAX YCUIEHUE KOPKOBBIX CBs3€W Ha ya-
CTOTE MIO-pUTMA MEXKAY LIEHTPaIbHBIMU U JPYTUMH 30HAMU KOPbI M aKTHUBALUA
0a3aJIbHBIX TAHIVIMEB MPU HAONIONCHUH U PENPOAYKIMU PUTMA, IpU Habmrone-
HUU U [IPOU3HECEHUU CJIOB IO3BOJIAIOT IPEANONIOKUTD, YTO «IABUraTeIbHbBIE» U
«KOMMYHHKATUBHBIC» 3€pKaJbHbIE HEUPOHBI BBHITIOIHAIOT (DYHKIIHIO TOCPEAHHUKA
1 00eCIIeYnBaIOT B3aUMOJICHCTBHE MEX Ty ITpepOHTATIBHOMN KOpOU, KoTopas yJa-
CTBYET B IIJIAHUPOBAHUH, IOCTAHOBKE LI€JIeH 1 MHUIIUALUY IEHCTBUS, IBUTATEIb-
HBIMU U CEHCOPHBIMU 30HaMHU KODBI, a TAKXKE MECTaMH XpaHEHHsI B MO3Ie JABHIa-
TEJIBHBIX MporpaMM. Pe3ynbsTaToM B3aUMOAEHCTBUS 3TUX CTPYKTYp, BEPOSITHO, U
SIBISIETCSI TIOHMMAaHNE IEUCTBUNA ¥ HAMEPEHHUH APYTOTO YEIOBEKa. JTa «IOCPE-
HUYecKas» (QyHKIMS 3€pKabHBIX HEMPOHOB OOBSCHSET, TOYEMY OHU aKTUBUPY-
FOTCSI HE TOJIBKO TP HAOMIOAEHUH, HO TaK)Ke TIPH BHITTOIHEHUH WIH MBICIICHHOM
BOCIIPOU3BEACHUM JICHCTBUI.

[IpoBeneHHBIe HAMH HCCIICIOBAaHUS TO3BOJHIM OOHAPYXUTH OTYCTIMBBIC
TeHJIEpHBIC PA3NIU4Usl aKTUBHOCTH 3€pPKAJbHBIX HEWPOHOB MpH HAOMIOICHUU H
BBIIIOJIHEHUH TPaH3UTHUBHBIX U PEUEBBIX IEHCTBHI, YTO COOTBETCTBYET JIUTEpa-
TypHbIM JaHHbIM [11]. BeposTHo, 5TH pa3nuuus CBS3aHbI IIaBHBIM 00pazoM C
0COOEHHOCTSIMH JIaTepabHOM OpraHU3allii MO3ra y MYKYUH U KCHIINH, KOTO-
pBIe OKa3bIBalOT CYLIECTBEHHOE BIMSHUE Ha peub [24] U Apyrue KOTHUTHUBHBIE
¢byHkmun genoseka [10, 25, 26].

3akiouenne
Takum 00pa3oM, POBENECHHBIEC HCCIIEOBAHUS MTOKA3aJIM, YTO KOTHUTHBHAS

JIeATEIbHOCTh, CBSI3aHHAsI C HAONIONECHHEM U PENpOayKIMEH puTMa, ¢ HaOIro-
JICHHEeM W TPOM3HECCHHEM CIIOB, COMPOBOXK/AETCS ACHpPECcCHell MIO-pHTMa Ha
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OTAENbHBIX YacTOTaxX M, 4allle BCErO, yCHUJICHHUEM YPOBHEH KOPKOBBIX CBS3€H Ha
YaCTOTE 3TOTO PUTMA MEXAY LEHTPAIbHBIMU U APYTUMH 30HAMHU KOPBI. Xapak-
TEp ATUX U3MEHEHUH CYLIECTBEHHO 3aBUCUT OT F€HJEPHBIX paziInyuui, YacTOThI
MIO-pUTMa, BU/Ia U 3TAla BBIIIOJIHAEMOM 1eATEIbHOCTH.

Pesynwrarel @MPT-ckaHrpOBaHUS MO3ra MOKa3aJd, 9YT0 HAONIOJCHUE 32 BBI-
TIOJIHEHUEM TPaH3UTUBHBIX U PEUYEBBIX JECHCTBUI CONMPOBOXKIAETCS aKTHBALUEH
HE TOJIBKO T€X 30H KOPBI, I7I€ PacIoIOKEHbl COOTBETCTBYIOIINE «IBUTATEIbHBIC)
WU «KOMMYHHUKaTHBHBIE» 3€pKaJIbHbIE HEMPOHBI, HO TAKXKE APYTUX 30H KOPHI U
0a3anbHBIX TaHrIHEB. [loMydeHHBIE PEe3yAbTaThl CBHIETEIHCTBYIOT O TOM, YTO
caMH 1o ce0e «JIBUTaTEeNIbHbIe» U «KOMMYHHUKATUBHBIE» 3€pKalbHbIE HEHPOHBI
He 00eCIIeYnBaloT MOHUMaHUe JCHCTBUH U HAMEPEHUH, XOTS ¥ yUaCTBYIOT B 3THX
npoueccax. Ilpennonaraercs, 4To OHM 00ECIIEUUBAIOT B3aUMOJEHCTBUE MEXTY
npepOHTATBHOM KOPOH, CEHCOPHBIMU U IBUTATEIHHBIMU 30HAMH KOPHI, 8 TAKXKE
MECTaMM XpaHEHMsI B MO3Te ABUTATENbHBIX porpamMm. Pe3ynbsraTtoM B3anMopaei-
CTBUS YKa3aHHBIX CTPYKTYp, 10-BUIUMOMY, U SIBJIIETCS IOHUMaHUE NEHCTBUN U
HaMepeHuil Apyrux moneil. Jta «mocpeagHuyeckasy GyHKIUS 3epKalbHbIX HEH-
POHOB TI03BOJISICT IIOHATH WX y4acTHE M aKTHBHOCTH IIPH HAOIIONCHNH, BBIIIOTHE-
HUU U MBICIEHHOM BOCITPOM3BENCHUHU AEHCTBUI.
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The role of mirror neurons in the interpretation of actions and intentions

The study of mirror neuron functions is an important problem of modern
neurophysiology. According to the currently popular hypothesis, mirror neurons can
serve as the neural basis for interpreting actions, mimicking the learning process, and
imitating other people’s behavior. However, not all researchers share this view point.
The aim of this study was to investigate the role of mirror neurons in interpreting the
actions and intentions. The aim of the research was to study the activity of “motor”
and “communicative” mirror neurons, as well as cortical interactions at the frequency
of the mu rhythm in men and women when observing and reproducing the rhythm,
as well as when observing and pronouncing words. Depression of mu rhythm EEG
cortical interactions at the frequency on the mu-rhythm band and the results fMRT brain
scanning were used as mirror neuron activity markers.

The electroencephalographic study involved volunteers, practically healthy men
(31) and women (34), students aged 18 to 23 years. During the preliminary examination,
we used the Annett questionnaires to identify the leading hand. In the first series, the
subject observed the operator’s hand and at the start memorized a five-second rhythm,


https://orcid.org/0000-0002-0596-383X
mailto:bushov1945@mail.ru
mailto:tiuq@yandex.ru
mailto:mihasv@mail.tsu.ru
https://orcid.org/0000-0003-0990-2580
mailto:sikartashov@gmail.com
mailto:ptica89@bk.r

Ponb 3epranvupix HellpoHO6 6 UHmMEPNPpemayuu Oeiicmeuil U HamepeHuil 105

then with the middle and forefinger of the dominant hand reproduced this rhythm,
periodically pressing the space bar. The period of the rhythm was set by a visual stimulus
(a white square with a side of 2 cm, periodically appearing for 200 ms in the center of
the black screen). In the second and third series, the subject at the start memorized a five-
second rhythm, after which he reproduced this rhythm with the fingers of his left hand, and
then with the right hand. In the fourth series, the subject watched the operator who silently
uttered the word “RAZ” with his lips only when the stopwatch hand on the monitor screen
crossed divisions 0, 5, 10, etc. seconds. In total, the stopwatch hand made 5 revolutions. In
the fifth series, the subject himself silently pronounced the word “RAZ” at the indicated
times. Before performing the proposed activity and during its implementation, EEG was
recorded monopolar in the frontal (F3, F4, Fz, F7, F8), central (C3, C4, Cz), temporal (T3,
T4, T5, T6), parietal (P3, P4, Pz) and occipital (O1, O2) leads according to the “10-20%”
system. When processing the obtained data, the maximum values of the cross-correlation
functions were calculated and the spectral power was estimated for short (1.5 s), free of
artifacts EEG recording segments before 3 s (“Background”) and 1.5 s (“Preparation™)
until the moment of transitive action (pressing a key) or speech action and immediately
after the specified event 1.5 s (“Performing an action”).

In a part of the experiments in the series, observation and reproduction of the rhythm
and observation and pronunciation of words allowed us to study the activity of the brain
using the fMRI method. These studies involved volunteers: 20 men and 20 women,
aged 19 to 27 years, university students. During the preliminary examination, using the
Annett questionnaire, the leading hand was identified. The fMRI results were obtained
on a SIEMENS Magnetom Verio 3 Tesla tomography. All fMRI data were pre-processed
using the SPM8 package. Within each of the paradigms, pairwise comparisons were
performed based on Student’s t-test and individual and group maps were obtained with a
significance level of P < 0.001. All obtained statistical maps were plotted on a template
T-1 image and anatomical binding of the “active” voxels to the CONN atlas was made.

Our studies have shown that cognitive activity associated with the observation
and reproduction of the rhythm, with the observation and pronunciation of words (See
Fig. 2, 3, 5 and 6), is accompanied by depression of the mu rhythm at certain frequencies
and, most often, an increase in the levels of cortical connections at the frequency of this
rhythm between the central and other zones of the cortex. The nature of these changes
significantly depends on gender differences, the frequency of the mu rhythm, as well
as the type and stage of the performed activity (See Fig. I and Fig. 4). The results of
fMRI scanning of the brain showed that the observation of transitive actions associated
with the reproduction of a five-second rhythm and speech actions associated with the
pronunciation of words is accompanied by the activation not only of those areas of
the cortex where the corresponding “motor” or “communicative” mirror neurons are
located, but also other zones of the associative, sensory and motor cortex, as well as the
basal ganglia (See Fig. 2 and Fig. 5). The obtained data indicate that mirror neurons by
themselves do not provide an understanding of actions and intentions, although they
take part in these processes. It is assumed that mirror neurons are involved in mediating
interactions between the prefrontal cortex, sensory and motor cortical regions, as well
as storage sites of motor programs in the brain. The interaction of these structures
appears to result in an understanding of actions and intentions of other people. This
«mediating” function of mirror neurons allows us to understand their involvement and
activity in observing, performing and mental reproducing of actions.

The paper contains 6 Figures and 26 References.

Key words: mirror neurons; cortical interactions; interpretation of actions and
intentions.
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C.A. MaxuH, A.U. Kaiiga, E.B. JiicmonT, A.A. Muxaiijsiopa, B.b. I1aBieHnko

Kpvimckuii gpedepanvuviti ynusepcumem um. B.U. Bepnadckoeo, . Cumepepononv, Poccus

JAuHamMuka yactotsl ajabda-purma I3
MPH CJIYXOBOM BOCHIPUATHH JAeiicTBHIA U ee CBI3b
¢ YPOBHeM MHTeJLJIeKTa y aereid 7-10 et

Pa6ora BeinonHeHa npu ¢puHancoBoi nogaepkke POMOU nu Munucrepctsa oopa3oBanus,
Hayku 1 Mojonexu Pecry6nuku Kpeim B pamkax HayuHoro npoekta Ne 20-413-910001 p_a.

Hccnedosana Ounamuka uUHOUBUOYANbHOU HACMOMbL  MEMEHHO-3AMbLIOYHO20
anvpa-pumma (M4A) snexkmposnyeghanoepammor (33I) y demeii 6 6ospacme 7—10 nem
(n = 62) npu gocnpusimuu ¢ 3aKpPbIMbIMU 2NA3AMU 36YKO8 3HAKOMbBIX UHCIPYMEHMANbHBIX
Oeticmsuii (nepemeujenue KOMNLIOMEPHOU MbIUU IKCNEPUMEHMAMOPOM), a4 MaKdice
ee c653b C NOKA3AMEIMU Pa3eumus 8epoanbHO20 U HeeepOanbHo20 UHMENIEeKmA.
B ucxoonoii cumyayuu paccirabnennozo 600pcmeosanus GulieleHbl 3HAYUMO 0oee
evicokue snauenusi H4A 6 epynne deeouex 9—10 nem no cpasuenuto ¢ epynnou 7-8 nem;
DPasnuyUs Mexcoy epynnamu Marbiukos He 00Cmueaid Cmamucmuyeckol SHaYUMOoCmu.
Yemanoesneno, umo yposenv pazsumus negep6aibHO20 UHMELIEKMA NOJLONCUMENLHO
xoppenuposan (r = 0,28) ¢ H49A 6 cosoxynuou evibopke demeil. Ycnosue ciyxo6020
80CHPUAMUS 3HAKOMBIX UHCIPYMEHMANbHBIX Oelicmeuil npugoouno K cHuceruro M4A
y OOnbUWUHCMEA UCHBIMYEMBIX, 4MO 6 HAuboNbulell cmeneHu BblpadXdCeHo 6 2pynne
oegouex 9—10 nem. [Jemu, noxaszasuwiue pocm YA 6 npoyecce 36yko6020 socnpusimus
3HAKOMBIX UHCTPYMEHMAIbHLIX OelUcmeuUll, Xapakmepuzoeanucs 6onee HU3KUM, NO
CPABHEHUIO CO C8EPCMHUKAMY, YPOBHEM pA3GUMUsA He8epOanbHO20 UHMENIeKma.
Pesynomamol uccne0068anus yKazvl6aom HA HALUYUE CES3U MENCOY 0COOEHHOCMAMU
PeaKmugHOCmu UHOUBUOYANLHO YACMOMbL  Alba-pumma U YPOSHEM pAa36Uumus
HeeepbanbHO20 UHMeENIeKma y oemell MAaouie2o WKoIbHO20 603pacma.

KiroueBble ci10Ba: MHIUBHyaIbHAs YACTOTA AlIb(a-pHUTMa; CIIyXOBOE BOCIIPUSITHE
JICHCTBHIA; BepOaIbHBIM HHTEIICKT; HEBEPOAIbHBIN HHTEILICKT

Jdaa murupoBanmsi: Maxun C.A., Kaiina A.M., Diicmontr E.B., MuxaitnoBa A.A.,
IMaBnenxo B.b. /lunamuka uyactorsl anbga-putva OO0 npu CIyXOBOM BOCIPHATUM ACHCTBHIA
U ee CBs3b C ypOBHEM HHTeJUIekTa y neteit 7-10 et // BectHuk ToMCKOro rocyiapcTBEHHOIO
yHuBepcurera. buonorus. 2021. Ne 56. C. 81-97. doi: 10.17223/19988591/56/5

Beenenne
Cpenu pa3ImgHbIX pUTMOB 3J1eKTpo3HIehanorpammel (31) anba-puT™ 06-
nanaet Hanbosee yCTONYMBBIMU HHNBUIYATbHBIMH XaPaKTEPUCTUKAMH, TIPEKIC
BCETr0 — IOKA3aTeISIMU CIEKTPAIFHONH MOITHOCTH M JOMHHHUPYIOUICH YacTOTHI
[1, 2]. [TomBITKN BBISIBUTH CBSI3b MEXKIY WHTECPUHIUBUIYATBHBIMU Pa3IAIAIMU
B IOMHUHUpYIOIEH yacToTe anbha-putMa DOI yenmoBeka (Tak Ha3bIBacMas WH-
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JTUBHUIyallbHAs JacToTa ajbda-purMa, MUA) u 3¢h(HeKkTHBHOCTEIO KOTHUTHBHOM
nepepaboTku HHPOPMALIMU HEOTHOKPATHO MPEAIPUHUMAITUCH UCCIEA0BATEIISIMU
eI1e BO BTOPOH MOJIOBHHE Nponuioro Beka [3, 4]. K HacrosimeMy BpeMenu npose-
MOHCTPHPOBaHa BO3MOXHOCTh MCIIOIBb30BaHUs Nokazarensa MYA kak mpeaukTo-
pa MepHl yCIEITHOCTH TIPH BHITIOIHEHUN YEJIOBEKOM PAa3IMYHBIX TEPIENTHBHBIX
[5, 6] u koruuTUBHEIX [7] 3aaa4. [Toka3aHo, YTO MHIUBUIBI C OTHOCUTEIILHO HU3-
kumMHu 3HadeHusiMH YA oOpabatsiBaroT nHpopManuo MeaineHHee [§], a Takke
MEHee YCIIeUIHBI PU BBITIOJIHEHWH 3a/1a4 Ha OICHKY maMATu [4] u oluiero uH-
TeJuiekTa [9] Mo cpaBHEHUIO C MHANBHUIAMH, IMEIOIINMI OTHOCHUTEIHHO BBICOKHE
nokazarenn MYA.

HNYA npusATO paccMaTpuBaTh Kak JOBOJIBHO YCTONYNBBINA WHANBUAYATHHBINA
npusHak [ 10], obnamaronuii BEICOKOH cTeneHbro Hacueayemoctu [11, 12] u tect-
perecroBoii HagexkHocTH [13, 14]. UaTepunanBuayansabie pa3znuuns B YA B
COCTOSIHUU TIOKOSI MOTYT paccMaTpuBaTbCs KaK SHIOPEHOTHIIUYECKUE YEPTHI,
KOTOPBIC CBSI3aHBI C PA3IMYMAMU B MEXaHM3MaX aKTHBAIlMU MO3Ta W TEHEPAINH
anb(a-BoiH [15] 1 XapakTepHu3yroT IpeApacnoIoKeHHOCTh K 3(p(eKTHBHOM Kor-
HUTHUBHOH JestenbHOCTH [16]. OOpamiaer Ha ceOs BHUMaHHWE TaKKe TOT (akT,
yTo cHMkeHne YA conmpoBOXkIaeT MPOLECCH BBIPAKEHHOTO OclabiIeHus psaa
KOTHUTHBHBIX CIIOCOOHOCTEH B TIOKHIIOM Bo3pacTte [17, 18].

Psig uccnenoBareneil ykazbiBaeT Ha BOSMOXKHOCTD MCIIONIb30BAHUS MTOKA3aTeNs
MNYA B kauecTBe 0THOTO U3 HHPOPMATUBHBIX HEUPODU3HOIOTHIESCKIX MAPKEPOB
o01iel KorHUTUBHOM 3 dexTrBHOCTH MO3ra uenoBeka [9, 10]. Hanpumep, B uc-
CJICIOBaHUIX CO B3POCIBIMHU HCIBITYEMBIMH ITOKa3aHO, YTO HAHOOIBIIIAs yCIeI-
HOCTh B 00y4eHHMH AOCTUraeTcs y nun, D3] KOTOPhIX OTIMYAETCs COYeTaHHUEM
BBICOKOW YacTOTHI W HIMPOKOTO Juamna3oHa ajb(a-aktuBHOCTH [19]. [Ipu s3TOM
3HaYnMas cBsa3b Mexay MYA u ypoBHeM 0011ero HHTeIeKTa 0OHAPYKUBACTCS
JIUIIH B TPYIITIE JTFO/IEH TIO3IHET0 3pesoro Bo3pacta [20].

Mel nonaraem, 4TO HCCIEAOBAaHUS OCOOCHHOCTEW B3aUMOCBSA3H MEXIY HH-
IVBHUIYaIEHOH 2P (EeKTHBHOCTHIO KOTHUTUBHEIX MIPOIIECCOB U MapaMeTpaMu OC-
mwusnuid 931 B yacTOTHOM JuanaszoHe anbga-puTMa 0osiee MpOayKTHBHO OCY-
IIECTBILITH B KOHTEKCTE aHAIN3a XapaKTepUCTUK peakTuBHOCTH YA B mporiecce
BBITIOJIHEHUS! KOTHUTUBHBIX 33/1a4 Pa3JIMYHOMN CTENIEHH CIOKHOCTH M MOJAIbHOM
cnenupuyHOCTH. BXimroueHne B aHanm3 mokasarenedl oOIIero WHTEIICKTyallb-
HOTO Pa3BUTHS MOIPa3yMeBAET yUYeT YK€ U3BECTHBIX 3aKOHOMEPHOCTEH MEeXIy
3¢ (EKTHBHOCTHIO KOTHUTUBHOW 00paOOTKH U CTETICHBIO BOBJICUCHHUS B HEE pelie-
BaHTHBIX MO3TOBBIX IIPOLIECCOB (TaK Ha3bIBaeMasl TEOPHsl HEPBHOU AP PEeKTHUBHO-
ctu [21]), KoTOpBIE, B CBOIO OY€pEab, MOTYT OTPAKATHCS B AMHAMHUKE OTIEIHHBIX
napameTpoB D3I, B uactHOCTH Moy siimax MYA.

Lens maHHOTO HCCIETOBAHUS — U3yYCHNE OCOOEHHOCTEH PEaKTHBHOCTH II0-
MUHUPYIOIIEH 4acTOTHI anb(a-puTMma y JeTeid MIIaJIiero mKoJIbLHOTO BO3pacTa B
IIpoIIecce CIIyXOBOTO BOCIPHUATHS 3BYKOB, COITPOBOKIAIONINX 3HAKOMEIE HHCTPY-
MEHTAJIbHBIE JIBIXKEHUS, a TaKXKe OLEHKa €€ BO3MOYKHOW CBS3H C MOKa3aTes MU
pa3BUTHS BepOANBLHOTO U HEBEPOATBFHOTO HHTEIIICKTa. [JONONHUTEIHHO OLIEHEHO
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BO3MO)KHOE BJIMSHHE Ha JAHHBIC MOKA3aTeIH U CBSI3b C HUMHU Takux (HaKTOpOB,
KaK I10J1 ¥ BO3pacT peOeHKa.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

Hcnvimyemvle u kpumepuu ux oméopa. B HacTOsIIIEM HCCIIEIOBAHUY TIPUHS-
JIY y9acTHe JISTH MIIJIIIETO MIKOJILHOTO Bo3pacTa B quaraszoHe ot 7 o 10 yet (62
YyeloBeKa), KOTOPbIE COOTBETCTBOBAIM CIIEIMATLHBIM KpUTEpHUsIM oTOopa. JlaH-
HBII BO3pacTHOHN IEPHO/ BEIOPAH C LIENBI0 OTPaHIMYCHHS BO3MOYKHOTO BIIFSTHUS Ha
3aBHCHUMBIE MIepeMeHHbIe (YPOBHU BepOAIbHOTO U HEBEpOATBbHOIO MHTEJIEKTA)
(aKTOpPOB, CBS3aHHBIX C COIMATIBHON CHTYyaIlMeH Pa3sBUTHUS U IICHUXO(pU3HOIOTH-
YeCKUMH 0COOCHHOCTAMU B3pocieHus. C LeIbio U3yYeHHsI BO3MOXKHOTO BITUSHHS
(axTopa Bo3pacTa BEIOOPKY YYaCTHHUKOB JOIIONHHUTENHHO ACIIIN Ha ABE TPYI-
nel: 7-8 et (24 manpunka, 10 neBouex) u 9—10 ner (14 manpuukos, 14 geBouex).
Ponurensim yuyacTByIOIIMX B MCCIEIOBaHMU JETEM MpPEIOCTaBIE€HA aKTyajbHast
uHpOpManus, Kacaromascs Leneil u npouenypsl uccnenoBanus. OT poautenei
[I0JIy4€HO MMCbMEHHOE COIIacue Ha y4yacTue ux Aerei B skcepumente. Hacrtos-
ee UCClieI0BaHUEe COOTBETCTBOBAJIO ATHYECKUM MTPUHIUIIAM X eJIbCUHKCKOH Jie-
knapanuu 1964 r. u omoOpeHo dSTHYecKkuM KoMuTeToM KphiMckoro denepaibHOTO
yHuBepcutera uM. B.W. BepHanckoro. OcHOBHOI KpuTepuil oTOOpa UCHBITYe-
MBIX JJI JajbHEHIIero aHaau3a B paMKax HacCTOAIIErO MCCIENOBaHMS — Halu-
Yyre HOPMaJIbHOTO (MM CKOPPEKTUPOBAHHOTO 10 HOPMAJILHOTO) YPOBHSI 3peHUS U
CITyXa, TIPEIIOYTeHNE IPABOH PyKH B pabOTe C KOMITBIOTEPHOH MBIIIBIO, a TAKXKE
JIOCTATOYHBI YpOBEHb KOTHHUTHBHOTO pa3BUTHUS (YPOBEHBb OOIIEro MHTEIJIEKTa
He MeHee 80 6amroB). JloMONMHUTENEHBIC TPEOOBAHUS — HATMYUE KaK MUHHUMYM
20 cexyHn 6e3apredaxtHol 3amucu D3I B paMKax aHAIU3UPYEMBIX TallOB JKC-
MIEPUMEHTA, & TAK)KE OTCYTCTBHE CTAaTUCTUIECKUX BHIOPOCOB B aHATM3UPYEMBIX
MOKa3aTeIsIX.

Ipoyedypa sxcnepumenma. B Xoe sKCIIepUMEHTA HCIIBITYEMOTO U AKCIIEPHU-
MEHTaTOpa Pa3MeIaId B MOJOKCHUU CHJS 33 PACHONIOKEHHBIMHU PAIOM pado-
YIMH MECTaMH (IKCIIEPUMEHTATOp CIpaBa Ha paccTosHuH okomno 1,5 m). [lepen
KaX/IbIM U3 HHUX Ha CTOJIe HAXOIWJIUCh MOHUTOP U KOMIbIOTepHas MbIb (KM).
Ha sxpan MoHHUTOpA TIepe ] NCTIBITYEMBIM BBIBOIIUIH BUIEON300pakeHIE YIacTKa
crona skcnepuMenTaropa ¢ KM. CoBOKYITHOCTh SKCHEPUMEHTAIBHBIX 3aJaHUH
BKJIFOYAJIa B ce0sl ATarbl (JUIMTEIHHOCTHIO 30 ¢ KaXK bl ) MAaCCUBHON 3PHTEIBHOMN
(ukcanu Ha BHJEOU300pakeHUN HemonBMKHONH KM, BBINOTHEHHUS CaMOCTOS-
TENBHBIX KPYTOBBIX IBICKeHHH ¢ KM, HaOMroneHns 3a aHaJOTHYHBIMH JBIDKE-
HUSMH SKCIIEPUMEHTATOPA, UIMUTAIIUH JABIKEHHUH IKCIIEPUMEHTATOpa B PEKUME
pEeaNbHOTO BPEMEHH, MEpHUolia OTIbIXa IPU YCIOBUU 3aKPBITBHIX IVIa3, a TAKKe
CIIyXOBOTO BOCTIPHSTHS XapaKTEPHBIX 3BYKOB, COIIPOBOXKAABIINX JIBHkKEeHUS KM
JKCIIepUMeHTaTOpa (MPH yCIOBHH 3aKPHITHIX Ta3). C Gosiee HeTalbHBIM COep-
YKaHMEM METOAMKH SKCIIEPUMEHTa MOXKHO O3HAKOMHTHCS B paHee OMmyOIMKOBaH-
HBIX MyOiuKanusx [22, 23].
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B nannoi pabore ananu3znpoBaiy nuHaMuKy D31 ydacTHUKOB Ha Tamax 3Kc-
MEPUMEHTA, COOTBETCTBYIOIIUX JBYM 3aKIIIOUUTEIBHBIM CHUTYalUsIM IIPH YCIIO-
BHH 3aKPBITHIX TJIa3: pacciadnennoro boapcreoanus (PB) u ciryxoBoro Bocpu-
stusi (CB) 3Hakombix nBrkeHui ¢ KM, 0CyIeCTBISEMBIX SKCIIEPUMEHTATOPOM.
Bp160p UMEHHO 3THX JIBYyX 3TarioB OOYCIIOBIICH CICIYIOIIUMH COOOpaKEHUSMHU:
BO-TIEPBBIX, OXKUTAHHUEM TOTO, YTO K MOMEHTY MX JOCTIDKCHHUS Y YUYACTHHKOB yXKe
JOJDKHEI ¢(pOPMHUPOBATHCS IIPOYHBIE CITYXOBBIE aCCOIIHMAIINI MEXKY BHIITOTHEHH-
€M JKCIIEPUMEHTATOPOM HMHCTPYMEHTAJIBHBIX JBMKCHUN U COMPOBOXKIAIOIIUMHU
UX TIEPHOOMYECKUMH 3ByKamu TpeHns KM o pabouyio moBepXHOCTH CTOJNA H,
BO-BTOPBIX, OTHOCHTEIIFHON MPOCTOTOM BBIACICHUS JTOMUHHPYIOIIEH 4YacTOTHI
anb(a-puT™Ma B 3aTBUIOYHO-TEMEHHBIX OTBEICHHSX Ha)Xe IPH YCIOBHU OTKPHI-
ThIX m1a3. C 1eIbI0 COXPAaHEeHUs YCTONYMBOTO BHUMAHUS K 3ByKOBBIM CTUMYJIaM
YYacTHHKaM IpeIBapUTEIBHO JABANN 3aJaHHE MMOICYUTATH KOJMYECTBO ITHKIIOB
BpalieHus dkcnepuMenTatopoM KM, KoTopsie OHM BOCIIPHHUMATH Ha CIIyX.

Pecucmpayus 29I. 3amuck, 006paboTky ¥ aHanm3 D3I OCyIIECTBISUIA TIO
OOILENPUHATON METOAUKE C MOMOIIBI0 aBTOMATH3UPOBAHHOTO KOMILIEKCA, CO-
cTosimero w3 snekrposnnedanorpada «Helipon-Crnekrp-3» (dpupma «Hetipo-
copt», Poccust) 1 mepcoHanbHOro KommbioTepa. D3I -moTeHIHranbl OTBOAUIH
MOHOIIOJIPHO OT 19 3JIeKTpOIOB, CTaHAAPTHO PACIIONOKEHHBIX IO CHCTEME
10-20. B kauecTBe pedepeHTHOro AIIEKTPOIa UCIIOIb30BaTH 00HETUHEHHbIE KOH-
TaKTHI, 3aKpEIJICHHBIE Ha MOYKaxX yieil. YacToTsl cpe3a (QMIBTPOB BHICOKHX H
HU3KUX Y9aCTOT COCTaBISIM COOTBETCTBEHHO 1,5 u 35 I'li, uactora onugpoBku
30TI'-curnanos — 250 'y, snoxu ananmmza — 4 ¢ (¢ nepekpsitiueM 50%). Curaaist
00pabaThIBaIN C MOMOIIBIO ObICTpOro npeodpazoBanust Oypee. st 06paboTku
JIAaHHBIX UCIIOJIB30BAIH KOMIIBIOTepHYI0 mporpammy WIinEEG (pupma «Mumapy,
Poccus). ApredakTsl yaansim ¢ MOMOIIbIO BCTPOSHHOTO B PUIIOKEHHE METOa
HE3aBUCHMBIX KOMITOHEHT C JIOTIOTHUTEIIFHBIM BU3YaIbHBIM KOHTPOJIEM KauecTBa
3aIHUCH.

Onpeoenenue uacmomul anvgha-pumma u ee peakmusrocmu. OOIACTHIO HH-
Tepeca B paMKax HACTOSINIEro UCCIEIOBaHUS BBICTYIANa AKTUBHOCTD JIaTePaslb-
HO pacnojiokeHHBIX TeMeHHBIX (P3, P4) m 3arsmounsix (O1, O2) 25eKkTpoios,
JUTSL KOTOPBIX pacCuuThIBaiKch nokasarenu MYA B aumamazone wactotr 7—13 I
(c momoripl0 KoMITbloTepHOU mporpammbl «EEG-Mapping 3», mporpamMmmuct
E.H. 3unuenko), ycpeJHEeHHBIC [0 Y€THIPEM YKa3aHHBIM OTBEJICHUSIM B COBOKYII-
HOCTH JUISI COOTBETCTBYIOIIHMX JTAallOB JKCIEPUMEHTa. PEakTHBHOCTH YaCTOTHI
anbda-purMma onpenensiach OTASTBHO ISl KaXKIOTO MCIBITYEMOrO KaK pa3HHIa
MEXIy 3HAUYCHHUSAMH JTOMUHHUPYIOIIEH JacTOTH ajub(a-puT™Ma B IBYX CHTYalHIXK:
CIIyXOBOTO BOCTIPHUSATHSI HHCTPYMEHTAJIBHBIX IBIKCHHUHN U pacciablIeHHOTo 6oip-
CTBOBAHUS (C 3aKPHITEIMU IN1a3aMu). [1oOKHUTETbHBIC 3HAYCHUS PEAKTHBHOCTH
YaCTOTHI YKa3bIBAU HA €€ POCT B YCIOBHAX CIIyXOBOTO BOCIIPUSATHS JBHKCHUIA, a
OTpHIaTENFHBIC — HA €€ TIaJCHNE.

Ypogenv umnmennexma. YpoBeHb OOLIETO HHTEIUIEKTYaJbHOTO Pa3BUTUS
YYaCTHUKOB OIICHEH C TIOMOIIBIO JIETCKOTO BapuaHTa TecTa Bekciepa (WISC)
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[24] HemocpeacTBEHHO B JCHD MPOBEACHUS dKCIIEPUMEHTA. METOINKa COCTOUT
u3 12 cyGTecToB, O pe3ynbTaTaM BBIMOJHEHUS KOTOPHIX PACCUUTHIBAIOT YPOBHH
pa3BUTHS BepOATBHOTO W HEBEPOATLHOTO MHTEIUIEKTA, a TaKXKe WHTETPaIbHBII
6amn obmero nHTeIUIeKTa. CyMMBI IEPBUYHBIX OICHOK IEPEBEICHBI B CTAaHIAPT-
HBIE 0aJUTHI B COOTBETCTBHH C BO3PACTHBIMH HOpPMaMH JJIsl KaKJOTO yJacTHHKA
uccienoBanus. B KoHTeKcTe HACTOsIIEH PaOOThI IPOAHATU3UPOBAHBI TOKA3ATEIH
BepOaIbHOTO M HEBEpOATLHOTO MHTEJUIEKTA OTIEIBHO.

Cmamucmuueckas obpabomxa. CoOpaHHBIE MaTepHaibl 00pabaThIBaIM B
mporpaMMHoOM Takete StatSoft Statistica 12.0 ¢ MOMOIIBIO CTaHTAPTHBIX METOIOB
OTUCATENFHON W MHIYKIMOHHOM CTaTUCTUKU. PaccumTaHbl cpefHUE 3HAUCHHS
aHAM3HPYEMBIX MOKa3aTelnel, a TakKe COOTBETCTBYIOIINE MM CPEIHEKBAIPaTH-
Yyeckue (CTaHAapPTHBIE) OTKIOHEHHS. /151 OIIeHKU HOPMAIbHOCTH PACIIpPeIe/ICHHS
ucnoib3oBaH W-kpurepuii Lllanupo—Yuika. CTarucTideckue BRIOPOCH orpee-
JICHBI C TOMOIIBI0 Kputepus [pad6ca. Pasmiuust Mexxay ypOBHAME aHATH3HPY-
€MBIX IIepEeMEHHBIX OLEHEHBI ¢ TOMOIIBIO f-KpuTepus CThIONCHTA IS HE3aBH-
CHMBIX BBIOOPOK. CBsI3b MEXKIY MOKa3aTesIMA MHTEIUICKTa U JJOMHHHUPYOMICH
4acTOTOH alb(a-puTMa OIEHEHA C IMOMOIIBI0 pacdeTa Kod(h(GUITMEHTOB Koppe-
nsitmu [Tupcona. OneHka 3HAYMMOCTH U3MEHEHHI B 4aCTOTE alb(ha-puTMa mpo-
BeZIeHa C MTOMOIIBI0 MHOTO()AaKTOPHOTO JUCIICPCHOHHOTO aHAIN3a C TIOBTOPHBIMH
u3MepeHusaMu. OLeHKa CBSI3H MEX/Ty TOKA3aTeIIMU PEAKTUBHOCTH YaCTOTHI aJlb-
(ha-puTMa ¥ YPOBHSAMU BepOATLHOTO M HEBEPOATLHOTO HHTEIICKTA BBHITIOJTHEHA C
MOMOILBIO OHO(AKTOPHOTO JMCIIEPCHOHHOTO aHau3a. JlaHHbIe B paboTe mpes-
CTaBJICHBI B BUJIE CPEAHEH apiu(PMETHISCKON BEIMYUHBI 1 CTAHAAPTHOTO OTKIIO-
Henus (M + SD).

Pe3y.]'II)T2TI)I HCCJICAOBAHUA

YcpenHeHHbIE TIO BO3PACTHOM TPYIIIE U MOy MMoKa3aTeian BepOoaTbHOro U He-
BepOANFHOTO MHTEJUICKTa, a TaKKe MHIMBHIYAIbHONH YacTOTHI 3aTHUIOYHO-TE-
MEHHOTO0 anb(ha-puTMa B UCCIIEAyeMOi BBIOOPKE JeTel MpeAcTaBiIeHbl B Ta0m. 1.

Pazmmuns 8 UYA Mexny y9acTHUKaMH pa3HOTO T0J1a B MIIAJIICH TpyTIIe He-
3HA4YMMBI, IPY ATOM B TpyIIIe AeTeil B Bozpacte 9—10 net y neBodex TaHHbIH 1o-
Ka3arenb CTAaTUCTUYECKH 3HAYMMO BhIe (1 = —3,66; p = 0,001).

[Ipu cpaBHeHMHU JeTel OMHOTO MOJa B CTApIei TPyIIe MAIIBYUKOB yBeInude-
HHUE YaCTOTHI ab(a-puT™Ma HECYIIIECTBCHHOE, a B TPYIIIE IEBOYEK — CTATHCTHYE-
cku 3Hauumoe (¢ = 2,32; p = 0,03).

CraTtucTU4ecKd 3HAYMMBIX pa3IHIuil B ypOBHE Pa3BUTHS BepOaIbHOTO U He-
BepOaJIbHOTrO UHTEIJIEKTa JIeTel pa3HOTO IMojia U BO3PacTa He BBISIBICHO.

Koppensiirionnsrii ananu3 B3auMocBsizu Mexay MYA u creneHbpio pa3BUTHs
WHTEJUIEKTa TIO3BOJIMJ BBISIBUTH CTAaTUCTHUYECKU 3HAYMMYIO TOJIOKUTEIBHYIO
KOPPEISINIO C YPOBHEM HEBEpOANFHOTO WHTEUIEKTa MIIAANIMX MIKOJHHHUKOB
(r = 0,28; p = 0,028). KoppensuuroHHoe mone, oTpaxaroliee JaHHYI0 B3aUMOC-
BSI3b, IPEZICTABICHO Ha puC. 1.
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Tabnuna 1 [Table 1]
YcpeaHeHHbIEe IOKA3aTeJH HHANBHAYAJIbHOI YaCTOTHI aJIb(ha-puT™Ma

M YPOBHel pa3BUTUSA BepOAIbHOI0 H HeBepOAIbHOI0 HHTEJICKTA
B IPyNIAaXx JeTeil pa3HOro NoJjia U BO3pacTa
[Mean individual alpha peak frequency values and verbal and nonverbal intelligence
scores in children grouped by gender and age] (M + SD)

Tlokazarenn
[Indicator]

Bo3spacr, roxg [Age, years]

7-8

9-10

Manpauku
[Boys]

JeBouku
[Girls]

Mansauku
[Boys]

JleBouku
[Girls]

Yacrora anbsda-
putMa, '
[Alpha peak
frequency, Hz]

9,18+0,54

9,45+ 0,76

9,25+ 0,61

10,11 £ 0,63

BepbanbHsrit
HMHTEJUIEKT, 0aj1
[Verbal intel-
ligence score]

11,6 + 14,6

109,9 £5,7

112,1 + 14,0

1144+ 154

HesepbanbHbrii
HMHTEJUIEKT, 0ajt
[Nonverbal intel-
ligence score]

1123+ 132

1103+ 11,9

1104+ 12,5

18,4+ 12,2

£ 2CorE]
G

140

[ligenc

130

120

110

100

80

[

VpoEeHb HeEepOameHoro MHTemIeKTa [Nonverbal int

T

L

3.0 85

90 93

10,0 10,5

1.0
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HHmMENDyATbHAR YacToTa anbda-prmva, [ [Individual alpha peak frequency, Hz]

Puc. 1. B3auMocBs3b MEXy HHIUBHIYILHON 4acTOTOM anbda-puTma

W ypOBHEM HEBepOAILHOTO MHTEIUIEKTa y feteit 7—10 net.

Ipumeuanue. T1o ocu abcuce OTIIOKEHBI 3HAYCHUS MHIAUBUYaTbHOM YaCTOTHI alb(ha-pruTMa,
I'u. ITo ocu opnHAT — YPOBEHB pa3BUTHS HEBEPOAILHOTO HHTEIUICKTA, B Oayliax

[Fig. 1. Correlation between individual alpha peak frequency

and nonverbal intelligence score in children aged 7-10 years.

On the X-axis - Individual alpha peak frequency, Hz. On the Y-axis - Nonverbal intelligence score]

B cutyamuu ciiyXoBOrO BOCIPHSITHS MHCTPYMCHTANBHBIX JBIXKCHUI OTHO-
CUTENILHO YCJIOBHS paccliabiIeHHOTO OONPCTBOBaHHS (C 3aKPBITHIMU TJIA3aMH)
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3HAUCHHE JOMHUHHUPYIOMIEH YacTOTH anb(a-puTMa B COBOKYIIHOH BBIOOpKE HC-
MBITYEMBIX CHIKANOCh B cpeaneM Ha 0,13 + 0,28 I'u. 3HauuMOCTh MOAYISIHIA
WYA B cBsI3U ¢ aHATN3UPYEMBIMH KCIIEPUMEHTAIBHBIMH YCIIOBHSIMH OLICHUBAJIH
C MOMOIIBIO TUCIIEPCUOHHOTO aHAJN3a C MOBTOPHBIMU U3MEPCHUSIMH. YCIOBHE
CB nHCTpYMEHTATBHBIX ABIXCHUH CTaTUCTUYECKH 3HAYMMO BIFSJIO HAa YacTOTY
anbda-purma (F s 16,79; p <0,001) xax B KauecTBe OCHOBHOTO (hakTopa, TaK U
TP €T0 B3auMoeHcTBHH ¢ pakropoM nona (£, = 7,61; p =0,008), a Taxxke npu
B3aHMOZICHCTBIN ¢ (aKTOpamy moina 1 Bospacta (F, = 6,6; p =0,013).

[lo pesynbraraM WHIUBHIyalTbHOW ONEHKH PEAKTHBHOCTH YAaCTOTHI ajb(a-
pUTMa COBOKYITHYIO BBIOOPKY NETEH JOMONHUTEIBHO Pa3AeIiin Ha MOIPYIIIIbI
B COOTBETCTBHH C XapaKTEPOM MOIYISAIMU YacTOTHI ajub(a-puTMa: TeX, ¥ KOTOo
yactoTa anb(a-pur™a pocna 6onee yem Ha 0,1 'y (moarpynma pocra 4acTOTHI
anbda-puT™ma), TeX, y KOro 4acrora aibha-putMa nagana 6onee yem Ha 0,1 I'n
(moxrpymma najeHus 4acToThl anb(a-puT™Ma), a TaKXKe TeX, Y KO0 4acToTa ajlb-
(ha-puTMa M3MEHSIACh HeCyllecTBeHHO, B npeaenax +0,1 I'm (moxrpymma cra-
OMIIBHON YacTOTHI alib(ha-puTMa).

YcpenHeHHbIe 3HAYCHNUS CABATA TIOMHUHUPYIOIIESH YaCTOTHI allb(a-puT™Ma B CH-
tyarmu CB Bo Bcex mMoArpymmax, a Takke KOIUYSCTBO JETEH B KaXKIOH U3 HUX
C OIIPEIETICHHBIM THIIOM PEaKTHBHOCTH YACTOTH alib(a-pUTMa MPEICTABICHEI B
Tabm. 2.

Tabnuna 2 [Table 2]
IMoxa3arenu caBUra UHIUBUAYAJbLHON YaCTOTHI AJIb(a-pUTMA B CUTYAllUH CJIYXOBOIO
BOCHPUSITHS MHCTPYMEHTAJIbHBIX IBH:KEHH OTHOCHTEIbHO YCJI0BUS CIOKOWHOIO
0oapCcTBOBaHUSA B rPyNnax Jereil pa3Horo mojia 4 Bo3pacra
[Individual alpha peak frequency shifts under condition of the auditory
perception of instrumental movements relative to the condition of wakeful
rest in children grouped by gender and age] (M + SD, n)

Bo3pacr, rox [Age, years]

[oxkazarenn 7-8 9-10
[Indicator] Manbuuku JleBouku Masbauku JleBouku

[Boys] [Girls] [Boys] [Girls]

CpenHuii CABUT 4acTo-
Thl atbfa-putva, 't 0,11+0,23|-0,12+025| 0,0240,33 | ~0,34+02
[Mean shift value for alpha
rhythm frequency, Hz]

Poct wactotsr anbga-pur-
Ma, KOJJMYECTBO YEIIOBEK 2 5 4 0
[Increased alpha rhythm
frequency, number of subjects]
CrabwibpHas yacToTa aubda-
PHATMAa, KOJTMYECTBO YEIOBEK 6 9 5 1
[Stable alpha rhythm
frequency, number of subjects]
CHMXeHHE 4acTOThI anbda-
PHATMAa, KOJIMYECTBO YEIOBEK

[Decreased alpha rhythm 13 6 > 13
frequency, number of subjects]
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CpaBHUTENbHAS THCTOTpaMMa ITOKa3aTeliel BepOaJbHOTO M HEBEpOAIEHOTO
WHTEIUIEKTa B MOATPYIINaX ¢ Pa3HbIM THIIOM PEAaKTUBHOCTH YaCTOTHI alib(ha-puT-
ma B cutyanuu CB npezcrasnena Ha puc. 2.

[To npuuKMHE OTHOCUTEIHHO HU3KOTO YHUCIIA UCHBITYEMBIX C OIMpeaeIeHHBIM
THUTIOM PEaKTHBHOCTH YacTOTH anb(a-puT™Ma B OTACIBHBIX MOATPYIIIAX, BHIIE-
JIEHHBIX Ha OCHOBE BO3pacTa M MOJa YYaCTHUKOB, JaJIbHEHIINI aHAIN3 B3aUMO-
CBSI3eH MEXITy MOIYILIIIISIMA YacTOTHI anb(a-piuT™Ma U MHTEIDICKTyaIbHBIM pa3-
BUTHUEM JIeTel MPOoBOAIN Oe3 yueTa (pakTopoB MmoJia U Bo3pacTa.

*k
140 | - ‘

90

0 r

60 |

Vposens muTemerta [Intelligence score]

POCT 4ACTOTRI cTabiBEHAA YacToTa CHIDEEHIE JacTOThI
[Frequency increase] [Stable fraquency] [Frequency decrease]
BEeepbaneHent seTemmert [Verbal intelligence]
OnesepbameHenl meETemnerT [Nonverbal intellizence]

Puc. 2. Cpennue nokasareiy ypoBHs pa3BUTHs BepOaIbHOTO U HeBepOaIbHOIO
MHTEIJIEKTa B MOATPYIIaxX AeTeH, AeMOHCTPUPYIOIIMX PA3HBIA TUII pEaKTUBHOCTH
Y4acTOTHI ajb(a-puT™Ma B CUTYALMH CIYXOBOTO BOCIPHSATHS HHCTPYMEHTAIIBHBIX JIBHIKEHUI.
Ipumeuanue. Ha ocn aberuce ykazaH THI MOAYISILMI 4acTOTHI alb(a-purma
B OTBET Ha CI[yXOBO€ BOCHPUAITHE UHCTPYMEHTANbHBIX IBHKCHUIT; HA OCH OpANHAT
0003Ha4YeH YPOBEHb PA3BUTHS MHTEIUIEKTA, B 0aiiax; ¥ — CTaTUCTHYECKU 3HAYMMBbIE
pazmuuumst ipu p < 0,05; ** — craTucTHuecku 3HaUMMBbIe pa3nuyus npu p < 0,01
[Fig. 2. Mean values of verbal and nonverbal intelligence levels in children grouped
by different types of individual alpha peak frequency reactivity under condition
of the auditory perception of instrumental movements. On the X-axis - Alpha frequency
modulation type in response to the auditory perception of instrumental movements.

On the Y-axis - Intelligence score. * p < 0.05; ** p <0.01]

OnHo(haKTOPHBIHA TUCTIEPCUOHHBIN aHAN3, BBIMOIHEHHBIN Ui TOKa3areeit
BepOaIbHOTO M HEBEpOAILHOTO MHTEIUICKTa (OTHCNBHO JIIS KaXKJIOTO THIA WH-
TEJJICKTa) Y IETeH, OTHOCSIIMXCS K TIOATPYIIIAM C Pa3HBIM XapaKTEPOM PEaKTHB-
HOCTH YaCTOThI ajib(a-puT™Ma, MMO3BOJIUI BBIACIUTH 3HAYMMBIE PA3INYUs TOIHKO
B YPOBHE HeBepOanbHOro HHTeILIeKTa (F, ;) = 4,95; p = 0,01).

Pacuer koHTpacTOB (F-CTaTHCTHKA) BBISBUJI CTATUCTHYECKH 3HAYMMO Ooee
HU3KHE TOKA3aTelyd HEBEpOATbHOTO HMHTEIUICKTa B MOATPYINE ACTEH, Mpose-
MOHCTpPHpOBaBIIKHX B curyaru CB poct gacToTs! anbda-purMa, OTHOCHTEIEHO
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MOJTPYIIIBI CO CTAOMIIBHBIMU TIOKa3aTeNIIMU 4acTOTHI ajb(a-pur™a (¢ = —2.4;
p =0,019), a Tak)ke OTHOCUTENBHO MOATPYIIIBI, B KOTOPOIl y eTel 4acToTa allb-
(a-putma cHmxkanace (1 =-3,11; p = 0,003) (cM. puc. 2).

O06cy:xneHue pe3yabTaToOB UCCJIAETOBAHUS

IIpu comocraBieHUN IOKa3aTesied TOMUHUPYIONIEH YacTOTHI TEMEHHO-3a-
TBUJIOYHOTO anb(a-puT™Ma B cuTyauuud PB BBISBIEHBI CTATUCTHYECKH 3HAYUMO
Ooyiee BBICOKHE 3HAUEHHS B TpyIe neBovek 9—10 jeT mo cpaBHEHHIO KaK CO
CBEPCTHUKAMH MaJIBYMKAMHU, TaK U C IEBOYKAMH M3 MIIAJIIEH TPYIIIEI B BO3pac-
Te 78 net. JlaHHBIN (haKT MOKET YKa3bIBaTh Ha 00Jiee BHICOKYIO CKOPOCTh pOCTa
UHIUBUYaTbHON YacTOTH! alb(a-puTMa B aHATU3UPYEMOM BO3PACTHOM JHara-
30HE UMEHHO Y JI€BOYEK U, II0 CYTH, COOTBETCTBYET pe3yJIbTaTaM, MOJyYEHHbIM
HEKOTOPBIMU JAPYTUMH HccienoBatessiMu [25]. Takum o0pa3om, yxke B BO3pacTe
9-10 et UMeeTCsl BO3MOXKHOCTh 3apETHCTPUPOBATH CTATHCTUIECKH 00JIee BBICO-
KM€ TI0Ka3aTeNn MUKOBO 4acTOTh! ab(ha-puTMa y AEBOUYEK IIPU COMOCTABICHUU
C MaJBIMKaMH, MPEANICCTBYIOMNE aHAJOTHIHO HaOII0OacMOMy COOTHOIICHHIO
BO B3pocioit nomymsuun [26, 27].

BaxHo mOm4epKHYTh, YTO pa3ziIH4Hs B CTEICHH Pa3BHTHS BepOaIbHOTO U
HeBepOaJIbHOTO WHTEIUIEKTa B M3YyYaeMbIX IMOATPYIIAaxX HE JOCTHTalId ypPOBHS
CTaTUCTUYECKON 3HAYMMOCTH, YTO YKa3blBaeT HA JOCTAaTOYHYIO OJHOPOAHOCTb
uccieyeMoil BBIOOPKH IO 3TUM IOKa3aTelsiM. A BBISIBICHHAS JUIS COBOKYITHOM
BEIOOPKH TOJIOKUTENBHAS KOPPEIIHS MEKIY YPOBHEM HEBEpOATLHOTO WHTEN-
JIEKTa ¥ JOMUHUpYIOIIel yacToToi anbda-putMa B cutyaruu Pb neifctButensHo
MOXKET CBHJICTEIHCTBOBATh O HECKOJILKO 00JIee BRICOKOU 3((PEKTUBHOCTH HEBEP-
0anbHOM KOTHUTUBHOI 00paboTKK MHGOPMAIMU y JeTel MIAJIIETo HIKOIbHOTO
BO3pacTa c 6oJee BHICOKUMHY 3HAYCHISIMA HHAWBUTYaIbHON YaCTOTHI aIb(a-puT-
Ma. OTCyTCTBUE 3HAYUMOHN CBSI3H MEXJly JOMHHUPYIOLIEH 4acToToH anbda-puTt-
Ma U YPOBHEM Pa3BHUTHUS BEpOATFHOTO MHTEIUIEKTA MOXXET TOBOPHUTH O TOM, UTO
YCIEUIHOCTh OBJIA/ICHUS SI3bIKOBBIMU HABBIKAMU B OOJIbILIEH CTETIEHU 3aBUCUT OT
OJTarONPHATHBIX YCIOBUI Pa3BUTHS U BOCITUTAHUS, YEM OT 0a30BBIX IICUXO(DHU3H-
OJIOTHYECKUX XapaKTePUCTHK HHIUBHUIA.

Oco05Iit MHTEpEC BBI3BIBAET TOT (akT, uTo yciaoue CB 3ByKoB, compoBo-
KIAOIIKUX 3HAKOMble HHCTPYMEHTaJIbHbIe ABM)KEHUS, TPUBOAMIO K CTaTUCTH-
YeCKH 3HaYMMOMY CHIKeHHI0 YA B COBOKYHMHOW BBIOOPKE HCIBITYEMBIX.
MOXHO TPEANOIOKUTh, YTO AKTUBHOCTh B TEMEHHO-3aTBUIOYHBIX Y4YacTKax
KOpPbl TOPMO3WJIACh B MPOILECCE ayAHaJbHOIO BOCHPUATHA, YTO, B CBOIO OYe-
penb, IPUBOJWIO K CHIXKCHHIO JOMUHHPYIOLIECH 4acTOTHI aibda-puT™Ma B CO-
orBeTcTBYyIOmUX oTBefAeHuax IDDI. C ydeTroMm yxKe MOITYyYEeHHBIX PE3yIIETaToOB
MOHO TOBOPUTH O HAJUYUU TPEHJA Ha CHIDKCHHE aKTUBHOCTH B TEMEHHO-3a-
TBIJIOYHBIX 00JIACTSAX KOPHI B IIPOIIECCE CIYXOBOTO Y3HABAaHUS WM JAIBHEHIIETO
BOCIIPUATHUS 3BYKOBBIX CHTHAJIOB, CBHJIETEIBCTBYIOUINX O JACUCTBUSIX IAPYTroro
YyeJIoBeKa.
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AnHanmu3upyemas B HacToseil pabore SKCIepHUMEHTaIbHAsT CUTYaIsi OTHO-
CUTCSI K TPYIIIE 3a]a4, TUIIOTETHYECKH BBI3BIBAIOIINX aKTUBAIMIO TaK Ha3blBae-
MOM 3€pKaJbHOM CHUCTEMBI MO3ra B XOJ€ BOCIPUATHS ACHCTBHM, OCYIIECTBIIsIC-
MBIX JpyTUMHU [28], MapKepOoM aKTUBAIlUM KOTOPOH MOTYT BBICTYIIaTh MOAYJISIIUH
MIO-pUTMa (Pa3HOBUAHOCTEH ajb(a-puT™Ma) B HEHTPAIBHBIX U MPHICTAIONINX K
HUM 007acTsIX Kopbl [29]. B wacTHOCTH, HCCIe0BAaTENN YKa3bIBAIOT Ha (PyHK-
MUOHAIBHYIO CIICIU()UIHOCTH OTJCIBHBIX IMOJINAIa30HOB MIO-PUTMA, KOTOpPEIE
MOTYT OTpa)kaTb aKTUBHOCTH pa3HBIX HeipoceTeBbix ocumuiaTopos [30]. ITo-
3TOMY MBI PEIIMIN JOMOJHUTEIbHO YUECTh B aHAJIM3€ PA3HOTUIIHBIE MOAYIIALIUI
4acToThl alb(a-puT™Ma, KOTOPbIE MOTYT OTpa)XkaTb OCOOCHHOCTH KOTHHUTHBHOM
00pabOTKH IETHPMH SKCHEPHIMEHTAIBHBIX CTUMYJIOB. YCIOBHO OIPEAETIHB BapH-
anTel Moayasiuii YA B cutyauun CB kak crabunsHble (B mpenenax +0,1 I'n
OTHOCHTENBHO cuTyanuu PB), yeenmmuuBaromuecs (poct 6oiee yem Ha 0,1 T'm)
U cHIpKaromuecs (cHmwkeHue 6onee yeM Ha 0,1 I'I1), MBI IOTy4MIN pE3YNIbTATHI,
KOTOpBIE CIIOKHO TPAKTOBaTh OJHO3HAYHO IO MPUYUHE PEIKOW BCTPEUAEMOCTH
MOJIYJALMK OTAETHHOTO TUIIA TIPU OTIPENIeIEHHBIX coueTaHusx ¢akTopos. OnHa-
Ko Oosiee Bcero OpocaeTcst B Ta3a (akT MpaKTHICCKH OJHOPOIHOTO CHIDKEHHS
3HaueHuit YA B noarpymnne geBouek B Bozpacte 9—10 seT, KoTopast XapakTepu-
30Bajlach TaKke W OOJiee BHICOKUMH 3HAYCHUSMH WCXOTHON YacTOTHl TEMEHHO-
3aTBIJIOYHOTO aib(a-puT™a. JJaHHBIH (aKT TOTONHUTENLHO CBUIETEILCTBYET O
HEOOXOIMMOCTH IPHHUMATH BO BHUMAaHUE BO3MOKHOCTh YCKOPEHHOTO POCTa Ya-
ctoTel DOI y neBouek yxe k 9—10 rogaM, B 4aCTHOCTH, IIPU HCCIIETOBAHUH 3aKO0-
HOMEPHOCTEH, IMOKAa3hIBAIONINX CBSI3b MEXIY 0COOCHHOCTIMH DD -aKTHBHOCTH
Y MOKa3aTeIsIMI KOTHUTUBHOTO Pa3BUTHUS IETEH MIIAJIIETO IKOJILHOTO BO3pacTa.

[IpensapurenbHo 0003HaYMB THIT MOAYsAmiA MUA kak He3aBHCHMYIO Tiepe-
MEHHYIO JUIsl IPOBEACHHsI OJHO(DAKTOPHOTO AUCIEPCUOHHOTO aHAIN3a Pa3IHIli
B CTEIICHU Pa3BUTHS BepOATBHOTO W HEBEPOATBFHOTO HHTEIICKTa, MBI OOHAPYKH-
JIM, YTO UCTBITYEMbIE, YaCTOTa ajb(a-puT™Ma KOTOPBIX B Mpolecce ayAHalbHOro
BOCHPUATUS MHCTPYMEHTAJIbHBIX JBM)KEHUI poOCia, XapaKTepHU30BaIUCh 3HAUU-
TENBbHO 0OJiee HU3KUM YPOBHEM Pa3BUTHS HeBepOaJIbHOTO MHTEJUIEKTA. YKa3aH-
HBII MMoKa3areib coctaBmwi 102,7 £ 12,7 6amra npotus 114,3 + 11,9 B rpymme co
crabunpHOit UUA 1 115,5 + 11,7 — B rpynne ¢ nageauem MYA. Cnenyet ykasats,
9TO JaHHAS TPYIIA JAeTel ObUIa OTHOCUTENBHO MAIOYHCIeHHOH (~18%), moaTo-
My TOJY4YEeHHbIE Pe3yabTaThl TPeOYIOT NOMOJHUTENHFHOTO MOATBEpkKaAeHus. Pe-
aKIHsL pOCTa YaCTOTHl TEMEHHO-3aTBUIOYHOTO aib(da-purMa B curyarmu CB nc-
MBITYEMbIMH 3HAKOMBIX WHCTPYMEHTAIBHBIX ABMKEHUH MO OBITh IPU3HAKOM,
HanpuMmep, aKTyalIu3aliuy 3pUTeIbHO-IIPOCTPAHCTBEHHBIX NIPeNICTaBIEHHH, acco-
LIUUPOBAHHBIX C BHIMOIHSABIIMMUCS paHbllie qeiicTBUAMU. Bo3MOXKHO, 0COOEHHO-
CTH SKCIIEPUMEHTAIBHON CUTyalnH (MCIIBITYeMbIX He HH()OPMHUPOBAIN 3apaHee O
TOM, YTO B CUTYallMH PacciIabIeHHs C 3aKPBITHIMU TIIa3aMU UM OyAyT MIpeIbsiBIie-
HBI 3BYKOBBIE CTUMYJIBI) TPEOOBAIIM OT HEKOTOPHIX HCITBITYEMBIX HEOOXOMUMOCTH
JydIlie TOHTh MPOUCXosiiee, 00paIasch K 0onee spKUM 3pUTEIbHBIM 00pa3aM.
[Ipn 5TOM MOINK aKTUBHPOBATHCS IONONHUTEIBHBIE, O0ee BBHICOKOYACTOTHEIC
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HEHPOHHBIE OCIIJUIATOPHI AWana3oHa anbpa-purma. Cymns 1Mo MOIydIeHHBIM pe-
3yJbTaTaM, TAaKUEe PEaKIUU CBOMCTBEHHBI IETAM ¢ Oolee HU3KOH CTENeHbIo pas-
BUTHS HEBEPOAIHLHOTO WHTEJUICKTA, KOTOpask TeM HEe MEHEee HaXOIUIIaCh BCE €IIIe
B IIpeJiesiaX CpeIHEro YPoBHs AaHHOro nokasarens (90—109 6amnos). B kauectse
QIBTEPHATHBHOTO OOBSICHEHHSI MOXKHO TIPENIIONOKHITE, YTO BHISBICHHAS 3aKOHO-
MEPHOCTb MOXKET OBITh CJIECTBUEM PAa3HON CKOPOCTH MPUBBIKAHUSA K CIIyXOBBIM
CTHMYJIaM y IeTell, IMEIOIIX pa3HBIl ypOBEHb HEBEPOATBHOTO HWHTEIUICKTA.
BosMoxHO, y feTeil ¢ HU3KOH CKOPOCTBIO MPUBBIKAHUSA, KOTOpAsk MOXKET OBITh
CIJICICTBHEM MEHBIIIEH CTEIICHN Pa3BUTHUS HEBEPOATLHOTO HHTEIIICKTA, CITyXOBEIE
CTUMYJIBI, CBSI3aHHBIE C JABIKeHHeM KM, BBI3BIBAIM OTOJHUTEIBHYIO aKTHBA-
o [THC. Kak pe3ynbrar, yactora anb(ha-puTMa y TakKux jJereil Hapacrana. B To
e BpeMsl B BBIOOpKe JieTeld ¢ 6oiee BHICOKMM WHTEIIEKTOM MTPUBBIKAHHE HACTY-
TIAJIO paHBbIIe, CIEACTBIEM Yero Halmonanocs yracarensaoe Topmoxenue LIHC.
B pesynbrare yactoTa anbda-pHTMa y HUX JIHOO B IIEJIOM CYIIECTBEHHO HE U3Me-
HSUTACh, TN0O JTajKe CHIDKAIACH.

TakuM 00pa3oM, MOXKHO 3aKJIIOYHTh, YTO B MEPUOJ MIIAAUIETO IIKOJIBHO-
ro BO3pacTa y JAeTed C OTHOCHTENHEHO HU3KUMH IIOKa3aTelIsIMH HEBEpOAIHLHOTO
WHTEIUIEKTa YCJIOBUE ayAHabHOTO BOCHPHUSATHS 3HAKOMBIX MHCTPYMEHTAIBHBIX
IBIDKCHUH MPUBOAWUT K 3HAYMMOW aKTHBAIMM TEMEHHO-3aTBUIOYHBIX OOJacTei
KOPBI, MapKEpOM 4ero ABJSETCS POCT JOMHUHHUPYIOIIEH 4acToThl anb(a-purMa B
COOTBETCTBYIOMUX OTBefeHms1x DO B menom ke ypoBeHh HeBepOaNIbHOTO WH-
TEJJIEKTa MOXKET OBITh CBsI3aH C MHIUBUAYAJIbHBIMH OCOOCHHOCTAMHU Pa3BUTHS
COBOKYIHOCTH HEMPOCETEBBIX OCLUIIIATOPOB HEOKOPTEKCA, YTO U MPOSIBIIETCS B
pa3HOHANPABIEHHBIX peakiusax n3menenus MUA.

BriBoaBI

1. B rpanuax Miaaiiero mKoJIbHOTO BO3pacTa MHIMBUAyaIbHAS YacToTa Te-
MEHHO-3aTBUIOYHOTO alb(a-puT™Ma B CUTYAIMH pacciaadIeHHOro OOAPCTBOBAHMS
Yy MaJBYMKOB pa3iMyaeTcsl He3HAYUTENIbHO MEXIY TpylIaMu B Bo3pacte 7-8 u
9-10 net. Y geBOYeK NaHHBIN MTOKA3aTeNb B CTAPIICH TPYIINE CTATUCTUIECKH 3HA-
yumo BeiIe (p < 0,001).

2. lna meteit B Bo3pacte 7—10 et oOHapyKeHa CTaTUCTHYECKH 3HAYMMAs T10-
JIOKUTEIbHASL CBSI3b MEXKIy WHAWBUAYaIbHOW 4acTOTOH anb(a-puT™Ma B CHTya-
MU pacciiabJIeHHOro OONPCTBOBAHMS W YPOBHEM pa3BUTHS HeBepOaJIbHOTO WH-
Temutekta. CBs3b ¢ BepOalbHBIM HHTEIICKTOM HE BBISBJICHA.

3. YcnoBue CIyXOBOTO BOCIIPHSATHS 3BYKOB, COIPOBOKIAFOIINX 3HAKOMEIE
HHCTPYMEHTAIBHBIC ICHCTBUS, IPUBOIUT K CHIXKCHUIO YaCTOTHI TEMCHHO-3aThI-
JIOYHOTO aib(a-puT™Ma y OOJNBIIEH JacTH IeTel MIIaIIIero IKOJILHOTO BO3pacTa.
B naunOonbieil cTeneHy 3To XxapakTepHo A rpymisl aeBodek 9—-10 net. OTHO-
CHUTENBHO HEeOONmbIas 1oist aerer (~18%), TeMOHCTPUPYIOMNX B 3THX YCIOBH-
SIX POCT YacTOThl TEMEHHO-3aThUIOYHOTO ajb(a-puTMa, XapakTepusyercs Oonee
HU3KUMH I10 CPAaBHEHHUIO CO CBEPCTHUKAMH ITOKa3aTeNIMHA HEBEPOAIHLHOTO HHTEI-
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nekta. Takum 00pa3oM, ypOBeHb HEBEpOATLHOTO MHTEILIEKTa MOXKET OBITh CBSI-
3aH C MHIMBHIYAJIbHBIMA OCOOCHHOCTSIMU Pa3BUTHSI HEHPOCETEBBIX OCIIHILISATO-
POB, KOTOpBIE M HPOSBISIFOTCS Y Pa3HbIX JIETel B pa3HOHANPABICHHBIX PEaKIIUIX
M3MEHEHUsI YaCTOTHI ajb(a-puT™a.
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The EEG alpha rhythm frequency dynamics during the auditory perception
of actions and its relation to intelligence level in children aged 7-10 years

A number of studies have shown the possibility of taking the EEG individual alpha
peak frequency (IAPF) as an informative neurophysiological indicator of the overall
cognitive efficiency of the human brain. The main goal of the present work was to
study the IAPF reactivity in primary school age children in the process of auditory
perception of sounds accompanying familiar instrumental movements, and to measure
its hypothesized correlation to the verbal and non-verbal intelligence development. The
effects of gender and age of children on these interrelations have also been estimated.

We analyzed the data pertaining to the sample of primary school children aged
7-10 years (62 subjects). To assess possible age-related effects, the sample of children
was additionally divided into two groups aged 7-8 years (24 boys and10 girls) and
9-10 years (14 boys and 14 girls). During the experiment, the subject and the
experimenter sat at the adjacent places, with a monitor and a computer mouse (CM)
placed on the table in front of each of them. A video showing the CM section of the
experimenter’s table was displayed on the monitor screen in front of the subject.
Experimental tasks comprised a series of stages (30 s each) including the conditions of
apassive visual fixation on the video image of a motionless CM, execution of self-paced
circular right-hand movements with CM, observation of similar movements produced
by the experimenter, real-time imitation of the experimenter’s movements, wakeful rest
with eyes closed, and auditory perception of familiar sounds accompanying the CM
movements produced by the experimenter (subject’s eyes still closed). In the context of
the present study, we analyzed the EEG dynamics in subjects during the two final stages
with eyes closed: wakeful rest (WR) and auditory perception (AP) of familiar CM
movements produced by the experimenter. The area of interest in the present study was
the electrical activity of the laterally located parietal (P3, P4) and occipital (O1, O2)
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EEG electrodes. IAPF values were calculated for each of them within 7-13 Hz frequency
range and averaged for the sum of them for the two corresponding experimental stages.
The reactivity of the alpha rhythm frequency was calculated for each subject separately
as the difference between the values of the dominant alpha rhythm frequency in two
situations: the auditory perception of instrumental movements and the wakeful rest.
Positive values of the frequency reactivity indicated its increase under condition of
auditory perception of movements, and negative values - its decrease. The intelligence
development levels of the participants were assessed with the help of the Wechsler
test for children (WISC). In the context of the present study, the verbal and non-verbal
intelligence scores were analyzed separately.

We can conclude that in the primary school age children, the individual frequency
of the parieto-occipital alpha rhythm in boys does not differ significantly between
the groups aged 7-8 and 9-10 years. In girls, in the older group this indicator has a
significantly higher value (See Table I). For children aged 7-10 years, a significant
positive correlation was identified between IAPF and non-verbal intelligence score.
No connection with verbal intelligence has been found (See Fig. 1). The condition of
auditory perception of sounds accompanying familiar instrumental actions evokes the
decrease in the parieto-occipital alpha rhythm frequency in the majority of primary
school age children, which is most characteristic for the groups of girls aged 9-10 years
(See Table 2). A relatively small percentage of children (~ 18%) who demonstrated
an increase in the frequency of the parieto-occipital alpha rhythm under condition
of auditory perception of familiar instrumental actions, are characterized by lower
scores of nonverbal intelligence, relative to their peers (See Fig. 2). Thus, nonverbal
intelligence development can be related to the individual developmental characteristics
of neural network oscillators, which can be reflected in children as multidirectional
reactions in alpha rhythm frequency.

Key words: individual alpha peak frequency; auditory perception of instrumental
actions; verbal intelligence; nonverbal intelligence; children.
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! Bawkupckuii 20cyoapcmeeHHblli RpupoOHbLL 3aN08EOHUK,
¢. Cmapocybxaneynoso, Pecnyonuxa bawkopmocman, Poccus
*Unemumym sxonoeuu pacmenuti u sxcugommoix, 2. Examepunéype, Poccus
$Vpanvckuil 2ocydapemeennvlil iecomexnuueckuii ynueepcumem, 2. Exkamepunéype, Poccust

CTpyKTypa ApeBOCTOeB U 0COOEHHOCTH HAKOIJICHHUSA
UMHU (puTOMACCHI HA OCTENHEHHBIX CKIOHAX
maccusa rop Kpaka (FQxubiii Ypaun)

Pabora BrImonHeHa B pamMkax rocynapctseHHoro 3aganus ®PI'BY «bamkupckuit
rocyaapcTBeHHbIN 3anoBenHuk», PI'BYH MHcTuTyTa 3K0I0TUM paCTEHUM U dKUBOTHBIX
YpO PAH u ®I'BOYBO Ypaibckoro rocyaapcTBEHHOTO JIECOTEXHUYECKOTO YHHBEPCUTETA.

IIposeden  cpasnumenvuuvlii  AHAIU3  MOPOOMEMPULECKOU  XAPAKMEPUCTHUKU
Opesocmoes u ux Mecrmonpou3pacmaHuil 8 pasiuiHbIX Yacmax SKOMOHA 1eC—20pPHAs
cmenv na maccuge eop Cegepmuviili u IOocnwvii Kpaxa (FOxcuvui Ypan). H3zyuenwvt
0COOEHHOCU HAKONIEHUS U PACHPeOeleHUs HAO3eMHOU QUmMoMAaccyl Opesocmoes
no pasnuuHblM PPaKyusm. Ycmanoeneno, ymo Ha (poue NOSbIULEHUA 8 NOCIEOHUe
Ooecamunemus na FOoxcrnom Ypane memnepamypvl u Koiuuecmea 0caokos, KOMopoe
6 Haubonvuiell cmeneHy HAOIOOANOCL 8 3UMHULL NEPUOd, NPOUZOULTO NPOOBUNCEHUE
2paHuybl ieca u yeenudenue COMKHYmocmu Opesocmoes 6 IKONoHe Jiec — 20PHASL CMenb.
Omu usmMeHeHUss Ha COBPEMEHHOU 2PaAHUYe COMKHYMBbIX 1eC08 NPUgenu K y8eaudeHuo
Haoszemnou gumomaccel na 32,8—56,6 m/za. B yerom 6 nociednue oecsmuiemus
3anac Ha03emMHoU humMomMaccyl Opesocmoes 8 IKONOHe Jlec — 20PHASL CMENd, 6 CEA3U C
yeenuuenuem niowaou 1ecos, 8vipoc Ha maccuse 2op IOxcnviii Kpaka na 31,4 moic. m,
Cpeonuii Kpaxa na 10,4 meic. m u Cesepuwiti Kpaka na 50,5 muic. m.

KuaroueBble cioBa: Pinus sylvestris, Larix sibirica; ¢utoMacca ApeBOCTOCB;
maccuB rop Kpaxa; FOxub1ii Ypan

Jas uurupoBanms: [aiicun UK., Moucees I1.A., banakun [[.C., Harumos 3.5. Ctpykrypa
JPEBOCTOCB M 0COOCHHOCTU HAKOIICHUS UMH (DHTOMACCHI HA OCTCITHCHHBIX CKJIOHAX MAaCCHBA IOp
Kpaka (FOxnbiit Ypan) // Bectauk Tomckoro rocynapcTBeHHOTo yHuBepeuteTa. buonorus. 2021.
Ne 56. C. 125-151. doi: 10.17223/19988591/56/6

BBenenune
B HacTos1Iee BpeMst TPOUCXOAUT U MPOJOIIKUTCS B 0003PHMOI ITePCIICKTHBE

MOBBINICHAE TEMIIEPATYPhl BO3AyXa U M3MEHEHUE PEXKKMMAa BBINAJICHHS OCAJIKOB.
DTO PUBOJINT K IEPEeCTPOrKe Bcel Onochepsl 3eMitn, TpaHCPOPMAITUH CTPYKTY-
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PBI DKOCHCTEM, CMEIIEHUIO TPAHUII PACIIPOCTpaHEHUs MHOTHX BHIOB [1, 2]. U B
MEpPBYIO OYepeb U3MEHEHHs KIIMMaTa OTPa)aloTCsl HA PAaCTUTEIBHBIX COOOIIe-
CTBaX, MPOM3PACTAIOMINX Ha IMpPEAeie WX PacIpOCTPAHCHHUS, YTO CBSI3aHO C MX
BBICOKOM UyBCTBUTENBHOCTBIO K M3MEHEHUSIM OKpYy»katoIeit cpensl [3—5]. B ro-
pax OIEHKa peaKkInH IPEBOCTOEB, MX IMPOCTPAHCTBEHHOH CTPYKTYPHI U THHAMU-
KM, HaKOIUICHUsI OMOMAacChl CTAHOBUTCS BCE OoJice aKTyalIbHOM, a pOJIb JIECOB KaK
OJTHOW W3 COCTaBHBIX 4acTel OWoc(epbl HENPEPhIBHO yBEIHUMBACTCS HA (QoHE
COBpPEMEHHBIX U3MEHEHUH KiumMaTa [6, 7].

B aToii cBsI3M 3a MOCEeAHNE AECATHICTHS B PA3IMYHBIX TOPHBIX PETHOHAX B
MEepeXOiHON 30HE MEXKAY JIECOM U O€3IeCHBIMHU TEPPUTOPHUSIMU (TyHIpa, CTEIb),
MIPOBEICHEl OOIIMPHBIC MCCICIOBAaHMS, HAIPABICHHBIC HAa BBIABICHUE H3MEHE-
HUM cOCTaBa U CTPYKTYpBI, OIIEHKU HAKOIUICHUS (PUTOMacchl ApeBocToeB. Ilo-
BEIIIICHUE TEMIIEPATYPHl U YBEIUUEHHUE OCAAKOB MPUBOMST K IOBBHIIICHHUIO MIPO-
U3BOJUTENBHOCTH, CMEIIEHUIO BEPXHEH IpaHUIIbI IECOB B BEICOKOTOPHAX [8, 9],
3apacTaHMIO APEBECHON PACTHTEIHFHOCTHIO HEKOTOPHIX CTEIHEIX U JIECOCTEITHBIX
peruoHoB [10, 11]. B BEICOKOTOpbAX U Ha CEBEPHOM IpaHUIIE PacIpOCTPaHEHUS
JPEBECHBIX PACTEHUH OCHOBHBIM (DAKTOPOM, OTPaHMYUBAIONINM HX IIPOIBIDKE-
HUE BBIIIIE B TOPBI ¥ BEICOKOIIUPOTHBIE 00IAaCTH, SBIAETCS HEAOCTATOYHOCTH Tell-
na. Ha FOxxunoM Ypane B mpenenax pacrpocTpaHeHUS SKCTPAa30HAIBHBIX TOPHBIX
cTemneil HabmroaeTcst MHAsl KapTHHA. 37eCh CTENHU, OKPY)KECHHBIE JIecaMu, MpH-
YPOYCHHI K FOXKHBIM CHIIFHO HHCOJMPYEMBIM CKJIIOHAaM XpeOTOB, Ha KOTOPEIX (op-
MUPYIOTCS CHENU(UUECKUE KECTKUE YCIOBUS, CACPKUBAIOIINE POCT IPEBECHBIX
pacteHnii. 31ecs HAOMIONAIOTCS KpaifHe BRICOKHE JICTHHE M HU3KHE 3UMHHE TEM-
Heparypsl, UX Nepemnaj B TeUEHUE CYyTOK B MEXCE30HbE, CHIIbHBIC BETPHI U IIOCTO-
SIHHBIM CMBIB C KPYTBIX CKJIOHOB Meliko3ema [12]. Bee 3To mpuBoauT K teduiuTy
BJIard B IIOYBE B BETETAI[OHHBIN MEPHOJ, CHIIBHOMY IIPOMEP3aHUI0 KOpHEOOUTa-
€MOTO CJIOS B 3UMHEE BpeMsI, COJTHEUHBIM 0KOTaM H IMIOBPEKICHUIO HI3KUMH TEM-
neparypaMu AepeBbeB. B TO jxe BpeMst ¢ CeBEpPHON CTOPOHBI XPEOTHI MOKPHITHI
JIECOM TIOYTH 0 UX rpebHeBoi yactru. Ha maccuBe rop Kpaka Hamu panee Obuti
BBISIBIICHBI HHTCHCUBHAS SKCIIAHCHUS JIeca Ha TOPHBIE CTEMHU U YBEIUUEHHE JIECO-
MTOKPBITOH IUIOIMIAIN, CBSI3aHHBIE C YIYUIICHHEM JIECOPACTHTENBHBIX YCIOBHM 32
nocnenuue 80 et [13, 14].

Lens Hammx rccnenoBaHMA HAa JAHHOM 3Talle — H3yUUTh 0COOCHHOCTH CTPYK-
TYpbI U HAaKOIUIEHHUs (PUTOMACCHI APEBOCTOEB B MEPEXOJHOI MONOCe MEXIy Jie-
COM W TOPHBIMH CTEIISIMH Ha CKJIOHAX OJHOTO M3 KPYIMHEUIINX TOPHBIX KOMILICK-
coB FOxHoro Ypana — maccuse Kpaxa.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

UccnenoBanus mpoBeneHsl B Mpejenax TopHbIx MmaccuBoB CeBepHbld, Cpen-
Hui 1 FOxupir Kpaka (53°15-53°50'N, 57°36'-58°12'E), mpencraBisronmnx
co0O# B 1IeJTIOM 4acTUYHO 000COONIEHHBIN TOPHBIN y3el1 K 3amagy OT OCHOBHBIX
LIEHTPANBHBIX TOPHBIX oausTHi FOxHOTO Ypana (puc. 1).
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Puc. 1. Paitonst uccnenosanuii: I — FOxusiii Kpaka; 11 — Cpenanii Kpaka;

IIT — CesepHbrit Kpaka. Apabckumu nrdpamMu 06003Ha9eHBI MECTa PAa3MEIICHHUS BRICOTHBIX
npoduneii: 1 — bonpmoit bamapt; 2 — bamapr; 3 — ABIKT?; 4 — MPO(UITE-TIONUTOH
Bamapr; 5 — Cypranner; 6 — Manstit Capras; 7 — Llurait; 8 — LlenTpansHbiit AKOHUK

[Fig. 1. The study areas: I - Southern Kraka; II - Central Kraka; III - Northern Kraka.
Arabic numerals indicate the location of the altitudinal transects: 1 - Bolshoi Bashart; 2 - Bashart;
3 - Avdekte; 4 - Bashart—polygon; 5 - Surtandy; 6 - Malay Sargaya; 7 - Shigai; 8 - Central Akbiik]

Maccussl Kpaka mpencraBisioT co00i YHUKaIbHBIE TPUPOIHBIE KOMIUICKCH,
c(hOopMHPOBABIINECS B IKCTPEMATBHBIX MTOYBEHHO-KJIMMATHYECKUX ycioBusx. [1o
XapakTepy JaHIAa(pTOB OHU OYCHb CHIIBHO OTIMYAIOTCS OT OCTABHBIX TOPHBIX
cucteM FOxHoro Ypana. Kaskaplii U3 HUX COCTOUT U3 CIOXKHOI y3710BOH CUCTEMBI
XpeOTOB, OCHOBY KOTOPHIX COCTABILTIOT YIETPAOCHOBHEIC W3BEPKEHHBIE TOPHEIC
nopozbl (rab0po-runep6azutel). XpeOThl 3PO3HMOHHO-PACUIICHEHBI, C OCTPBIMHU
rpeOHAMH, KPYTHIMH TPUBHOJIIOKOWHHBIME CKJIOHaMu (ot 700-900 M Ham yp. M.,
HauBbICIIast Touka Ha xpebre Cypranasl uMeer BbicoTy 1 045 m). Pactutens-
HOCTh COCTOWT M3 CBETIOXBOMHEIX JIECOB, OOPa30BaHHBIX COCHOH OOBIKHOBEH-
HoW (Pinus sylvestris L.), nuctBennuneit cubupckoii (Larix sibirica Ledeb.) u
HeOONIBINON puMechio Oepesbl Ooponasuaroii (Betula pendula Roth). Bepxaue
YaCTH CKJIOHOB FOXKHBIX HKCIIO3HLUI 3aHMMAIOT TOPHBIE CTEIH, 0011as MIO0MaAb
KOTOpPBIX cocTaBisieT 0koio 20%. Knumar paiioHa KOHTUHEHTaIbHBIH, XOJIOIHBIH.
TemnepaTypHBbIi pexXUM XapaKTepU3yeTCs CIEAYIOIUMU HU(PpPaMU: CPEIHSsS ro-
noBasi temneparypa +1,2 °C, cpemHsisi MHOTOJIETHISI TeMIieparypa siaapst —16,7,
a urons +17,4 °C. TomoBoe konm4ecTBO ocaakoB ot 373,8 1o 762,2 mm (532,3 mm
B cpenHeM). Beretanmonnslii nepuoy 149 nHel, 3a KOTOPBIN BBRITIAAET B CPETHEM
400 MM ocankoB. CpeHUIT MHOTOJIETHHH MHAEKC 3aCyIIMBOCTH — 53,8 Mm. Hau-
Oolee 3aCyIIIMBEIE MECAIIB — Mail M MIOHb. B Mae HHIEKC 3aCyITHBOCTH B CPe-
HeM cocTaBiseT 21,1 My, a B utoHe — 27,3. B oTaenpHbIe ToIbl 3TOT MOKa3aTelb
MOXET CHU3HTBCS 10 8—12 MM [15, 16].

B maccuse rop FOxHbIit 1 CeBepHblit Kpaka Ha cKJIOHaX 103KHOH U 0T0-BOCTOY-
HOWM DKCITO3UITUI B TIEPEXOHOM 30He (PKOTOHE) Jiec — cTerb Jietom 2015-2017 rr.
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3aJI0’KEHBI BOCEMb BBICOTHBIX mpoduieid (cM. puc. 1). B mpenenax kaxmoro mpo-
¢uist 3a(huKCUPOBaHBI TPU BHICOTHBIX YpOBHs (BY): BepxHuit (mepBslit) — y Bepx-
Hel TpaHUIbl PerH (TPYIIIEI IePeBheB C COMKHYTOCTBIO KpoH 0,05-0,1), cpen-
HU (BTOpOIt) — y BepxHeil rpaHuIsl penkonecuil (comknyrocts kpoH 0,2-0,3),
HWKHHU (TPETUil) — y BEpXHEW IPaHUIBI COMKHYTHIX JIECOB (COMKHYTOCTH KPOH
0,4-0,5). Ha nmwxHeM u cpeaneM BY 3anoxkensl no 3 mpoOHBIX TUIOMAAKH pa3-
mepom 20 x 20 M, a Ha BEpXHEM YPOBHE — IIOJINTOHBI B BHJIE MPSIMOYTOIBHUKA
pasmepom 1-3 ra. Ha Cpennem Kpaka npodwin He 3akiIaiblBaliid U OLEHUBAIN
TOJIBKO M3MEHEHUWE IUIOIAau TopHbIX crened. Ha rope bamapr 3amoxkeH mpo-
(UIIB-TIONUTOH B BUE NpsMoyroiabHUKa 360 X 200 M Oe3 pa3aeneHust Ha ypoBHU
W3-32 MO3aWYHOTO PaCIIpEeNICHNs IEPEBREB M0 BceMy Ipodmio. Ha mpoOHBIX
IUIOIAIKaX U MOJUIOHAX JUIl KaXKJOTro JiepeBa OINpeeIeHbl CIeAYONHe napa-
METpBI: BBICOTA, TUaMETpP CTBOJIA Y OCHOBaHMA U Ha BbIcoTe 1,3 M, AMaMeTp mpo-
€KUY KPOHBI 110 JIBYM HalpaBlIEHUSM, )KU3HEHHOE cocTosiHuE. [ onpeaeneHus
BO3pacTa U3 ACPEBLEB JUaMETPOM Oosiee 3 cM H3BIIeueHBI OypOBEIe 00pas3Iibl Ape-
BecuHBI (kepHbI). Kaxxaplii oOpaseln] ApeBeCHHBI MPUKIEUBAIN Ha JIEPEBIHHYIO
OCHOBY, 3aUHILAJIM OCTPbIM Je3BueM. [[jig KOHTpacTUpOBaHUS FOAWYHBIX KOJIEll
MIPUMEHSIN HaHECEHUE 3yOHOTO Mopomika. Y Bcex 00pa3LioB APeBECUHBI Ha yCTa-
HoBke LINTAB-III (Frank Rinn-Rinntech, ['epmanus) u3mepena mvpuHa roamd-
HBIX KOJIEIl, a TIPH IOMOIIH IporpaMmHoro obecneuenust TSAP—3.0 natuposancs
rox (opMHPOBAaHUS CaMOTO OIIVKHETO K IEHTPY TOAWYHOTO KOibIa. [locKombKy
BO3pacTHBIM OypoM KepH OepeTcs Bblllle KOPHEBOW IIEHKH, ISl BBISBICHUS CO-
OTHOLLIEHMSI MEXy BO3PacTOM U BBICOTOH Yy KakIIOTO TPETHEro MOJIOLOTO Ape-
BECHOTO pacTeHus BbICOTOM Oonee 0,1 M, HO IMAaMETPOM y OCHOBAHHsS CTBOJA
MeHee 3 ¢M, Ha ypOBHE KOPHEBOH IICHKH Opaid morepeynbie Jucku. Mcmonb3yst
BO3pAcCT TaKHUX JIEPEBbEB M BBICOTY WX CTBOJIOB, MBI PACCUMTAIHN ypaBHEHUE pe-
rpeccun [13], MO KOTOPOMY BBIYMCIISUIMA TIOTIPABKU JIJISI OTPEIEIICHUS BO3pPAcTa
Ka)/IOTO M3yYE€HHOT'0 HAMU JIepeBa JuaMeTpoM Oosee 3 cM.

Jleca paitona uccinenoBaHUS OTIIMYAIOTCSA BBICOKOM TOPHUMOCTBIO, MO3TOMY
MIPH 3aKJIaJIKe BHICOTHBIX MpoQuiieil BEIOpaHbl yYacTKH, HE MOIBEP>KEHHBIE BO3-
JEHCTBHUIO JIECHBIX MIOXKAPOB B IIOCJIEAHUE ECATUIIETHSL, YTO OIPEAEIAIOCH BU3Y-
aJIbHO TI0 HAJMYUIO 3apociieil MOXOKeBebHIUKA U TIOKapHBIM MOBPEXKICHHUSIM Ha
ctBone aepeBbeB [17]. Cnexyer oTMeTHTh, 9YTO Ha MaccuBe Top Kpaka neca, He
MOABEPKCHHBIE paHee BO3ACHCTBUIO IIOXKAPOB, MPAKTUUECKH OTCYTCTBYIOT.

Marepuan mist H3y4eHUsI CTPYKTYPHI M 3allacoB HAA3EeMHOW (PUTOMACCHI CO-
Opan B 2019-2020 rr. B mepexoiHOM MOI0Ce B HEMOCPEICTBEHHOM OIM30CTH OT
BBICOTHBIX npoduneit Cypranap! u bonbmioi bamapt. B ¢Bs3u ¢ upe3BbryaitHOM
TPYAOEMKOCTBIO BBIMTOTHAEMBIX pab0T BBIOOpPKA MOJETBHBIX IEPEBHEB MPOBEICHA
TOJIBKO Ha BTOpoM BY, Bhlllle IpaHUIBl COMKHYTHIX HacaXAcHUM. J[aHHbIE 3TUX
MOJICTIBHBIX JIEPEBbEB HCIIONB30BAHbI IIPH OLIEHKE (PUTOMACCHI IPEBOCTOEB U HA
npyrux BY. Takoii momxon AJis IEpBHYHON OIICHKH ¥ BBISABICHHS 0COOSHHOCTEH
(opMupoBaHus (pUTOMACCH IPEBOCTOEB HA HCCIEAYEMBIX MPOGMILX, HA HAaIl
B3IJIS], BIIOJIHE IPUEMJIIEM.
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OT160p MOAENBHBIX AEPEBHEB MPOBEIEH MO BCEMY JAMAIIa30HY BapbUPOBAHUS
JUaMeTPOB Ha MPOOHBIX IJIOLIa/IKaX 0e3 MpeABapUTEIbHOrO ONpeAeNeHHs pas-
MepoB. Taxoil mpuHIMI 0TOOpa HanboIIee MOAXOANUT [UIS HCCIIEIOBAHUS 3aBH-
CHUMOCTEH Macchl pa3iIMYHBIX YacTel JIepPeBbEB OT MX Pa3MEPHBIX MOKa3aTemei
(mnameTpa, BHICOTHI U JIp.).

Y MOAENbHBIX JAEPEBHEB KPOME TPAJUIMOHHBIX TaKCAlIMOHHBIX MOKa3aTenei
(mmameTrpa y OCHOBaHHS M Ha BBICOTE TPYIIU, BHICOTHI, cOera u 00beMa) orpeele-
Ha HaJ3eMHas (puToMacca ¢ Mojpas3/e/iCHUeM Ha CleAyloIue (ppaKkiuu: CTBOI B
KOpe, BETBH, XBOS M TeHEPATHBHEIEC OpraHbl. duTOMAacca CTBOJIOB B KOpPE M3MEpeHa
HENOCPECTBEHHBIM B3BEIIMBAHUEM Ha JJIEKTPOHHBIX BECax ¢ TOYHOCTHIO +50 T.
Omnpenenenne conepkaHus aOCOIIOTHO CYXOTO BEIIECTBA B IPEBECHHE U KOPE IO
JIMCKaM BBIITWJICHHBIX, C TOPIIOB PAaCIIMJIEHHBIX CeKIMid. [[peBecuny 1 Kopy ¢ 1uc-
KOB B Jiecy B3BemmBanu (£0,1 1), 3aTeM B 1TaOOPATOPHBIX YCIOBUSAX BBICYIIIHBAIH
B TepMocTarax mpu temneparype 100—105 °C no mocrostuaoro Beca. 1o pesyns-
TaTaM B3BEIINBAHUS JPEBECHHBI M KOPHI JUCKOB JIO U IIOCIE CYIIKH PACCUUTHI-
BaJlU COZIepKaHUE a0COIIOTHO CYyXOH MacChl 3TUX (hpaKIUii B CHIPOH HaBECKE U B
LIEJIOM JIJISI CTBOJIA.

O0mryro ¢uromaccy KpoH (BeTBU + XB0s + T€éHepaTUBHBIE OPraHbl) U3MEPSUIH MO~
ciie 0OpyOKH BCEX BETOK Ha IEKTPOHHBIX Becax (£50 T, Mpy MENKHUX KpoHax =+ 5 T).
[Tocine aToro mpoBOAMIIM JIeJIieHHE KPOHBI Ha clieaylomue (GpaKkiuu: OTMEpIIne
BeTBH (B KPOHE), HEOXBOCHHBIC YaCTH W OXBOCHHBIC YaCTH XHUBBIX BeTBe. [lo-
clie ompeAeNieHns Beca KaXIoW (paKIHUu U3 OXBOEHHOW YacTH YKUBBIX BETBEH
(opMHpOBaIN MOIETBHHYIO YacTh, T.e. oTOMpamu HaBecky (1o 20-30% mo Becy
OT 0011Ieil Macchl PpaklKu) AJIsl YCTAaHOBJICHHUS! COOTHOILIEHHS XBOU U IPEBECHBIX
yacTed. /[ 3TOro XBOIO B HaBECKE OTAEISUIM OT BETBEU M ONPEIECISIN Maccy
kaxaoi ¢pakauu (1 1). [lo ycTaHOBIEHHBIM COOTHOIICHUSIM B HAaBECKE pac-
CUUTBHIBAIM MacCy XBOW U JPEBECHBIX YacTeW AJIA BCeil KpoHBI. s ycTaHOBIE-
HUS BIIQYKHOCTH U aOCOIIOTHO CyXOT0O Beca XBOM U BETBEH OTOMpaId UX 00pasLibl
(30-60 t mo Becy), KoToprie cpasy ke B3BemmBanu (£0,1 ). B maboparopHbIx
YCIOBHSIX 00pa3ibl IPeBECHHBI U KOPBl BETBEH, a TaK)Ke XBOHM BBHICYIIUBAIIN B
cynmmisHOM mikady (LICIT-0.25-100, Poccust) mpu temmeparype 106 °C no mo-
ctosiHHOTrO Beca [18]. I1o u3noxkeHHON METOANKE HAMH OTOOPaHBI U 00pPabOTaHBbI
16 MOJETBLHBIX JIEPEBHEB COCHBI M 12 — MUCTBeHHUIIB. B Tabn. 1 B paspese ape-
BECHBIX BHJIOB NPEACTaBJICHbI MIPEAENbl N3MEHEHUS UX OCHOBHBIX Pa3MEPHBIX U
BECOBBIX ITOKA3aTeleil IepeBhEB.

duTtomaccy JepeBbEB 11eIeco00pa3HO OLIEHUBATh HA OCHOBE YpaBHEHHH, ONu-
CBHIBAIOIINX 3aKOHOMEPHBIE CBSI3U UX MEXK/Y BECOBBIMH M pa3MEPHBIMH ITOKa3aTe-
nsamu. [IpuBenenHbie B Ta0M. | mpenessl “3BMEHeHHs TaKCAllMOHHBIX MTOKa3aTeeH,
KOTOpBIE, KaK MPaBUIIO, UCTIONB3YIOTCS B KaYeCTBE HE3aBUCHMBIX ITEPEMEHHBIX,
SIBIISIFOTCSL OPUEHTUPOM TIPH OIpeieNIeHNH 00JIacTh MPUMEHEHUs pa3padarbiBae-
MBIX YPaBHEHUH.
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Tabnuna 1 [Table 1]
IIpenesbl n3MeHeHUH TAKCAMOHHBIX NOKa3aTeei 1 Gppaxumii

HaJ3eMHOIi (puTOMACCHI MO/ICJILHBIX [1¢PEBbEB
[Limits of changes in taxation parameters and aboveground phytomass fractions of model trees]

Bo3- | [uametp Bhicora dutomacca, kr [Phytomass, kg]

Bux pact, | y ocHOBa- .y ’ B ToM uncre [including] | XBoH
Speci ner HUSL, CM . O6mas B KpOHE
[Species] [Age, [Basal di- [H;{]ght, [Total] CTBOJIOB KpOH [Needles in

[trunk] [crown]
years] | ameter, cm] the crown]
Pinus
. 28-98 | 9,3-32,0 |5,3-17,1|3,41-261,9|2,23-205,6| 1,18-56,3 |0,64-18,6
sylvestris
Larix
o 21-191| 4,2-38,7 |3,0-18,5|1,31-366,0|0,82-293,7| 0,49-72,3 {0,05-10,8
sibirica

Pe3ynbTaTsl Hcciae0BaHus U 00CYKIeHe

Xapaxmepucmuxa opegdocmoes 8 IKomoHe jec — 20pHasi cmens. Ha 3a1moxeH-
HBIX MPO(UIISIX TpaHULIa COMKHYTBIX JpeBocToeB (Tpetuit BY) Ha BhicoTe 580—
650 m Hax yp. M. Berme, Ha BeicoTe oT 700 m0 750 M, pacIionoKeHbl PEeAKOIEChS
(Bropoii BY), nanee HaunHaIOTCS peAMHBI U O€37IeCHbIE MPOCTPAHCTBA C €AUHUY-
HBIMH JiepeBbsiMu (iepBoiid BY). KpyTrH3Ha ckiloHOB Ha HkHeM BY konebneTcst
oT 15 mo 20°. OHa MOCTENEeHHO YBEIMYMBAETCS [0 HAIPABICHUIO K BEPXHEMY
YPOBHIO, TJI¢ TOCTHTAeT BeMUIHHbI 25—35°. Takas kapTuHa, ¢ He OONBIIUMHU OT-
KIIOHEHUSIMH, XapaKTepHa /7151 CKJIOHOB F0XKHBIX 9KCIIO3UIIMIA Bcero MaccuBa Kpa-
Ka. Hamm BeIcOTHBIE TPOGIITH 3a0KEHBI Ha CKIOHAX FOTO-BOCTOYHOHN M OKHOM
sKcno3unuil. M3-3a cnoxHoil oporpaduu B ropaom maccuse Kpaka ctporo opu-
SHTUPOBAHHBIX 10 SKCIO3WIIMSM YYaCTKOB IPAKTHIECKH HET. BimsHue sKcrio-
3HULKU Ha CTPYKTYPY U HAA3EMHYIO (hUuTOMaccy IPeBOCTOEB B TaHHOW padoTe He
YYUTHIBAJIOCE.

B Tabn. 2 mpencrapneHa TakcallMOHHAsS XapaKTEPUCTHUKA JAPEBOCTOEB HA HC-
cieyeMbIX pohmisix B pazpese BY.

B cocraBe uccrenoBaHHbIX HacaxJIeHUI npeobnagaer cocHa. OHa mpecTas-
JIeHa Pa3HOBO3PACTHBHIME, HEOTHOPOIHBIMHU IO TAKCAI[MOHHOW CTPYKType Ipe-
BOCTOSIMH. Y4acTue JIMCTBEHHHIIBI B COCTAaBE PEBOCTOEB CYIIECTBEHHO HIIKE.
Cpennwii Bo3pacT IaHHOM Mopoas! Ha Bcex BY (3a uckimroueHneM BTOPOTo U Tpe-
THET0 YPOBHsSI HA BTOPOM Npo(duIie) BhIIIe, 4eM COCHBI (cM. Tabm. 1). Bo3pacTHble
oTI4Ius 0c000 3aMETHHI Ha BEPXHHUX YPOBHSIX, TN JINCTBEHHUIA IPEICTaBICHA
€IMHUYHBIMH CTapOBO3PACTHBIMU JIEPEBbAMHU, CPETHHIA BO3PACT KOTOPHIX BHILIE
COCHOBOTO B cpenHeM B 1,5-2,5 paza.

Ha BepxHeM ypoBHE KeCTKHE YCIOBUS POCTA HAJIOKUIIM OTIIEYAaTOK HA OOJIHK
IPEBECHBIX pacTeHHH. 3MeCh MPOM3PACTAIOT CANHINYHBIC HU3KOPOCIBIC, CHIIEHO
cOeXKUCThIE JIepeBbs, UX KOIUUecTBO BapbupyeT oT 20 110 43 mT./ra Ha KOxxHOM 1
1o 64 mt./ra Ha CeBepHoM Kpaka.
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Tabnuna 2 [Table 2]
XapaKkTepUCTHKA JPEBOCTOEB HA HCCIeyeMbIX NPoduiIsax
[Stand characteristics on the studied transects]

KonnuectBo
JIEPEBbEB, COMKHYTOCTS KPOH CpenHue 3Ha4eHHsI TaKCAHOHHBIX
mrT./ra [Crown closure], % IOKa3aTesiel 1epeBbeB
BY [Number of 70 [Mean values of trees’ morphometric parameters]
[Altitudi- | trees, scp./ha]
nal level B tom Bospacr, HMaMET]
] 0o- qucIe JIET © | Buwora, OC{IIOBaHI/IEI) };M
P L . Height, i >
S s [;I(I)?;] [Including] | [Age, years] [Height, m] [Basal diameter, cm]
Ps [ Ls | Ps [ Ls [ Ps | Ls Ps | Ls

IOxus1i1 Kpaka [Southern Kraka]
poduns 1 — Bonpmioii bamapr [Transect 1 - Bolshoi Bashart]
1-2 16 14 69 |35]34 |130] 178 | 8,6 | 10,5 29,1 35,6

3 725 | 200 | 69,2 [570(192] 74 | 73 [ 90 ] 7,6 16,3 15,7
IIpoduns 2 — Barrapt [Transect 2 — Bashart]

17 3 3,8 |81,2]18,8| 123 | 161 | 84 | 11,1 26,9 31,6
513 25 | 70,1 97,1129 | 9 | 94 | 7,7 | 85 20,6 20,8
3 1100 | 25 |112,9(989] 1,1 | 78 | 58 | 7,5 | 5,7 14,7 11,9
IIpoduas 3 — ABIIKT? [Transect 3 — Avdekte]

Do [ —

1 43 0 1131100 0 [ 131 | — |104| - 29,3 —
850 0 73,3 100 | 0O 46 — 5,1 — 11,2 —
3 500 | 108 |114,6185,5]14,5] 90 | 106 | 14,5] 114 | 25,0 24,8

IIpodmns-monurod 4 bamapt [Transect—polygon 4 — Bashart]
1-2 [104 [ 11,3 ] 44 [41,9]58,1[92,0]181,0] 8,1 [ 11,4 | 234 | 343
Cesepunblii Kpaka [Northern Kraka]
IIpoduas 5 — Cypranmsl [Transect 5 — Surtandy]

1 26 0 0,5 [100] O 35 — 3,7 - 9,7 -
2 875 8 31,1 1992 0,8 | 60 | 66 | 8,6 | 8,5 17,1 9,5
3 1192 | 33 [37,2(96,7] 33 | 65 75 193 | 10,5 16,5 19,9
4 892 0 4251100 0O 74 - 134 - 19,0 -
IIpoduas 6 — Maubiii Capras [Transect 6 — Malay Sargaya

1 42 0 73 [100] 0O 56 - 7,9 - 20,6 -
2 467 | 108 | 96,5 [80,2]19,8 | 55 78 10,6 | 14,6 19,0 24,5
3 683 | 342 [137,2]1655(34,5| 62 | 75 | 11,8 | 11,2 18,6 19,8

IIpodwas 7 — Illuraii [Transect 7 — Shigai

1 61 3 3,5 186,3]113,7| 34 | 67 | 40 | 74 11,0 24,2

2 508 67 429 |76,8[232| 39 | 61 | 54 | 85 12,2 19,1

3 858 | 117 [144,1|1849 151 ] 82 | 92 [129] 13,0 21,0 27,4
IIpoduas 8 — Ilenrpanbubiii AKOHKK [Transect 8 — Central Akbiik]

1 30 4 2,3 [83,6]164 ] 33 73 140 | 85 13,0 25,1

375 83 [34,7 |739]26,1| 41 72 1 6,1 | 114 13,0 22,0

3 283 | 475 |116,2[34,5]655] 60 | 63 |12,5] 12,0 19,3 21,7

Ipumeuanue [Note). Ps — Pinus sylvestris, Ls — Larix sibirica.

[To mMepe mpoABIKEHHSI BHU3 10 CKJIOHY M MPH CYIIECTBEHHOM YIyUIIEHUU
MUKPOKJINMATHUECKUX YCIOBHH B CTPYKTYpE IPEBOCTOEB YBEIHUMBACTCS KO-
JIMYECTBO MOJIOJBIX JIEPEBbEB, M YHCIIO APEBECHBIX PACTCHUN YBEIWYHBAETCS B
cpenueM B 15 pa3 ma Bropom BY, a Ha Tpetbem — B 40 pa3. D10 oTpakaercs Ha
Mop(hoMeTpHUECKUX TMOKa3aTeIsIX APEeBOCTOEB. boiblie BCero Molobx Jepe-
BBEB Ha CPETHEM YPOBHE, TIIE Pa3peKeHHBIA IPEBOCTOM CO3AET OIaronpusITHEIE
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MUKPOKJIIMATHYECKE U KOHKYPEHTHBIC YCIIOBHSI IUIST BO3OOHOBJIEHHS U POCTa MO-
nonHsika. Hamo otmetuts, uto Ha npoduiisix B MaccuBe CeBepHblii Kpaka Ha BepxHeM
BY npakTrdgecku 0TCYTCTBYIOT CTapOBO3PACTHBIE IEPEBbSI, 3aPaCcTaHIe 31eCh HAYallo
MPOUCXOIUTH TONBKO B ocneqaue 50 JIeT, 0 YeM CBUACTENBCTBYET CPEHUM BO3PACT
JIepeBbEB, KOTOPBIH COCTABIISIET OKOJI0 35 neT. Ha Harm B3misiz, 5To CBsI3aHO C TEM, 4TO
B Maccuse CeBepHblil Kpaka ropel B cpeHeM Ha 50 M BbIIIE U 31€Ch HAOMIONAKOTCS
OoJ1ee JKeCTKUE YCIOBHSI TS POCTa IPEBECHBIX pacTeHnit, 4eM Ha FOxHoM Kpaxka.

O cHuKXeHUH MOP(POMETPUUECKUX XapaKTEPUCTUK AEPEBBEB, IPOU3PACTAFOIINX
B AKCTPEMANBHBIX THAPOTCPMUIECKIX YCIOBHSIX POCTa Ha BEPXHEH IPaHUIE B TO-
pax WM CEeBEPHBIX LIMPOTaX, a TAKKE HA TPAHUIIC JIECOB CO CTEIISIMU, YKa3bIBAIOT
MHOTHE uccienoBarenn [19-21]. Otmedaercs, 9T0 HUZKOPOCHBIE, MHOTOCTBOJb-
HBIC U HU3KOIIPOAYKTUBHBIC IPEBOCTOHM MPH MOBBIMICHHH KOJIUYECTBA TeI1a 1 00e-
CTICYCHHOCTH BJIarM B TIOJIHOW Mepe HMCIONB3YIOT CBOM 3aJI0KEHHBIN OHONIOTHYe-
CKHI MOTEHIMAN KaK Ha MHIUBUIYAILHOM (POCT U HAKOIUICHUE (PUTOMACCHI), TAK U
Ha IOITYJISIIIMOHHOM (BO30OHOBJICHUE U pacceneHue) yposae [14, 22, 23].

Ha akTHBHYO 5KCIIaHCHIO APEBECHBIX PACTCHUII Ha O€371eCHBIE TEPPUTOPHU B
ropax, CBSI3aHHYIO C YJIy4IIEHHEM YCIIOBHI pocTa B pe3y/bTare KIMMaTHIeCKUX
nepeMeH nocie 70-x . XX B. (mocnennue 30-50 neT), yka3pIlBaeT psija Uccle-
noBateneit [24—26]. UTHTEeHCUBHOCTD 00JIECEHUsT OTACIBHBIX YYaCTKOB 3aBHCHT,
MpEeXJIe BCETO, OT JIOKAJIBHBIX YCJIOBUI MecT mpouspactanus [8, 14]. Ilpu uc-
CJICIOBaHUH JaHHOTO IpoIiecca 0c000e MECTO yAEISIETCs OIEHKE OAPOCTa — ca-
MOMY YSI3BUMOMY KOMIIOHEHTY JIECHOTO HacaKACeHUsA. B Hammx MccienoBaHusx
K MOIPOCTY OTHECEHBI MOJIO/IBIE pACTEHUs BBICOTOM 10 1,5 M. XapakrepucTtuka
9TOTO KOMIIOHEHTa HACAXKACHUH NpuBeIeHa B Ta0. 3.

WnaTencuBHOE BO30OHOBIEHHE C IIPe0OIaaHueM COCHOBOTO MOAPOCTA B TIO-
ciennue 30—40 et uaet no BceMy 3KOTOHY (cM. Tabi. 3). JIMCTBEHHUUHBIH OJ-
POCT COCTaBIISICT HE3HAUYNTENBHYIO JacTh, a Ha mepBoM BY oTcyTcTByeT coBCceM
WM TIpENICTaBlIeH €IWHUYHBIMU dK3eMIUsipamMu. Ha Bropom BY, rae Ooprba 3a
PECYpPCHI CO CTOPOHBI MAaTEPHHCKOTO MOJIOTa MUHUMAJIBHAS M CO3IAIOTCS ONTHU-
MaJIbHBIC YCIIOBHUSI, HaOMI0AaeTCsl HauOoJblIee YHUCIO MOJIOABIX JepeBheB. Pac-
MpeAeIeHUe IIOAPOCTa IO TPYIIIIAaM BBICOT Ha Pa3HBIX MPOQIIIIX 3aMETHO OTIH-
4aeTcsl, HOITOMY 0OIIeit 3aKOHOMEPHOCTH HaMH HE BBISIBIICHO.

Dumomacca modenvHbix depesbes u dpesocmoes. Putomacca n 00beM Jepe-
BBECB M UX CTPYKTYPHBIX YacTel 3aBHCUT OT MHOXKecTBa (pakTtopoB. [TosTomy mpu
HCCIIEIOBAaHMUAX HaI3eMHOM (PUTOMACCH IEPEBREB U APCBOCTOECB BAKHOE 3HAUE-
HHUe UMeeT 000CHOBAaHHBIH BEIOOD (haKTOPOB (TAaKCAIMOHHBIX IIOKa3areneit), 00b-
SICHSIFOIITX MAaKCUMAaITbHYTO JIOJTI0 M3MEHIYNBOCTH MACChI CTBOJIOB M KpoH [27-30].
C y4eToM MpOCTOTHI U TOYHOCTH OTIPEJIENICHUS, a TAKKE TECHOTHI KOPPEISIUH C
(buTOMaccoil CTPYKTYPHBIX YacTel JiepeBa OOJBIITMHCTBO UCCIIeIoBaTeNel BHIOOD
JICTIAfOT B MOJIB3Y AUAMETPa U BBICOTHI CTBOJIOB HJIM HAa UX KOMOWHAIUU B hopme
D’H. IIpryeM oTMEYAETCsI, YTO B YPAaBHEHHSX MTAPHON CBSI3H I1eJIeCO00pa3HO HC-
MoJb30BaTh mokaszareab D’H, a B MHOTO(aKTOPHBIX YpaBHEHHUSX — JAUAMETP U
BBICOTY B Ka4€CTBE OTJCILHBIX ONpEACAIomux Gpakropos [28, 32].
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Tabauma 3 [Table 3]
XapaKTepuCTHKA II0APOCTA HA BLICOTHBIX YPoBHAX (BY) nccienyemsbix npoduiei
[Young trees characteristics on altitudinal levels of the studied transects]

Xapaxrepuctuka nojpocta [Characteristics of young trees|
I Komn- Cymma Pacnipenenenue nogpo-
po- BY 4eCTBO, | MPOEKIHiA CTa 10 IPYIIaM BBICOTHI
2 [Altitudi- COCT.a B mr./ra | kpom, %/ ra | [Distribution of trees by height group]
[T} tever] | ISPOCIES 1 pumber | [Sum of
sects] structure] of trees, |crown projec- <0.5m 0.51-1.0m|1.1-1.5 m
scp./ha] | tion, m%ha]
1 1-2 10Ps 8,7 0,84 4,3 2,9 1,5
3 9Ps1Ls 891,7 98,5 525 2583 108,3
1 S5PslLs 2 0,45 - 2 —
2 2 9Ps1Ls 162,5 98,67 37,5 100 25
3 10Ps 875 2759 250 325 300
1 10Ps 11,8 3,7 3,9 4 3,9
3 2 10Ps 1491,7 260,8 491,7 733,3 266,7
30 | 1OPseat hg17 70,1 41,7 1583 | 91,7
Ls, Bp
4 1-2  |10Ps, en. Ls 2 — 0,1 0,6 1,3
1 10Ps 17,4 14,9 - - 17,4
2 10Ps 816,7 400,5 200 325 291,7
5 3 10Ps 483.4 210,7 91,7 200 191,7
4 10Ps 100 48,4 0 37,5 62,5
en. Bp
1 10Ps 13,9 11,4 - — 13,9
2 7Ps3Ls 200 42,9 25 108,3 66,7
6 8Ps2Ls
3 183,3 163.,4 16,7 75 91,7
en. Bp
1 10Ps 15,7 7,8 0 7,5 8,2
7 2 10Psen Ls| 341,7 84,9 175 66,7 100
3 10Ls 25 1,6 — - 25
1 10Ps 14,5 8,2 1,3 4 9,2
8 2 10Ps 491,6 1339 133.3 125 2333
3 9Bp1Ps 66,8 27,4 0 33,1 33,7

Ipumeuanue [Note). Ps — Pinus sylvestris, Ls — Larix sibirica, Bp — Betula pendula; en. — enu-
HU4HBIE [single].

Ha mamaOoM 3Tame paboT OrpaHWYEHHBIH HYKCIIEPUMEHTANBHBINA MaTepHail He
MO3BOJIMJI HaM OIICHUTh MHOXXECTBEHHBIE CBSI3M (DUTOMACCHI IEPEBHEB C UX TaK-
CaIlMOHHBIMU TTOKa3aTesIMA. B manHO# paboTe akIeHT clieslaH Ha UCCIIeIOBAHIe
3aBUCUMOCTEHN MacChl CTBOJIOB, KPOH M XBOM OT mokasaresist D?H ¢ pacuetom, 4To
MIOTyYEHHEIE TIPH STOM YPaBHEHHS IO3BOJIAT PACCUNTATH HAI3EMHYIO (pHTOMACCY
JpEBOCTOEB.

[IpensapurenbHas rpaduyeckas oOpabOTKa 3KCIIEPHMEHTAIBHOTO MaTepH-
aja rokasajia, YTO 3aBHCHMOCTb MAacChl CTBOJIOB M COCHBI, U JTUCTBEHHUIIBI OT
mokasaresst D’H HoCHT npsiIMOSTHHEHHBIN XapakTep. [IpraeM, HECMOTPS Ha 3Ha-
YUTETHHYIO0 HEOAHOPOIHOCTh MOJIENIEHBIX IEPEBBEB 110 BO3PACTY, BIHSIHHUE 3TOTO
MTOKa3aTessl Ha XapaKkTep 3aBUCUMOCTH He 00HapyknuBaeTcs. JJaHHOe 00CTOsATEIh-
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CTBO ITO3BOJIMIIO HAM B pa3pe3e JPEeBECHBIX MOPOJ IOIyYHTh 0OIIHe YpaBHEHNUS C
HCIOJIH30BAaHUEM BCEU COBOKYITHOCTH MOJIENIbHBIX JIEPEBbEB:

— 10 COCHE

PS =1,21945+97,76528xD*H, R*= 0,954; €))
— M0 JINCTBEHHHUIIE

PS =-3,3793+107,6882xD?H, R*= 0,992. 2

Bnauenus ko3(¢unmenra merepmuHanuu (R?) ypasuenuit (1) u (2) cBume-
TEJNbCTBYIOT, YTO MU3MEHYHUBOCTH (PUTOMACCHI CTBOJIOB B 3HAYMTEIHHON CTENECHH
omnpezensiercst mokasareneM D?H. TlomydeHnHble ypaBHEHHST KOPPEKTHBI M aIeK-
BaTHBI 3KCIIEPUMEHTAIBHBIM MaTepHaiaMm.

Harnmsgao 3aBUCHMOCTE (PUTOMACCH CTBOJIOB MOJCIBHEIX IEPEBHEB OT HX I10-
kazarenst D’H nokasana Ha puc. 2.
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Puc. 2. 3aBrcHMOCTb ()UTOMACCHI CTBOJIOB MOJICTBHBIX JICPEBHEB
cocHsl (A4) u muctBeHHuUIBI (B) oT ux nmokasarens D*H
[Fig. 2. Dependence of trunk phytomass of model pine (a) and larch (b) trees
on their D*H index: on the X-axis - Trunk phytomass, on the Y-axis - Index D*H, m?]

JluHuM perpeccuu Ha pHc. 2 TOCTPOeHsI o ypasHeHUsaM (1) u (2). Touxamu
Ha pHC. 2 MOKa3aHbI JaHHBIE MOJICIEHBIX AEPEBbEB, CIIOF30BAHHBIX IIPH pa3pa-
0oTke ypaBHEHHH. B 1ienom npsMoiarHeHbIH XapakTep UCCIIeTyeMbIX 3aBUCHMO-
cTelf COMHEeHHH He BEI3BIBAcCT. [loydeHHbIe ypaBHEHHUS MOTYT OBITh HCITOIb30Ba-
HBI JJIs1 ONpe/ieIeH s MacChl CTBOJIOB Ha €AMHHMIIE IIIOIIA 1 HA OCHOBE JIAHHBIX
HU3MEPCHUS THaMeTpa M BEICOTHI AEPEBbEB HA POOHBIX IUIOMIATISX.

Ipu uccrenoBaHUN 3aBUCHMOCTEH Macchl KpoH (xBou) oT mokasareis D*H
OBLTH MTOTYYEHBI COBEPIICHHO HHBIE pe3yIbTaThl. Bo-TiepBhIX, Ha rpadukax moie
paccerBaHUs SMIIMPUYECKUX 3HAYEHUH Macchl KPOH (XBOM) HAMHOTO ILIHPE, YeM
MaccChl CTBOJIOB. YCTaHOBIICHO, YTO TaKO€ OOCTOATENBECTBO B 3HAUUTEIHHON CTe-
IeHH OOYCJIOBJICHO BIUSTHHEM BO3pacTa JEpPEeBbEB HA XapaKTep 3aBUCHUMOCTEHL.
Anami3 rpaduUecKkruX JaHHBIX [T0Ka3a] Ha HEOOXOMUMOCT H BO3MOXKHOCTD pas3-
JIeJIeHHs. COBOKYITHOCTH MOJICNIBHBIX JI€PEBHEB U COCHBI, U JINCTBEHHUIIBI Ha JIBE
rpymnmnsl o Bo3pacty. [lo cocHe B mepByto rpymiry (6ojiee MOJOIBIX IEPEBBHEB)
00beIMHEHBI MOZIETIbHBIE JIEPEBBS BO3pacToM OT 28 10 54 neT, a Bo BTOpyIo (cTap-
IIMX 0 BO3pacTy) — JAepeBbs Bo3pacTtoM oT 63 mo 98 net. [lo nucTBeHHMIIE B
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MIEPBYIO TPYIILy BKIIOUCHBI MOJEIBHEBIC IEPEBhS, BO3PACT KOTOPHIX COCTABISET
ot 21 o 50 ner, a Bo BTopyto — oT 66 10 106 ner.

Bo-BTOpEIX, HCCheqyeMble 3aBUCHMOCTH HOCST KPHUBOJMHEHHBIM Xapakrep.
HenmuHeHHOCTh 3aBUCUMOCTEN MEXIy KOPPEIHPYIOIIUMHE MOKA3aTeIIIMHA CBHUIE-
TEMBCTBYIOT O HEOOXOMMMOCTH OIEHKU Pa3IMIHBIX (QYHKIUH U1 NX aHaJUTHUC-
CKOTO BBIpa)KeHUs1. BONBIIMHCTBO HCCieA0BaTeNel (PUTOMACCHI ICPEBbEB MPU3HA-
0T, YTO JJISI BRIPAKEHMS TAKMX 3aBHCUMOCTEH Hanbolee 000CHOBaHHBIM SIBIISCTCS
MPUMEHEHHE CTEIICHHON (JJIOMETPUIECKOM) (PyHKIINH, CTATUCTUYCCKHUE TIapaMe-
TPBI KOTOPOU KOPPEKTHO OOBSICHSIOTCS ¢ OMOJIOTHUYeCKUX no3unuii [31, 32]:

y = ax®. 3)

[Ipw omeHKe pa3MUIHBIX (YHKIUH AT aHATATHIECKOTO BBIPAKSHNS H3yIaeMBIX
HaMHM 3aBUCHMOCTel ¢yHKIMA (3) okazanace Haubosee kKoppekTHoil. Koppekrt-
HOCTh HCITOJIb30BaHHBIX (DYHKIMI OIEHUBAJIACH IO 3HAYCHHSAM KO3 QHIIMEHTA
JCTepMHUHAINH U {-KpuTepueB CThIOZCHTA I UX napameTpoB. CTaTHCTHYCCKIE
XapaKTepPUCTUKU (QYHKIHH y = ax®, MOJy4eHHbIC NPH OMHCAHWUH 3aBUCHMOCTH
(uromMacchl KpoH (XBou) OT mokasarens D*H 1o yeTsipeM rpyrmam (COBOKYITHO-
CTSIM) MOJIETILHBIX JICPEBLEB, PUBEICHBI B Ta0II. 4.

Ta6numa 4 [Table 4]
YpaBHeHus 3aBHCHMOCTH pUTOMACCHI KPOH (XBOM) 0T moka3zaresi D*H
[Equations of the dependence of the phytomass of crowns (needles) on the D?H indicator]|

[TapameTpsl ypaBHEHUS Kos¢ppuuuent Home
dutomacca [Equation parameters] JIETEPMUHALUH p
[Phytomass] [Determination YPaBHCHU
a b . [Equation number]
coefficient]

Pinus sylvestris (0 TpyIIie MOIOABIX MOJICJILHBIX JICPCBHEB)
[(by group of young model trees)]
Kpons! B menom

[Total by crown] 46,8576 1,2106 0,976 4)
XBowu [Needles] 13,4597 0,8609 0,913 (5)

Pinus sylvestris (110 TpyTiIie cTapIIEBO3PACTHBIX MOAETHHBIX ICPEBHEB)
[(by group of old-aged model trees)]

Kpous! B ienom

[Total by crown] 24,0237 1,1028 0,560 (6)

XBou [Needles] 9,1882 1,0311 0,604 (7)
Larix sibirica (110 rpyIine MOJOIBIX MOAEIbHBIX JepeBbeB) [(by group of young model trees)]

Kpouns! B nenom

[Total by crown] 24,1470 0,8001 0,962 ®)

XBou [Needles] 6,9449 0,9291 0,974 9

Larix sibirica (1o Tpymie cTapIeBo3pacTHBIX MOACIBHBIX IEPEBLEB)
[(by group of old-aged model trees)]
Kpons! B nenom

[Total by crown] 18,2823 1,4416 0,890 (10)
XBowu [Needles] 3,2889 1,8081 0,930 (11)

Ha ocnoBe ananm3a 3HadeHUI KOA(PQHUINCHTOB NETCPMUHALNH, IPUBEICH-
HBIX B Ta0O1. 4, MOXKHO OTMETHUTH clenyromiee. [Ipu olieHKe Macchl KPOH B LIEIOM
U MaccChl XBOH ITOJYYCHHBIC YPaBHEHUS 00ECIEUNBAIOT IPUMEPHO OIMHAKOBYIO
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TOYHOCTbh. [IpHdyeM ypaBHEHUS, pa3paOOTaHHBIC IO JAHHBIM MOJIOIBIX JIEPEBHEB,
XapaKTepU3yIOTCsl Oosiee BBICOKUMH 3HaYeHHAMH Kod(duimeHTa neTepMUHAIHH.
Ha nam B3msiz, 3T0 0OBSICHAETCS MEHBIIMMH MTOTPEITHOCTSAMH MIPU OTPEICIICHUN
Macchl KpOH (XBOH) y 0oJiee MEJIKHX IO pa3MepaM JepeBbeB MU UX TMOJIEBOM 00-
pabotke. CpaBHeHHe 3HaYeHHUI KOd(QdUIMeHTOB neTepMuHAIMK ypaBHeHui (1) u
(2) co 3HaYeHNAMU 3TOrO TIOKa3arens y ypaBHeHuit (4)—(11) mo3Bonser caenars 3a-
KITFOYCHHE, YTO HA OCHOBE PErPECCHOHHBIX YPAaBHEHHIA C OITPEACIIIONTNM (HaKTOPOM
D?H ¢uromacca CTBOJIOB OIIEHUBACTCSI 3HAYUTEIILHO TOUHEE, YE€M KPOHBI M XBOU.
Harmsimaoe mpencTaBiieHHe O XapakTepe 3aBUCUMOCTH (PUTOMACCHI KPOH OT
nokaszaresst D’H MOKHO MOJy4YdTh 10 rpaguuecKuM JaHHBIM, TOCTPOECHHBIM B
Ka4yecTBEe IpUMepa 10 JIBYM COBOKYITHOCTSIM MOJICITBHBIX JIEpEBbeB (pHC. 3).
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Puc. 3. 3aBHCHMMOCTH (HPUTOMACCHI KPOH MOJICIIbHBIX J€PEBBEB OT MX MoKasaress D’H:
A — 10 TpyIIE MOJIOJBIX IEPEBLEB COCHBI; B — MO0 Ipymnne
CTaplIEBO3PACTHBIX JEPEBbEB JIMCTBEHHUIIbI
[Fig. 3. Dependence of crown phytomass of model trees on their D’°H index:

A - for the group of young pine trees; B - for the group of older larch trees:
on the X-axis - Trunk phytomass, on the Y-axis - Index D*H, m?]

Teoperndeckue TUHAN PErPECCUH HA PUC. 3 IS TPYTIITEI MOJOIBIX ICPEBBHEB
COCHBI TIOJTyYEeHBI 110 YPAaBHEHUIO (4), a /Ui TPYIIbI CTapIIEBO3PACTHBIX Jepe-
BbEB JIMCTBEHHUIIBI — 10 ypaBHeHHIO (10) (cM. Tabn. 4). [paduueckre naHHbIC
MOATBEPKIAIOT HEJIMHEHHOCTh HCCIIENYyEeMBIX 3aBHCHMOCTEH M TPABHIBHOCTD
moadopa anmpokCUMHpyromei GyHknuu. [1o ¢puromMacce XBOW MOTyYSHBI MPaK-
TUYECKU TAKHE K& PE3yNbTaThl, 4TO U MO (uTOMACCE KPOH, IOATOMY IO ITOM
(bpakiyu rpaduKy HE IPUBEICHBL.

B 11e10M npuBeICHHBIC BBIIIE MaTepHAIIbl MOKA3BIBAIOT, YTO pa3pabOTaHHBIE
YpaBHEHUS BIIOJHE KOPPEKTHEHI M aIeKBATHBI SMIIMPHYCCKIM JTAaHHBIM H TIPHEM-
JIEMBI JIJIs1 OIICHKU HaJ3eMHOU (UTOMAcCHl Ha YpoBHE JpeBocToeB. OOmacTs ux
HCIIONIb30BaHMs OTPAaHMYMBACTCS AHANa30HAME U3MeHeH s 3HaueHunit D*H B ape-
BOCTOSIX OTIBITHBIX YYaCTKOB.

C ucnonb3oBaHNEM pa3padOTaHHBIX YPaBHEHHH IT0 MaTepHaiaM (aKTHIeCKO-
O pachpeeieH s 1ePEBbEB Ha MPOOHBIX IUIOIIAIKAX U MOJIUTOHAX 0 ToKa3are-
m0 D*H omnpenenenst 3amachl (UTOMACCH Ha €AWHMIE TUIOMIaan. IIpu 3TOM BHa-
Yajie BBIYUCISUIACh (prToMacca Il KaKIOTO YITEHHOTO Ha OMBITHBIX 00BEKTaX
JepeBa. 3aTeM CyMMHpPOBAaHHEM (PHTOMACCHI JIEPEBHEB MOTYUCHBI TaHHBIC U
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npesoctos B 1iesioM. [IprdaeM npu oreHKe GUTOMACCH KPOH (XBOH) Ha 00BEKTaX
MpeaBapUTENLHO (POPMHUPOBAIUCH JBE BEIOOPKHU IEPEBBHEB C YUETOM UX BO3PACTa.
Pe3ynbpraTsl COOTBETCTBYIONINX pacyeTOB MPUBENCHEI B Ta0II. 5.

Marepuaiisl, IpuBeJIeHHBIC B Ta0Il. 5, MO3BOJISIOT OTMETUTH cieaytomee. Han-
3eMHas (pUTOMacca IPEeBOCTOEB Ha BCEX MPOPIIIIX CYIIECTBEHHO YMEHBIIASTCS 10
Mepe MpOJBIDKEHUS 0T HIbkHero BY k BepxHemy. Ha HOxunoM Kpaka cpequss mo
BceM npodwisiM (uToMacca JpeBOCTOEB Ha TpeTheM ypoBHE (72,85 T/ra) Oonee
yeM B 15 pa3 Boiuie, yem Ha niepBoM (4,73 1/ra). Ha CeBepHom Kpaka pasHuia o
ATOMY TTOKa3aTeITI0 MEK/Ty IPEBOCTOSIMHI HIDKHETO M BEPXHETO YpOBHEH ermie Ooree
BHYIIUTENbHA: (pUTOMacca ApeBOCTOEB Ha HIKHEM ypoBHE (98,68 1/ra) B 58,4 paza
npeBbItIaeT puroMaccy Ha BepxHeM (1,69 1/ra). Ha cpeaHeM 1 HUKHEM YPOBHSAX
9TOT noka3areins Boinie Ha CesepHoM Kpaka (B 1,05 u 1,35 pa3a cooTBeTCTBEH-
HO), a Ha BepxHeM — Ha IOxxHoM Kpaka (B 4,6 pa3a). B 000ux ropHbIX Maccu-
Bax yMeHbIlIEHHE (UTOMACCHI IIPU TMEPEXoJie OT CPEIHETO YPOBHS K BepXHEMY
BEIPKCHO B 3HAUYNTEIHHO OOIBINIEH CTENCHH, YeM IIPH IEePEXoe OT HIKHETO K
cpenHeMy. Tak, puromMacca JpeBOCTOEB HAa CPETHEM YPOBHE BBIIIE, UEM Ha BEPX-
HeMm Ha FOxHOM Kpaka B 8,5 paza, a Ha CeBepHom — B 24,9 paza. [Ipu nepexone
OT HIDKHETO YPOBHS K CpeiHeMy (puToMacca IpeBOCTOEB YMEHBIIAETCS HE CTOMb
3HaunTenbHO: Ha FOxHOM Kpaka — B 1,7 pa3za, a na CeBeprom — B 2,3 pasza.

B popmupoBanum Haa3eMHON (PUTOMACCH APEBOCTOEB HA UCCIIEAYEMBIX TOp-
HBIX MacCHBax OIPEIeIIIoNmas pollb MpHHAIICKHUT cocHe. Ee moms xonmebnercs
Ha FOxHoMm Kpaka ot 76,5 (Ha nepBoM ypoBHe) 110 97,7% (Ha BTOpoMm), a Ha Ce-
BepHOM Kpaka — ot 66,9 (Ha TperseM ypoBHe) 10 91,1% (Ha mepBom).

PesynbraTel uccnempoBanuii (ppakiMOHHOTO COCTaBa Haa3eMHOU (hUTOMACCHI
IPEBOCTOEB CBHUICTENBCTBYIOT, UTO B HEl Mpeo0IIagaloT CTBOJIEI I BETBH — Opra-
HBI, JUIMTENBHO JCTIOHUPYIOILINEe OpPTaHUYecKoe BellecTBo. [IpuuemM yem BhbIlIe
BO3pacT opraHa JiepeBa, TeM OOJBIIE ero YIASNbHBIA BeC B 0OMmIeH (puTomMacce.
Tak, Ha pa3HbIx BY uccnenyembix mpoduieit 1051 CTBOIOBOM MacChl COCHBI KO-
nebiercs B cpegHem ot 73,6 mo 81,0%, a xBou — Toabko ot 7,7 mo 8,1%. JpeBo-
CTOM JINCTBEHHHUIIBI 110 CPAaBHEHHIO C COCHOBBIMH XapaKTepU3yIOTCS 0oJiee BbI-
COKHMM y4acTHEeM CTBOJIOBOM Macchl (0T 79,5 no 84,8%) u Hu3koi noseil xBou
(ot 3,3 o 6,7%) B 001ieii Hag3eMHON Macce. Pa3nuuns MexIy COCHOBBIMH H
JICTBEHHUYHBIMH JPEBOCTOSIMH TI0 CTPYKTYpe HAA3eMHON pHUTOMACCH 00yCIOB-
JIEHBI KaK UX TaKCAIIMOHHBIMU TIOKA3aTeNIIMHU, TaK K OMOIOTHYeCKIMU 0COOEHHO-
CTSMH JaHHBIX JPEBECHBIX MOPOX. B memoM pe3ynsraThl TaHHBIX HCCICIOBAaHHN
CBUJICTENBCTBYIOT O MPUHIUIHAIBEHOM CXOJCTBE MOJyYE€HHBIX HAMU JTAHHBIX C
W3BECTHBIMH B CIICIIHATIHLHON JIUTEPAType MaTepruataMi UCCIeIoBaHni (pUTOMAaC-
CBI JIEpPEBLEB U IPEBOCTOEB MPH HEOONBIIOM KOTHYECTBEHHOM PAaCXOXKICHUH He-
KOTOPBIX MoKazareneit [28, 31, 32].

Psgom uccnenoBaHuii BEISABIEHO, YTO MPH MPOABMKEHUH BIITyOb KOHTHHEHTA
W B TOPHI CHIDKaeTcs puTomMacca Beex (pakmuii aepesbeB [33]. [Ipu aTom B X0-
JIOJHBIX KJIMMATHYECKUX MOsICaxX yBEIWYEHUE OCAJKOB MPUBOJUT K CHUXKEHHUIO
HaKOIUICHUS (PUTOMACCHI, a B TEIUIBIX — K YBEIMUCHUIO. YXYIIICHHE YCIOBHHA PO-
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CTa TIPUBOIUT K YMCHBIIICHHIO, B MIEPBYIO OUepeb, (PUTOMACCH XBOU U BETBEH,
CTBOJIOBasi Macca MEHseTcs B MeHblIell crerneHd. Yem xécTye yCIOBHUsS pocTa
IPEBECHBIX pacTeHH, TeM MEHbIIE OIS Haa3eMHOM (hPUTOMAacCHl B 00IIeM co-
crase [2, 7). HakoruieHue o61iei Haa3eMHOM pUTOMacChl U CTPYKTYPHBIX dacTel
3aBHCHT OT OHOJIOTHUECKUX 0COOSHHOCTEH KaXKI0T0 BHIa B Bo3pacTa [34].

B paborax, BBINOJIHEHHBIX Ha BEpXHEW I'paHHIE JIECOB C TOPHBIMH TYyHJpa-
MU Ha Ypaie U B JPYTHX CyOapKTHUECKHX pETHOHaX, MOKa3aHO KIMMATOTCHHOE
yBEIMUYCHUE NPOAYKTUBHOCTH JIpeBoctoes [8, 19, 35-37]. Ilpu 3tom pabot mo
CTPYKTYpE ¥ HaKOIUIEHHIO (PUTOMACCHI, BEITIOTHEHHBIX HA CTHIKE JIECOB C TOPHEI-
MM CTEIIsIMH, B CHIELMAJIBHOMN JIUTepaType HaMU He HalijieHo. XoTs 1o puromacce
COMKHYTBIX HACa)XJICHUH JIECOB YPAJIbCKOrO peruona Poccun, u B iesioM 1o Bce-
MY MHpY OITyOIMKOBaHHBIX JJAHHBIX Pa3INYHBIMU HCCIIE0BATEISIMU JJOCTATOYHO
mHOTO [38].

Dopmuposanue pumomaccyl Opesocmoes 8 IKOmone iec — 20pHas Cmens 8
CBA3U C UBMEHeHUAMU epanuybl 1eca 3a nociedrue 30 1em. CpaBHEHHE IUIOMIAIH
ropHbIx cremneif B 1986 u 2016 rr., mpou3BeJcHHOE HAMU paHee, Mokazano [13,
14], uTo B 3TOM paiioHEe MPOU3OLLIO cymiecTBeHHOE (Ha 17,6%) yMCHBIIEHHE UX
VIO B CBSI3M C MHTEHCHBHOI dKcHaHCHell iecoB. BrisiBieHHBIE Oe3ecHble
y4acTku momazsio 6 559,8 ra na FOxxunom Kpaxka; 1 923,6 ra — na Cpennem Kpa-
ka u 3 176,6 ra — Ha CeBepHoM Kpaka Ha ocHoBe kapT ['ocl'ucllentpa B 1986 1.
3a mocienaue 30 5er 3apociau COMKHYTHIM jJecoM Ha 958,6; 2323 u 8927 ra
COOTBETCTBEHHO. J{J11 pacueTa yBeIM4eHHs 3a11acoB HaI3eMHOM pUTOMACCHI pe-
BOCTOEB B UCCIIEAYEMOM paifoHe MBI YMHOKIITH HOTyYSHHBIE 3HAUCHHS PAa3HOCTH
TUTOIIAIM HA Pa3HUILy MEXK/Ty CPEJHUM 3a1acoM (PUTOMACCHI B COMKHYTBIX Jiecax
(3 BY) u penxonecbax (2 BY). Tak, Ha Oe371€CHBIX IPOCTPAHCTBAX COMKHYTHIC
HacaxaeHUs (C MOKphITHEM KpoH Oornee 35-40%) GopMUpYIOTCS HMOCTENEHHO,
CHadJaa TOSBILIOTCS COIMHUYHBIC IEPEBhs, Jajiee CO BPEMEHEM KOIMYIECTBO MX
yBEJINYMBAETCS, PEBPAIAsCh B PEIKOIECHS, 3aTEM — B COMKHYThIE HaCaXKICHUSI.
Penxonecrs u panee ob6namany onpeneIcHHBIM 3aI1acoM (PUTOMACCHL, KOTOPHIHA B
MOCIIEIHIE JAECATUIICTHS YBEIMYMBACTCS 110 Mepe YBEIMYEHHs T'YyCTOTHI U pas-
MEpOB MIPOM3PACTAIOMINX B HUX JICPEBBEB.

Harm pacueTs okasaiiu, 4To B CBSI3M C yBeJIMYEHNEM ILIOIIA/IH JIECOB 3a ITOCIe/I-
aue 30 net 3amac (UTOMAacChl IPEBOCTOCB B 3KOTOHE yBenmImicst Ha 32,8 1/ra Ha FOx-
HoM Kpaka, Ha 56,6 T/ra Ha CeBepHoM Kpaka (cM. Tabn. 5). Tak kak Ha CpeqHem
Kpaxa mpodmnn He 3aJ0KeHBI, OBUIO IPHHATO PEHICHUE YCIIOBHO YBEIMYCHIE
(uTOMacChl IPHHATH KaK CPEJHIOI MEXAy ABYMs IepBbIMH, T.e Ha 44,7 T/ra
(MaccuB rop Haxomutcs Mexny HOxxabiM u CeBepHbIM Kpaka). 3apacranue rop-
HBIX CTeNel U MPOJIBI)KEHNE TPaHHMIIBI Jieca IPUBENH K IPUPOCTY OOIIel HaI3eMHOI
(buToMacchl IPEeBOCTOEB B 11e7I0M B MaccuBe rop FOkubrii Kpaka Ha 31,4 ThIC. T, Ha
10,4 u 50,5 teIc. T — B MaccuBax Cpennuii Kpaka u CeBepHbiii Kpaka coorser-
CTBEHHO.

CwMenieHne TpaHUIIbl JIECOB KakK CJEICTBHE YBEIWYECHHUS MX IIOMAAN B pas-
JUYHBIX TOPHBIX PETHOHAX MHUPA B CBSI3M C M3MCHEHUSIMH KJINMATa IPUBOTUTCS
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B paboTax APyTHX HCCIeoBaTeNei. DTo, B CBOIO OYepeb, IIPUBOINT K YBEIIH-
YEHUIO 3aIlacOB (DPUTOMACCHI JIECOB HA SKOTOHE BEpXHeH rpaHuIs jeca [§, 14,
19, 30].

Panee JI.A. BonkoB [39] Ha ocHOBe aHain3a KOCMOCHUMKOB Landsat uzyuun
muHamMuKy 32 1984 u 2016 TT. rpaHHIBI JTeca M AKCTPA3OHAIBHBIX TOPHBIX CTe-
neif B maccuse rop HOxubIii Kpaka. MeTogom nemu@prpoBaHus BBIIBII I'PAHU-
LBl JIeca U cTeNH. ABTOp 3aKJIIOYAeT, YTO B Mpejesiax ropHoro Maccusa FOxHbII
Kpaka, Haxozs1merocs: Ha TeppUTOpUN balkupckoro 3amoBeIHNUKA, 32 IOCIEHIE
30 yileT UMENIo MECTO 3apacTaHUe T'OPHBIX CTENe NPEeBECHON PaCTHUTEIbHOCTHIO
Ha 20,6%. AnanornuyHele naHHble TonydeHbl [1.A. MouceeBbiM ¢ coaBt. [13] B
MaccuBe rop FOxubi Kpaka. B criermansHON auTepaType UMEIOTCS CeIeHHs 00
WHTeHCU(UKALUK BO30OHOBIICHUS B MOCIEAHUE ACCATUICTHs B 3abalikaibe, Ha
Adnrae, B MOHTOJIMH ¥ B HEKOTOPBIX JIPYTHX TOPHOCTEMHBIX obnactsx [2, 10, 26].

3HaYUTENbHBINA CABUT TPAHMIIBI U YBETUYEHHUE IUIOLIA/IU JIECOB 3a TOCTIeTHUE
necstwretns [1.A. MouceeB ¢ coaBT. 0OBSICHSIIOT TE€M, UYTO AEPEBBIM «TPYIHEE
3aceNATh Oe37IECHbIE IPOCTPAHCTBA, YEM YUACTKH, I7I€ YK€ UMEIOTCS, XOTS U pel-
KM€, 1epEeBbsl, 32 CUET OCBOEHUS POCTPAHCTBA MEKAY HUMU. 3apacTaHue PEIKo-
Jiecuit IPUBEIIO K PE3KOMY YBEIHUEHHUIO COMKHYTOCTH JPEBOCTOEB U NMPOJIBUXKE-
HUIO TPAHMIIBI COMKHYTHIX JiecoB [19].

PesynbraThl HaIUX WCCIIEAOBAaHUM CBUETEILCTBYIOT O TOM, YTO B MAacCHUBE
rop Kpaka B korne XX n magaire XXI B. Mpon30MUIO0 yBEIHUEHUE TIIOMAIH Jie-
COB U yBeJIMUeHHE 3amnaca ¢puromacchl. Ha Hal B3I, ”HTEHCUBHOE 3apacTaHue
TOPHBIX CTEIeH IPEeBECHOI pacTUTEIBHOCTHIO, YBEITUUEHUE COMKHYTOCTH U IIPO-
JIBMOKEHHUE TPaHHMIIBI JIECOB HA OCTEITHEHHBIX CKJIIOHAX 00YCJIOBJICHBI BIUSIHUEM Ha
3TH TPOIECCHI OOMUX JJIsl BCEH TEPPUTOPUN (PAKTOPOB, KOTOPHIMU MOTYT OBITH
TOJIBKO KIIMMaTHYECKUE.

AHanmm3 JaHHBIX IBYX MeTeocTaHuil («bamroc3amoBeqHuKy, pacloIoKeH-
HOU B 5 KM OT ucciexyemsix npocguieil Ha FOxuHoM Kpaka, u «benopenx», Ha-
xomsmierics B 15 km ot npogmieid Ha CeBepHoM Kpaka) mokasai, 94To B IEpHOJ
¢ 1930-2015 rr. 65110 BhIsIBIEHO ToBbIIeHUE Ha 0,2—0,6 °C cpenHuX MeCcSYHbIX
TEMITeparyp BO3AyXa B Mae, MioHe W uione u ux cHmwxkenne Ha 0,1-0,2 °C B aB-
rycre. B pe3ysnbTrare 3a BereTal[MOHHBIH MepHoA (Mali—aBryCT) yBENUYEHUE TEM-
nepatyp Bozmyxa coctaBuio 0,3 °C. B okTs0pe—Mapre cpefHHE TeMIepaTyphbl
BO3/yXa OT/AETbHBIX MecsIeB yBennuuauch Ha 0,4—1,2 °C, yTo mpuBeIIo B LEIOM
K POCTY CpelmHel TemMIreparypbl XoJIoaHoTo eproaa roga Ha 1,0 °C. Takum 06-
pasoMm, 3a nocueguue 90 eT TpeH  NOBHILICHUS CPEAHel TeMIepaTypbl BO3ayXa
oueBuzieH. [Ipu 3TOM cpaBHEHHE CpPEIHUX I'OIOBBIX CYMM OCaJIKOB II0Ka3aJl0, YTO
B Mae U aBIycTe MPOU3OILIO UX YBEIHUCHHUE Ha 4—7 MM, a B UIOHE, UIOJIC U CEH-
Ts10pe, Hao0opoT, CHIKEeHNE Ha 1-6 MM. B memom st Temioro meprona roma
YBEIMUYCHHUE CyMMBI OCaJIKOB COCTaBUIIO 3 MM (0koio 1%). B xonomuslii nepuon
rozia (¢ OKTSAOps O amnperb) MOBBIIICHHE CYMMBI 0CakoB Ha 3—11 MM OTME4eHO
BO BCE MecsIIbl, 4To cocTabisieT 41 mm (16,5%) 11 Bcero nepuoa. YBelIuueHUe
TEMITepaTyphl BO3AyXa U HOBBIIICHAE OCAIKOB B 3UMHHUI ITepr0] 00yCIOBINBAIOT
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MEHbIlIee TIPOMEP3aHUe II0YB, YTO, B CBOIO OYepe/lb, IIPHUBOAUT K YMEHBILICHHUIO
pacxojia TalbIX BOJ HA MOBEPXHOCTHBIA CTOK M HAKOIUICHUIO BJIark. ITO CIoco0-
CTBYET aKTHUBHOMY POCTY JIEPEBbEB B Hadajie BEreTAllHOHHOTO CE30HA. 3aKOHO-
MEPHOCTh TI0 MacCOBOM JKCIIAHCHU CBETIIOXBONHBIX JEPEBbEB B TOPHBIC CTCIH
[PU yBEIWYEHHU KOJIMYECTBA OCAJIKOB IMOATBEPXK/CHA HCCiIeaoBaHuAME B Wiib-
MeHCKuX ropax Ha FOxHom Ypaie [25], a Takxke u Ha Cpennem Ypaie [40, 41].

3akir0uenne

Crpykrypa U MopdoMeTpuyeckas XapaKTepucTHKa JEepPeBbEB COCHBI U JIH-
CTBEHHHIIBI MEHSIOTCS B 3aBUCHMOCTH OT PACHONIOKCHHUS HA pa3InIHEIX BY axo-
TOHA JIeC — CTelb Ha CKJIOHaX rop MaccuBa Kpaka. Ha BepxHUX yacTix cKkiIOHa
MIPOHM3PACTAIOT CANHIYHBIC IEPEBHsI, KOTOPHIC O ACHCTBUEM KECTKUX YCIOBHMA
Cpebl IMEIOT HU3KOPOCIYIO, CHIIBHO COSKHCTYIO popMy. B cpesHUX M HIDKHHX
9acTsIX KOJMIECTBO AEPEBHEB BO3PACTaET MHOTOKPATHO, MEHSETCS TAKKe TaKca-
IIMOHHAsl XapaKTePUCTHUKA JPEBOCTOEB. 3HAUMTENIFHO OTIMYAIOTCS ITOKA3aTelH
IpeBocToeB Ha MaccuBe rop FOxubIil Kpaka, roe Ha BepXHUX YPOBHSAX BO3pPacCT
JepeBbeB Bhllle, ueM Ha CeBepHoM Kpaka.

durtomacca gepeBbeB MEHIETCS B 3aBUCHMOCTH OT MTOPOJIBL, X THaMETPa, BBI-
COTBI CTBOJIa U BO3pacTa, a B TOpaX MEHSETCS OT PacIlONOXKEHHs Ha Pa3IM4HBIX
BBICOTHBIX YPOBHSX CKJIOHA, OT KOTOPOTO 3aBUCHT Ta0HUTyC JepeBheB. B akcTpe-
MaJIbHBIX YCJIOBHSX B (POPMHUPOBAHHU (PUTOMACCHI HAOIIONAIOTCS 3aKOHOMEPHBIE
M3MEHEHMSI HE TOJBLKO aOCONFOTHBIX 3HAUCHUH (paKinii HAA3eMHON (hUTOMACCHI
JIePEBLEB, HO U COOTHOILIEHNE UX MEXKIY COOOI.

B cBs3u ¢ yBenmmueHneM TeMIeparyphl W KOJIMYECTBAa OCAIKOB B MOCIICIHUE
JeCATKH JIET, KOTOPOE 0COOSHHO BBIPAKEHO B paifoHe HCCIIeIOBaHUN B XOJIOAHBIH
MIEPUOJ TOA, TIPOUCXOIUT IKCIIAHCHS Jieca Ha TOPHBIE CTENH M yBEIWICHHE UX
uomaay Ha 6osee yeM 2 Toic. ra. Haubonbliee BO30OHOBIIEHNE IPEBOCTOEB Ha-
OJIOmaeTCs B PENKOIEChX, TIe HAa CBOOOMHBIX OT JEPEBBHEB IMPOCTPAHCTBAX CO3-
Jal0Tcs HanOosee OJaronpusTHBIE YCJIOBUS JUIsl HOSBIEHHS W POCTa MOJIOIBIX
JIepEeBBEB, KOTOPEIE, Pa3pacTasich, IPUBOIAT K YBEITHICHUIO COMKHYTOCTH, a 9TO B
CBOIO 0Y€pe/ib, — K CMEIIEHUIO BBEPX 10 CKJIOHAM BepXHEH I'paHUIIbl COMKHYTBIX
JIECOB.

Habnronaemoe HHTEHCHBHOE 3apacTaHue TOPHBIX cTenel B Maccue rop Kpa-
Ka ¥ CMEIeHNE TPaHHUIIbl COMKHYTHIX JIECOB IIPHUBENHU K YBEIMUICHHIO 3amaca (pu-
TOMACCHI Ha JIECATKH THICSY TOHH, YTO SKBHBAJICHTHO JOJITOCPOYHOMY CBSI3bIBa-
HUIO OKOJIO 46,2 THIC. T CBOOOIHOTO yriiepoaa arMochepsl 3emin (M3 pacuera,
4TO CofiepkaHue yrieposaa B puromacce okoao 50%).

Konnexmus asmopoe 6nazooapum 3a nomowb 6 cOope nonegoco Mamepuaid M.H.C.
M.O. bybnosa (MOPuwXK YpO PAH, e. Examepunbype), cmyoenmos Hnvio Maxmymosa u Aua-
cmacuio Illempogy (Yp®Y, e. Examepunbype) u Kupunia Bonxoea u Anexcanopa Koncmanmu-
nosa (YIJITY, . Examepunbype).
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The structure of tree stands and features of their phytomass accumulation
on the steppified slopes of the Kraka Mountain massif (Southern Urals)

Against the general background of an increase in global temperature and spatio-
temporal rearrangements in the distribution of precipitations in the 20th century, there
are significant changes in the structure and properties of terrestrial ecosystems at all
levels of biosphere organization, while their carbon-depositing role is widely discussed
in connection with an increase in the concentration of carbon dioxide (CO,) in the
last century. In the massif of the Kraka mountains (South Urals), extrazonal mountain
(petrophytic) steppes are located on the southern, highly insolated slopes of the ridges,
where peculiar harsh conditions are formed that restrict the growth of woody plants.
Due to climate change, forests are expanding to mountain steppes and their area is
increasing. The aim of our research is to study the contemporary structure of tree stands
and the features of their phytomass accumulation in the transition zone between the
forest and mountain steppes on the slopes of the Kraka mountains (53°15’ — 53°50'N,
57° 36’ — 58°12'E), as well as to assess their changes in the last decades (See Fig. ).

In the massifs of the North and South Kraka mountains on the forest-mountain
steppe ecotone, 8 altitudinal transects were installed, with division into levels depending
on the crown density: the upper (first) — at the upper border of the sparse tree stands
(groups of trees with crown density 0.05-0.1), middle (second) — at the upper border
of open forests (crown density 0.2-0.3), lower (third) — at the upper border of closed
forests (crown density 0.4-0.5). At the lower and middle altitudinal levels, 3 plots with
a size of 20 x 20 m were installed. At the upper level, polygons were set up in the
form of a rectangle with a size of 1-3 hectares. On Bashart Mount, a polygon profile
was installed, without division into levels due to the mosaic distribution of trees along
the entire profile. For each tree, the following parameters were determined: height,
trunk diameter at the base and at a height of 1.3 m, crown projection diameter in two
directions, and vital state. To determine the age of trees with a diameter of more than
3 cm, a bored wood sample (core) was taken. The age was determined using standard
dendrochronological methods. The data on the phytomass of 16 model pine trees and
12 larch trees were obtained with subdivision into the following fractions: phytomass
of the trunk, branches, needles and generative organs. The trunk phytomass in the bark
was determined by direct weighing in the field with an accuracy of 50 g, for which the
trunk was cut into meter sections. The percentage of dry matter, both in the wood and in
the bark, is determined by the discs cut from the ends of the sawn sections. Wood and
bark from the discs were weighed with an accuracy of 0.1 g at the site, and then they
were sent to the laboratory for further drying and determination of their weight in an
absolutely dry state. When determining the phytomass of the crown and its structural
parts, all branches from the trunk were chopped off. The total weight of the crown was
determined by direct weighing at the site in the field, after which the crown was divided
into parts covered with needles and without them, and they were weighed separately.
A sample of up to 20-30% of the total weight was taken. The needles in the sample
were separated from the branches and weighed. To determine the absolutely dry matter,
a sample weighing 30-60 g was taken from each crown fraction for subsequent drying
to an absolutely dry state in laboratory conditions.
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The assessment of the scale of changes in the area of treeless territories on the
slopes of the Kraka mountain ranges was carried out using the functionality of the
SAS.Planet 160707 program. Using the “tools” from the “Tags” tab, on the basis of
the images in the layers of modern (2015) satellite images of sub-meter resolution and
maps (~ 1986) of the GosGisCentre (M 1: 25000), all non-forested areas were identified
where the forest stands below 35-40%. For each treeless territory, its area was estimated
in 1986 and 2016.

Comparative characteristics of the habitat within the ecotone between closed forests
and the mountain steppe and the patterns of changes in the morphometric parameters of
tree stands at different altitude levels on the slopes of the South Kraka massif showed
that the trunk diameter, height and age of trees increase from the lower to the upper
level. At the upper level, single, old-growth, strongly intermittent trees are most often
found. Down the slope, the number of trees at the middle level increases 15 times, and
40 times at the lower level. At the same time, the average age and diameter of trees
decrease, while the height increases. In the North Kraka, the average values of the
diameter, height and age, on the contrary, decrease from the lower to the upper level.
Here the number and the average age of trees are significantly lower than in the South
Kraka, especially at the upper levels (See Table 2).

On the basis of the set of model trees of Scots pine and Sukachev larch, we studied
the dependences of the aboveground phytomass and fractional structure (trunk, crown,
needles) between different parameters of trees. We developed regression equations for
the total aboveground phytomass of trees, as well as of the trunk, crown and needles
from the diameter at the base and the height of the trunk (See Fig. 2 and 3; Table 4).
On the basis of the equations, the reserves of aboveground phytomass were calculated
for all altitudinal levels of the studied transects, and separately for the South and North
Kraka mountains. The revealed features of the accumulation of phytomass of various
fractions of trees and their ratio depend on the altitudinal position in the ecotone, the
age and tree species.

We found out that the total aboveground phytomass of stands at the upper border of
closed forests on average for all profiles in the South Kraka is 72.9 ton /ha and ranges
from 45.4 to 106 ton /ha. When moving to the upper border of open forests, it decreases
1.8 times and averages 40.1 ton / ha (37.7—42.4 ton / ha). Towards the border of sparse
tree stands, the aboveground phytomass of stands is reduced by almost 16 times - to
4.4 ton/ ha (2.4-7.4 ton / ha). In the North Kraka mountain massif, the aboveground
phytomass of stands at the border of closed forest and open woodlands is significantly
higher than in the Southern Kraka, averaging 98.7 and 42.1 ton / ha, respectively,
with a 2.3-time decrease in phytomass. In the sparse tree stands, on the contrary, the
phytomass of stands is lower than in the South Kraka, averaging 1.69 ton / ha across
all transects, which is almost 60 times less than at the third altitudinal level (Table 5).

Analysis of climate change over the past 80 years showed that in the study area
there was a 1.3°C increase in air temperature and an increase in precipitations by
41 mm, which are most pronounced during the cold season. Climate change had a
favorable effect on the growth of woody plants, which led to an active overgrowth of
mountain steppes with forests, as well as an increase in the density of woodlands. Over
the past 30 years, there has been a decrease in the total area of treeless territories on the
slopes of the mountains in the Kraka massif by more than 2 thousand hectares (17.6%).

The overgrowth of mountain steppes with woody vegetation in the Kraka mountains
led to an increase in the area of forests and the stock of phytomass concentrated in
them equals to 92.3 thousand tons. This is equivalent to the long-term binding of
appoximately 42.6 thousand tons of free carbon of the Earth’s atmosphere.

The paper contains 3 Figures, 5 Tables, and 42 References.
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!Hnemumym gynoamenmanvrol 6uono2uu u GUOMexHoIo2ul,
Cubupckuil pedepanvrulii yHusepcumem, 2. Kpacnosapck, Poccus
Unuemumym 6uogpuszuxu, Dedepanbhvlil UcCiedo8amensCKuil yeHmp
«Kpacnoapckuii nayunviii yenmp CO PAHy, 2. Kpacnosipck, Poccus
SKpacnosperuil punuan edepanvrozo 20cy0apcmeenno2o 6100i4cemno2o
HAYYHO20 yupencoeHus « Bcepoccutickutl HayyHO-UCCIe008amenbCKull UHCTUnym
PbIOHO20 X034ticmea u okeanozpaguuy, e. Kpacnospck, Poccus

Npentuduxanus oceqibIXx ¥ MUTPUPYIOIIMX XaPHYCOB
B p. EHucell ¢ MCIIOJIb30BAHMEM YeLYH
Pa6oTa BEIIIONHEHA ITpYU MOJIepsKKe rpanTa Poccutickoro donna pyHIaMeHTaIbHBIX

uccienoBanuii, [IpaBurenscTsa KpacHospckoro kpast u KpacHosipckoro kpaesoro gponzna
MOAJEPKKU HAyYHOM M HAYYHO-TEXHHUYECKOH nesarenbHocTu Ne 20-44-240009.

Hzyuena 6o3mooicnocms ucnonvzosanus yewyu batikarvckozo xapuyca Thymallus
baicalensis Dybowski, 1874 ¢ xauecmee mapxepa mMucpupylouux u oceovix puld Ha
yuacmxe pexu Enuceii ¢ usmeHeHHbIM MepMUYECKUM PEeNCUMOM 6 Hudichem Obede
Kpacnospcrou I'DC. /s mecmuposarnus memooa uchoib306ana gvloopra uz 161 ocodou
Xapuyca, omnosiennvix 8 utone — Hoaope 2019 2. 6 ocnosnom pycae Enuces, ebnusu
yCmusi 00HO20 U3 Kpynuvix npumoxos — peku Kan. Ha ocnosanuu panee nonyuennuix
OGHHBIX O NOBLIULEHHOM KOTUYECMEe CKAEPUINO8 80 8MOPOM 200080M KOTbYE Yeulyu

xapuycos uz ocHoenozo pycna Enuces evibopka ougpgepenyuposana na o0se epynnoi.

Ocobu, umerowue 15 u 6oree ckiepumos 60 6MoOPoOM 200080M KOIbYe, OMHECEHbL K
NOMEHYUATILHO 0CEONbIM, 0CObU, UMeloujue MeHee 15 cKaepumos, — K NOMeHYUAIbHO
muepupyrowum. [lonsa muepanmos é odweti gvlbopre cocmasuna 18,6%. Haubonvuuii
ux npoyenm ommeyeH ¢ uione (24%), ¢ aseycme — cenmsbpe on cocmasnan 20—-22%, 6
okmsbpe — 15%, 6 nosbpe muepanmel He ecmpeuanucy. Cmamucmuuecku 3HaUUMble
(p < 0,05) paznuyus no AUHEUHbIM PAMEPAM MeNHCOY OCEONLIMU U MUSPUPYIOUUMU
pulbamu  2—3-1emHe20 603pacma GbIAGLEHbl 6 UlNe — AB2YCme; PAUYUsL NO
cooepoicanuio  paduoyezus (*’Cs) 3aghuxcuposanvl 6 aszycme. Ha ocnosanuu
NONIYUEHHBIX Pe3VIbMamos NpeodiodceHa Mooeilb PACHpedeieHUst Xapuycd, CO2lACHO
KOMOpOUl 0cobu 6 lemHee pemMs MACCo80 NePEeMEUaiomes U3 KPYnHbIX NPOSPEemblx

npumoxoe ¢ ochogHoe pycio Enuces, 20e memnepamypa 600vl He npegviuiaem 12 °C.
Ipeonooicenuviil n0OX00 NO360Js€m GbIAGIAMb 0COOEl, PACCENAIOWUXCS U3 NPUNIOKOE,

HO He npueodeH Ol UOEeHMUDUKAYUU NOTOB03PENbIX pblh, OCYUeCMETTIOUUX

Kpamxkogpemennvle 8HympupeuHvle MUepayuu.

KunroueBsie cinoBa: Thymallus baicalensis; ce30HHasT MUTpalys; TePMHUYECKUIl

PEKUM; CKIICPUTDI; paﬂnouemﬁ; Cp€AHEC TCUCHUE P. Enuceit
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yemryy // Becrauk Tomckoro rocynapcrBeHHOro yHHBepcuteTa. buomorns. 2021. Ne 56. C. 152—
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BBenenune

3aperyaupoBaHue CTOKA PeK IUIOTHUHAMU runposnekrpoctanimii (I'DC) oka-
3BIBAET CYIIECTBEHHOE BO3JCHCTBHE HA IOMY/SIAN MUTPHUPYIOIINX BHIOB PHIO,
MPEMATCTBYS UX MEPEMEIICHUIO MEXAY Y4acTKaMH BEPXHEro 1 HIXKHEro obeda
[1, 2]. HapymieHre ypoBEHHOTO W TEPMHYECKOTO PEKUMA PEKU B HIDKHEM Obede
I'DC Tarxke MOXKET IPUBOAUTH K MOJU(PHUKAIIMKA MUTPALIMOHHOTO IMpoliecca Kak
B IIpe/ieIaX OCHOBHOTO PyClia, TaK M MEXKIY OCHOBHBIM PYCJIOM U €T0 IPUIATOY-
HOU cucreMol. Panee Takoit addexT ObuT onmMcaH sl HEKOTOPBIX MOMYJSIHUMA
eBporneiickoro xapuyca Thymallus thymallus (Linnaeus, 1758), nmepemenmmx K
ocelIoMy 00pasy *KU3HHU Ha y4acTKax Huke ToTuH [3]. MBI npennonaraem, 4To
CXOIHBIE N3MEHEHHSI MUTPAIIIOHHOTO TIOBEJCHUS PBIO Ipon3onumd B p. Exnmceit
Ha yuyacTke HmxHero Obeda Kpacnospckoit I'DC. BceneacrtBue ycraHOBISHHS
KOM(OPTHBIX JETHUX TEMIIEPATyp BOAHI B OCHOBHOM pycie Enncest oOnTarommmii
3neck Oaiikanbckuil xapuyc Thymallus baicalensis Dybowski, 1874 wactuuno
TepecTai; MUTPUPOBATh B MPUTOKH [4], a Takke HApaCTHJI CBOIO YHCICHHOCTH
u Temnsl pocta [5, 6]. Ilpu 3Tom nputoku EHHMces Ha JaHHOM y4acTKe TakkKe
HaceneHbl XxapuycoM [7, 8], mpouCcXoXKAeHNEe KOTOPOTO OCTAETCS HEN3BECTHBIM.
BeposiTHO, 4TO CcyOmOmynsuuy BUAa Kak B OCHOBHOM pycClie, TaK U B IMPUTOKAX
MPEJCTABISAIOT COOOH CMECh OCEIBIX 0COOel W MUTPAHTOB M3 Pa3HBIX YacTeH
OacceifHa. KomuuecTBeHHbIE OLEHKM 00BEMa MUTPHPYIOIIHUX PBIO OTCYTCTBY-
IOT, YTO HE JaeT BOZMOKHOCTB PEIIUTH BOIIPOC O COBPEMEHHOH POJIH IIPUTOKOB B
MoJIep>)KaHU M YUCIIEHHOCTH Oalfkaibckoro xapuyca p. EHuceil B HxHeM Obede
Kpacnosipcxkoit I'OC.

CraHiapToM B M3yY€HUHM MUTpalMid MPEeCcHOBOAHBIX PbIO B mocneanue 20—
30 jer craso MpUMEHEHHE BBHICOKOTEXHOJOTHYHBIX JJIEKTPOHHBIX METOK, TIpe-
xae Bcero paauo u PIT-mertok [9, 10]. Tem He MeHee B cuily (PMHAHCOBBIX H
TEXHUYECKHUX IIPUINH KaXKIBIA U3 JaHHBIX THIIOB MEUCHUS UMEET OIpEIICIICHHEIE
HEIOCTAaTKH, YTO OTPaHMYMBAET UX MAcCOBOE MCIONb30BaHUE. B nccienoBanu-
SIX MATPAIANA XapHyCOB C MCIIOIB30BAHAEM JTOPOTOCTOSIINX PAAAOMETOK 00BEM
MedeHBIX pbI0 He mpeBbimai 100 ocobeit [11, 12]. PIT-MeTkamu B paMKkax OAHOTO
HCCIIEIOBAaHMS MOYKET UMILIAHTHPOBATHCS 3HAYUTEIILHO OONBIIE PBIO, 10 THICSIH
9K3eMIUIsIpoB [13, 14], onHako JeTeKIMs MEUEHBIX PhIO, Kak U B cllydae KIacCH-
YECKHUX METOK, TPEOYeT IIPOBEICHHS IOBTOPHBIX KOHTPOJIBHBIX OTIIOBOB.

PacimpenneM apceHana METOJOB MEUEHHUS SBISIETCS NPUMEHEHHE ecTe-
CTBEHHBIX (MOP(OJIOTHYECKIX, OMOXUMHUYECKHX H JIP.) MapKEepPOB, XapaKTepH3y-
IOILUX OIpEeeNIeHHYI0 TPYITy 0co0el U3 KoHKpeTHoro Ouoroma [15, 16]. Ilpe-
UMYIIECTBAMU TAKUX MapKEPOB CUUTAIOT OTHOCHTEIBHYIO ICIIEBU3HY, IPOCTOTY
MIPUMEHEHUs], OTCYTCTBHE HEOOXOAUMOCTH MOBTOPHOIO OTJIOBA, OTCYTCTBHE BO3-
JEWCTBHS Ha POCT U BEDKUBACMOCTD PHIO, a TAK)KE BO3MOYKHOCTH MCIIOB30BAHUS
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MaccoBoi BEIOOPKH [16]. EcTecTBeHHBIM MapKepOM XapHyCOB, HACEISIFOIINX OC-
HOBHOE PYyCII0O TEPMUYECKH M3MEHEHHOTO y4acTka p. EHuceil B HHxkHEM Obede
Kpacnosipckoit I'DC, sBnsiercs crpykrypa demryu [4]. Hamuume takoro mokasa-
TeJNs TOTeHIIUATIbHO MO3BOJISET BBIABIATH PHIO, MUTPUPOBABIIMX U3 pyciia PEKH
B IPUTOKH, U pemIaTh OOpaTHYIO 3aJady I10 BBIABICHUIO PBHIO, CKATHUBIIUXCS U3
nputoka B EHuceld. JJOMONHUTENEHBIM MapKkepoM THAPOOMOHTOB, HACEISIOMINX
p. Enuceli B HmkHeM Obede KpacHosipckoit 'DC, SBISAIOTCS MOBBIICHHBIC 11O
CPaBHEHUIO C ()OHOBBIMHU COIEPIKAHUS TEXHOT€HHBIX PAJAUOHYKIUIOB, B YACTHO-
ctu pamuoresus, '’Cs, 3a cueT paaroakTUBHBIX cOpOCOB [OpHO-XUMHYECKOTO
kombuHata 'K POCATOM (I'XK), pacmionoxkeHHOTO B paiioHe T. XKenezHoropcka
[17-20].

HecMmotps Ha yka3aHHBIe TIEpCHEKTHBBI HCIIOJIb30BAHUS YEHIYH U XUMHUYE-
CKOTO COCTaBa TKaHEW Xapwyca A HACHTU(QHKAINH 0COOed ¢ pasHBIM Mpo-
HCXOXKJIEHUEM, paHee JJIs ATOH Lelu UX He MpUMEHsUIH. B pamkax Hactosiiei
paboTEI HAaMH BIICPBBIC TIPEATIPUHSATA MTOMBITKA OLCHUTH COOTHOIICHHE OCEIUTBIX
Y MUTPUPOBABIIMX U3 MPUTOKOB 0CO0Ei OaiikaibCcKOro Xxapuyca Ha TEPMUYECKH
HW3MEHEHHOM ydacTke p. EHUCel Ha OCHOBaHUU CTPYKTYpHI yelyu. B kauecTBe
BepHU(HKALKU MPENTIOKEHHOT0 MapKepa UCIIOIb30BaHbl IMHEHHBIE pa3Mephl PbIO
U cofiep)KaHUE palMOaKTUBHOIO LI€3Us B UX TKaHSIX.

Marepuajibl 1 METOAUKH HCCJIET0BAHUS

B pabGore wucnomnp3oBaHa BBIOOpKa Oalikanbckoro xapuyca, Thymallus
baicalensis Dybowski, 1874, cobpaHHas Ha y4acTke OCHOBHOTO pycia Enuces B
paiione yctes p. Kan, BOmmsu c. XiontyHoso (56°28'05"c.ur., 93°38'53"8.1.) B
utone—Hos0pe 2019 r. (puc. 1). OTioB peIO NpoBeeH kaOePHBIMH CETSIMH C pa3-
Mepom siuen 25—40 MmM. BeutoBitenHast ppi0a xpaHuiack npH temreparype —30 °C
710 Havyajla aHanu3a. 3a BeCh MepUOJT HCCleJoBaHui coOpaH 161 3k3. [Ipu pabore
C KUBOTHBIMH aBTOPBI coOmonanu pekomenaanuu J{upexkruser 2010/63/EU Eg-
pomnetickoro napnamenra u Cosera EBpormneiickoro corosa.

B xone cOopa mMareprana y Bcex SK3eMIULIPOB PBIO M3MEpeHa JUTMHA Tela TI0
Cwmurty, FL (MM), u Macca Tena, W (r). nst onpenenenus Bo3pacta u quddepeH-
[UANUH PHIO, IMCIOIINX PAa3HOE NMPOUCXOXKICHHE, CIIOIh30BAHEI YCITyH XapHy-
ca, OTOOpaHHBIE MO]] OCHOBAHUEM CIIMHHOTO TUIABHHUKA B IEPBOM—TPETHEM PsIIax
Haj OokoBoi yimHUEH [4]. He MeHee 3 demnyii ¢ KaxIoi 0COOH, ITPeIBAPUTEIILHO
ounteHHbie B 2%-M pactBope KOH 1 momerieHHbIe MEXIY ABYyX MPEAMETHBIX
cTekol, cdororpadupoBansl Ha crepeomukpockorie JIOMO MCII-2 (Poccus)
(x48). Ha moiy4eHHBIX CHUMKax OJHHMM ONEpPaTopoM IMOACUUTAHO CpelHee JUIs
OIHOM PHIOBI KOJIMUECTBO CKIEPHTOB BO BTOPOM T'OIOBOM KOJIBIIE B CEKTOPE MEXK-
NIy KpaHHAJIbHBIM U TOPCATBHBIM TIOJIEM YCIITYH.

[puanun quddeperanuy ocodeit xapryca Mo UX MPOUCXOKICHUIO OCHO-
BaH Ha paHee MONyYCHHBIX PE3yNbTaTax O MOBBIIICHHOM KOJHYECTBE CKICPUTOB
Ha yerrye poi0 (TIpexkie BCero, BO BTOPOM TOJJOBOM KOJIbIIE), OOUTAIOINX HA Tep-
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MHYECKH W3MEHEHHOM ydYacTke cpemHero Tedenus p. Enuceir. CpenHee 4ucio
CKJIEpUTOB BTOPOTO T'OJOBOTO KOJblLIA Y XapHyCOB M3 OCHOBHOTO pycia Exuces
cocraBmsuio 17,6 ¢ 95% moBepurenbHBIM HHTEPBAJIOM OT 15,6 1o 19,8 [4]. YV pr1
u3 mpuTokoB EHuUCes cpeqHee YHCIo CKIEPUTOB BO BTOPOM KOJIblle BapbUPOBa-
1o ot 8,7 mo 10,7. B paMkax maHHOTO WCCIEIOBAaHUSI HAMH TIPEIIOI0XKEHO, YTO
ocobu xapuyca, uMerolue oonee 15 CkIepuToB BO BTOPOM T'OIOBOM KOJIbIIE Ye-
IIyH, TIOCTOSHHO HACEIISIOT OCHOBHOE PYCJIO TEPMHUYECKH U3MEHEHHOTO yJacTKa
p. Enuceii. Jlanee ganneie ocobu 0003HaYeHBI TEPMUHOM «ocensbiey. Ocodu ¢
MEHBIIIAM YHCIIOM CKJIEPUTOB, 0003HAYaeMbIe KaK «MHUTPAHTBD», KAK MUHHMYM
BTOPOH TOJ] )KU3HU MPOBETU B MIPUTOKAX.

p. Aneapa
[Angara River]
58.0°N
N
2
&
3
S
57.5°N - &
57.0°N A
56.5°N
56.0°N 1
55.5°N T . -

92.5°E 93.5°E

Puc. 1. Kapra cpennero yuactka p. Eaunceii. 'OC — mnoruna Kpacuosipekoit ['9C:
1 — ygacTok oTiioBa xapuyca; 2 — I. JKenesHoropck
[Fig. 1. Map of the middle reaches of the Yenisei River. HPP is the dam of Krasnoyarsk
Hydroelectric Power Plant. 1 - Sampling site; 2 - the town of Zheleznogorsk]

Jnst u3MepeHust cofepiKaHusi TEXHOTEHHBIX PAaMOHYKIMIOB M3 OOIIei BbI-
OOPKH BBIJICIICHBI PHIOBI IBYX YKa3aHHBIX THUIOB. B 00beIMHEHHBIX TIpo0ax oce-
JIBIX XapHyCOB JUISl KaXJOTr0o Mecslla 4Yucio ocobeit Bappuposano or 12 mo 31
(Bcero 125), B mpobax MUrpHpyomuX — oT 3 70 8 ocobeii (Bcero 18).
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[purorosnenue npo6: MpoOBI TOTOBHIIM U3 MBI, CHATBIX C 0CEBOTO CKENeTa
PBIO, BBICYIICHHBIX U 030JEHHBIX B My(enbHoi neun npu 450 °C. Conepxanue
Y-M3IyYarolUX PaJoHYKINIOB B MPO0ax 301 M3MEPEHO C MOMOIIBIO T'aM-
Ma-CHEKTPOMETPA C MOIYIPOBOAHUKOBBIM I'eépMaHUEBBIM JeTekTopoM GX2320
(Canberra), kak ornmcano panee [18, 19]. CriekTpbl IpoaHATU3UPOBAHBI C IIOMO-
m1bto nporpamMmel Genie-2000 (Canberra). Pe3ynasTaTsl npuBeaeHb! B OCKKepesx/
kr (BK/KT) cyxoit Macchl B iepecuére Ha jaty oToopa psIo. [lorpenHocTs n3mepe-
Hus, 1 sd, paccunTaHa mporpaMMoit Ipu aHaJIu3e CIEKTPOB.

CooTBeTCTBHE MCHOIB30BaHHBIX JAHHBIX HOPMAJIBHOMY 3aKOHY pachpesene-
HUSI OLIEHEHO ¢ moMolbio kpurepus Hlanupo — Yunka. Ilockonbky 60IbIIHHCTBO
BBIOOPOK C ATMHAMH PHIO MMENTH WHOH THI paclpenereHus, I X CPaBHEHHS
UCTIONIb30BaH HemapaMmeTpudeckuil Tect MaHHa — YutHu. Bee cratuctuueckue
pacueTsl BoionHeHHBI B cpeie R (R Development Core Team, 2011). /lannbie mo
conepxannio ’Cs (BK/KT CyX. Macchl) B MBIIIIAX XapUYCOB MPEICTABICHBI B
BHJIE CpelHel apu(pMETHIECKON CO CTaHIapTHBIM OTKJIoOHeHueM (M £ SD). lmu-
Ha TeJI (CM) XapuycoB NPECTaBIeHa KaK MeJHaHa ¢ KBapTUILSIMH.

PeSy.]'leaTbI HCCJICA0OBaAHUA

KonudecTBo CKIIEPUTOB BO BTOPOM TOIOBOM KOJIBIIC HCCIICIOBAHHBIX Xapuy-
COB BapbupoBaio oT 9 o 24 (puc. 2). Pacpenenenue otnuyanoch OT HOPMaIb-
Horo 1o Tecty lanmupo — Yunxka (p < 0,01), o0nanast BeIpaXKEHHBIM JIEBBIM «XBO-
cTtom» (ko3 unuent acummerpuu paseH —0,61). Jlons ocoOeid, UMEIONMX OT
9 1o 14 ckiepuToB, U 0003HAYAEMBIX B paMKax HalIei paOOThl KaK MHUIPAHTHI,
cocrasisa 18,6% ot Bcelt BRIOOPKH.

HaunOonpmii npolieHT MUTPUPYIOLIMX 0co0eit oTMeueH B utone (24%), B aBry-
cTe—CeHTsI0pe OH cocTaBisuI oKojio 20-22%, B okTs10pe — 15%, a B HOsIOpe Takue
XapUyChl HE BCTPEUATUCh. J{J1 OIIEHKH TIOTEHIIUATIBHBIX Pa3INIKii B TEMIIAX POCTA
OCEIBIX ¥ MUTPHUPYIOUIUX PHIO BEIOOPKU OBUIM pa3ieieHbl Ha TPYHIBI IO BO3-
pacram u Mecsam omiosa. Ha puc. 3 mokasaHsl JIMHElHBIE pa3Mepbl phI0 B Tpex
BO3pacTHBIX rpynmax. JIMHeHHbsIe pa3Mepsl OCEUIOT0 Xapuyca B Bo3pacte 2—3+ Ha
3—5 cm npesbiman (p < 0,05) muHEHHBIE pa3Mepsl y MUTPUPYIOLIUX PhIO B HIOJIE—
asrycre (puc. 3). Y pbi0 4+ JIeTHEr0 BO3pacTa B HIOJIE, a TAKXKE Y TPEXJIETHHX PHIO
B CEHTAOPE-OKTAOpE pasimuyms o F'L 0TcyTcTBOBaNM. M3 UKcia TeXHOTEHHBIX T'aM-
Ma-M3IIy9alonX PAIHOHYKIUIOB B MBIIIIAX XapHyca 3aperucTpUpOBaH TOJIBKO
pamumonesuii (¥'Cs, nepuon nonypacmana — 30,1 roma). Comeprkanue *’Cs B Mbi1il-
ax xapuyca BapbupoBaio B auanazoHe 0,9—7,2 Bk/kr. MakcumaiibHOE cojepika-
Hre Cs 0TMEUYCHO Y OCEIIBIX PhIO B aBIyCTe, YTO MPEBBILIANIO COICPIKAHIE ITOTO
PaIMOHYKIIHIA B BEIOOPKE MUTPAHTOB B IIECTH pa3 (puc. 4). B ocramsHbIe MecsIIbI
BBIOOPKH OCEUIBIX ¥ MUTPHPYIOLINX 0Cc00ei cofepany ONU3KYIO YIAENbHYO aK-
tuBHOCTH *’Cs. B mione comepkaHue paarone3us B BEIOOPKE MUTPHPYIOLIMX 0CO-
Oeit He m3Mmepsin. ConepikaHue paJfone3Hs B MBIIIIAX XapHUyCOB, OTJIOBIEHHBIX
Ha (hoHOBOM ydacTke EHmces:, He IpeBHIIIaio mpenesioB 00HapYKeHHSL.
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Puc. 2. Pactipenenenue yncna CKIEpUTOB BO BTOPOM 3aKOHYEHHOM T'OJJOBOM KOJIBIIE

Yucno peib, mT. [Number of fish, psc.]
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yenryu xapuyca u3 p. Enuceit B Beioopke 2019 . CepbIM IBETOM BbIJIEJIEHBI BAPUAHTHI

KOJIMYECTBA CKIEPUTOB, IPUHAIIEKAIINE TOTEHINAIFHO MUTPUPYIOLIHM 0CO0sIM
[Fig. 2. Distribution of the circuli number in the second completed annual
ring of grayling scales from the Yenisei River in the sample of 2019. Numbers
of circuli typical of migrating specimens are highlighted in grey]

28 A
26 1
241
22
201
18 7
16

BO3pacT 2+ neT [age 2+ years]
s

BO3pacT 3+ siet [age 3+ years]

281

[Fork length, cm]

26
24
22
20

—

—

T
.

BO3pacT 4+ et [age 4+ years]

29

28

Jlnuna tena mo CMUTTY, cM

27 1

26

o

¥ MHTpUpYOUHX (cepblie O0KChI) XxapuycoB u3 p. Exnceii B 2019 1.
[Fig. 3. Fork length (cm) of resident (white boxes) and migrating (gray boxes)
graylings from the Yenisei River in 2019] (| - median, o - Q1 & Q3, 1,5*IQR)
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Puc. 4. Conepxanne '*Cs (BK/KT CyX. Macchl) B MBIIIIAX OCEIBIX U MUTPUPYIOIINX
xapuycoB u3 p. Eaunceii B 2019 1. *B urone comepxanue paguonesus B BRIOOpKe
MUTpUpyIomux ocobei He n3mepsuii. CCepbIM IBETOM BBIIEICHBI
BBIOOPKH MOTEHINAIEHO MUTPUPYIOLIHX 0CO0ei
[Fig. 4. Content of *’Cs (Bq/kg d.w.) in the muscles of resident
and migrating graylings from the Yenisei River in 2019.

*In July, radiocesium was not measured in the sample of migrating graylings.

Samples of migrating specimens are highlighted in grey] (M + SD)

O06cy:xneHue pe3yaibTaTOB UCCJIAETOBAHUS

K Hacrosimemy BpeMeH! HaKOIUIEH 00JIbIIoi 00beM HH(popMauu 00 0COOCH-
HOCTSIX MHUTPAIIMOHHOTO MOBEACHUsI XapuycoB. Kak U MHOTMM MpeJCTaBUTEISIM
OTpsAga J0coceoOpa3HBIX, XaphycaM CBOMCTBCHHBI HEPECTOBEIC, KOPMOBEIE, 3H-
MOBaJIbHBIE W TIOKaTHBIE (U1t Moytogu) murpanuu [3, 11, 21]. IIpoTsKeHHOCTb
MUTpAIid OTACTBHBIX BHIOB poma Thymallus moxer mocturath 100 xm [11],
XOT$ B [IEJIOM XapHYCOB CUUTAIOT MEHEE MOOMIBHOM IPYIIIOH, YeM MPOYHEe BUIIbI
nmococeoOpa3HbIX [22]. MccnemoBareid TakkKe OTMEYAOT IeTepPOreHHOCTh HC-
CJICIOBAHHBIX MOMYJSIHUNA XapUyCOB B OTHOIICHHH MUTPAIMOHHOTO MOBEACHHUS,
YTO SABJISIETCS MPOSBICHUEM (PeHOMEHA YaCTHYHBIX MHTpanuil [23]. B kaxmbrit
U3 BHUOB MUTPAIMH, KaK [TPABUIIO, BOBICKAIOTCS HE BCe OCOOM BO3PACTHOM MM
pasmepnoii rpymms [3]. CriecCTBHEM TaKOW HEOTHOPOIHOCTH SIBISIETCS] BO3MOXK-
HOCTh OJIHOBPEMEHHOT'0 MPUCYTCTBUS B Mpeleiax ydyacTKa peKkd ocoOeil ogHoro
MIPOMCXOXKIICHHS, HO C Pa3HOW MHUTPAIMOHHON aKTHBHOCTBIO, a TaKXke 0CoOeH,
HUMEIOIINX Pa3HOE MTPOUCXOKICHHE.

Xapuyc, OTIIOBICHHBII HAMH B OCHOBHOM pyciie EHuces, MoxkeT OBITh Tpea-
CTaBJICH PHIOAMU TPEX OCHOBHBIX CTpaTerHii: 1) 0co0u, pOXkKIECHHBIC U IIOCTOSTHHO
obuTaromue B OCHOBHOM pyciie Exuces; 2) ocoOu, poXIeHHBIE W OOWTAIOIINE
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B Enmcee, HO ocymiecTBisONIeé BpeMEHHBIE MUTPAUU B MPUTOKH; 3) ocobwu,
POX/IeHHBIE B IPUTOKE, HO MUTpUPOBaBiIre B EHMcel Ha OHOM U3 ATAIOB JKU3-
HEHHOTO [uKiIa. [IockoNbKy B HaIlleM HCCICIOBAaHUN MapKePOM OCEIUTBIX U MU-
TPUPYIOUIUX PBIO OBLIO BTOPOE rO0BOE KOJBIO, Tu(depeniuanus peld 1-if u
2-#f cTpaTerny HEBO3MOXKHA, €CITH BO3PACT PHIO B IIEPHOI MUTPALIUH TIPEBHIIIAT
JBa roga. Bo3sMoXHOCTh uaeHTU(UKAUU pBIO 2-i cTpaTeruu, COBEPIIUBIINX
MUTPALUIO B IIPUTOKH B OoJiee paHHEM BO3pacTe, 3aBHUCHT OT BPEMEHU HX Ha-
XOXKJIECHUS B PUTOKE. M3-3a OTCYTCTBUS TaKUX CBEJCHUN HCIIONB3yEMbI HAMH
TIOAXOIT TI03BOJISIET pa3rpaHNINBaTh PEIO TONBKO 1-if 1 3-# cTpareruu.

W3BecTHO, UTO MOMyJIALUS Xapuyca, Hacelstollas cpefHee TeueHne Enuces,
o0JIajiaeT OJTHAM M3 HAHOOIBIINX TEMIIOB pOCTa BO BCEM OacceliHe peku [5, 6].
[ToaToMy MBI IPENTIONOKUITHN, YTO 0COOU, MUTPUPOBABILIUE U3 IPUTOKOB B OCHOB-
Hoe pycio Ernces, HomkHBI 001a1aTh MEHBIIIMH pa3MepaMH, YeM PLIOBI aHAJIO-
TUYHOTO BO3pacTa, OOMTaBILIKE 3/1€Ch B TEUCHUE BCel KHU3HU. Takke MbI mpen-
TIOJIOKMITH, YTO COAEp)KaHNe TEXHOTEHHBIX PAJHOHYKIHIOB B TKAHIX OCEHIIBIX
XapuycoB, obuTaronmx B EHncee HIKe MecTa paMOaKTHUBHBIX COPOCOB, MOXKET
OTJIMYATECS OT COAEP KaHMS PaTUOHYKIHIOB B TKaHSIX MUTPAHTOB W3 IIPHTOKOB.
Hamm npeanonoxeHus moaTBEpAUIUCH IS TaHHBIX, MTOJIyY€HHBIX B HIOJIe—aBry-
cTe: pa3Mepsl 2—3+-JIETHUX OCEIIBIX XapHyCOB B MIOIE—aBrycTe ObLIH OOJbBIIE,
YeM y MUTPAHTOB; MOBBIIIEHHOE COIEPKaHUe PaJAHOIe3us B OCEIbIX PhIOax 3a-
PETHCTPHUPOBAHO B BEIOOpKE, COOpaHHOH B aBrycre.

OnHako ppIOBI, OTHOCHMBIE HAMHU 10 CTPYKType Yelllyd K MUTPaHTaM, B CEH-
TAOpE—OKTIIOpE CTATHCTUYCCKH HE OTIIMYAIUCH (p > 0,05) OT MECTHBIX XapHyCOB
10 TEMIIaM POCTa U COAEPKAHUIO PaJHOHYKINA0B. OOBsICHEHHEM JAaHHOTO (haKTa
MOXET SIBJISATHCS Pa3HUIA BO BPEMEHH, IPOBEICHHOM MUTPAHTAMU B OCHOBHOM
pycie Enuces. O4eBUIHO, YTO HanOoJiee KOHTPACTHBIE PA3IUYUi MEXKAY OCO-
OsMu 1-i u 3-i cTparernii OyIyT BBIpaKCHBI B MEPBBIC MECAIbI POHUKHOBE-
Husl MurpanToB B Ennceil. B nanbHelinieM MUTpaHThl MOTYT JAOTOHSTH B POCTE
MECTHBIX 0CO0ei Xapryca 3a cdeT SIBJIICHUS KOMIIEHCaTOPHOTo pocta [24]. 3Hauu-
TenbHas Ornomacca 3006eHToca B cpenHeM teuenun Enuces (10-30 r/m?) [25, 26]
JOMYCKAaeT TaKyl0 BOSMOXHOCTb. AHAJIOTHYHAs IPUIHHA OOBSICHSIET OTCYyTCTBHE
pasiuuuii B ATUHE Tella MeX1y pplOaMu cTapIinx Bo3pacToB. Kak mokazamu mpe-
JBITYIIAE UCCIEeNOBaHUs [4], KOPPemsuus MEXay KOJIHMYECTBOM CKJIEPHUTOB BO
BTOPOM M MOCIIEAYIOIIMX FOIOBBIX KOJbIIaX YElIyd Xxapuyca u3 cpennero Exnuces
OTCYTCTBYeT. PEIOBI, MMeroIIIe Majioe KOJMYECTBO CKICPHTOB BO BTOPOM T'OZI0-
BOM KOJIbIIE, 00J1a1aii THTUYHBIM YUCIIOM CKJIEPUTOB B MOCJIEAYIOUINX KOIbLIAX
1, OYEBHIHO, IIPOXKIIIN B OCHOBHOM pycie EHnces He MeHee 0gHOTO Toja.

IMpuuuna moBkImeHHOTO conepkanus */Cs B OCEJIbIX XapUycax B aBTyCTe
HaM He SICHA, HO, BO3MOXKHO, O0yCJIOBJIEHA AUHAMUKON Pa3peIICHHBIX PaIHoaK-
TUBHBIX cOpOCOB B p. EHUCEH, TEpHOAMYHOCTH KOTOPBIX B TEUEHHUE T0Jla aBTOPaM
HE W3BECTHA, ITOCKOJBKY HE ITyOIMKYeTCS B €XETOMHBIX PaJHOdKOIOTHICCKUX
oryerax [27]. Lle3uil, ABISCH XUMUYECKUM aHAJIOTOM Kajus, BeleT ce0sl B op-
TaHU3ME PHIO0 aHAJIOTHYHO 3TOMY OMOTEHHOMY dJeMeHTy. OCHOBHEIC ICTIO3HUTHI
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1e3ust HaxonaTcs B Mblmmax peio [28]. Ilpu ypaBHOBEIIMBaHNHA WHTEHCUBHOCTH
NOTpeOJIeHNs U BBIBEJICHUS PAIMOIE3HsI €r0 COJIepIKaHne B TKAHAX OCEUIBIX 0CO-
Oell BBIXOJUT HA CTAIlMOHAPHBIN YPOBEHb, YTO MBI HAOIONAIH B CEHTIOpe—HOs-
Ope (cM. puc. 3).

Takum 00pa3om, KOppeKTHAsT MHTEPIIPETAIHs Pe3yJIBTaTOB HCIOIB30BAHUS
YeIIyH, Pa3MepPOB PhIO U CONEPKAHU B HUX PATHOHYKIHIOB Ui auddepeHnna-
MU PBIO Pa3HOTO MPOUCXOXKICHUS TpeOyeT MpUBIICUSHIUS HHPOPMAIIUU O BpeMe-
HU TPOHUKHOBEHHS MUTPAHTOB U3 MPHUTOKOB B OCHOBHOE pycio p. Enuceii. Co-
[JTACHO COBPEMEHHBIM JaHHBIM, Y XapHyca BEIICITIOT [1Ba KA (MCKIII0Yast CKaT
MOJIOJI) MUTpalMid BHU3 10 TeueHuto [3, 11, 29]. BeceHHe-neTHUI UK CBA3aH C
KOPMOBOI MHUTpaITieli OIOBO3PEIBIX XapHyCOB cpa3y HOCiIe HepecTa (CTpaTerus
2). [Ipu4nHOM OCEHHEH MUTPALIH SBIIACTCS IEPEXOJT PHIO HA ITYOOKHE YUACTKH C
MEHBIIAMHU CKOPOCTSIMH TEUCHHUS, T/Ie B JAIFHEHUIIIEM IIPOUCXOIUT 3UMOBKA.

AHanmu3 pacrpeieJICHUs] PO C pa3HbIM KOJMYECTBOM CKJIEPHTOB BO BTOPOM
TOOBOM KOJIBIIE ITO MECAIaM HX OTJIOBA TOKA3bIBACT, YTO 3HAYUTEIBHAS JOJIS MU-
rpaHTOB NosiBUIack B EHuCee yxxe B urone—asrycte (puc. 5). Mx nons ocraBanach
BBICOKOW B CEHTAOpE, CHUKASICH K OKTAOpI0. B HOsSOpe Takue peIObI B Mpobax oT-
cyTcTBoBaiH. Kak oTMedanock paHee, HCIIOIb3yeMblil HAMH MapKep He CIIoCOOeH
BBISIBILITD €HUCEHCKUX PBIO, OCYIIECTBIIOMNX KPaTKOBPEMEHHYIO MUTPAIIHIO B
nputokH (crparerus 2). CienoBarenpHO, MacCOBOe IosBiIeHHe B EHNcee Murpan-
TOB B MIOJIE—aBTYCTE JOJDKHO UMETh IpyTroe OOBSICHEHHE.
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Puc. 5. Pacnipenenenue konuyecTBa CKJIEPUTOB BO BTOPOM I'OIOBOM KOJIbLIE
y xapuycoB u3 p. Eanceii B 2019 . CepbIM IBETOM BEIJIENICHBI BAPHAHTHI KOJTMYECTBA
CKJICPUTOB, IPHUHAIJISKAIINX TIOTEHIIHAIBHO MUTPUPYIOIIUM 0CO0SIM
[Fig. 5. Distribution of the circuli number in the second completed annual ring of grayling scales from
the Yenisei River in 2019. Numbers of circuli typical of migrating specimens are highlighted in grey]
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Mel npeanonaraem, 4To NPUUUHON JIETHETO IIEPEMELLEHHS Xapuyca B OCHOB-
Hoe pycno Exuces siBiseTcss mporpeB MPUTOKOB BBIIIE KOM(OPTHBIX IJIs BUJA
Temneparyp. Temneparypa BoJAbl B CPEJHEM U HIKHEM TEUEHHU KPYIHBIX IpH-
TokoB EHuces B HuxHeM 0bede KpacHosipekoit 'DC (pp. Kan, Mana, bazanxa) B
nrone—asrycte gocturaet 18-25 °C [30, 31], uyTo nmpeBbIIaeT BEPXHIOK TPAHUILY
(hM3MONOTHYECKOTO ONTHUMYMa JUI B3POCIBIX 0C00eil CHOMPCKOro U eBpoIlei-
ckoro xapwuyca, cocrasisomyio 17-18 °C [32, 33]. Jlo cTpouTenbcTBa MI0TH-
el Kpacnospckoit 'DC Boga B EHucee B uione—aBrycre Takxke HporpeBaiach
mo 18-19 °C, omHako B HacTosIIee BpeMs MAaKCUMAIJIBHEIE JIETHHE TeMIIEPaTyphI
cocTaBisioT He Oonee 12 °C [34].

CormacHO Hallemy HpeIoNIOKEHHIO, [IPY MOBBIIEHUN TeMIEpPaTyphbl BOIbI B
HIKHEM U CPETHEM TeUEHHH MPUTOKOB B MIOJIE—aBIyCTe YacTh MECTHBIX PbIO MO~
HIMAaeTCs BBEpX IO TEUCHHWIO, 4 YacTh CKaThIBaeTcs B Ooree XomomHbli Enmceit.
HMeHHO B 3TOT meproa MOTyT ObITh JMarHOCTUPOBAHBI HAHOOJIee Pe3KUE Pa3IuyHs
MEXIy eHUCeHcKuMHU pribamy U MurpanTaMu. K cepennHe — KOHITy OCEHH TakKue
pa3nuuus HUBETUPYIOTCA, & CAMH MUTPAHThI PACCEUBAIOTCS CPEIN EHUCEHCKHX PBIO.
deHoMeH MacCOBOI MUTpaIUH XapHyca Ha TPaHHIe BEPXHETO AnUara3oHa KoMpopT-
HBIX TEMIIEpaTyp paHee B JIuTeparype He oOcyxaanca. Bmecte ¢ TeM cCoBpeMeHHbIE
HCCIIEJOBaHUS NIOKA3bIBAIOT, YTO BEPXHSI TPaHHULIA TEMIIEPaTypHOU yCTOWYHBOCTH
OIpe/IeNsAeT MUTPAIIMOHHYIO CTPATETHIO HEKOTOPBIX BUIOB JIOCOCEBBIX [35].

BoiBOABI

1. [lomyyeHnsIe B Xoze pabOTHI pa3IHdrs B pa3Mepax phbi0, Ce30HHAs TIMHAMUKA
pacrpeieNieHus OCEAIBIX U MUTPUPYIOLINX 0CO0EH, a TakxkKe CoAepkaHue Parole-
37 B TKAHSX PBIO XOPOIIIO COINTACYIOTCS C MOZIENBIO IPOCTPAHCTBEHHO-BPEMEHHO-
TO pacrpe/eNeHns MOMYIAINHA Xaphyca Ha yJacTKe cpeHero TeueHus p. Enucet,
OCHOBAHHOH Ha JaHHEIX O TEMIIEPATyPHOM PEKUME B OCHOBHOM PYCIIC B TPUTOKAX.

2. PwIO, BbIZIENEHHBIX W3 00IIEH BHIOOPKM Ha OCHOBAHMM MEHBIIIETO YHUCIIa
CKJIEPUTOB BO BTOPOM TOJOBOM KOJBIIE, AEHCTBUTEIFHO MOKHO CUHTATh MHU-
rpaHTaMH U3 NPUTOKOB. VICONB30BaHHBI HAMH TOAXOJ] BBIIBISICT HPEHMYIIIC-
CTBEHHO HETIOJIOBO3PEIBIX U BIIEPBBIC CO3PEBAIOIIIX 0CO0EH, pacceNsIommxcs u3
MPUTOKOB, HO HE MPHUTOJCH JUIS UICHTH(GUKAIIIMH MOJIOBO3PEIBIX PHIO, OCYIIECT-
BISTFOLIMX KPAaTKOBPEMEHHBIE BHYTPUPEUYHBIE MATPAIIHH.

3. Pe3ynbrarsl HcciaeqoBaHUs [TOKA3bIBAIOT, YTO MPUTOKHU MO-TIpexHeMy 00e-
CIIEUMBAIOT 3aMETHEIM BKJIAJ B YACICHHOCTH XapHyca Ha TEPMUUECKH U3MCHEH-
HOM ydacTke cpenHero Enuces. B paiione ycTbsa p. Kan, omHOro U3 KpynmHbIX
TIPUTOKOB cpemHero EHmces, oIt MUTPaHTOB B JIeTHe-oceHHUH mepuog 2019 .
cocTapsiia okojio 20% oOT 001Ieil YNCIIEHHOCTH Xapuyca.

4. HeoOX0omMMOCTb pa3ieeH st OCEIIBIX i MUTPHPYIOMNX 0co0e BayKHA IS
MONTyYeHHsI OHOPOJHBIX BHIOOPOK XapHyca, TPAAULIMOHHO HCIIOIB3yeMOro Kak
MOZETBHBIA OOBEKT MPH aHAJIHM3€ PACHpPENeICHIS TEXHOTEHHBIX 3arps3HATEICH
B peKe, a TakxkKe JUIs U3YYeHHUS MUILEBON LEHHOCTH Xapuyca M SKOJOTHYECKUX
PHICKOB ISl HACENICHHUS, CBS3aHHBIX C €r0 MOTPEOICHUEM.
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movement between the upstream and downstream sections. Violation of the level
and thermal regime of the river in the downstream of the HPP can also lead to a
modification of the migration process, both within the main channel and between the
main channel and its adjoining system. It is assumed that after the construction of the
dam of Krasnoyarsk hydroelectric power station, a significant part of the population
of the Baikal grayling Thymallus baicalensis in the downstream section switched to a
sedentary lifestyle. However, quantitative assessments of this phenomenon have not yet
been carried out. The middle course of the Yenisei River in the downstream of the HPP
is a specific watercourse with a smoothed seasonal amplitude of water temperatures
and a high biomass of benthic invertebrates, up to 10-30 g/m?. Such conditions provide
an increase in the growth rate of grayling in the main channel of the Yenisei, and
lead to the formation of the structure of its scales, which differs from fish from the
tributaries of the Yenisei. An additional feature of the Yenisei in the downstream of
the HPP is that the content of technogenic radionuclides, in particular, radiocesium,
37Cs, increased compared to the background levels, below the point of radioactive
discharges of the Mining-and-Chemical Combine ROSATOM (MCC) located near the
town of Zheleznogorsk (See Fig. I). Thus, high growth rates, a unique structure of
scales, and an increased concentration of radiocesium can be considered as markers of
graylings that constantly inhabit the main channel of the Yenisei in the downstream of
Krasnoyarsk HPP. Within the framework of this work, we, for the first time, attempted
to assess the ratio of settled and migrated individuals of the Baikal grayling from the
tributaries in the thermally altered section of the Yenisei on the basis of the structure of
the scales. As a verification of the proposed marker, we used the linear dimensions of
fish and the content of radioactive cesium in their tissues.

A sample of 161 individuals of the Baikal grayling was used in this work. Fish were
collected in the section of the main channel of the Yenisei near the mouth of the Kan
River, near the village of Khloptunovo (56°28'05” N, 93°38'53" E) in July—November
2019. When working with animals, the authors followed the recommendations of
Directive 2010/63 / EU of the European Parliament and the Council of the European
Union. Fork Length and total weight of fish were measured. Grayling scales taken in the
lateral line region were photographed and then used to count the number of sclerites in
the completed annual rings. The principle of differentiation of grayling individuals by
their origin is based on previously obtained results on an increased number of sclerites
on the scales of fish (primarily in the second annual ring) inhabiting a thermally altered
section of the middle reaches of the Yenisei. Within the framework of this study, we
assumed that individuals of grayling with more than 15 sclerites in the second annual
ring of scales constantly inhabit the main channel of the thermally altered section of the
Yenisei. Further, these individuals are designated by the term “sedentary”. Individuals
with a smaller number of sclerites, designated as “migrants,” spent at least the second
year of their life in tributaries. To measure the content of technogenic radionuclides,
fish of the two indicated types were isolated from the total sample. In the pooled
samples of sedentary grayling for each month, the number of individuals varied from
12 to 31 (total 125), in the samples of migratory ones - from 3 to 8 individuals (total
18). Samples were prepared from muscles taken from the axial skeleton of fish, dried
and ashed in a muffle furnace at 450°C. The content of y-emitting radionuclides in the
ash samples was measured using a gamma spectrometer with a hyper-pure germanium
detector GX2320 (Canberra). The spectra were analyzed using the Genie-2000 software
(Canberra).

The number of sclerites in the second annual ring of the studied grayling varied
from 9 to 24. The share of individuals with 9 to 14 sclerites, and designated in our work
as migrants, was 18.6% of the entire sample (See Fig. 2). The highest percentage of
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migrating individuals was recorded in July (24%); in August-September it was about
20-22%, in October - 15%, and in November such grayling was not found. To assess
potential differences in the growth rates of sedentary and migratory fish, the samples
were divided into groups by age and month of capture. The linear dimensions of the
sedentary grayling aged 2-3 + were 3-5 cm higher (p <0.05) than the linear dimensions
of migrating fish in July—August (See Fig. 3). There were no differences in FL in 4+ year
old fish in July, as well as in 3-year-old fish in September—October. Of the technogenic
gamma-emitting radionuclides, only radiocesium was registered in the muscles of
grayling ('¥’Cs, half-life - 30.1 years). The content of '*’Cs in grayling muscles varied
in the range of 0.9-7.2 Bq/kg. The maximum content of '*’Cs was noted in sedentary
fish in August, which exceeded the content of this radionuclide in the sample of
migrants six times (See Fig. 4). In the rest of the months, the samples of sedentary and
migrating individuals contained a similar specific activity of '*’Cs. In July, the content
of radiocesium in the sample of migrating individuals was not measured. The content
of radiocesium in the muscles of graylings caught in the background site of the Yenisei
did not exceed the detection limits.

Thus, for 2-3-year-old fish, caught in the summer period, the assumption about
the differences in the growth rates and the content of radionuclides in the tissues
of residential and migratory individuals was confirmed. To explain the absence of
differences between individuals of the two strategies in other months, a temperature
model of the distribution of grayling in the tributaries of the Yenisei was proposed.
According to our assumption, when the water temperature rises to the physiological
optimum (17-18 °C) in the lower and middle reaches of the tributaries in July-August,
part of the local fish rises upstream, and part rolls down into the colder Yenisei (summer
temperatures no more than 12 °C). It is during this period that the most dramatic
differences between the Yenisei fishes and migrants can be diagnosed. By mid-late
autumn, such differences are leveled, and the migrants themselves are scattered among
the Yenisei fish (See Fig. 5).

The reason for the increased content of '*’Cs in sedentary graylings in August is not
clear to us, but, possibly, it is due to the dynamics of permitted radioactive discharges
into the Yenisei, the frequency of which during the year is not known to the authors,
since it is not published in the annual radioecological reports. Cesium, being a chemical
analogue of potassium, behaves in the body of fish similarly to this biogenic element.
The main deposits of cesium are found in fish muscles. When balancing the intensity
of consumption and excretion of radiocesium, its content in the tissues of sedentary
individuals reaches a stationary level, which we observed in September-November.

The results of the work show that fish isolated from the general sample on the basis
of a smaller number of sclerites in the second annual ring can indeed be considered
migrants from tributaries. The approach we used reveals predominantly immature and
first maturing individuals settling from tributaries, but is unsuitable for identifying
sexually mature fish that carry out short-term intra-river migrations. In the thermally
altered section of the Yenisei in the downstream of the HPP, tributaries can still make
a significant contribution to the grayling population. In the area of the mouth of the
Kan River, one of the largest tributaries of the middle Yenisei, the percent of migrants
in the summer-autumn period of 2019 was about 20% of the total grayling population.
The need to separate sedentary and migratory individuals is important for obtaining
homogeneous samples of grayling, which is traditionally used as a model object in
analyzing the distribution of technogenic pollutants in the river, as well as for studying
the nutritional value of grayling and environmental risks for the population associated
with its consumption.

The paper contains 5 Figures and 35 References.
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!Uncmumym neca um. B.H. Cykauesa CO PAH — obocobnennoe
noopasoenenue ®PUIL] KHI] CO PAH, 2. Kpachosapck, Poccua
2Cubupckuii pedepanvviii ynugepcumem, 2. Kpacnospck, Poccus
*Kpacnospckuti 2ocyoapemeennulil azpapnuiil yrugepcumem, 2. Kpacrospck, Poccus

JAnddepennuanus KIuMaTUNnoB JucTBeHHul (Larix spp.)
B reorpauieckux KyJbTypax B Jjecoctenu Cpeaneit Cudbupu

Pab6ota BrImonHEHa pu YacTU4HON (prHAHCOBOU moaaepkke: rpanta PH® (Ne 18-7410048),
rpanta POOU (Ne 20-05-00540) u 6a3oBoro nmpoekra UJI CO PAH (Ne 0356-2019-0024).

B eeocpaghuueckux xynemypax e Kpacnosapckoii necocmenu Cpeoduneii Cubupu
npoeeder  CPaBHUMENbHLIN  OUCNEPCUOHHBIIL  AHATU3  KIUMAMUYECKUX IKOMUNOS
JIUCMBEHHUY PAZHBIX 8UO08 NO 8bICOME Oepesbes, NIoWaou U NPOMANCEHHOCU (Oune)
KPOHbL HA 8b100PKeE 0epedbes ¢ 00UHAKOBLIMUXAPAKMEPUCIUKAMU O OUAMEMPY CMBOIA.
Yemanosneno, umo paznuuus mexcoy KIUMAMUYECKUMU IKOMUNAMU DASHBIX 8UO06
JUCMEEHHUYbL 8 2eocpaguueckux Kynvmypax 6 ycrnosusx Kpachoapckoii necocmenu
OMMeYaIomes KaK no evbicome 0epegves, Max u no NPOMAHNCEHHOCHU KPOHbL NO CIBOILY
U C6A3aHbI C MeCmoM ux npoucxodxcoenus. Knumamunvr aucmeennuyvr cubupcroti
U3 2OPHLIX MeEPPUMOPULl UMEIOM HUSKUEe HOKA3amenu 6blcomvl 0epesa U ONuUHbl
Kponvl. Camyro KOpOMKYIO KPOHY uMeen: BblCOKOLOPHbI KAUMAMUN C HAUMEHbULUM
2UOpomepmMueckuM KO3 PUYUeHmom Mecma npoucxoxHcOeHus, 8blcoKue noKasamenu
ONUHBL KPOHYL BbIAGIIEHBL Y KAUMAMUNOE TUCHBEHHUYbL CUOUPCKOU U3 KOMAOBUH 1024
Cubupu, a maxowce npeocmasumens aucmeenHuysl I menuna (Oaypckoi) uz Amypckoii
obnacmu. Camvlii cegephbvlil KIUMAMUN U3 10HCHOU maiieu (MOmvleuHcKull, bacceiin
peku Aneapul) ycmynaem npeocmasumenam IUCMEEeHHUYbl OAYPCKOU N0 ONUHe KPOHbI.

KuroueBsble ci10Ba: Larix; KIUMarT; aJanrtanys; AMaMeTp CTBOJA; BBICOTA JEPeBa;
KpOHa iepeBa

Jas umrupoBanus: Kyssmun C.P, Pybno A.B., bapuenxoB A.Il.,, Kapmiox T.B.
JuddepeHunanns KIMMaTunoB JUCTBeHHUL (Larix spp.) B reorpau4yeckux KyabTypax B
necocrenu Cpenneit Cubupu // Bectauk ToMCKOT0 roCyIapCTBEHHOTO YHHBepCcUTeTa. broorus.
2021. Ne 56. C. 170-188. doi: 10.17223/19988591/56/8

BBenenune

WNHTepec K NTMCTBEHHUIIE B HAyYHOM JINTEpPAType CBA3aH CO 3HAUUTEIbHBIMU
pa3IuyYusMH B TaKCOHOMUYecKoi auddepennuanuu pona Larix, MpeacTaBUTe-
JIX KOTOPOTO 00JIa1at0T ITUPOKUMH BO3MOKHOCTSIMH OTAAJICHHBIX CKPELIUBAHUH,
BBICOKOW 3KOJIOTHYECKON TUIACTUYHOCTBIO, OTKPBIBAIOIICH OOJBITHE BO3MOXHO-
CTU MHTPOAYKIIMH 3a MpeAeIIbl apeaja MHOTUX BUI0B. B pesynbrare sToro mpesu-
CTaBUTEIH JAHHOTO POJia MOIYJSPHBI IPU CO3/IAaHUH KYJIBTYpP. TaKko! OIBIT UMEEeT
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MHOTOJIETHIOIO HCTOPHIO, YTO OTPA3MIIOCHh B CO3MAHUU U MCCIICIOBAHUH Teorpa-
(buuecKkux KynbTyp JIMCTBEHHHMIIBI B Pa3HBIX peruoHax Poccuu: B 3abaiikanse [1,
2], B KpacHosipckoMm kpae [3, 4], B YaMmypTckoit Pecryonuke [5], B BopoHexckoit
[6], MockoBckoii obnactsx [7, 8], B Peciyonuke Komu [9] u npyrux peruoHax.
Kpome Toro, cymecTByroT MCCIeIOBaHUS pa3HBIX BUIOB JICTBCHHUIIEI B PaMKaxX
MEXTyHapOAHBIX poekToB [10, 11] u mpogomxkarorcst paboThI 1O CO3IaHUIO UC-
TIBITAHUHM TIPOUCXOXKIECHUIN JTUCTBEHHUIIHI BO BTOpoM aecstmietnu XXI B. [9].
leorpadmueckre U ucHBITaTENbHBIE KYJIBTYPBHl Pa3sHBIX BHUIOB JIMCTBEHHHIIBI
co3manbl 1 m3ydatorcs B lIBenun [12], @unmstanuu [13, 14], Tepmannn, Yexun
u CnoBakuu [15], Anonun [16], Kanane [17], CILLIA [18] u apyrux crpaHax.
B menom u3-3a 3aHMMaeMBbIX JIMCTBEHHHUIICH OIPOMHBIX TEPPUTOPHIA, 0COOCHHO
B Cubupu u 3abaiikaabe, MHOTHE KITUMAaTHYECKHE pachl HE U3y4YeHbl. | eHeTHue-
CKHE UCCIICOBAHMS, TPOBEACHHBIC METOIAMH AJDIO3UMHOTO aHAIH3a TOMYJISIHI
JIUCTBEHHUIBI cUOUpCKoi [19], mpeAcTaBIsMIOMKX MUPOKYI0 reorpapuio — OT
OBenkun 10 THIBBI, HE BBISIBIJIM TECHON B3aWMOCBSI3N MEXIY reorpaduaeckum
MOJIOKEHWEM HACaXJIEHUH W CTENEeHbI0 MX TeHETUYECKOH audQepeHIranmu.
Kapuonornueckne ucciemoBanusi TUCTBEHHUIIBI cubupckoi [20] mokazamu, 4To
9TOT BUJ IOBOJIBHO YCTOWYMB K aHTPOMOTEHHBIM HArpy3KaM, 4TO MOIYEPKUBAET
MEPCIEKTUBHOCTD HCCIIEIOBAHMS Pa3HBIX NPOUCXOKICHUH JTHUCTBEHHHUIIBI C TI0-
3HULIUN HE TOJBKO JECOBOCCTAHOBIIEHUS, HO U 03€JICHEHUS B TOPOACKHX YCIOBHSX.

Uccnenoanus, nposenennsie A.J. NpomankoBeM [3] B cO3MaHHBIX TTOJ] €TO
PYKOBOZICTBOM Teorpauyeckux KylbTypax pa3HbIX BHIIOB JIMCTBEHHHMI] B Kpac-
HOSIPCKOH JIECOCTEITH, KOTOPBIE CTaJI OOBEKTOM HCCIICIOBAHUS B JTAHHOH CTaThe,
MOKAa3aJId, YTO MOTOMCTBO JIEPEBbEB U3 BHICOKOTOPHBIX JTUCTBEHHHYHUKOB (1 600—
2 200 m) m3 Caypa, FOxno0ro u Ilentpamsaoro Anrast u Tanny-Omna B 10-etHeM
BO3pacTte 001aal0T OYeHb HU3KUMHU MOKA3aTeNIiIMHA POCTa U yCTOMYMBOCTU. B reo-
rpauuecKuX KyJIbTypax JIICTBEHHHIBI B BOPOHEKCKOI JIECOCTENN OTMEYaroTCs
HU3KHE TMOKA3aTelld 10 COXPaHHOCTH MoToMcTBa ¢ Antas [6], k 10-neTHemy BO3-
pacTy y HUX OTMEYaeTCs IIOJHAs MUMUHAIMS AepeBbeB. C yIydIIeHneM yCIOBUi
MIPOM3pACTaHUsI MATEPUHCKUX HACAKICHUH (IIPU CHIKEHUH BBICOTHI HAJI YPOBHEM
MOpST) IPOMCXOTUT ITOCTETICHHOE TOBBIIIICHUE TTOKa3aTeiel pocTa U COXPaHHOCTH
noromcTBa. Uccnenoanus [1.11. MonotkoBa ¢ coast. [21] BBISBIIN, YTO HauOoee
LCHHBIH TeHO(OH/T TNCTBEHHUIIE! CHOMPCKOM COCPEOTOUEH B PaBHUHHBIX, MPE.-
TOPHBIX ¥ HU3KOTOPHBIX TIOMYJISILUSAX BEPXHECHUCEHCKO-00CKOM 1 CassHO-aHTapCKOH
pac, Tak Kak KyJIbTypBl, CO3IaHHBIC N3 CEMSIH M3 3TUX PETHOHOB, XapaKTEPU3YIOTCS
HanOoee BEICOKUMH TOKa3aTeJsIMUA POCTa M YCTOMYMBOCTH U YacTO HE YCTYIAIOT
TP e MHTPOLYKIINH B eBpoIeiicKyto yacTh Poccun micTBeHHuIe Cykadesa.

B nacrosiee BpemMsi HCIIONIB30BaHUE COBPEMEHHOTO 000pYAOBaHUSI ITIO3BOJIS-
€T IPOJ0IDKATh MOHUTOPHHT 32 reorpaduaecKUMH KyIbTypaMH, IIPOBOAUTE IO~
poOHBIE MHBEHTAPU3ALIUH, [TOyYaTh aKTyaJIbHbIe HayYyHbIE MAaTepUabl 10 KOM-
IUIEKCY TIPH3HAKOB.

Lenb paboThl — OIIEHKAa MEXKBHUIOBBIX M BHYTPUBHUIOBBIX PA3IUYHM 1O POCTY
B BBICOTY, IDIOIIAAX M UIMHE KPOHBI HAa IPHUMEpE MOTOMCTB Pa3HBIX BUAOB JIH-
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CTBCHHUI, TPEACTABICHHBIX PAa3HBIMH IIPOUCXOXIACHUAMU, IMTPOU3PACTAIOIIUX B
reorpa(bnqecxnx KyJIbTypax B OAUHAKOBLIX YCJIOBUAX CPEABI.

MaTepnanbl U METOAUKH HCCTICT0BAHUSA

OOBeKT HCCIeIOBaHUS — reorpaduuecKre KyIbTYPhl TUCTBECHHHUIIBI, CO3MAHHBIC
B KpacHosipckoii ecocTernu Ha SKCiepiMeHTaIbHOM 0a3e MHcTutyTa jteca — «Ilo-
ropenbekuiit 6op» (56°22'06"N, 92°5723"E) YCTIOICKOTOo y4acTKOBOTO JIECHHYE-
ctBa KI'BY «EMennsHOBCKOE TeCHHYECTBOY». B HACTOSIIIINIT MOMEHT 3TO KCIEpH-
MEHTAJIbHOE XO34HCTBO (HayuHbIH craruoHap) «Iloropensckuii 6op» MHCTHTYTA
neca — obocobenHoro nmoapasaenenus UL KHL] CO PAH. [Tocanka 3—4-neTHIX
CEsIHIICB JINCTBESHHUII HA SKCIIEPUMEHTANBHBIN yJacToK (fanee — reorpaduieckue
KYJBTYpbI) MpoBoAmiIack BecHord 1969—1970 rr. [3]. bromormueckuii Bo3pact uc-
CIIEMyeMBIX JIePeBEB HA MOMEHT MHBeHTapu3anuu B 2016 I COCTaBIUT OKOIO
50 ner. IInomane y4acTka NCCIIeyeMbIX TeorpaduecKuX KyIbTyp JINCTBEHHULIH —
1,5 ra. B reorpaduueckux KyiabTypax MPeACTaBICHbI CICAYIOIIUE BBl TUCTBEH-
HUIBL: 1. cubupckast (Larix sibirica Ledeb.), n. Imenuna (naypckas) (L. gmelinii
Rupr.), n. YUexanoBckoro (L. czekanowskii Szaf.), n. Kasunepa (L. cajanderi Mayr),
1. simoHckas (L. leptolepis Gord.) n 1. Cykauesa (L. sukaczewii Dylis). I3 HuX Tonb-
KO IIPE/ICTABUTEIIN CHOMPCKOH, TaypcKoit, YeKaHOBCKOTO U ATIOHCKOH COXPaHUIIUCh
B JIOCTaTOYHOM KOJIMUYECTBE JUTS UCIIONIh30BaHMS X B JaHHOU pabote (Tabiuiia).

XapaKTepuCTUKH BbIOOPKH KJIMMATUIIOB JUCTBEHHULbI
[Selection characteristics of larch climatypes]

HasBanue knumaruna (Bujm)
[Climatype name (species)]

Yere-Kanckwii (sibirica)
[Ust-Kansk (sibirica)]
Yemanbsckuii (sibirica)
[Chemal (sibirica)]
Ownrynaickwuii (sibirica)
[Ongudai (sibirica)]
Conckutii (sibirica)
[Son (sibirica)]
[laronapckuii (sibirica)
[Shagonar (sibirica)]
Mamuckuii (sibirica)
[Mana (sibirica)]
Typauckuit (sibirica)
[Turukhansk (sibirica)]
Kaa-Xewmckuii (sibirica)
[Kaa-Khem (sibirica)]
MortbiruHckuii (sibirica)
[Motygino (sibirica)]
Tauauuckuii (sibirica)
[Tanda (sibirica)]
Tec-Xemckuii (sibirica)
[Tes-Khem (sibirica)]

Ne n |Long.| Lat. | Alt. | St5 | VP|Stl0| P | H

1| 19/13 | 84,73 [50,92|1145|1540(137 (1210|286 (2,4

2 | 43/12 | 86,00 |51,38| 437 |2330(173|2010[405 2,0

3| 1713 | 86,12 |50,73|1050|1920{156| 1580 | 286 | 1,8

4 |148/103] 90,38 [54,37| 502 |2169|158|1862|245|1,3

5 3/3 192,88 51,52 590 [2251|161{1930]211|1,1

6 | 13/9 |93,63|55,68| 361 |1643(135|1305(443 (3,4

7 | 15/14 | 93,92 |52,13| 853 |1841|147|1487 (232 1,6

8| 19/9 |94,58 |51,70| 633 [2334|158(2036|179|0,9

9 | 28/24 | 94,70 |58,18| 129 | 1812|138 | 1587|286 1,8

10| 11/4 | 94,77 [51,00(1005 (2079|152 (1803|292 | 1,6

11| 6/4 |95,1550,25(1093|2138|155|1864|159|0,9
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Ha3panue kinumarumna (BUx)
[Climatype name (species)]

IutkuHCKO-9yHCKUH (sibirica)
[Shitkino-Chuna (sibirica)]
BuxopeBcko->KuranoBcKuit
(sibirica) 13| 9/3 |101,13[56,10( 354 |1749|137 (1420|243 |1,7
[Vikhorevka-Zhigalovo (sibirica)]
Yere-OpnsiHckwid (sibirica)
[Ust-Orda (sibirica)]
[letpoBck-3abaiikanbCKuit
(czekanowskii) 15| 6/4 [108,82(51,27| 872 [1654|131|1371|306(2,2
[Petrovsk-Zabaikalie (czekanowskii)]
TynroxoueHckuii (gmelinii)
[Tungokochen (gmelinii)]
UepnbleBckuid (gmelinii)
[Chernyshevsk (gmelinii)]
3eiickuit (gmelinii)
[Zeya (gmelinii)]
Tomapunckuii (leptolepis)
[Tomari (leptolepis)]
IlyHKT ucnipITaHus
(Tloropenbckuit 60p) 92,95 |56,37| 265 | 1968|149 | 1627|255 1,6
[Place of trial (Pogorelsky bor)]
Tlpumeuanue. Ne — HOMep KIIMMAaTHIIA; N — KOJINYECTBO JIEPEBLEB B BHIOOPKE C Pa3HBIMU  JTHa-
metpamu (121-160/181-220 mm), mrt.; Long. — nonrora B pecsitmunoM ¢opmare; Lat. — mm-
pota B necsaTuaHOM Qopmare; Alt. — BeIcoTa HaJ ypoBHEM MOps, M; St5 — cyMMa TemIieparyp
> 5 °C; VP — npoaoinkuUTeIbHOCTh BEreTallMOHHOTO Iepuoja, JHu; St10 — cymMa Temmeparyp
> 10 °C; P — cymma ocazkoB ¢ Mast O ceHTsI0pb, MM; H — ruaporepMudeckuii ko3 GHUIeHT.
[Note. Ne - Climatype number; n - Selection of trees with different diameters (121-160/181-220 mm), pcs.;
Long. - Decimal longitude; Lat. - Decimal latitude; Alt. - Altitude, asl; St5 - Sum of temperatures > 5 °C;
VP - Duration of vegetation period, days; St10 - Sum of temperatures > 10 °C; P - Precipitations May-
September, mm; H - Hydrothermal coefficient].

Ne| n |Long.| Lat. | Alt. | St5 | VP[Stl10| P | H

12| 9/8 |98,37[56,37| 219 (1967|143 (1692|256 1,5

14| 11/14 |104,65(52,77| 522 (1859|139 | 1588|337 | 2,1

16| 11/7 |115,58(53,52| 848 1554|127 (1266|340|2,7

171 9/9 |117,05[52,50| 658 |2121|151{1828|290|1,6

18| 18/14 |127,22{53,72| 221 (2160|151 (1963 |451|2,3

19| 17/14 |142,07{47,75| 123 | 1889|157 |1481|341(2,3

Knmmarmdeckast XapakTeprCTHKa MECT MPOUCXOXKICHUS JIMCTBCHHHMII, TIPE-
CTaBJICHHAsI B TaOJIUIIE, COCTABNIEHA 110 JaHHBIM CIpaBOUHUKOB 110 kiumary CCCP,
rugporepmudeckuil koaddurment (H) paccunrtan o dopmyne: H = R/(0,1CAT),
rae R — ocagku ¢ mMas o ceHTa0pb, MM; CAT — cymMMa aKTUBHBIX TEMIIEPaTyp
(cyMMa cpemHHX CYTOYHBIX TEMIIEpaTyp 3a IIEpHOJ, KOTAa OHH IIPEBEHIMIAIN
10 °C), °C. NHBeHTapu3alus )KUBBIX IEPEBHEB reorpapuueckux KyJIbTyp IpoH3-
BeneHa B 2016 . ¢ moMomipio mporpaMMHO-HHCTpyMeHTabHOTO [ IC KoMImiek-
ca «Field-Map» [22] B pe3synbrare corpyaHuuectsa ¢ oraenom I'MJI ¢unuana
«BOCTCHUBJIECITIPOEKT» ®I'BY «Pocnecundopr». Komruieke cocTouT wu3
Habopa IpHOOPOB: JIA3epHOIO JANbHOMEPA, NEKTPOHHOTO KOMIIAca, MHKIIMHO-
Metpa, GPS-nprneMHnKa, IIAHIIETHOTO KOMITBIOTEPA, IIEHTPAIN30BaHHO YIIPaB-
nsembix [10 TUC «Field-Mapy, u mo3BosiseT pemarh MUPOKUNA KPYyT 3ajad B
JIECHOM oTpaciy. VIHBeHTapu3aIisl BKIIOYaIa YeThIpe BHUIA H3MEPECHHUI — M0JI0-
JEHHUE CTBOJIOB IEPEBbEB OTHOCUTENBHO LIEHTPA MPOOHOI! ILTOIIa U C U3BECTHBI-
MH KOOpJIWHATaMH, JUaMeTp CTBoJa (Ha BBICOTE 1,3 M) B MM, BBICOTY JIEPEBHEB
Y BBICOTY HWKHEW >KMBOU BETKHU KPOHBI B METPaX, U3 KOTOPHIX PACCUUTHIBAJICS
MMOKa3aTesb NPOTSHKEHHOCTH (ITMHEI) KPOHBI KakIoro aepesa. [lepen mposene-
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HUEM MHBEHTApU3aIlMY Ha IPOOHOM IIIOMIAAN BHIITOTHEHA paboTa Mo PacurucTKe
TEPPUTOPUU OT CYXOCTOMHBIX U YHaBIIUX AEPEBHEB; B cOOpE U aHANN3E JAHHBIX
YYTCHBI TOJBKO KHUBEIE IepeBhsi. OOIIee KOMNIESCTBO AePEBLEB INCTBEHHUIBI HA
poOHOH MIIOMAAU B UTOTe HHBEHTapU3aluu cocTaBuio 1 674 mr.

Benmuunb! mnomanelt KpoH ONMBITHBIX JEPEBBEB MOTYUCHEI B pe3ynbrare 00-
paboTku HabOpa AAHHBIX a3pO(OTOCHEMKH MPOOHON IUIOMIAAN C BBHICOKMM MPO-
CTPaHCTBEHHBIM pa3pelIeHrueM, KOTOpasi BHITIOIHEHA Ha MaJbIX BeicoTax B 2016 T
¢ nomouipto kBagpokontepa «DJI Phantom 3 Pro» co cranmaptHoii (RGB) xame-
poH. DTart co3MaHus eIMHBIX CKOMIIOHOBAHHBIX W300pakeHui (opTooTOMO3anK)
mpoOHOM IUIOMIAAM BBINOJHEH B (pOTOrpaMMETpUUecKoil mporpamme «Agisoft
Photoscan» (Bepcust 1.4.0). 13 cepun oprohoTOMO3anK KOHTYpPBI KPOH JICPEBBHEB
ouudposansl B [ UC-nporpamme «QGIS 2.8» MeTonom pydHoro godaieHus Ho-
JINTOHOB B HOBBIM BEKTOPHBIN CIJIOH, U3 KOTOPOTO PACCUATAHBI IUIOMAAN KPOH Jie-
PEBbEB U 00aBICHBI B 623y TaHHBIX MHBEHTAPHU3AIMY KIIMMATHUIIOB JINCTBEHHHUIIBL.

Tak kak HeNblo TaHHOW paboThI SBJISJIOCH YCTAHOBJICHUE PA3IUYHNA MEXKITY
MPOUCXOKJCHUAMH 110 OCOOEHHOCTSIM POCTa, MPOU3PACTAIOIUX B OAMHAKOBBIX
YCIOBHAX CpPENBl, TO B aHAJIN3 HE BOILIH IIOTOMCTBA IPOUCXOXKICHUH JNCTBEH-
HUII, KOTOPbIE COXPAaHWINCh EAMHIYHO WIH y HUX HE HaOpalloch HEOOXOAUMOTO
KOJIMYIECTBA JICPEBHEB C OINPEICICHHBIMU 3HAUCHUSIMH THAMETPOB (HA BBICOTE
1,3 M) st anamu3a. OTOOp EepeBhEB C ONpPeeICHHBIMU 3HAUCHUSMH JUaMETPOB
O3BOJISICT (POPMHUPOBATEH BEIOOPKH C MAKCUMAIBHO CXOKHMH YCIIOBHSIMHE TIPOH3-
pacTaHMs, Tak Kak MO3aUYHBII XapakTep COXPaHHOCTU M 0Opa30BaHUE «OKOH»
(mycTorreit) Ha ydacTke reorpaduuecKux KyJIbTyp B pe3ysibTare rHOeH 1epeBbheB
32 HECKOJIBKO JIECSTKOB JIET MOXET MPUBOAUTH K HEPABHOMEPHOCTH B OCBEILEH-
HOCTH W TUTOIIA MTUTAHUS IS OCTABIIUXCS KUBBIX JIEPEBBEB.

W3 Bcero Habopa HaHHBIX BBIOpaHbI 19 mpoHcxoxaeHUH (KIMMATHYCCKUX
9KOTHIIOB) Pa3NUYHBIX BHIOB JINCTBEHHHMIIB JJISI CPAaBHUTEIHHOTO aHAIM3a Ha
OCHOBE HEMapaMeTPUUECKOr0 MeTo/1a — AUCIIEPCUOHHOTO aHaIN3a ¢ OLECHKON Mo
kpurepuio Kpackena — Yommca n mequanHoro tecta [23]. Mcnons3oBacst moa-
XOJ] ¢ AByMS BBIOOpKaMHU JIEPEBbEB C pasHbIMU AuameTpamu — 121-160 mm (iep-
Bas TPyHIIa — OCHOBHAS, W3-3a OOJBIIETO KOJIMYECTBA JIEPEBLEB, NPEICTABICH-
HBIX B BBIOOpKAX, IPEJCTABNISAIONINX OTAENbHBIC IPOUCXOkAeHHs) U 181-220 MM
(BTOpas rpymma) A MPOBEPKH HATMYUS 3aBHCHMOCTH OT 3TOTO MOKA3aTels.
Yucno aepeBbeB BHYTPH KakKA0il BEIOOPKH y KIMMATHUIIOB BapbUpyeT OT 3 (Ia-
TOHAPCKU — ANHCTBEHHEIH, ¥ KOTOPOTO BEIOOPKA COCTABISIET MeHEE 4 epeBhEB
M0 OTJENIbHBIM Tpu3HakaM) 10 148 (conckwii). OOIIee KOIUYECTBO IEPEBHEB B
niepBoii rpynme 412 u 291 Bo BTOpoii. B AByX ciydasix mepeBbs pa3HBIX MPOWC-
XOXIeHUH OOBbEAMHSUIUCH B OJMH KIMMATUI U3-3a ONM3KOr0 reorpauueckoro
MIOJIO’KEHNST MCTOYHUKOB CEMSH M HEOONBIIOW BBIOOPKH JOCTYIHBIX ICPEBHEB
(cM. TabnMIy): BUXOPEBCKHUM, IECTAKOBCKUM U XUTaJIOBCKUN (BUXOPEBCKO-KH-
TAJIOBCKUH ) M IMUTKUHCKHUH, TAUTIIETCKUIA W OHA-YYHCKUH (I TKUHCKO-UyHCKHH).

B nanHoii paboTe NOTOMCTBA IUCTBEHHUIIBI U3 PA3TUUHBIX MECT IPOUCXOXKIE-
HUS TIPY CPABHATEIFHOM aHAJIM3€ N3HAYAIBHO HE Pa3IelTIoTCs Ha IPEICTaBHUTe-
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JIel pa3HBIX BHIOB, 8 CPABHUBAIOTCS MEXKAY COOOH 1 Ha3BaHbI YCIOBHO KIMMATH-
YEeCKMMU 3KOTUIAaMU. B 0TAENIbHBIX ClIydasx 00beMHEHBI TOJIBKO reorpaduiaecku
OJM3KHE TOTOMCTBA 10 MPOMCXOXKICHHUIO ISl TIONYyYCHHSI CTAaTHCTHYCCKH 3Ha-
YUMBIX JaHHBIX. B BBIBOJAX NpeCTaBIEH aHAIM3 MOJYyYEHHBIX PE3yJbTaToB C
YYeTOM BHIOBOU MPUHAIC)KHOCTH MCCIEAYEMBIX IIOTOMCTB JIMCTBEHHHUIIH. BEI-
YHCIeHb! K03((UIMeHTsl Koppensnuu [lupcoHa MexXay CpeaHUMH 3HAaYCHUSIMU
0 BBIOOPKaM KIIMMATHIIOB M XapaKTCPHCTUKAMU UX MECT IIPOUCXOXKACHIS, TaK
KaK CpaBHMBaeMbIe BEIOOPKH COOTBETCTBYIOT HOPMAJIBHOMY PaclpeaeIeHUI0 Co-
macHo kpurepuro Konmoroposa — CmupHOBa u tecty Illamupo — Yunka. Koag-
¢unyeHT BHIOPOCOB, MPUMEHIEMBIN [T XapaKTePUCTHKH BCEX BBIOOPOK, — 1,5.
Craructudeckast 00paboTKa MOyYCHHBIX TaHHBIX M IIOCTPOCHUE THarpaMM BEI-
noiHeHs! B mporpamme «StatSoft STATISTICA 8.0».

PesysbTarsl Hccaeq0BaHus U 00CYKIeHTE

B pesynbrate nccneoBaHuil BBISIBICHO, YTO COINIACHO TUCTOTPaMME pacIipe-
JeTICHNsT TUaMETPOB 77% BceX NEPEeBBEB B reorpa)UuecKux KyJIBTypax oKasza-
nuch B auanazone 110-230 mm, a Hambonee yacTo BCTpeUarolIeecs: 3HAYCHUE
mametpa — 150 MM. B mepBoM BapuaHTe HaIllero aHaju3a BHIOPAHEI AEPEBBS C
nuamerpamu 121-160 mm. B pesynbrare HemapaMeTpu4eckoro JUCIEPCHOHHOTO
aHaJM3a C UCIIONB30BaHNeM KpuTepus Kpackena — Yommmca oOHapykeHO, 9TO 1O
BBICOTE JIEpPEBLEB BBISBJICHBI 3HAYMMBIEC PAa3UUUs MEXKAY KIMMATUIIAMHU KaK IO
tecty Kpackena — Yommuca (p < 0,001), Tak u mo MeauanHoMy tecty (p < 0,001).
WnauBunyanbHast ©3MEHYUBOCTH 110 KJIIMMATUIIAM BapbUpyeT oT 5 10 17%.

Hanee BoIOpaHHBIC KIMMATHITEI pa3felBUIMCh Ha TPH TPYIIHL IO MeAHaHaM
Kax 01 BbIOOpKU. OOImIas COBOKYITHOCTh 3HAUCHUI BBICOT JIEPEBLEB COOTBET-
CTBOBaJIa HOPMAaJBHOMY paclpeneNleHuio. Bce Tpu Ipynmbl mpeacTaBieHBl Ha
puc. 1, 3a mepBbIii BAPHAHT BHIOOPKH OTBEUYAET JIeBas MOJIOBHUHA KPYToB. Y KIIH-
MAaTHUIOB B TPyIIIE ¢ HANMEHBIINMH 3HAYCHUSIMH BEICOTHI ITO MEINAHE BapbUpPO-
BaHue ujer ot 16,8 no 17,8 m, B cpeaneit rpynme — ot 18,0 1o 18,8 M, B rpymiie ¢
HanOONBIIMMHI 3HAYECHUSIMH BEICOTEI — OT 19,0 10 21,4 M.

Knumarunsl BHyTpHY Kax 101 TPy HE OTIIMYAINUCH CTATUCTUYECKH 3HAYMMO
IpyT OT IpyTa, HO OTMEUCHBI Pa3inirs MEKAY KIMMAaTUIIAMH U3 pa3HBIX TPYIIIL.
3HAYMMBIX KOPPEJSLUOHHBIX CBA3EH C XapaKTEPUCTHUKAMH MECT MPOUCXOKICHHS
KIIMMATHIIOB (CM. TaONHITy) HE BBELABICHO. BricoTa Haxg ypoBHEM MOpS B MecTaxX
MIPOUCXOKICHHSI BCEX KIMMATHUIIOB B TPYIINE ¢ HAMMEHBIIMMHU 3HAYEHUSMU BbI-
COTHI JIepeBhEB MMEET caMble Bbicokue Tokazarenu (1 005—1 045 m) cpenm Beex
AHAJIM3UPYEMBIX KIMMATHIIOB JIMCTBEHHUI. MecTa MPOUCXOKICHHUS ITUX KIHU-
MaTUTNOB (IIOMEYEHBI Ha pPHC. | MOTHOCTHIO YEPHBIM I[BETOM) PACIIOJIOKEHBI B
foro-3anajgHoi yactu CpenHeil Cubupu B TOPHBIX U MPEATOPHBIX TEPPUTOPUSLX
Pecnry6mukn Anraii u TeiBbl. YeTh-Kanckuii kiimmarut (Ne 1) umeet HanGosnpliee
3Ha4YeHUE MeJUaHbl B TPYIIE C HU3KOHM BBICOTOM NepeBbeB (17,8 M) (puc. 2) mpu
3TOM OH T0 Kputepuro Kpackena—Yommuca 3Haunmo (p < 0,01) MeHbIIIe COHCKOTO
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(19,6 m), Typanckoro (20,1 M), IMIATKHHCKO-TYHCKOTO (20,5 M), TYHTOKOUEHCKOTO
(20,3 m) u ipu p<0,05 — Tomapuuckoro (19,3 m).

VS

Puc. 1. Pacnionoxxenue MeCT NPOUCXOMKACHUS KJIMMATHIIOB Pa3HbIX BUJOB JTUCTBEHHUI]
(0003HAYCHBI KPY>KKAMH, IIBET KOTOPBIX OTPaXKaeT JIBE BEIOOPKU JIEPEBHEB: ACPEBS
¢ quamerpamu 121-160 MM (j1eBast HoJIOBHHA KPYToB) U ¢ fuamerpamu 181-220 mm (ipaBast
MTOJIOBUHA), YSPHBIH [[BET — TPYIIIa C HU3KUMH 3HAYCHUSMH BBICOTHI JICPEBBEB, CEPhIA —
CPEIHUMH, OeJbIi — HANOOJIBIINMHE; TPEYTOIBHHUK — Feorpad)uuecKue KyabTyphl
JMCTBCHHUIIBI; HA3BAaHHS KIIMMATHUIIOB MPECTABICHBI B TAOIHIIC 10 HOMEpPaM)
[Fig. 1. Origins of the larch climatypes (shown in circles where the fill-in color represents two selections
of trees: trees with diameters 121-160 mm (left part of circles) and with diameters
181-220 mm (right part of circles), black color - the group of trees with low, gray color - average
and white color - highest values of tree height, correspondingly; triangle - larch provenance
trial plot; climatype names by numbers are listed in the Table by numbers)]

OueBUIHO, YTO MATEPUHCKUE NEPEBhsI KIMMATHIIOB, MECTa MPOUCXOKICHUSI
KOTOPBIX NPHYPOYCHBI K TOPHBIM TEPPUTOPHSIM Ha I0Te apeajia JUCTBCHHHUIEI CH-
OUMPCKOM, UCTIBITHIBAIIN CTPECC M3-3a HEOIATOMPHITHBIX JIECOPACTUTEIBHBIX YC-
JIOBUH C TOYKH 3pEHMS AOCTYIMHOCTH NMHUTATEIBHBIX BEUICCTB W BIIATH B IOYBE.
OTO0 0TPa3UIIOCh Ha MOKA3aTeNsIX POCTa B BBICOTY Y UX ITOTOMCTBA B Oosee Onaro-
MpUATHBIX ycnmoBmsax KpacHosipckoit necoctemnu. JlepeBbsi KIIMMATHIIOB, Y KOTO-
PBIX OTCYTCTBYIOT OIPaHHUYCHUS, BBI3BIBAEMBIC CTPECCOBBIMU (DaKTOPAMH MECT
MIPOMCXOXKICHUS, CIIOCOOHBI PACTH 3HAYUTEIHHO BEIIIIE.

Comtacuo JLII. Peicuny [24], nucTBeHHUYHUKHM OallaHOBO-YEPHUYHBIE U3 BBI-
cokoropuii 3amagHoro u lleHTpambHOrO AnTasi IMEIOT HU3KYIO MPOMYKTUBHOCTH
(Oonurer V Kiacca). ABTOPOM IPUBOJMUTCS OMHCAHUE TMCTBEHHUYHUKOB €PHUKOBO-
JIAIIAHIKOBBIX, UIMEIOIMX OOHUTETH Va M BCTPEYArOIINXCs Kak Ha AJTae, Tak U B
CasiHax Ha CKJIOHAX ¢ MAJIOMOIITHBIMU KaMEeHHCThIME ouBaMu. B Boctounom Casine
B JOJMHAX PEK HA IMOHIDKEHHBIX YYACTKAaX TEPPac BCTPEUAIOTCS JIMCTBEHHIYHUKH
€pHUKO-BEIHUKOBO-MOXOBBIE ¢ OoHUTeTOM V. Takum o0pasoM, eciu 0600mars mo-
JIy9eHHBIE PE3YIIBTaThI C IATEPATyPHBIMH, TO CTAHOBHUTCS TOHATHBIM, UTO C YITyHIIe-
HHEM TMOYBEHHBIX YCJIOBHH, COBIAAIOIINX B Ps/IC CIIy94acB C MOHMKCHHUEM BBICOT
HaJ{ ypPOBHEM MODSI, IPOHCXOINT M YBEIMICHNE TIPOAYKTUBHOCTH JICPEBHEB.
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Puc. 2. Jluarpammsbl pazmaxa ¢ MeiHaHaMK (TOPU30HTAJIbHBIC JIMHHH)
10 BhICOTE JiepeBheB (¢ quamerpamu 121-160 cm)
[Fig. 2. Box-and-whisker diagrams of tree height with medians
(horizontal lines) for trees with diameters 121-160 cm.
On the X-axis - Climatype number; on the Y-axis - Height, m]

Bo BTOpOM BapHaHTe aHalu3a Y4acTBOBAJIU JAEPEBbs C Auamerpamu 181—
220 cMm. B pesynaprare KIMMaTHUOBI TakXKe Pa3ACTSUINCh HA TPU TPYHOBl (CM.
puc. 1), BbAENEHBI IBETOM B NPABOM 4aCTU KPYroB. Y KIMMAaTUIIOB C MEHBIIU-
MH 3HAUYEHUSIMU BBICOTHI UX MEAMaHbl BapbupytoT oT 19,8 no 20,8 M, y cpenneit
rpynnsl —oT 21,7 10 22,4 M, y Tpyniiel ¢ HAHOOJIBIIMMU 3HAYEHUSIMH BBICOTHI — OT
22,5 no 25,1 m. ManuBuyanbHass ©3MEHYHBOCTD 110 KIIMMATUIIAM BapbUPYET OT
3 1o 12%.

CpaBHeHHE TIPHPOAHBIX TeorpadMUeCKUX YCIOBHU TIPH Pa3IeiICHUN TPYIIT
IO BBICOTE HA pHUC. | MOKA3bIBAET, UTO B II€JIOM TPYIMIA ¢ HU3KUMH 3HAYCHUSIMU
BBICOTHI COXpaHHUIIa CBOIO PUYPOUECHHOCTD K TOPHOM OTO-3aITaHOM YacTH apea-
J1a cpey NMPEeCTaBIEHHBIX IPOUCXOKACHUN. B 3Ty rpynmy Boren kaa-xeMcKuit
KIIMMATHII U3 CpeIHeH Tpynmbl. BmecTe ¢ Tec-XxeMCKHUM, PEeICTaBUTEIIEM TPYII-
Bl KJIMMATUIIOB ¢ HU3KOH BBICOTOI, OHM €AMHCTBEHHBIE, Y KOTO I'HPOTEepMHIUE-
ckuit ko3 dunmenT meHee 1,0 (3acynumBbie ycnoBus). Takum oOpa3oM, HMEH-
HO CJIOXKHBII KOMIUIEKC CTPECCOBBIX (DaKTOpPOB, TAaKHX Kak OelHbIC TIOUBCHHBIE
YCIIOBHS, 3aCyIUTUBHIN KIMMAaT MECT MPOUCXOKICHUS OTACIBHBIX KINMATHIIOB,
SIBIISIETCS. OTHOM U3 PUUYUH TOTO, UTO B ycIoBUsIX KpacHospckoii tecocTeny oHU
HE CHOCOOHBI MPOAYIIPOBATh BEICOKME TIOKA3aTENN BEICOTHI IEPEBHEB IO CPaB-
HEHHUIO C APYTUMH KIMMaTunaMu. B To e Bpemst CoceIHUE 10 MECTY IIPOHCXOXK-
JCHUS KIMMATHIB — TYPaHCKUH M IIAarOHAPCKUI — IIOMAagaroT B 00OMX CIydasx
B TPYNIy ¢ HaHMOOJBIIUMHU 3HAUEHUSIMH BBICOT. [IpHUMHOI 3TOTO MOIJIM CTaTh
0co0bIe reorpaUuecKue YCIOBHS X MECT MPOUCXOXKAEHHS — TypaHo- YIOKcKast
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KOTJIOBHHA K TyBUHCKas KOTJIOBHHA B palioHe AenbThl pek [laronap u Topraieir,
I7ie OHM cIMBaroTCs U BagaoT B Exuceit nepen CasHo-11lymeHckuM BOJOXpaHu-
mumeM. [ToToMcTBa KITMMATHITOB U3 MECT 0€3 €CTECTBEHHBIX CTPECCOBEIX (DaKTo-
POB B BHJIe OeTHBIX MOYBEHHBIX YCIOBUI WM 3aCYILIUBBIX YCIOBUN CIIOCOOHBI
peann30BEIBaTh CBOI MOTEHIINAN pocTa Oojiee ycnenrHo B ycimoBusix KpacHosp-
ckoit tecoctenu (Iloropensckuii 6op). K TakuM kimmMarunam moMUMO IaroHap-
CKOTO M TYPaHCKOTO OTHOCSTCS: NIUTKUHCKO-UYHCKHH, IETPOBCK-3a0aiKaIbCKHiA
U TYHT'OKOYEHCKUH, B 000MX BapHaHTaX BEIOOPOK OHU MOMA/Al0T B IPYMIIEI C HAU-
OONBIINMY 3HAYCHUSMH BBICOT.

IIpobnemsl ¢ amanrtarueit k yciaoBusiM KpacHosIpckoil necoctenu y kimma-
THUIIOB, BBIJCIICHHBIX B TPYIITYy C HU3KUM POCTOM, MOXXHO OTMETHTH U B paboTe
AWM. UpomHukosa [3], B KOTOPOI 0TMeUaeTcs, YTO MOTOMCTBO BBICOKOTOPHBIX
nmucTBeHHUIHUKOB (1 600—2 200 M) obnagaeT o4eHb HU3KUMH ITOKa3aTeIsIMU PO-
CTa M YCTOMYMBOCTH. BbIiensercs TaHAMHCKAN KIMMATHI, KOTOPBIH, COTIaCHO
AU. UpomnukoBy, B 10 jieT umeer cpenHioro BeicoTy Ha 20% HMXKe, YyeM Ju-
cTBeHHUIA u3 Xakacuu ¢ BbicoThl 600—800 M. Bricokue mokaszarenu pocra co-
IJIACHO ATO# paboTe XapakTepHbl i MaHckoro, CasHckoro, Mpoetickoro, beii-
CKOT0, IpKYTCKOTO M JPYTHX JIECX030B, XOPOIIHUM POCT OTMEYAETCs y TOTOMCTBA
JIMCTBEHHUIIBI U3 OacceitHa pek buprockl u UyHsl, a Takxke u3 CpenHero [Ipuan-
rapbsl, cinabee poct y XKuranosckoro u YeTh-OpbIHCKOTO JIECX030B.

OTU JaHHBIE XOPOILO COMIACYIOTCS € BBIACIAEMBIMUA HAMU TPYIIIaMHU, TaK KaKk
BHUXOPEBCKO-KUTAIOBCKUI U YCThb-OPABIHCKUI KIMMATHUIIBI CTAOMIBHO OTHOCSAT-
Csl K CpeIHEH TPyIIIe 10 BBICOTE, ITUTKUHCKO-IYHCKHN CTAOMIIBHO OTHOCHUTCS K
rpymnie ¢ HauboJNbIIel BBICOTONW, MOTBITUHCKHIM M MaHCKUN B 3aBUCHUMOCTH OT
BBIOOPKH 110 TUAMETPY MOMAJA0T B TPYIIITEI CO CpeTHEi M HauOOoJbIIel BRICOTOM.

AHanmu3upys pocT NETPOBCK-3a0aiikaIbCKOro KIIMMAaTHIIA, IPEICTABUTENS JIH-
CTBeHHHUIIBI YekaHoBckoro, A.W. pomTHUKOB (PUKCHPYET Y HETO HU3KHUE ITOKa3a-
TEJIU [0 CPABHEHHUIO € TMCTBEHHUIIAMU CHOUPCKOil 1 naypckoil. CoracHO HaluM
JaHHBIM, 3TOT KIMMATHII TIOTIaJaeT B 000MX CIyJasxX B TPYHITy C HAUOOIBIIUMH
BBICOTaMH, I03TOMY MOXHO OTMETHUTb, UTO C BO3PACTOM €0 IIOKA3aTeN! He yXY/-
LIMJIUCh U €r0 MOXKHO paccMaTpuBaTh Kak HE YCTYHAIOIIUI 110 POCTY B BBICOTY
OONBIINHCTBY IpEICTaBUTENECH KaK JIMCTBEHHUI] CHOUPCKOM, TaKk U JaypcKoi B
YCIJIOBUSIX JIECOCTEHOM 30HBI.

B ommuuue ot nokasarenei BEICOTHI A€PEBBEB, INIOMIAAb KPOHBI HE OKA3bIBAET
3HAUMMOTO BIMSHUA Ha Pa3IuyKsl MEXAY KIMMAaTUIIaMU IO IePEBbsIM C TUaMeTpa-
MH 121-160 MM B CBSI3U € CUIIBHOM H3MEHUHBOCTBIO 3TOTO TOKA3aTelNsl B BEIOOpKaX
OT/ZENbHBIX KIMMAaTUNoB. Tak, npu ucciaenqoBaHUK OMOMETPUYECKUX IPU3HAKOB Y
JIUCTBEHHHUIIBI €BPONEUCKOH [25] BBIABICHO, UTO AJISl TPEThEro Kiacca Bo3pacra
W3MEHYHMBOCTh BBICOTHI JIEPEBBEB (CpeqHee 3HaUYeHHE — 28,6 M) COCTaBISIET BCETO
4,3%, a TIoma M MPOEKIMH KpoHbI (cpenHee 3HaueHue — 20,83 m?) — 58,8%.

B Hamux ucciiegoBaHUsIX UHIUBUAYaJIbHAs U3MEHYMBOCTD IJIOLIAH KPOHbI
0 BBIOOPKAaM OTHEIBHBIX KIMMATUIOB BapbupyeT oT 26 1o 130%, uto nena-
€T JaHHBIH MPHU3HAK HEOOBEKTUBHBIM B OICHKE PA3INIUil MEXIy OTIHCIHHBEIMU
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kiMartunamMy. CTaTUCTHYECKH 3HAYUMOHM KOPPEILSIIHH METUaHHBIX 3HAYCHUH
IJIOMIAU KPOHBI C BBICOTOH NI€PEBBHEB HE BBISBIEHO, HO OTMEYAETCS 3HAYUMAs
KOppensIus ¢ reorpadguyeckoil MMPOTOl UX MecTa npoucxoxaeHus (r = —0,48;
p < 0,05). MeHpIIM MeJMAaHHBIM 3HaueHueM 3HauuMmo (p < 0,05) orTnuvaercs
IMIUTKAHCKO-IYHCKAH KIMMATHI OT yCTh-OPABIHCKOTO, COHCKOTO, YeMaJbCKOTO,
OHT'YJJafiCKOTO, ILIArOHApCKOTO, BUXOPEBCKO-KHTAJIOBCKOIO, MHETPOBCK-3a0aii-
KaJbCcKOTO M 3efickoro (puc. 3). BerpewatoTcst w Apyrue OTHENBHBIC OTIHUHS
MEeXIy KIMMaTUIlaMH, KOTOpPbIE HE MO3BOJISIOT TOBOPUTH O 3HAYUMOM BIIUSHUH
Takoro (akTopa, Kak IUIOMAAb KPOHBI, HA pa3IHdue Ul BCEH TPYIIIEI 110 TECTY
Kpackena—Yomnmnuca (p = 0,10).
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Puc. 3. [lnarpaMmbl pa3maxa ¢ MeMaHaMH (TOPH30HTAIBHEIE JIHUH)
TIO TIOIIAIV KPOHEI iepeBheB (¢ quamerpamu 121-160 cm)
[Fig. 3. Box-and-whisker diagrams of tree crown area with medians (horizontal lines) for trees
with diameters 121-160 cm. On the X-axis - Climatype number; on the Y-axis - Crown area, m?]

ComntacHo tecty Kpackena — Yommca (p < 0,001) u MenuanHOMy TecTy
(» <0,01), mo AnTMHE KPOHBI BBISIBICHBI 3HAYMMBIE PA3INUH MEKIY UCCIIETyEeMBbI-
MU KuMaTtunamy. Mexy MeaHaMy AJIMHBI KPOHBI U BBICOTHI I€PEBbEB KIIMMa-
TUIIOB OTMeYaeTcs 3HaYMMas MOJIOKUTENbHAs KoppensauronHas ceasb (» = 0,70;
p <0,001). Takum 00pa3oM, OCHOBHOW 3aKOHOMEPHOCTBIO CPEIH UCCIIETYEeMBIX
KJIMMATHUIIOB SIBIISIETCS YBETMUEHUE IJIMHBI KPOHBI IPH YBEJIHMYEHUH BBICOTHI Jie-
peBbeB. M3 310 001Iel TEHACHIINU eCTh PSJl HCKITIOYCHUH, TTOKa3bIBAIOIIHX, YTO
HEKOTOPbIE KITMMATHUIIBI OTIAMYAIOTCS OT APYTHX. ITH 0COOCHHOCTH KOOPAUHAIIH
HX POCTOBBIX MIPOIIECCOB HANPSIMYIO CBS3aHBI C 0COOCHHOCTSIMU MIX MECT IIPOMC-
XOXKJCHUS U PeaKlell Ha SKOJIOTHYECKUE YCIIOBHS B reorpauuecKux KyJIbTypax
B KpacHosipckoii necocren.
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WnauBuyanbHasi M3MEHUYUBOCTD JJIMHBI KPOHBI BappupyeT oT 16 no 44%.
[To anuHe KPOHBI B TPy € TUAUPYIONIMMY ITOKa3aTeNIMH 3TOTO IpU3HaKa (Me-
JMaHHBIC 3HAYeHUS OT 6,86 710 7,95 M) BOIIUTK TPY KIMMATHIIA: IIATOHAPCKUH, TY-
paHckuit u 3eiickuii (puc. 4). [llaronapckuii ¥ TypaHCKUM KIMMAaTHUIIBI IO BBICOTE
JI€pEeBbEB BKIIIOYEHBI B TPYIILY ¢ HAWIYYIIUMH [OKa3aTesIMU pOCTa, a 3eHCKuil
KJIMMAaTUI OTHOCUTCA K CpeHEeH IpyIe ¢ BHICOTOM, paBHOU 18,71 M, ycTynaro-
miei 3HaunMo (p < 0,05) coHCKOMY KJIMMATuIly ¢ BbIcoTol 19,56 M. [lo amuHe
KPOHBI 3eMCKuil 3HaYMMO MPEBOCXOAUT COHCKUM knumarun (p < 0,001) u Buxo-
PeBCKO-KUTAOBCKHI KimuMatul (p < 0,01), KOTOpBI HE OTIIMYAETCS 3HAYUMO OT
HETO I10 BBICOTE. DTO TOBOPUT, O TOM, UTO Y 3€HCKOT0 KJIMMATUIIA CYIIECTBEHHO
HUKE 110 CTBOJY OTMEYAETCS POCT JKUBOW YAaCTH KPOHBI, YTO MOXKET SIBIATHCS
0COOEHHOCTBIO 3TOTO YNAIEHHOIO OT IMYHKTa UCHBITAaHUs KIMMAaTUIa U OTIHYa-
IOIIETOCs, B MIEPBYIO O4epelb, Oojiee BIaKHBIMH M TEIUTBIMH KIMMaTHUECKAMHU
YCIIOBHUSIMH B TTYHKTE TIPOUCXOXKACHUS.

B cpenneii rpymme mo jumHE KpoHBI (4,68—6,11 M) HaxomuTcs OoJbImas
rpymnmna KIAMaTUIIOB, IO0JS KPOHBI KOTOPBIX OTHOCHUTENBHO BBICOTHI BapbUPYET
ot 25 1o 32%: conckuit (25%), manckuit (26%), TomapuHckuii (26%), TaHANH-
ckuit (27%), ycrb-kaHckuid (27%), BUXOpPEBKa-KUTanoBCKUi (27%), 4eMaabCKUi
(27%), TyrrokoueHckuii (29%), meTpoBcK-3adaiikanbCkuii (28% ), IMTKUHO-OHA-
yyHckuit (28%), onrynatickuit (31%) u uepubimesckuit (32%). B rpymnmne ¢ Hu3-
kumi (4,15-4,51 M) 3HAUESHUSIMU JJTMHBI KPOHBI HAXOASITCS TPY KIIMMATHIIA: Kaa-
XEMCKUH, YCTh-OPABIHCKHI 1 MOTBITHHCKHIA, OTJEIBHO BBIIENIACTCS TEC-XEMCKHH
KJIMMAaTHUI, IMEIONIHI HaMEHbIIIee 3HaueHUe JUIMHBI KpoHHI (3,11 M), ¢ MenaH-
HO J1071e#i KPOHBI OTHOCUTENBHO BBICOTHI — 18%. DTO caMmblil HU3KUH MMOKa3aTelb
JIOJIY KPOHBI CPENIU BCEX CPAaBHUBAEMBIX KJIMMATHUIIOB, 0L KPOHBI Y Kaa-XeMCKO-
ro xnumaruna — 23%, yCTb-OpIbIHCKOTO ¥ MOTBITHHCKOTO KIMMAaTUIOB — 24%.
[To BbICOTE NEPEBHEB TEC-XEMCKUH KIMMATHUII BXOIUT B IPYMIy ¢ HU3KUMHU I10-
KazaTeJsIMU, TIOATOMY pealu3alys ero reHeTHYECKOM MporpaMMBbl IPOXOIUT CO-
mIacHo oOmied TeHmeHmH. [lo-apyromy ceOsi BeleT OHTYIAHCKHA KJIMMATHII,
HMMEIOIINKA caMblil HU3KHUI TIOKa3aTelb 10 BHICOTE, HO HE OTIIMYAIOIIUICS MO AJTH-
HE KPOHBI OT OCTaJbHBIX MPEACTABUTENEH CpelHEW Ipynnel. MennanHas momis
KPOHBI OTHOCHTENBHO BBICOTHI Y HETO cocTaBisieT 31%. OOpaTHyIO CBSI3b MEXKTY
BBICOTOW W UTMHON KPOHBI MOXXHO HaOIONaTh HA MPpUMEpPEe MOTHITHHCKOTO KITH-
Maruna. IIo BEICOTE€ OH OTHOCUTCS K TPyIIlEe C HAaHOONBIIMMU MOKA3aTESIMHU, a
0 JITMHE KPOHBI — C HU3KKUMHU, 3HaduMo (p < 0,05) ycrymas mpeacTaBUTEIsIM
1. ['MenuHa — 3eiCKOMY U YepHBILIEBCKOMY, Y KOTOPBIX MeIUaHHAasl JA0JIs1 KPOHBI
cocrasiser 38 (camoe OospIoe 3HadeHNE) U 32% cooTBeTCTBEHHO. M3 mpexacTa-
BUTENEH J. CHOMPCKOW caMble BHICOKHE TMOKA3aTeNd JOIHU KPOHBI OTMEUEHBI JIIs
Typanckoro (35%) u maronapckoro (37%) kmuMaTunoB. TakuM 00pa3oM, caMblii
CEBEPHBII KITMMATUN (MOTHITHHCKHI) U3 FOXKHOM Tairy, MpeICTaBIAIONUIHH 1. CH-
OHUPCKYIO B IYHKTE HCIBITAHUS, IMEET MEHBIIYIO OO KPOHBL, 10 CPaBHEHHIO
C KJIMMaTHUIIaMH, TIPEACTaBISIIOIINME JI. [ MeNnHa, IPU CXOXKUX MOKa3aTeNsIX BbI-
cotel aepeBbeB. B.I1. MakapoBsiM [1] ipu cpaBHEHHH MPOTSKEHHOCTH KPOHBI
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OTHOCHTEJIBHO CTBOJIA Y JI. CHOMPCKOI1 1 1. [ MenuHa B reorpamuecKux KyapTyax
MOJY4EHBI JAPYTUE Pe3ynbTaThl. Tak, 0N KPOHBI y MpeJCcTaBUTENeH JI. cuoup-
ckoit (77-98%) B HECKONBKHX CIIydasX MOXKET OBITH BBIIIEC MO CPABHEHUIO C JI.
I'venuna (67-77%). IlosTOMy ONHO3HAYHbIE Pa3IUYUs MEXKIY Pa3HbIMH BHIA-
MU JIICTBEHHUIIBI IO J0JIe KPOHBI OTHOCHTENBEHO BBICOTHI CTBOJA HEJIB3ST YETKO
0003HAYUTh, HO MOKHO (PUKCHPOBATh OTICIBHBIC Pa3IHYMs, KOTOPHIC 3aBUCAT
OT BO3pacTa JepeBheB (€Ciy CpaBHUBATh Pa3HbIC OOBEKTHI B Pa3HOM BO3pacte),
YCIOBUI UX MPOU3pACTaHKs U KOHKPETHOTO HA0Opa TECTHPYEMBIX KIIMMATHIIOB.
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Puc. 4. Jluarpammbl pa3maxa ¢ MeuaHaMH (TOPU30HTAJIbHbIE JINHUN)
10 JUTMHE KPOHBI AepeBbeB (¢ auamerpamu 121-160 cm)
[Fig. 4. Box-and-whisker diagrams of tree crown length with medians (horizontal lines) for trees
with diameters 121-160 cm. On the X-axis - Climatype number; on the Y-axis — Crown length, m]

TospKo 1O JUTMHE KPOHBI BHISBIECHBI 3HAYUMBIE PA3IUIU MEXKY BBIOOPKAMH,
HPEICTaBIAIONIMMH Pa3HbIe BUJBI JIUCTBEHHHUIIBI, CpaBHUBaeMbIe B pabore. JIu-
CTBEHHHIIA [ MenrHa oTiIMYaeTcss 3Ha9MMO OOJIBILIM pa3MepOM JUTHHBI KPOHBI OT
1. cubupckoit (p < 0,001) u 1. stmoHckoi (p < 0,05). BimsHue BUIOBBIX pa3iuauit
Ha pa3Mepbl KPOHBI MOATBEPIKAETCS B UCCIIENIOBAHMAX, ITOCBAIIEHHBIX aJloOMe-
TPUH ApXUTEKTYPHBIX IPU3HAKOB JACPEBLEEB Pa3HBIX BUIOB B CBS3U C KOHKYPCH-
uel Mexay JepeBbsIMU U yCTOMYHUBOCTBIO K BETPOBOI Harpyske [26].

BoIBOABI

1. B yCcroBusSX OAMHAKOBOTO KOJIOTHYECKOTO (POHA TeorpapIecKiX KyIbTyp
BBISIBJICHBI PA3JIMUYMA MEXKIY KIUMATHYECKHUMM DKOTHIIAMH Pa3HBIX BHUJOB JIHU-
CTBEHHHII 110 BBICOTE IEPEBHEB U IPOTSHKEHHOCTH KPOHBI IO cTBOMIY. Huddepen-
LUaIysl TMCTBEHHHUI] O0YCJIOBJIEHA TEHETHYECKUMHU OCOOCHHOCTAMU KIIMMaTHye-
CKHX DKOTHUIIOB, C(OOPMHUPOBAHHBIMU TIO]] IEHCTBHEM SKOJIIOTHYECKUX (HaKTOpPOB
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B MECTax IPOMCXOXKAEHUS, U Pa3HOM peakuuell Ha BHELIHIOIO CPeNy B IyHKTE
JKCIIEpPUMEHTA.

2. KnumaTuIel THCTBEHHUIB CHOMPCKOM, MPEACTABIMIONINE TI0 MPOUCXOXK-
JEHUIO CaMbl€ TOPHBIE TEPPUTOPUHU, XAPAKTEPU3YIOIUECS] PA3IUUYHBIMU CTPEC-
COBBIMHU (haKTOpaMH, B TOM YHUCIIE NEPUIUTOM YBIKHEHUS M OCTHBIMU IIOYBEH-
HBIMHU yCIOBHSMU, HMEIOT HU3KUE I10KA3aTEIU BBICOTHI A€PEBA U AJIUHBI KPOHBIL.

3. ITIoTOMCTBO JTUCTBEHHHUITHI CHOMPCKOH U3 OIIATONPHUATHBIX MECT IIPOUCXOXK-
JIeHUs1, IPUYPOUCHHBIX K KOTIOBHHAM tora Cubupu, a Takxke U3 6acceiHOB pek
buprocel n Uynsl B npenenax lIpencasHckoil MpOBUHINH, a TAKXKE MPEACTABU-
TEJIU JTUCTBEHHUI JJaypckoil u UekaHoBckoro u3 YUTHHCKOM obmacTu obnanaror
CTaOMIBHO BEICOKUMH MTOKA3aTEISIMA BBICOTHI IEPEBBEB U IITHHBI KPOHBI B YCIIO-
BUSIX TeorpaHUeCKUX KYJIBTYDP.

4. 3HauuMble pa3zIMuUsA MEXAY KIMMaTUIIaMM II0 BBICOTE HE BCErla ompene-
JIAI0T HAJIMYKME Pa3Iuduil 10 AJUHE KPOHBI MEXKAY HUMH, TaK KaK 3TOT IIPU3HAK
HMEET CBOIO OTAEIbHYIO CTPATE€rHI0 Pa3BUTHsI, TE€HETUYECKU CBA3AHHYIO C yC-
JIOBUSIMHM MeCTa NpOUCXOokAeHHs. CaMyl0 KOPOTKYIO0 KPOHY UMEET BBICOKOTOp-
HBI KJIIMMATHII ¢ HANMEHBIINM THAPOTEPMHUYECCKIM KOA(PQUITEHTOM B IyHKTE
MIPOUCXOXKJIeHNs. BbICOKME MTOKa3aTeIy JUIMHBI KPOHBI BBIABICHBI Y KIIMMATUIIOB
JIICTBEHHUITB! CHOMPCKO U3 KOTIOBUH fora CHOMpPH, a TaKXKe IIPEICTaBUTEILS JIN-
CTBEHHHUIIBI JaypcKoi U3 AMypckoil obnactu. Camblil ceBepHBIH KIMMATUI (MO-
TBITUHCKHUI) M3 I0’KHOW TalTrd, HECMOTPS Ha BBICOKHE TOKA3aTeld IO BBICOTE,
yCTyIaeT IpeACTaBUTEISAM JINCTBEHHUIBI JAypCKOM 110 AJIMHE KPOHBL.

Asmopbl O1a200apHbl 3a NOMOWb 8 OPeAHU3AYUY U NPOBEOeHUU NONe6blX pabom Bradumupy
Kanawmnuxogy (nauanvnuxy omoena I'UJI ¢punuana « BOCTCUBJIECIIPOEKT»y ®@I'FY «Pocne-
cungpoper) u Ane Cemeniok 3a nomows 6 oopabomxe I'UC dannvix uneeHmapuzayuu 8 pamrax
ee gbinycKHoll Keanugukayuonto pabomel 8 Cubupckom gedepanrbHom yHugepcumenne.
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Differentiation of larch (Larix spp.) climatypes
in the Central Siberian forest-steppe provenance trial

Forest conservation is one of the main problems in world forestry. Numerous
forest fires and widespread fungal pathogens and pests have led to a significant decline
in forest areas and biodiversity and the disappearance of valuable populations. The
problem of forest conservation and regeneration became especially relevant at the
beginning of this century because of increasing wood harvesting. In this case, genetic
collections of woody species, including provenance trials, established at different times
play an important role in gene pool conservation of the main coniferous species — the
forest-forming species in Russia — and in basic and applied problems in the context of
climate change and the growing conditions in biogeocoenoses. The special interest in
larch research is associated with a wide range of factors, such as inter- and intraspecific
differentiation, capability to adapt to stressful growth conditions and the ability to
successfully transfer seeds over large distances for creation of plantations with special
purposes. The aim of this study was to assess inter- and intraspecific differences in
height growth, crown area and length using the example of future generations of
different larch species representing different provenances in the provenance trial.

We obtained material for this study, located in the provenance trial research plot
‘Pogorelsky bor’ (56°22'06"N, 92°57'23"E) in the forest-steppe of Krasnoyarsk krai, in
2016. Live larch trees in the provenance trial were inventoried using the GIS complex
‘Field-Map’. The total number of inventoried trees was 1674. Nineteen provenances
(climatic ecotypes) of various larch species (See Tuble and Fig. 1) were chosen for
comparative analysis of height, crown area and crown length using a nonparametric
method - the Kruskal-Wallis ANOVA test and Median test. The crown proportion of
tree stems was assessed using median values. Trees with a diameter similar to that of
the main sample (121-160 mm; 412 trees) and an alternative sample of trees with a
wider diameter (181-220 mm; 291 trees) were chosen for comparative analysis. Such an
approach enabled the assessment of different biometric traits of trees while accounting
for diameter and similar growth conditions at the trial site. The number of trees in the
main sample was 3 and 148 in the two provenances, whereas it ranged from 6 to 48 in
the rest of the provenances.

In this study, tree height (See Fig. 2) and tree crown length (See Fig. 4) differed
between climatic ecotypes of different larch species in the forest-steppe provenance
trial of the south Krasnoyarsk region. These differences were related to the origin of
the climatypes. We found that larch climatypes from mountain regions showed lower
tree height and crown length. We also found that descendants of larch that originated
in climatically favourable areas or those connected to the hollows of southern Siberia
and the Biryusa and Chuna river basins within the Pre-Sayan province, as well as
representatives of the Dahurian larch (Larix gmelinii Rupr.) and Chekanowskii larch
(L. czekanowskii Szafer) from Chita Oblast, had greater tree height and tree crown
length in the provenance trial (See Fig. 2 and 4). Therefore, the exploitation of these
provenances for reforestation of the Krasnoyarsk forest-steppe may be reasonable
and rational. Although the results obtained for 10-year-old trees (Iroshnikov, 1977)
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indicated that the height growth of the Petrovsk-Zabaikalski climatype (Chekanowskii
larch) was lower than that of the Siberian and Dahurian larches, by the age of 50 years,
it achieved a similar diameter and may be regarded as equal in height growth to
the majority of representatives of the latter two larches in the forest-steppe zone.
Comparative analysis of samples with different diameters showed that, in general,
climatypes were in the same tree height groups (See Fig. 1). Our results show that
significant differences in tree height between climatypes are not an obligatory condition
for differences in crown length. Tree crown length has its own separate developmental
strategy, which is genetically associated with the environmental conditions of the place
of origin. The climatype from the highlands with the lowest hydrothermal coefficient
of place of origin (the Tes-Khem climatype from Tyva) had the shortest crown length.
The ratio of crown to full stem length of the Tes-Khem climatype was 18%. High
crown lengths were found for larch climatypes from the hollows of southern Siberia
and for representatives of the Dahurian larch from Amur Oblast (the Zeya climatype).
The northernmost climatype from the southern taiga (the Motygino climatype, Angara
river basin) had a crown length lower than that of the representatives of the Dahurian
larch. The crown length proportion of the Zeya climatype (38%, the highest median
value of the samples compared) was 14% higher than that of the Motygino climatype
(24%). Differences in crown proportion of more than 5%—10% were observed between
a few larch climatypes. In general, natural differences between species could not be
defined. In this study, significant differences between samples representing different
larch species were only found for crown length. The Gmelin larch had a significantly
higher crown length than the Siberian (p < 0.001) and Japanese (p < 0.05) larches.
In contrast to the other traits studied, crown area did not significantly influence the
difference between climatypes. The reasons for the absence of significant differences
were the high variability of this trait in the majority of climatypes and the presence of
extremes in some samples (See Fig. 3).

The paper contains 4 Figures, 1 Table, and 26 References.

Key words: Larix; climate; adaptation; tree stem diameter; tree height; tree crown.
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